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sustained virslogical response (SVR), which is defined as undetect-
able serum HCV RNA 24 weeks after completion of therapy. Tela-
previr (TVR) is an effective HCV non-structural 3/4A protease
inhibitor that has recently been approved for the treatment of
chronic hepatitis C genotype 1 in japan. Triple therapy that com-~
bines TVR, pegylated-IFN-u2b (PEG-IFN), and ribavirin (RBV) treat-
ment has achieved SVR rates of 70-80% [3,4].

Recent studies have highlighted that peolymorphisms in the
interleukin (IL) 28B gene are associated with spontaneous and
treatment-induced resolution of HCV infection [5-8]. Similarly,
killer immunoglobulin-like receptors (KIRs) and their human leu-
kacyte antigen (HLA) class | ligands have also been implicated in
spontanecus and freatment-based disease resolution [9-13].
Accordingly, combinations of IL28B polymeorphisms and KIR geno-
types have been studied by our own laboratory and others with
regard to disease freatment and resclution [14-17]. However, it
has not yet been elucidated whether polymorphisms of these
innate immune genes are associated with virological response to
TVR/PEG-IFN/RBV triple therapy. The objective of this study was
to clarify whether KIR-HLA interactions, in addition to an JL28E
polymorphism, would influence the outcome of TVR/PEG-IFN/
RBV or PRG-IFN/RBY therapy in Japanese patients with chronic
hepatitis C.

2. Materials and methods
2.1. Subjects

A total of 200 patients with chronic hepatitis C were enrolled in
this study. All subjects were treated at Shinshu University Hospital
or one of its affiliated hospitals. The clinical and demographic char-
acteristics of our cohort are shown in Table 1. The diagnosis of
chronic hepatitis C was based on previously reported criteria [18]
of (1) the presence of serum HCV antibodies and HCV
RNA > 5.0 log IU/mL; (2) the absence of detectable hepatitis B sur-
face antigen and antibody to the human immunodeficiency virus;
and (3) exclusion of other causes of chronic liver disease or a his-
tory of decompensated cirrhosis or HCC. Serum leveis of HCV
RNA were determined using the Cobas TagMan HCV test (Roche
Diagnostic Systems, Tokyo, Japan). The linear dynamic range of
the assay was 1.2-7.8 log {U/mL, and undetectable samples were
defined as negative. All patients in eur cohort were infected with
HCV genotype 1b as determined by sequence analysis. Alanine
aminotransferase, aspartate aminotransferase, and other relevant
biochemical tests were performed using standard methods {19].

Ninety-two patients received a 12-week triple therapy regimen
that included TVR (Telavic; Mitsubishi Tanabe Pharma, Osaka,
Japan; 1500-2250 mg/day), PEG-IFN (Pegintron; MSD KK, Tokyo,
Japan; 1.5 ug/kg of body weight weekly by subcutaneous injec-
tion), and RBV (Rebetol; MSD KK; 600-1000 mg/day according to

body weight) followed by a 12-week course of dual therapy com-
posed of PEG-IFN and RBV. The remaining 108 patients received
PEG-IFN and RBV treatment for 48 weeks, as described previously
[281. No patients from our prior study were included in this cohort
211

Patients achieving a sustained HCV response were identified as
those whose serum HCV RNA was undetectable 24 weeks after
completing therapy. A rapid virclogical respense (RVR) was
defined as undetectable HCV RNA at week 4 of treatment. Patients
ot attaining an SYR, who included non-responders and relapsers,
were regarded as treatment failures.

This study was approved by the ethics committee of Shinshu
University School of Medicine, Matsumoto, Japan, and written
informed consent was obtained from all participants. The study
was conducted in accordance with the principles of the Declaration
of Helsinki.

2.2. HLA, KiIR, and IL28B (rs8099917) genotyping

Genomic DNA was isclated frem whole biood samples using
QuickGene-800 assays (Fujifilm, Tokye, Japan). We genotyped
HLA-A, HLA-B, HLA-C, and KIR using a Luminex multi-analyzer pro~
filing system with a LAB type® HD and KIR SSO genotyping kit (One
Lambda, Inc., Canoga Park, CA) that was based on PCR sequence-
specific oligonucleotide probes [22]. KiR genes were divided into
distinct group A and group B haplotypes based on centromeric as
well as telomeric regions of the KIR locus. KIR genotypes were then
identified according to the definition established by Cooley et al.
[23]. Briefly, centromeric AA genotypes contained KIRZDL3 but
not KIR2DIZ or KIRZDSZ, ceniromeric AB genotypes contained
RIR2DL3 with KIR2DL2 andfor KIR2DS2, and centromeric BB geno-
types contained KIR2DL2 and/or KIRZDS2 but not KIR2DL3. Mean-
while, telomeric AA genotypes contained KIR3DLI and KIRZ2DS4
but not KIR3DS? or KIR2DSI, telomeric AB genotypes contained
KIR3DLY and KIR2DS4 with KIR3DS1 and/or KIR2DS1, and telomeric
BB genotypes lacked KIR3DL1 andjor KIRZDS4. Genotyping of an
I128B SNP (rs8099917) was performed using an ABI TagMan alielic
discrimination kit and the ABI7500 Sequence Detection Systent
{Applied Biosystems, Carlsbad, CA) [24]. Probe fluorescence signals
were detected using a Taghan assay for Real-Time PCR (7500 Reai-
Time PCR System, Applied Biosystems) according to the manufac-
turer’s instructions.

