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Abstract

Background This prospective cohort study searched for

factors associated with a response to nucleos(t)ide ana-

logue/peg-interferon (NUC/peg-IFN) sequential therapy.

Methods A total of 95 patients with chronic hepatitis B

being treated with NUCs were enrolled. Immediately fol-

lowing NUC cessation, peg-IFN was administered at

180 lg/dose weekly for 48 weeks.

Results Twenty-six patients (27%) were judged to be

responders at 48 weeks after the completion of peg-IFN.

Analysis of baseline factors revealed that hepatitis B sur-

face antigen (HBsAg)\3.1 log IU/ml and HB core-related

antigen (HBcrAg) \3.9 log U/ml were significant indica-

tors of a treatment response. The levels of the markers

decreased in both responders and non-responders during

peg-IFN therapy but continued falling in responders only

after halting peg-IFN. Lower HBsAg (\2.0 log IU/ml) and

HBcrAg (\3.8 log U/ml) levels at the time of response

judgment were also significantly associated with a favor-

able response. While lower HBcrAg at baseline was the

sole predictor of decreased HBcrAg levels at judgment,

lower HBsAg, lower HBcrAg, and the use of adefovir

dipivoxil at baseline predicted decreased HBsAg levels at

the study endpoint. The use of adefovir dipivoxil was also

associated with higher serum IFN-k3, which might have

contributed to the reduction in patient HBsAg levels.

Conclusions The combinational use of HBsAg and

HBcrAg levels at baseline and their changes throughout

sequential therapy may be useful for predicting a response

to NUC/peg-IFN sequential therapy.
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Abbreviations

HBV Hepatitis B virus

HCC Hepatocellular carcinoma

NUCs Nucleos(t)ide analogues

IFN Interferon-alpha

LAM Lamivudine

ADV Adefovir dipivoxil

ETV Entecavir

TDF Tenofovir disoproxil fumarate

HBsAg Hepatitis B surface antigen

HBcrAg Hepatitis B core-related antigen

peg-IFN Peg-IFN-alpha 2a

ALT Alanine transaminase

HBeAg Hepatitis B e antigen

CLEIA Chemiluminescence enzyme immunoassay

cccDNA Covalently closed circular DNA

IFN-k Interferon-lambda

ROC Receiver operating characteristic curve

AUC Area under the curve

PPV Positive predictive value

NPV Negative predictive value

CI Confidence interval

Introduction

With an estimated 350 million carriers worldwide, hep-

atitis B virus (HBV) infection is a widespread health

problem that frequently causes chronic hepatitis and

eventual liver cirrhosis and hepatocellular carcinoma

(HCC) [1–3]. The majority of HBV carriers in Japan have

genotype C and become infected perinatally or during early

childhood. Response rates to antiviral therapies are lower

in the Japanese as compared with Caucasian patients

because of suspected differences in the main mode of

transmission and genotype [4].

Currently available antiviral agents for hepatitis B include

nucleos(t)ide analogues (NUCs) and interferon-alpha (IFN).

NUCs are orally administered and associated with low rates

of adverse effects. Although treatment with such NUCs as

lamivudine (LAM), adefovir dipivoxil (ADV), entecavir

(ETV), and tenofovir disoproxil fumarate (TDF) induces

virological and biochemical responses in most patients,

NUC therapy also carries the risk of drug resistance. Fur-

thermore, patients with hepatitis B are required to undergo

extended treatment with NUCs since early discontinuance

often leads to relapse. In contrast, the remission of chronic

hepatitis B by IFN is prolonged but achieved only in a small

percentage of patients. Combination therapy with NUCs and

IFN may therefore confer additive or synergistic antiviral

effects. Serfaty et al. [5] conducted a pilot study on

sequential therapy using LAM and IFN and suggested a

cooperative effect of the antiviral agents. However, ensuing

reports [6–10] have been unable to confirm this.

We previously evaluated 50 patients with chronic hep-

atitis B who underwent 24 weeks of sequential IFN therapy

for the cessation of NUCs and concluded that the combi-

national use of hepatitis B surface antigen (HBsAg) and

hepatitis B core-related antigen (HBcrAg) levels [11, 12]

might be useful in predicting the 24-month outcome. Since

the study was retrospective and the number of patients was

small, the present prospective cohort investigation of

sequential therapy, in which 48 weeks of peg-IFN alpha 2a

(peg-IFN) was administered subsequently to NUCs, was

undertaken to clarify the factors associated with the effects

of NUC/peg-IFN sequential therapy.

Patients and methods

Study design

A prospective cohort study entitled ‘‘Study on usefulness of

PEG-IFN alpha-2a administration to discontinue

nucleos(t)ide analogue treatment in patients with chronic

hepatitis B’’ was registered at the University Hospital

Medical Information Network Center of Japan on January

10, 2012 (UMIN 000007045). The investigation originally

consisted of three non-randomized arms with different

procedures aiming at the discontinuation of NUCs. In the

present study, we analyzed one of the three arms in which

patients with NUC/peg-IFN sequential therapy were

enrolled. We consider that such selection causes minimum

bias because each arm proceeds independently.
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Patients with chronic hepatitis B who had been receiving

NUCs for at least 1 year were recruited. Immediately after

stopping NUCs, peg-IFN (Chugai Pharmaceutical Co.,

Ltd., Tokyo, Japan) was administered at 180 lg/dose once

weekly for 48 weeks. The dose of peg-IFN could be

reduced to 90 lg during exceptional circumstances, such as

side effects. Patients were followed for 48 weeks after

completing peg-IFN administration, at which time the

treatment response was judged.

Patients who met the following conditions were classi-

fied as responders according to the guidelines of the Japan

Society of Hepatology: alanine transaminase (ALT)

\31 IU/l, negative result for HBeAg, HBV DNA

\4.0 log copies/ml, and no recommencement of NUCs

[13]. Patients who did not meet all of these criteria were

recorded as non-responders.

Patients

A total of 95 patients with chronic hepatitis B who had

been receiving NUC therapy were prospectively enrolled in

the present study between February 2012 and December

2013. The cohort included 68 men and 27 women of a

median age of 45 years (range, 27–87 years) at peg-IFN

commencement. HBe antigen was positive in 33 (35%)

patients. HBV genotype was A in seven (7%) patients, B in

four (4%) patients, C in 77 (82%) patients, other in three

(3%) patients, and undetermined in four (4%) patients.

Genotype C was predominant as previously reported in

Japan [14]. The NUCs at cessation were ETV in 58 (61%)

patients, ETV ? ADV in 12 (13%) patients, LAM in two

(2%) patients, and LAM ? ADV in 23 (24%) patients. The

median duration of NUC administration was 4.9 years

(range, 1.0–12.3 years).

HBsAg was confirmed to be positive on a minimum of

two occasions at least 6 months apart in all patients before

NUC treatment. Tests for hepatitis C and human immun-

odeficiency virus antibodies were negative. Patients com-

plicated with HCC or signs of hepatic failure at the

cessation of NUC administration were excluded from the

study, as were patients with contraindications for peg-IFN

therapy. HBsAg level, HBcrAg level, hepatitis B e antigen

(HBeAg) status, NUCs used, and HBV genotype were not

considered during patient recruitment. With few excep-

tions, subjects were seen at least once a month during peg-

IFN therapy and at least once every 3 months afterwards.

No patient developed HCC or hepatic failure during the

follow-up period. Stored serum samples were kept frozen

at -20 �C or below until assayed.

This study was approved by the Ethics Committees of

all participating institutions (approval references 1906 and

353 for Shinshu University, 1172 and 92 for Hyogo Col-

lege of Medicine, 184 and 125 for Musashino Red Cross

Hospital, 45-11-0028 and 67 for Nagoya City University

Graduate School of Medical Sciences, 2272 for Osaka City

University Graduate School of Medicine, 639 and 379 for

Chiba University, 2089 and 91 for St. Marianna University

School of Medicine, 2485 and 23020 for National Hospital

Organization Nagasaki Medical Center, 121-27 and 2086

for Tokai University School of Medicine, 1170 for

Kawasaki Medical School, 1326 for Okayama University

Graduate School of Medicine, B120705027 for Yokohama

City University Graduate School of Medicine, 411 for

Kumamoto Shinto General Hospital, and ‘‘Study on use-

fulness of Peg-IFN alpha 2a administration to discontinue

NUC treatment in patients with chronic hepatitis B’’ for

Teine Keijinkai Hospital and Kagawa Prefectural Central

Hospital).