2.3. Statistical analysis
The Mann-Whitney U test was employed to analyze contintous

variables. Pearson’s chi-squared test was used for the analysis of
categorical data. We adopted Fisher's exact test when the number

- of subjects was less than 5. The Benferroni correction for multiple

testing was applied to our KIR-HLA combination data using the
number of comparisons performed on our primary factors of

Table 1

Clinical features of patients with chromnic hepatitis C with and without a sustained virolegical response.
Characteristic All (n=200) SVR (n=126) Non-SVR (11=74) P
Age {yrs) 61 (53-65) 60 (52-65) 62 (55-67) 0.076
Male 109 (55) 71 (56) 38 (51) 0.493
Triple therapy 92 (46) 74 (59) 18 (24) 2.0x 1676
White blood cells (/L) 4445 (3788-5578) 4870 (3888-5730) 4275 (3670-5190) 0.022
Hemoglobin (gfdL) 14.4 (13.4~15.4) 144 (13.7-15.7) 14,1 (13.1-15.1) 0.010
Platelet count (10%/uL) 15.9 (13.0-19.3) 16.3 (13.6-18.3) 15.5 (12.1-19.2) 0.163
Serum alanine aminotransferase (IUfL) 44 (29-68) 40 (26-64) 46 (33-70) 0.147
HCV RNA (log [U/mL) 6.5 (6.0-6.8) 6.4 (58-6.7) 6.5(6.2-6.8) 0.027
[L-28 TT genotype 134 (67) 102 (81) 32 (43) 44 % 1078

Data are expressed as miedian (interquartile range) or n (%) as appropriate.
SVR, sustained viroclogical response.
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Table 2

Frequency of HLA-Bw and -C alleles in 126 patients with a sustained virological
response (SVR) and 74 patients with a non-SVR to antiviral therapy for chronic
hepatitis C.

SVR (n = 126) Non-SVR (n=74) P{Pc)
Genotype
Bw4/Bw4 15 {12%) 7 (10%) 0.594
Bw4/Bwh 61 (48% 23 {(31%) 0.017 (0.17)
Bw6E[BwG 50 (40%) 44 (60%) 0011 (0.11)
Ctjct 104 (83%) 65 (88%) 0.318
cijcz 22 (17%) 9 (12%)

Data are expressed as n (%),
SVR, sustained virological response.

interest in Table 2 (i.e.,, 5 combinations x 2 comparisons between
two groups = 10 tests). A P value of <0.05 was considered to be
statistically significant. Association strength was estimated by
calculating the odds ratio (OR) and 95% confidence interval (CI).
Cur model was checked by regression diagnostic plots to verify
normality, linearity of data, and constant variance. Stepwise logis-
tic regression analysis with a forward approach was performed to
identify independent factors associated with an SVR after continu-
ous variables were separated into 2 categorical variables by their
median value. Statistical analyses were performed using SPSS
software version 21.0 J (IBM, Tokyo, Japan). We evaluated synergy
between IL28B and KIR-HLA using the methed described by
Cortina-Borja et al. [25].

3. Results
3.1. Patient characteristics and treatment ouicome

Of the 200 patients who received antiviral therapy, 126 (63%)
achieved an SVR. The remaining 74 patients were considered to
be non-responders: 39 relapsed, 33 were null responders, and 2
experienced viral breakthrough. Before treatment, median white
blood cell count (4870 vs. 4275 [ul, P=0.022) and hemoglebin
value (14.4 vs. 14.1 g/dL, P=0.010) in the SVR group were signifi-
cantly higher than in the non-SVR group (Table 1). Median HCV
RNA level (6.4 vs. 6.5 log IU/mlL, P=0.027) was significantly lower
in the SVR group compared with the non-SVR group, Patients who
were administered triple therapy had a significantly higher SVR
rate (59% [74]126] vs. 24% [18/74], P=2.0 x 107%; OR=4.43, 95%
Cl=2.34-8.39). An RVR was also strongly associated with an SVR
(66% [83/126] vs. 10% [7/74], P=9.7 x 10775, OR=18.48, 95%
Cl=7.81-43.71). The RVR and SVR rates in patients treated with
TVR/PEG-IFIH/RBY were 78% (72/92) and 80% (74/92), respectively.
In contrast, these rates were 17% (18/108) and 48% (52/108),
respectively, in patients treated with PEG-IFN/RBV.

3.2. HLA class I allele frequencies and KIR genotypes in patients with
chronic hepatitis C

We first examined for associations between HLA-B and -C alleles
and response to antiviral therapy. The frequency of the HLA-
B*51:01 allele in patients with an SVR was higher than in patients
with a non-SVR (10% [24/252] vs. 3% [4/148], P=0.017 [Pc = 049];
OR =3.79, 95% (1= 1.29-11.15). Conversely, the HLA-B*15:07 allele
was less frequently found in responders (5% [12/252] vs. 10% {15/
148], P=0.039 [Pc=1.13]; OR = 0.44, 95% Cl = 0.20-0.98). No spe-
cific HLA-A or -C alleles were detected in our cohort.

Mext, we searched for differences in the distribution of HLA-Bw4
and HLA-C1 allele frequencies between SVR and non-SVR patients
(Table 2). The frequency of HLA-Bw4Bw6 in responders was higher
than in non-responders (48% [61/126] vs. 31% [23/74], P=0.017

{Pc=0.17]; OR=2.08, 85% Cl=1.14-3.81). In contrast, pafients
with the HLA-Bw6 homozygoie had a higher non-SVR rate (40%
[50/126] vs. 59% [44/74]; P=0.011 [Pc=0.11]; OR=045, 95%
Cl = 0.25-0.81). Overall, HLA-Bw4 was significantly associated with
an SYR among patients (60% [76/126] vs. 41% [30/74], P=0.007,
OR =223, 95% (1=1.24-4.00). No remarkable allelic frequencies
were seen for HIA-CT.

With respect to KIR genes, no associations between the 16 genes
examined and treatment outcome were observed (Fig. 1). KIR gene
profiles were classified based on centromeric and telomeric regions
of the KIR A and B haplotypes (Cen-AfB and Tel-A/B). When we
compared the Cen-A/B and Tel-A[B frequencies between the SVR
and non-SVR groups, no significant differences were apparent
(Table 3).