Hepatitis B viral markers

Serological markers for HBV, including HBsAg, HBeAg,

and antibody to HBeAg, were tested using commercially

available enzyme immunoassay kits (Abbott Japan Co.,

Ltd., Tokyo, Japan). HBsAg was quantitatively measured

using a chemiluminescence enzyme immunoassay

(CLEIA)-based ARCHITECT HBsAg QT assay manufac-

tured by Abbott Japan Co., Ltd. [15] with a quantitative

range of 0.05–250 IU/ml (-1.3 to 2.4 log IU/ml). End titer

was determined by diluting samples according to the

manufacturer’s instructions when initial results exceeded

the upper limit of the assay range.

Serum HBcrAg levels were measured using a CLEIA

HBcrAg assay kit with a fully automated Lumipulse Sys-

tem analyzer (Fujirebio Inc., Tokyo, Japan) as described

previously [16]. The HBcrAg assay measures all antigens

transcribed and translated from the pre-core and core genes

of the HBV genome, which include hepatitis B e, core, and

p22cr antigens [12, 16]. HBcrAg concentration was cal-

culated based on a standard curve generated using recom-

binant pro-HBeAg. The immunoreactivity of pro-HBeAg

at 10 fg/ml was defined as 1 U/ml. We expressed HBcrAg

in terms of log U/ml, with a quantitative range set at

3.0–6.8 log U/ml.

Serum HBV DNA was determined using a COBAS

TaqMan HBV kit (Roche, Tokyo, Japan) with a quantita-

tive range of 2.1–9.0 log copies/ml [17]. According to the

manufacturer’s instructions, detection of a positive signal

below the quantitative range was described as \2.1 log -

copies/ml and no signal detection was regarded as negative.

Six HBV genotypes (A–F) were evaluated according to the

restriction patterns of DNA fragments from the method

reported by Mizokami et al. [18].

Intrahepatic HBV covalently closed circular DNA

(cccDNA) was measured based on the method reported by

Suzuki et al. [19]. Briefly, liver biopsy specimens were
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obtained and stored at -80 �C until DNA extraction, after

which the concentration of extracted HBV DNA was

determined according to absorbance at 260 nm. Two

oligonucleotide primers, cccF2 (nucleotides 1424–1444)

and cccR4 (nucleotides 1755–1737), and a cccP2 probe

(nucleotides 1672–1655) were designed to flank the direct

repeat region between the hepatitis B core and the poly-

merase gene. The use of cccF2 and cccR4 oligonucleotide

primers spanning the direct repeat region of the HBV

genome enabled the polymerase chain reaction of native

viral DNA in the Dane particle to block the amplification of

products since the partially double-stranded HBV DNA

was disrupted in the direct repeat region [20]. Twenty-five

microliters of the extracted DNA (0.5 lg) was analyzed

with a sequence detector system (SRL Inc., Tokyo, Japan).

The concentration of HBV cccDNA was expressed as the

log copy number per 1 lg of total DNA extracted from the

liver tissue at a lower quantitative limit of 1.7 log copies/

lg. Detection of a positive signal below the quantitative

threshold was described as \1.7 log copies/lg and no

signal detection was regarded as negative. Measurement of

intrahepatic HBV cccDNA was not considered essential

since the study protocol permitted liver biopsy histology

samples obtained within 1 year before starting peg-IFN

therapy.

Interleukin-28B (IL28B) genotyping and serum IFN-

k3 level

Patients were evaluated for single-nucleotide polymor-

phisms near IL28B (rs8099917) using the Invader Plus

assay (Invader Chemistry, Madison, WI, USA), as previ-

ously reported [21]. We did not investigate the polymor-

phism of rs12979860 because rs8099917 and rs12979860

have shown strong linkage disequilibrium in Japanese

patients. Written informed consent was obtained from each

patient.

Serum levels of IFN-k3 were evaluated by a recently

introduced CLEIA [22–24] that enabled the quantification

of serum IFN-k3 without any overlap of IFN-k1 or IFN-k2.

The measurement range for this assay was 0.1–10,000 pg/

ml.

Liver histological examination

Histological examination of liver samples was performed

in 85 (89%) of the 95 patients within 1 year before starting

peg-IFN. Histological findings were assessed according to

the new Inuyama classification system [25]. Briefly, stag-

ing of liver fibrosis was classified as F0 (no fibrosis), F1

(mild fibrosis), F2 (moderate fibrosis), F3 (severe fibrosis),

or F4 (liver cirrhosis). Grading of liver inflammation was

classified as A0 (no activity), A1 (mild activity), A2

(moderate activity), or A3 (severe activity).

Statistical analyses

The Fisher’s exact and Pearson’s Chi-square tests were

adopted to test for differences between patient subgroups.

The Mann–Whitney U test was employed to compare

continuous data. The Friedman test with Bonferroni cor-

rection was used to assess changes in HBsAg and HBcrAg

levels. Multivariate analysis was performed with a logistic

model for the 48-week response to NUC/peg-IFN sequen-

tial therapy using factors whose p value was less than 0.2 in

univariate analysis. All continuous data values were

translated into categorical data and divided by the cut-off

value decided by Youden’s index using receiver operating

characteristic (ROC) curve analysis. A value of 0.5 was

substituted for any missing values. Correlations between

the levels of HBsAg, HBcrAg, and cccDNA were calcu-

lated using the Spearman’s rank correction correlation

coefficient test.

All tests were performed using the IBM SPSS Statistics

Desktop for Japan ver. 23.0 (IBM Japan Inc., Tokyo,

Japan). p values of less than 0.05 were considered to be

statistically significant.

Results

Of the 95 patients enrolled, 75 (79%) completed peg-IFN

therapy without dose reduction, 15 (16%) completed it with

a necessary dose reduction, and the remaining five (5%)

discontinued treatment due to side effects of epilepsy

(15 weeks after starting peg-IFN), ALT elevation up to

937 IU/ml (16 weeks), interstitial pneumonia (17 weeks),

retinal hemorrhage (42 weeks), or chronic thyroiditis

(43 weeks). Five (5%) patients were lost to follow-up

during the 48 weeks subsequent to peg-IFN completion.

All patients requiring re-administration of NUCs after

stopping peg-IFN had ALT [80 IU/l and/or HBV DNA

[5.8 log copies/ml at or just before the point of NUC

resumption that fulfilled the established requirements for

restarting NUCs [11, 12, 26]. Under these conditions,

NUCs were recommenced in 37 (39%) of the 95 patients

prior to the study endpoint.

Twenty-six (27%) of the 95 patients were judged as

responders to NUC/peg-IFN sequential therapy and the

remaining 69 (73%) were determined to be non-responders.

The reasons for a non-response were lost to follow-up in

five (7%) patients, high ALT in five (7%) patients, high

HBV DNA in nine (13%) patients, high ALT and HBV

DNA in 13 (19%) patients, and recommencement of NUCs

in 37 (54%) patients.

250 J Gastroenterol (2018) 53:247–257

123



Table 1 Comparison of clinical background, laboratory data, and viral markers at start of peg-IFN between responders and non-responders

Factor Responders (n = 26) Non-responders (n = 69) p value

Age (years)a 50 (33 to 87) 43 (27 to 72) 0.085

Male genderb 20 (77%) 48 (70%) [0.2

Past history of hepatocellular carcinomab 1 (4%) 3 (4%) [0.2

Past history of blood transfusionb 1 (4%) 2 (3%) [0.2

Past history of IFN therapyb 1 (4%) 2 (3%) [0.2

Family history of hepatitis Bb 10 (38%) 30 (43%) [0.2

Body mass index (kg/m2)a 22.9 (18.7 to 29.7) 23.6 (17.3 to 30.6) [0.2

Genotypeb [0.2

A 2 (8%) 5 (7%)

B 1 (4%) 3 (4%)

C 21 (81%) 56 (81%)

Other 0 (0%) 3 (4%)

Undetermined 2 (8%) 2 (3%)

NUCs used just prior to peg-IFNb 0.103

ETV 15 (58%) 43 (61%)

ETV ? ADV 2 (8%) 10 (14%)

LAM 2 (8%) 0 (0%)

LAM ? ADV 7 (27%) 16 (23%)

Duration of NUC administration (years)a 5.0 (1.0 to 12.3) 4.7 (1.0 to 12.1)

Liver histology stageb [0.2

F0 2 (8%) 3 (4%)

F1 8 (31%) 32 (47%)

F2 9 (34%) 16 (23%)

F3 5 (19%) 10 (14%)

F4 0 (0%) 0 (0%)

Undetermined 2 (8%) 8 (12%)

Liver histology gradeb [0.2

A0 3 (12%) 9 (13%)

A1 11 (41%) 32 (46%)

A2 9 (35%) 13 (19%)

A3 1 (4%) 7 (10%)

Undetermined 2 (8%) 8 (12%)

Peg-IFN treatmentb [0.2

Completed 48 weeks without dose reduction 20 (77%) 55 (80%)

Completed 48 weeks with dose reduction 6 (23%) 10 (14%)

Discontinued before 48 weeks 0 (0%) 4 (6%)