3.3. HLA and KIR compound genotypes and antiviral response of HCV

To determine the effect of HLAJKIR genotypes on possible associ-
ations with an SVR, we analyzed combinations of activating or inhib-
itory KiRs and their HLA ligands. Among the combinations of
KIR2DLI-HLA-C2, KIR2DL2-HLA-C1, KIR2DL3-HLA-C1, KIR3DL1-HLA-
Bwd, and KIR3DL2-HLA-A3 and -AT1, only the frequency of the inhib-
itory KIR3DL1 receptor and its HLA-Bw4 ligand was remarkably
higher in responders than in non-responders (58% [73/126] vs.
39% [29]74], P=0.010 [Pc=0.10}; OR=2.14, 95% (I=1.19-3.84)
(Table 4). When stratified for patients treated with TVR/PEG-IFN/
RBV or PEG-IFN/RBY, although KIR3DLT-HLA-Bw4 was significantly
associated with an SVR in patients treated with PEG-IFN/RBV {65%
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Fig. 1. Frequency of 16 KIR genes in 126 patients with a sustained virological
response (SVR) and 74 patients with a non-SVR to antiviral therapy for chronic
hepatitis C.
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Table 3

Frequencies of centromeric and telomeric KIR genotypes in 126 patients with a
sustained virological response (SVR) and 74 patients with a non-SVR to antivirat
therapy for chronic hepatitis C.

SVR {11=126) Non-SVR (n=74) P
Genotype
AA 71 (56%) 36 (49%) 0.292
Bx 55 (44%) 38 (51%)
Centromere motif
AA 104 (83%) 56 (76%) 0.241
AB 22 (18%) 18 (24%)
Telomere motif
AA 80 (64%) 50 (68%) 0.827
AB 41 (33%) 21 (28%)
BB 5 (4%) 3 (4%)

Data are expressed as n (%).
SVR, sustained virological response.

Table 4

Frequencies of KIR-HLA receptor-ligand pairs in 126 patients with a sustained
virological response (SVR) and 74 patients with a non-SVR to antiviral therapy for
chronic hepatitis C.

KIR-HLA receptor-ligand SVR Neon-SVR P (Pc)

pair (n=128) (n=74)

KIR2DL1-HLA-C2 22 (18%) G (12%) 0.833
KIR2DL2-HLA-C1 19 (15%) 17 (23%) 0.161
KIR2DL3-HLA-C1 104 (83%) 65 (88%) 0.318
KIR3DL1-HLA-Bw4 73 (58%) 29 (39%) 0.010 (0.10)
KIR3DL2-HLA-A3 and -Al1 32 (25%) 20 (27%) 0.800

Data are expressed as n (%).
SVR, sustained virological response.

Table 5
Logistic regression analysis of variables contributing to a sustained virological
response to antiviral therapy.

Factor 0dds ratio 95% CI P

RVR 20.95 7.68-57.11 <0.000001
IL28B TT genotype 5.53 2.30-13.32 0.00014
KIR3DL1-HLA-Bw4 342 1.50-7.83 0.004

Only variables achieving statistical significance (P < 0.05) in multivariate logistic
regression analysis are shown.

[36/52] vs. 38% [21/56], P=0.001 [Pc=0.01]; OR=3.75, 95%
Cl=1.69-8.34), no association between KIR3DL1-HLA-Bw4 and tri-
ple therapy was observed (50% [37/74] vs. 44% [8/18], P= 0.672).

3.4. Association of a sustained virological response with KIR-HLA and
IL28B

The SVR rate in patients with the IL28B TT genotype was signif-
icantly higher than in those with the TG or GG genotype (81% [102/
126] vs. 43% [32/74), P=44 x 1075, OR=5.58, 95% Cl=2.94-
10.58) (Tahie 1).

Table 8

We next evaluated several factors found in association with an
SVR to antiviral therapy for independence by logistic regression
analysis. A total of 126 responders were compared with 74 non-
responders by means of a forward stepwise likelihood ratio logistic
regression methoed. An RVR (P<0.000001; OR=20.95 95%
€l=7.68-57.11), the Ii28B TT genotype (P=0.00014; OR=553,
95% C1=2.30-13.32), and KIR3DL1-HLA-Bw4 (P=0.004; OR=342,
95% U1 =1.50-7.83) were all identified as independent parameters
that significantly influenced an SVR (Table 5).

As the frequency of the JL28B TT genotype along with KIR3DL1~
HLA-Bw4 in SVR group was significantly higher than in non-SVR
group (46% [58/126] vs. 18% [13/74]; P=4.9 x 107> [Pc=3.9 x
107%; OR=4.00, 95% Cl=2.00-8.01) (Table 6), we applied a
recently described test to evaluate for synergistic effects between
these genetic factors [25]. Based on logistic regression analysis, this
method evaluated whether the observed ORs of the 2 independent
factors were greater combined than separately. We observed an
absence of synergy between the 2 favorable factors of IL28B TT
genotype and KIR3DL1-HLA-Bw4 in the SVR population (synergy
factor = 0.68, 95% (I = 0.18-2.48; Pyypergy = 0.560), which confirmed
that they were indeed independent of each other. Moreover, when
stratified for each treatment regimen, patients who achieved an
SVR with the PEG-IFN/RBV regimen had a significantly higher fre-
quency of L1288 TT and KIR3DL1-HLA-Bw4 compared with those
who did not (50% vs. 18%, P=0.00040 [Pc=0.0032}, OR=4.60,
95% CI=1.92-11.02). For triple therapy, the frequency of the
IL28B TG/GG genotype without KIR3DL1-HLA-Bw4 was significantly
higher in non-responders (39% vs. 9%, P=0.0018 [Pc=0.014],
OR =0.16, 95% C1=0.05-0.56).