IL28B genotypeb [0.2

Major 18 (69%) 46 (66%)

Minor 3 (12%) 15 (22%)

Undetermined 5 (19%) 8 (12%)

Laboratory dataa

White blood cell count (/ll) 5220 (2900 to 11,200) 4900 (2000 to 10,780) [0.2

Red blood cell count (9106/ll) 4.67 (3.79 to 5.51) 4.84 (3.67 to 5.61) [0.2

Hemoglobin (g/dl) 15.0 (12.4 to 16.7) 14.9 (9.5 to 17.1) [0.2

Platelet count (9103/ll) 165 (104 to 298) 181 (65 to 297) [0.2

Total bilirubin (g/dl) 0.8 (0.3 to 2.3) 0.7 (0.3 to 1.7) [0.2

Aspartate transaminase (IU/l) 23 (14 to 46) 22 (11 to 63) 0.060

Alanine transaminase (IU/l) 18 (6 to 45) 19 (6 to 83) [0.2
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Clinical background, laboratory data, and viral markers

are compared between the 26 responders and 69 non-re-

sponders in Table 1. Age distribution tended to be higher in

responders, while gender and history were similar between

the groups. Genotype C was over 80% in both groups.

Approximately 60% of patients were treated with ETV

alone and 35% were treated with regimens that included

ADV just prior to starting peg-IFN in both groups. Histo-

logical liver staging and grading were comparable between

the groups, as was the frequency of peg-IFN administration

completion. The distribution of the major and minor IL28B

genotypes was similar among the 82 (86%) of 95 patients

tested. Laboratory data, including blood cell count and

transaminase enzyme levels, were similar between the

groups and HBV DNA levels were comparably low, pos-

sibly reflecting the effects of NUCs. HBeAg positivity

tended to be lower in responders than in non-responders,

while levels of HBsAg and HBcrAg were significantly

lower in this group. Median HBV cccDNA level was lower

in responders (n = 6, median 2.5 log copies/lg, range:

negative result -4.0 log copies/lg) than in non-responders

(n = 22, median 3.6 log copies/lg, range: negative result

-8.1 log copies/lg), but this difference was not statisti-

cally significant (p = 0.158) likely due to the small number

of patients analyzed.

Multivariate analysis of factors associated with a

response to NUC/peg-IFN sequential therapy at peg-IFN

initiation revealed that lower levels of HBsAg and HBcrAg

were significantly associated with responders (Table 2).

The area under the curve (AUC) to predict responders was

0.748 (p\ 0.001) for HBsAg and 0.692 (p = 0.005) for

HBcrAg according to ROC analysis. The calculated

threshold to predict responders was 3.1 log IU/ml for

HBsAg [sensitivity: 64.0%, specificity: 67.1%, positive

predictive value (PPV): 41.0%, negative predictive value

(NPV): 83.9%, accuracy: 66.3%] and 3.9 log U/ml for

HBcrAg (sensitivity: 62.5%, specificity: 73.5%, PPV:

45.5%, NPV: 84.7%, accuracy: 70.8%). Figure 1a shows

the distribution of responders and non-responders accord-

ing to HBsAg and HBcrAg level at the start of peg-IFN.

The response rate was highest (56%) when both HBsAg

and HBcrAg levels were low and was lowest (6%) when

both levels were high (p = 0.003). The maximum response

rate (56%) was 10–15% higher than those predicted using

low levels of HBsAg (41.0%) or HBcrAg (45.5%) sepa-

rately. The minimum response rate (6%) was approxi-

mately 10% lower than those predicted using high levels of

HBsAg (16.1%) or HBcrAg (15.3%) separately.

The changes in HBsAg and HBcrAg levels during peg-

IFN therapy and the ensuing follow-up period are compared

between responders and non-responders in Fig. 2. Median

antigen levels were significantly lower in responders at all

three points examined for both HBsAg and HBcrAg. Median

HBsAg levels decreased during peg-IFN administration in

responders (from 2.9 to 2.1 IU/ml) and non-responders

(from 3.4 to 3.1 IU/ml). However, antigen levels subse-

quently decreased in responders (from 2.1 to 2.0 IU/ml) but

increased in non-responders (from 3.1 to 3.2 IU/ml) during

follow-up after peg-IFN therapy. Similarly, median HBcrAg

levels decreased during peg-IFN administration in respon-

ders (from 3.7 to 3.4 U/ml) and non-responders (from 4.6 to

4.0 U/ml) but decreased in responders (from 3.4 to\3.0 U/

ml) and increased in non-responders (from 4.0 to 4.4 U/ml)

during post-peg-IFN therapy follow-up.

Lower levels of HBsAg [odds ratio 3.1, 95% confidence

interval (CI) 1.0–9.2, p = 0.041] and HBcrAg (odds ratio

8.8, 95% CI 2.3–33.3, p = 0.001) at 48 weeks after com-

pleting peg-IFN administration were also significantly

associated with a favorable response to sequential therapy.

The AUC to predict responders was 0.748 (p\ 0.001) for

HBsAg and 0.692 (p = 0.005) for HBcrAg at 48 weeks

after completing peg-IFN administration according to ROC

analysis. The threshold to predict responders was

Table 1 continued

Factor Responders (n = 26) Non-responders (n = 69) p value

Alpha fetoprotein (ng/ml) 2.4 (1.7 to 5.0) 2.5 (0.5 to 7.5) [0.2

Viral markers

HBeAg positiveb 5 (19%) 28 (41%) 0.057

HBV DNA (log copies/ml)a \2.1 (neg. -3.1) \2.1 (neg. -6.2) [0.2

HBsAg (log IU/ml)a 2.9 (1.1 to 4.3) 3.4 (1.7 to 4.4) 0.001

HBcrAg (log U/ml)a 3.7 (\3.0 to 6.0) 4.6 (\3.0 to[6.8) 0.005

a Data are expressed as the median (range)
b Data are expressed as a positive number (percentage)

Table 2 Multivariate analysis of factors at start of peg-IFN associ-

ated with NUC/peg-IFN sequential therapy responders

Factor Odds ratio 95% CI p value

HBcrAg\3.9 log U/ml 4.3 1.5–11.9 0.006

HBsAg\3.1 log IU/ml 3.2 1.2–8.9 0.023
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2.0 log IU/ml for HBsAg (sensitivity: 64.0%, specificity:

67.1%, PPV: 41.0%, NPV: 83.9%, accuracy: 66.3%) and

3.8 log U/ml for HBcrAg (sensitivity: 62.5%, specificity:

73.5%, PPV: 45.5%, NPV: 84.7%, accuracy: 70.8%).

Figure 1b presents the distribution of responders and non-

responders according to HBsAg and HBcrAg levels at

48 weeks after completing peg-IFN. The response rate was

high (60%) only when both levels were low (p\ 0.001).

Multivariate analysis revealed that lower levels of

HBsAg and HBcrAg at the initiation of peg-IFN and the

use of ADV before peg-IFN therapy were significant fac-

tors associated with lower HBsAg levels (\2.0 log IU/ml)

at 48 weeks after peg-IFN therapy (Table 3). Thresholds to

predict lower HBsAg were 3.0 log IU/ml for HBsAg (AUC

0.872, p\ 0.001), 4.0 U/ml for HBcrAg (AUC 0.703,

p = 0.008), and ADV use (AUC 0.643, p\ 0.061). The

only factor associated with decreased HBcrAg

(\3.8 log U/ml) levels at the study endpoint was itself at

4.8 log IU/ml (AUC 0.852, p\ 0.001) (Table 3).

IFN-k3 levels at peg-IFN commencement were measured

in 80 (84%) of the 95 patients. Median IFN-k3 was roughly

ten times higher (p\ 0.001) in the 29 patients who received

ADV (median 18.4, range 1.2–118.6 pg/ml) than in the 51

patients who did not (median 1.4, range 0.3–23.0 pg/ml). On

the other hand, IFN-k3 level did not differ (p = 0.706)