4, Discussion

Natural killer (NK) cells are a subset of lymphocytes that can
interact directly with virus-infected cells as well as activate den-
dritic cells and secrete Thl-type cytokines to augment antiviral
cytotoxic T-cell responses. The NK cell response is controtled by
multiple activating and inhibitory receptors. It is thought that
the net inhibitory or activating signal derived from these receptors
determines whether or not the NK cell is activated. KIR molecules
are known to interact with their HLA class I ligands to modulate NK
cell activity. The ligands for KIR2DL are HLA-C alleles, which are
classified as C group 1 (C1) if the amino acid at position 80 is aspar-
agine or C group 2 (C2) if lysine occupies that position. The inhib-
itory KIR2DL2 and -2DL3 recognize the C1 allotype, while KIRZDL1
recognizes C2 allotypes {26]. KIR3DL1 recognizes HLA-B Bw4 alio-
types, particularly those with an isoleucine at position 80 [27].

Our data showed that KIR3DL1 and its HLA-Bw4 ligand were
associated with an SVR following antiviral therapy that included
TVR/PEG-IFN/RBV triple therapy in Japanese patients with chronic
hepatitis C. In combination with a prior study by our group {21},
our findings demonstrate a favorable influence of these genes in
patients achieving an SVR with IFN-based treatment. As almost
one half of the Japanese population have the functional KIR3DL1-
HLA-Bw4 combination, this inhibitory receptor-ligand interaction

Frequencies of IL28 genotype and KIR3DL1/HLA-Bw4 combinations in 126 patients with a sustained virological response (SVR) and 74 patients witha

non-SVR to antiviral therapy for chronic hepatitis C.

IL28B KIR3DL1/HLA-Bw4 SVR (n=126) Non-SVR (1= 74) P (Pc)
T ++ 58 (46%) 13 (18%) 49 %1075 (3.9 x 1074
T Other 44 (35%) 19 (26%) 0.174
TGIGG ++ 15 (12%) 16 (22%) 0.067
TG/GG Other S (7%) 26 (35%) 49% 1077 (39 % 10°%)

Data are expressed as n (%).
SVR, sustained virological response.
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is potentially important in understanding NK-cell diversification.
The NK cell surface expression of KIR3DLT is higher in individuals
having Bw4 than in those lacking it [28]. Such cells may be less
strongly controlled by inhibitory signals than other NK cells, more
easily activated by viral infection, and more readily promoted for
cytolysis and IFN-gamma production. On the contrary, although
KIR2DL3-HLACT has been associated with treatment-induced and
spontaneous HCV eradication in Caucasians [9,11,16], our data
showed no association of this gene with the response to treatiment
for HCV infection.

In multivariate analysis, we witnessed that an RVR, the IL28BTT
genotype, and KIR3DL1-HLA-Bw4 were independent factors related
to an SVR in patients treated with anti-viral therapy with and with-
out TVR. This confirmed that RVR and IL28B genotype were strong
predictors of an SVR to triple therapy in the Japanese population
similarly to previous studies of HCV treatment with PEG-IFN/RBV
only [7,24]. Furthermore, SVR frequencies were positively corre-
lated with a combination of the ILZ8B TT genotype and KIR3DLI-
HLA-Bw4 (P = (0.000049), but we did not observe that they were
acting synergistically. The calculation of a synergy factor allows
for differentiation between a true synergistic interaction and an
apparent one. The synergy factor is designed to be robust for small
sizes, even when individual cells are zero. The result of this analy-
sis complemented the findings obtained by logistic regression that
the combination of the 2 independent factors had no significant
advantage over each factor in isolation for an SVR.

In conclusion, the present study showed significant indepen-
dent associations of an RVR, the KIR3DL1-HLA-Bw4 combination,
and 1288 with an SVR to interferon-based therapy, including
TVR triple therapy, in Japanese patients with genotype 1 HCV.
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Abstract

AIM: To investigate the role of pre-core and basal core
prometer (BCP) mutations before and after hepatitis B

uiavenge WIG | www.wignet.com

e antigen (HBeAg) seroconversion.

METHODS: The proportion of pre-core {G1896A) and
basal core promoter (A1762T and G1764A) mutant vi-
ruses and serum levels of hepatitis B virus (HBV) DNA,
hepatitis B surface antigen (HBsAQ), and HB core-related
antigen were analyzed in chronic hepatitis B patients
before and after HBeAg seroconversion (7 = 25), in
those who were persistently HBeAg positive (7 = 18),
and in those who were persistently anti-HBe positive (7
= 43). All patients were infected with HBY genotype C
and were followed for a median of ¢ years.

RESULTS: Although the pre-core mutant became
predominant (24% to 65%,; P = 0.022) in the HBeAg
seroconversion group during follow-up, the proportion
of the basal core promoter mutation did not change.
Median HBV viral markers were significantly higher
in patients without the mutations in an HBeAg posi-
tive status (HBV DNA: 2 = 0.003; HBsAg: # < 0.001;
HB core-related antigen: 2 = 0.001). In contrast, HBY
DNA (P = 0.012) and HBsAg (P = 0.041) levels were
significantly higher in patients with the pre-core muta-
tion in an anti-HBe positive status.

CONCLUSION: There is an opposite association of
the pre-core mutation with viral load before and after
HBeAg seroconversion in patients with HBV infection.

Key words: Seroconversion; Hepatitis B core-related
antigen; Pre-core; Basal core promoter; Mutation; Hepatitis
B surface antigen; Hepatitis B virus DNA

© The Author(s) 2015. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The exact roles of pre-core {pre-C) and basal
core promoter (BCP) mutations remain unclear before
and after hepatitis B e antigen (HBeAg) sercconversion.
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Here, aithough the pre-C mutant became predominant
in the HBeAg seroconversion group during follow-up,
the propoertion of the BCP mutation did not change.
Hepatitis B virus (HBY) viral markers were significantly
higher in patients without the mutations in an HBeAg
positive status. HBY DNA and hepatitis B surface antigen
levels were higher in patients with the pre-C mutation
in an anti-HBe positive status. Taken together, the
association of the pre-C mutation on viral load appears
to be opposite before and after HBeAg seroconversion
in patients with HBY infection.

Kamijo M, Matsumoto A, Umemura T, Shibata 8, Ichikawa
Y, Kimura T, Komatsu M, Tanaka E. Mutations of pre-core
and basal core promoter before and after hepatitis B ¢ antigen
seroconversion. World J Gasiroenterol 2615; 21(2): 541-548
Available from: URL: http://www.wignet.com/1007-9327/full/
v21/i2/54 Lhtm DOL hitpi/dx.doi.org/10.3748/wjg.v21.i2.541

INTRODUCTION
Hepatitis B virus (HBV) infection is 2 major health con-
cern that has an estimated 350 to 400 million carriets
wotldwide. Chronic infection with HBV can cause chronic
hepatitis, which may evenmally develop into liver cirthosis
and hepatocellular carcinoma' B
In the natugal history of cheonic HBV infection, sero-
conversion from hepatitis B ¢ antigen (HBeAg) to its
antibody (anti-FBe) is usually accompanied by a decrease
in HIBV replication and the remission of hepatitis®”. Thus,
HBeAg seroconversion is a favorable sign for patients with
chronic hepatitis B. However, thete ate some patients who
pezsistently exhibit elevated HBV DINA levels in the serum
and active liver disease, even after seroconversion™.
Several mutations in the HBV genome have been
repotted to associate with FHBeAg seroconversion. When
the pre-core (pre-C) and core genes in the HBV genome are
transcribed and translated in tandem, HBeAg is produced
and secteted into the circulation®. The G to A mutation
at nucleotide (nt) 1896 in the pre-C region (G18964),
which convetts codon 28 for tryptophan to a stop codon,
is associated with the loss of detectable HBeAg!™". The
double mutations of A1762T and G1764A in the basal
core promoter (BCP) of the HBV genome have also been
shown to reduce HBeAg synthesis by suppressing the
transctiption of pre-C mRNAM. However, the detailed
mechanisms of HBeAg seroconversion, mcluding the
mvolvement of mutations that decrease the production
of HBeAg, have not been fully clarified. Ortito e af””
reported that a predominance of the pre-C mutation
was correlated with anti-FHBe, while BCP mutations
wete not associated with either anti-HBe or HBeAg We
previously uncovered that the pre-C and BCP mutations
were frequently seen in patients with active replication
after HBeAg seroconversion, but not in those with in-
active teplication™”, which suggested that HBeAg seto-
coaversion was not associated with either mutation in
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such patients. Since the follow-up duration of these
previous reports was Hmited, this study analyzed the
changes in pre-C and BCP mutations among patients who
were followed over a longer time course. Furthermore,
we assessed the mutations not only in patients who
seroconverted from HBeAg to ant-HBe, but also i those
whose HBeAg or anti-HBe positive status did not change
during follow-up.

MATERIALS AND METHODS

Patients

Three groups of patients with chronic hepatitis B who
were categorized according to HBeAg/anti-HBe positive
status were enrolled between 1985 and 2000. The
subjects were selected retrospectively from a database of
patients who had been followed for at least two years,
had not received anti-viral therapy, such as nucleos(tide
analogues, and whose stored serum samples were avai-
lable from both the start and end of follow-up. We re-
cruited only patients with HBV genotype C since this
genotype is predominant in Japan and because the clinical
significance of pre-C and BCP mutations differs among
genotypes. The first group consisted of 18 patients who-
se HBeAg was persistently positive throughout the study
period. The second group contained 25 patients in whom
HBeAg seroconverted to anii-HBe. The third group was
made up of 43 patients whose anti-HBe was persistently
positive.

Hepatitis B surface antigen (HBsAg) was confiemed
to be positive on at least two occasions a minimum of
6 mo apart in all patients before the start of follow-up.
Tests for hepatitis C and human immunodeficiency virus
antibodies were negative in all subjects. Patients who
demoanstiated accompanying hepatocellular carcinoma
or signs of hepatic failure at the initial follow-up wete
excluded from the study.

Stored serum samples were kept frozen at -20 C or
below until assayed. This study was approved by the Ethics
Committee of Shinshu Univessity School of Medicine.

Conventional hepatitis B viral markers

Serological matkess for HBV, including FBsAg, HBeAg,
and anti-HBe, were tested using commercially available
enzyme inmmunoassay kits (Fujitebio Inc., Tokyo, Japan)™.
HBsAg was quantified®™ using 2 chemiluminescence
enzyme immunoassay (CLEIA)-based HISCL HBsAg
assay manufactured by Sysmex Corporation (Kobe, Ja-
pan). The assay bad a quantitative range of -1.5 to 3.3 log
IU/mL. BEnd titer was determined by diluting samples
with normal human serum when initial results exceeded
the upper limit of the assay range.

Serum HBV DNA was determined using a COBAS
TagMan HBV kit (Roche, Tokyo, Japan)®™ with a quan-
titatve range of 2.1 to 8.9 log copies/mlL. According to
the manufacturer’s instructions, detection of a positive
signal below the quantitative range was described as a
positive signal and no signal detection was considered
to be a negative signal. Six HBV genotypes (A-F) weze
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Characteristic HBeAg/anti-HBe status ) P value
Continuously /- From +/-t0 -/ % Continuously -/+
(7 = 18} = Z5} @ = 43}
Age (1) 44 (24-63) 37 (18-33) 51 (25-77) <0.001
Gender (M:F) 117 1411 24:19 >0.2
Follow-up period (yr)' 6.3 (2.1-14.6) 10.8 (2.0-23.7) 85(2.2-16.6) 0.006
Genotype C* 18 (100) 25 (100) 43 (100) 1
Viral markers at first follow-up B
HBV DNA (log copies/ mL)’ 86 (57->8.9) 6.1 (<21->8.9) <21(<21-82) <0.001
HBsAg (log TU/mL)! 46 (1655) 3.6 (-0.9-L6) 2.6 (< 0.05-43) <0.001
HBaAg (log U/mLy' > 6.8 (55->6.8) 6.8 {3.1-> 6.8) 3.0 (<3.0-6.8) <0.001
Viral markers at final follow-up :
HBV DNA dog copies/mL)" 71(<21>89) 3.3 (neg.-6.2) <21 {neg.-7.0} <0.001
HBsAg (fog IU/mL)" - 3.3¢1.0-5.1) 2.8 (< 0.05-2.8) 13 (< 0.054.2) <0.001
HBarAg (fog U/mL)! 67 (4.4->6.8) <3.0(<3.0-6.2) <3.0 (<3.0-5.3) <0.001