between patients with the IL28B-SNP major type (n = 16,

median 19.4 pg/ml, range 1.2–55.6 pg/ml) and those with

the minor type (n = 10, median 24.2 pg/ml, range

2.9–118.6 pg/ml) in subjects receiving ADV. Similarly,

IFN-k3 level did not differ (p = 0.708) between patients

with the IL28B-SNP major type (n = 39, median 1.4 pg/ml,

range 0.3–23.0 pg/ml) and those with the minor type (n = 6,

Fig. 1 Distribution of responders and non-responders according to

serum levels of HBsAg and HBcrAg. a Antigen levels at the start of

peg-IFN therapy. b Antigen levels at 48 weeks after stopping peg-IFN

therapy. Figures are divided into four areas according to quantitative

thresholds. The vertical dashed lines delineate the upper and lower

detection limits of HBcrAg. The horizontal dashed line indicates the

lower detection limit of HBsAg. The percentage in each area

represents the responder rate. Differences in responder rates among

areas were analyzed by the Mantel–Haenszel test

Fig. 2 Comparison of changes

in HBsAg and HBcrAg levels

during peg-IFN administration

and follow-up of 48 weeks

afterwards. Data are expressed

as the median and 25–75%

range. Open circles indicate

responders and closed circles

indicate non-responders. The

horizontal dashed lines in the

right figure delineate the upper

and lower quantitative ranges of

HBcrAg. Changes in the antigen

levels of responders and non-

responders were analyzed by the

Friedman test with Bonferroni

correction
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median 1.8 pg/ml, range 0.3–7.5 pg/ml) in subjects not

receiving ADV. These findings were in agreement with the

results described by Murata et al. [24].

Figure 3 assessed for correlations among serum HBsAg,

serum HBcrAg, and intrahepatic HBV cccDNA in 28

patients receiving NUC therapy. Serum HBV DNA was

suppressed to the level of signal-positive or negative in 26

(93%) patients. HBsAg and HBcrAg were both signifi-

cantly correlated with HBV cccDNA, but only weakly with

each other.

Discussion

NUCs and IFN are commonly used anti-HBV agents

worldwide. NUCs induce a rapid reduction in serum HBV

DNA and hepatitis remission in many cases. They also

produce histological improvement resulting in a dimin-

ished occurrence of HCC [27]. However, it is difficult to

eradicate the virus completely, and NUCs face such com-

plications as the emergence of resistant strains and hepatitis

relapse following treatment discontinuation. One reason for

these problems is that while NUCs can efficiently reduce

serum HBV DNA, they have virtually no effect on HBV

cccDNA levels in hepatocyte nuclei, which are the origin

of HBV replication. Based on this fact, the simple dis-

continuation of NUCs is discouraged. On the other hand,

the duration of peg-IFN therapy is usually limited to

48 weeks [28, 29] and a sustained off-treatment response

can be expected in some patients. Thus, the sequential

administration of peg-IFN after NUCs may be useful to

successfully halt NUC treatment [30]. In this context, we

analyzed the efficacy of NUC/peg-IFN sequential therapy

in patients with chronic hepatitis B who were treated with

NUCs and searched for factors associated with a favorable

response.

Responders were defined as patients who fulfilled the

conditions of inactive HBV carriers with a generally

benign clinical course [1, 26]. A considerable fraction of

non-responders required re-administration of NUCs during

follow-up after completing peg-IFN therapy. NUC

resumption was decided by physicians only when the

patient satisfied the established requirements [11, 12, 26],

which indicated that individuals with ALT[80 IU/l and/or

Fig. 3 Correlations among serum HBsAg, serum HBcrAg, and intrahepatic HBV cccDNA in 28 patients undergoing NUC therapy. The vertical

dashed lines delineate the upper and lower quantitative ranges of HBcrAg. The horizontal dashed line indicates the lower quantitative range of

HBV cccDNA

Table 3 Multivariate analysis

of factors at start of peg-IFN

associated with low levels of

HBsAg (\2.0 log IU/ml) and

HBcrAg (\3.8 log U/ml) at

48 weeks after stopping peg-

IFN

Factor Odds ratio 95% CI p value

HBsAg\2.0 log IU/ml at 48 weeks after stopping peg-IFN

HBsAg\3.0 log IU/ml 9.7 2.9–32.7 \0.001

HBcrAg\4.0 log U/ml 8.1 2.2–30.3 0.002

Use of ADV before peg-IFN administration 3.6 1.0–12.5 0.046

HBcrAg\3.8 log U/ml at 48 weeks after stopping peg-IFN

HBcrAg\4.8 log U/ml 12.8 4.3–37.7 \0.001
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HBV DNA [5.8 log copies/ml after stopping peg-IFN

were likely to be non-responders. The percentage of

responders was 27.4% by intention-to-treat analysis in the

present study. Although this figure seems relatively low, it

is noteworthy that over 80% of patients with genotype C

are reported to be mostly resistant to interferon therapy

[31].

Among various factors at the start of peg-IFN, lower

levels of HBcrAg and HBsAg were determined as associ-

ated with a response to NUC/peg-IFN sequential therapy.