"Data are expressed as the median (range); *Data are expressed as a positive umber (%). HBeAg: Hepatitis B e antiger; HBV: Hepatitis B virus; HBsAg:

Hepatitis B surface antigen; HBcrAg: Hepatitis B core-related antigen.

evaluated according to the restriction patterns of DINA
fragments from the method reported by Mizokami ef
2. Serum hepatitis B core-related antigen (HBcrAg)
levels were measured using a2 CLEIA HBcrAg assay
kit with 2 fully automated Lumipulse System analyzer
(Fujirebio Tnc.) as desctibed previously™ . The HBcrAg
assay simultaneously measured all antigens (e, core, and
p22cr) encoded by the pre-C/core genes of HBV. 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 2 quantitative range of 3.0 to 6.8 log U/mL.

Determination of pre-C and BCP mutations

The pre-C and BCP mutations were determined using
nucleic acid samples extracted from 100 puL of serum
with 2 DNA/RNA extraction kit (Smitest EX-R and D;
Genome Science Laboratories Co., Lid., Tokyo, Japan).
The stop codon mutation in the pre-C region (A1896)
was detected with an enzyme-linked mini-sequence assay
kit (Smitest; Genome Science Laboratories). Ia principle,
(G1896 in wild type HBV and A1896 in the mutant were
determined by mini-sequence reactions using labeled
nucleotides that were complementary to either the wild
type or mutant™. The results weze expressed as percent
mutation tates according to the definition by Aritomi
et af*” Samples were judged as positive for the pre-C
mutation when the mutation rate exceeded 50% in the
present study since the mutation rate was found to steadily
increase to 100% once surpassing 50%.

The double mutation in the BCP was detected using
an HBV core promoter detection kit (Smitest; Genome
Science Laboratories)[gs’zq. This kit detected T1762 and/
ot A1764 using the polymerase chain reaction (PCR)
with primers specific for either wild type or mutant BCP.
Results were recorded as wild, mixed, or mutant type.
The pre-C and BCP mutations were tested at the start
and end of follow-up with kits having mamufacturer-
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established detection lmits of 1000 copies/mL.

Full HBY genome sequencing

The nucleotide sequences of full-length HBV genomes
were determined by a method reported previcusly™.
Briefly, two ovetlapping fragments of an HBV genome
were amplified by PCR, and then eight ovedapping HBV
DNA fragments were amplified by nested PCR. All
fnecessary precautions to prevent cross-contamination were
taken and negative controls were included in each assay.
The sequencing reaction was performed according to the
manufacturer’s instructions (ABI Prsm BigDye Terminator
Cycle Sequencing Ready Reaction Kits, Vession 3.1; Foster
City, CA) with an automated ABI DNA sequencer (Model
3100, Applied Biosystems Catlsbad, CA).

Statistical analyses

The proportions of clinical factors were compared am-
ong groups using the 7 and Fisher’s exact probability
tests. Group medians were compared by means of the
Mann-Whitney U test and Kruskal-Wallis test. The
changes in proportions of the pre-C and BCP mutations
between the study start and end points were compared
using McNemar’s test. All tests were performed using
the IBM SPSS Statistics Desktop for Japan ver. 19.0 (IBM
Japan Inc., Tokyo, Japaa). Pvalues of less than 0.05 wete
considered to be statistically significant.

RESULTS

Patients

The clinical and virological backgrounds of the 3 groups
are summatized in Table 1. Median age was lowest in
patients with seroconversion, intermediate in those with
persistent HBeAg, and highest in those with persistent
anti-HBe. Gender ratio was similar among the 3 groups.
Following our study design, all patients had HBV ge-
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notype C.

Changes in pre-C and BCF mutations

The presence of the pre-C mutation could be evaluated
in 60 (98%) of 61 HBeAg positive samples and 94 (85%)
of 111 HBeAg negative samples. We were able to assess
the existence of the BCP mutation in 57 (93%) of 61
HBeAg positive samples and 86 (77%) of 111 HBeAg
negative samples.

The changes in the proportion of the pre-C mutation
between the start and end of follow-up are shown
in Figure 1A. Wild type pre-C accounted for 94% of
patients whose HBeAg was continuously positive at
study onset and remained constant. Wild type pre-C was
also predominant at the start of follow-up (76%, 19/25)
in patients who experienced HBeAg seroconversion, but
the mutant type bad become predominant (P = 0.022)
by the ead of follow-up (65%, 15/23); 11 of 19 wild
type pre-C patients converted to mutant type, while 2 of
6 patients with mutant type pre-C reverted to wild type.
Mutant type pre-C accounted for 62% of the patients
who were continucusly positive for anti-HBe at study
onset. Such patients with wild type pre-C at the start of
follow-up tended to maintain this status (78%), although
22% of initially mutant type pre-C subjects had changed
to wild type by the study end point (P = 0.687).

Of the 143 samples with determined BCP mutatiogs,
34 (24%) were wild, 11 (8%) were mixed, and 98 (69%)
wete mutant types. Because few patients with mixed
type BCP teverted to wild type in the present and past
studies™, samples were considered to be positive for the
BCP mutation when they were either mixed or mutant
type.

The changes i the proportion of the BCP mutation
between the start and end of follow~up ate shown in
Figure 1B. Mutant type BCP accounted for 61% of patients
whose HBeAg was continuously positive at study onset and
remained constant. In patients who experienced HBeAg
seroconversion, mutant type BCP was predominant at
the start of follow-up (84%, 21/25) and remained so
(80%, 16/20) until final follow-up; 3 of 4 patients with
wild type BCP and 15 of 16 patients with mutaat type
BCP maintained theit status throughout the study period.
Mutant type BCP initially accounted for 82% of patients
who wete continuously positive for anti-HBe. Both wild
(60%) and mutant (84%) types tended to remain constant
until the study end point. When all points of measurement
wete counted for which both pre-C and BCP mutations
were evaluated, the prevalence of the pre-C mutation
(18%, 9/57) was significantly lowet than that of the BCP
mutation (82%, 42/57) in patients with persistent HBeAg
(P < 0.001), as well as in subjects with persistent anti-HBe
[62% (53/86) v5 78% (67/86), P = 0.030], albeit to a lesser
degree.

Comparison of viral loads according to pre-C/BCP
mitation and HBeAg/lanti-HBe positive status
We next compared the serum levels of HBV DNA,
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HBsAg, and HBcrAg according to pre-C and BCP mu-
tation and HBeAg and anti-HBe positive status (Figure
2). Both pre-C and BCP mutations could be evaluated in
57 (93%) of 61 HBeAg positive samples and 86 (77%)
of 111 HBeAg negative samples. BV DINA levels were
significantly higher i an HBeAg positive status than in
an anti-HBe positive status (P < 0.001) and significantly
higher in patients without the mutations than in those
with at least one mutation in an HBeAg positive status
(P < 0.01). On the other hand, HBV DNA levels wete
significantly lower in patients without the pre-C mutation
than in those with it in an anti-HBe positive status (P =
0.012).

A similar tendency to HBV DNA levels was observed
for HBsAg levels. HBsAg levels were significantly hi-
gher in an HBeAg positive status than in an anti-HBe
positive status (P < 0.001) and significantly higher in
patients without the mutations than in those with at least
one mutation in an HBeAg positive status (P < 0.001).
HBsAg levels wete significantly higher in patients with
the pre-C mutation than in those without it irrespectively
of the existence of the BCP mutation (P = 0.041).

HBcrAg levels were significantly lower with presence
of pre-C and/or BCP mutations in an HBeAg positive
status (P < 0.05, respectively). HBerAg levels were
uniformly low regatdless of the presence of mutations
i ant-HBe positive status subjects.

Full genome sequences in patienis with and without
appearance of the pre-C mufation

Full HBV genome sequences were determined after
HBeAg seroconvetsion in 6 patients who seroconverted
without the appeatance of the pre-C mutation. All patients
were positive for BCP mutations: 1 subject had T1753G
and C1766T mutations, although the other mutations
reportted by Okamoto ez #/™ were not identified.

DISCUSSION

Although both pre-C and BCP mutations have been

associated with HBeAg seroconvetsion by teducing the
production of HBeAg"”", their manifestation patterns
appear to be different"”. In the present study, the BCP
mutation was alteady prevalent during the HBeAg
positive chronic hepatitis phase and approached 80%
around the time of HBeAg seroconversion. On the other
hand, the pre-C mutation cleatly manifested following
the time of seroconversion. These results indicate that
the appearance of the pre-C mutation, but not the BCP
mutation, is ditectly associated with seroconversion. It
is noteworthy that a considerable number of patients
experienced HBeAg seroconversion without evidence
of the pre-C G1896A mutation. Furthermote, wild type
pre-C rematined unchanged in almost all patients whose
anti-HBe was continuously positive. Thus, two types
of HBeAg seroconvetsion may exist for chronic HBV
in terms of the appearance or absence of the G1896A
pre-C mutation. We previously speculated on the possible
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A

HBeAg/anti-HBe
status

Start of follow-up End of follow-up

0
88% Determined/total

Continuously -+/- 94% 16/17

(n=18) P =0.500
6% Determined/total
Determined/total 100% 1/1
18/18
. 35%
Determined/total
65% 17/19
Seraconverted
from +1— k0 -/+ 33%
(7 =25) Determined/total
67% 6/6

80% Determined/total

10/16
Continuously -/+

(n=43)

B 20%
22%
Determined/total

78% 18/26
42/43
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B
HBeAg/anti-HBe Start of follow-up End of follow-up
status
57% )
Determined/total
Continuously +/- 43% "
(7 =18)
100% Determined/total
7/11
0,
67% Determined/total
4/4
Seroconverted 33%
from +/- to -/+ 8%
(7 = 25)

92% Determined/total

Determined/total 16/21

25/25
60%

Determined/total
40% 57
16%

Continuously -/+
(n=43)

Determined/total

9
84% 19/33

Determined/total
40743

Figure 1 Comparison of changes in pre-core (A) and basal core promoter (B) mutation type among 3 groups of patients classified according to hepatitis B e
antigen /anti-hepatitis B e positive status. A: A significant difference was seen in patients with hepatitis B e antigen (HBeAg) seroconversion (P = 0.022). One patient
whose pre-core {pre-C) mutation was undetermined at the start of follow-up was wild type at the end point; B: Of the 3 patients whose basal core promater (BCP)
mutation was undetermined at the start of follow-up, 2 were wild type and 1 was undetermined at the end point. HBeAg: Hepatitis B e antigen.

existence of two seroconversion types in an analysis of
HBV patients who experienced seroconversion’ . Here,
we were able to strengthen this notion by including
patients who maintained an HBeAg or anti-HBe positive
status in a study of longer duration. It should be noted
that the absence of the pre-C G1896A mutation does
not necessarly indicate the absence of mutations that
halt HBeAg production; several patterns of mutations
apart from G1896A have been associated with an HBeAg
negative phenotype, such as point mutations in the ATG
initiation region and deletion/insertion of nucleotides
Jeading to premature termination”. Accordingly, we
analyzed full genome sequences in 6 patients who sero-
converted without the appearance of the pre-C mutation
and uncovered T1753G and C1766T mutations in one
subject™ that might be associated with seroconversion.
We observed that several patients teverted from mutant
pre-C to wild type in the present report. As this important
finding has not been confirmed by sequence analysis, we
are planning to determine and compare entite genomic
sequences using paired samples before and after HBeAg
seroconversion in a future study.