HBsAg has been reported to closely relate to peg-IFN

therapy outcome [32–35]. Moucari et al. analyzed HBeAg-

negative hepatitis B patients who had been treated with

peg-IFN for 48 weeks and concluded that an early serum

HBsAg drop was strongly predictive of a sustained viro-

logical response [34]. Sonneveld et al. assessed HBeAg-

positive hepatitis B patients who had received peg-IFN

with or without LAM for 52 weeks and observed that

patients experiencing no decline in HBsAg level from

baseline at week 12 had little chance of achieving a sus-

tained response and no possibility of an HBsAg loss [32].

HBcrAg includes antigens that are transcribed and trans-

lated from pre-core and core genes of the HBV genome,

and HBeAg is a primary component of these antigens [16].

HBcrAg levels have been reported to predict the risk of

hepatitis relapse after NUC discontinuation [12, 36] as well

as the likelihood of developing HCC in patients under

NUC therapy [37, 38]. We previously described that a

combinational use of HBsAg and HBcrAg levels was

useful to predict the 24-month outcome of NUC/IFN

sequential therapy [39]. Martinot-Peignoux et al. also

reported that HBsAg and HBcrAg levels either separately

or in combination could estimate the response to peg-IFN-

based precision therapy [40]. However, the above studies

suffered from a retrospective design and relatively small

number of patients. It was therefore meaningful that the

present prospective cohort study confirmed the ability of

combined HBsAg and HBcrAg levels for predicting a

response to NUC/peg-IFN sequential therapy.

We witnessed that levels of both HBsAg and HBcrAg

were significantly associated with that of HBV cccDNA in

the liver, even under the sufficient suppression of HBV

replication by NUCs. Intrahepatic HBV cccDNA is a key

molecule in HBV replication whose amount is closely

related to viral activity. Several reports have shown that

HBV cccDNA is associated with the response to antiviral

therapies using peg-IFN and NUCs [35, 41, 42]. Sung et al.

analyzed HBeAg-positive hepatitis B patients who had

been treated with either LAM monotherapy or a combi-

nation of peg-IFN and LAM and concluded that intrahep-

atic HBV cccDNA level at the end of therapy was superior

to serum HBV DNA in predicting a sustained virological

response [41]. Serum HBV DNA is correlated with

intrahepatic HBV cccDNA and is widely used as an indi-

cator of HBV replication activity. However, such associa-

tions may be incompatible with antiviral therapies, and

especially NUC treatment, since the drugs directly hamper

production of the HBV virion by inhibiting reverse tran-

scription of pre-genomic RNA without affecting HBV

cccDNA directly. As levels of serum HBsAg and HBcrAg

are easier to measure than that of intrahepatic HBV

cccDNA, these assays may be more suitable as surrogate

markers of HBV replication activity in patients undergoing

antiviral therapy. It is possible that HBsAg and HBcrAg

have complimentary roles in monitoring antiviral effects

because their production is regulated by alternative

enhancer-promoter systems in the HBV genome. Accord-

ingly, the levels of the two antigens showed a weak, non-

significant correlation in the present study.

HBsAg and HBcrAg levels decreased in both responders

and non-responders during peg-IFN administration but

continued falling in responders only after stopping peg-

IFN. Consequently, we presumed that the levels of HBsAg

and HBcrAg at the treatment response judgment point of

48 weeks after peg-IFN cessation were closely associated

with therapy response. Analysis of baseline parameters

associated with low HBcrAg levels (\3.8 log U/ml) at

response judgment revealed lower HBcrAg to be the sole

significant factor. On the other hand, lower HBsAg, lower

HBcrAg, and the use of ADV were significant baseline

factors predicting decreased HBsAg levels (\2.0 log IU/

ml) at response judgment. Murata et al. reported that serum

IFN-k3 level increased during ADV and TDF administra-

tion but did not with LAM and ETV in patients with

chronic hepatitis B. They also showed that ADV and TDF

exerted the additional pharmacological effect of IFN-k3

upregulation, which further induced IFN-stimulated genes

and resulted in a reduction of HBsAg production in a cell

culture system [24]. IFN-k3 levels at baseline were

approximately ten times higher in patients with ADV

treatment than in those without in our cohort. It is therefore

plausible that the administration of ADV is related to

HBsAg level reduction during sequential therapy. Further

studies are required to clarify this notion.

In conclusion, the combinational use of HBsAg and

HBcrAg levels was able to predict the response to NUC/

peg-IFN sequential therapy. Decreases in these antigens

during and after peg-IFN administration were closely

associated with a favorable response. The use of ADV was

related to higher serum IFN-k3 and suspected to be linked

to a rapid decrease in HBsAg level during sequential

therapy.
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