We witnessed that serum HBV DINA was significantly
lower in patients with the pre-C and/or BCP mutation in
an HBeAg positive phase, which indicated that immune
processes from the host to eliminate HBV were stronger
in individuals with the mutations than in those without.
This also supported the generally held belief that pre-C
and BCP mutations appear as a result of host immune
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pressure™. Contrary to the HBeAg positive phase,
HBV DNA was significantly higher in subjects with the
pre-C mutation in an anti-HBe positive phase. Kawabe
ot o’ have reported that patients with wild type pre-C
demonstrate significantly lower viral loads and ALT levels
than those with mutant pre-C among HBeAg negative
patients with HBV genotype C infection. Collectively,
these results iraply that patients with the pre-C mutant
have a higher potential to progtess to hepa-titis after
HBeAg seroconversion. This is consistent with the fact
that HBeAg negative hepatitis is usually caused by HBe-
Ag non-producing mutant strains of HBV. Indeed,
viral replication seems to be considerably suppressed in
patients with wild type HBV after achieving HBeAg sezo-
convetsion since this strain has the ability to produce
HBeAg when actively replicated.

We adopted serum levels of HBsAg, HBcrAg, and
HBYV DNA in the present study as markers to estimate
HBV replication activity. HBsAg and HBcrAg levels
have been reported to reflect HBV cccDNA levels in
hepatocytes®**. HBsAg has also attracted attention as a
useful predictor of treatment outcome by interferon and
others™. Furthermore, the loss of HBsAg is an important
indicator in the treatment of HBV carriers. HBcrAg
assays simnultaneously measure all antigens encoded by
the pre-C/core genome, which include the HB corte, e,
and p2Z2cr antigens, and have been reported to predict
the clinical outcome of patients treated with nucleotide
or nucleoside analogues™. HBsAg patterns according
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Figure 2 Comparisen of serum hepatitis B virus DNA, hepatitls B surface antigen, and hepatitis core-related anfigen levels among patients with wild (1)
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to HBeAg/anti-HBe and pre-C/BCP status were similar
to HBV DINA patterns both in HBeAg and ant-HBe
positive states; HBsAg was significantly lower in patients
with pre-C and/or BCP mutations than in those with
wild type pre-C but was significantly higher in patients
with the pre-C mutation than in those without it in an
anti-FHBe positive state. These results confirmed that the
pre-C mutation was oppositely associated with viral load
n patients before and after HBeAg seroconversion. Stace
elevated levels of HBV DNA and HBsAg are related to
a higher rate of hepatocarcinogenesis, pre-C mutation
patterns appear to be clinically important, at least in the
context of HBV genotype C patients. We witnessed that
the patterns of HBcrAg were similar to those of HBV
DNA in the HBeAg positive state but different in the
anii-HBe positive state. This difference may reflect the
fact that the main antigen measured by the HBcrAg assay
is HBeAg

Foieramge WG | www. wignet.com

In conclusion, out findings indicate that the association
of the pre-C G1896A mutation on vital load is opposite
before and after HBeAg seroconversion in patients with
HBV infection in that its presence results in a higher viral
load after seroconversion. These observations may shed
light on the pathology and treatment of chrogic hepatitis B,
especially that of 2n ant-HBe positive status.
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Background
Aithough pre-core {pre-C) and/or basal core prometer (BCP) mutations in the
hepatiis B virus (HBV) genome have been reporied fo associate with hepaiitis
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B e antigen (HBeAg) seroconversion, the detailed mechanisms have not bean
fulfy clarified.

Research frontiers

In this study, the authors show that the association of the pre-C mutation
on viral load is opposite before and after HBeAg seroconversion in patients
with HBY infection in that its presence results in a higher viral load after
seroconversion.

Innovations and breakthroughs

Recent reports have highlighted the importance of pre-C and BCP mutations
of the HBY genome in assoctation with HBeAg seroconversion. This study
analyzed the changes in pre-C and BCP mutations in patients over a long
follow-up period. The authors demonstrate that the association of the pre-C
rmutation on viral load is opposite before and after HBeAg seroconversion in
patients with HBV infection.

Applications

This study may shed light on the pathology and treatment of chronic hepafitis B,
espacially that of an anti-HBe positive status.

Terminology

In the natural history of chronic HBY infection, seroconversion from HBeAg
to anti-HBe is usually accompanied by a decrease in HBV replication and
the remission of hepatitis. Thus, HBeAg seroconversion is a favorable sign
for patients with chronic hepatitis B. However, there are some patients who
persistently exhibit elevated HBYV DNA levels in the serum and active liver
disease, even after seraconversion.

Pesr review

The authors investigated the pre-C and/or BCP mutations before and after
HBeAg seroconversion. They found that the asseciation of the pre-C mutation
on viral load is opposite in patients before and after HBeAg seroconversion. It is
an interesting report. However there are several concerns.
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Factors associated with the effect of interferon-o sequential
therapy in order to discontinue nucleoside/nucleotide analog
treatment in patients with chronic hepatitis B
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Aim: The factors associated with the outcome of sequential
therapy with interferon-o (IFN-0) in order to halt nucleoside/
nucleotide analog (NUC) maintenance treatment for chronic hep-
atitis B were analyzed.

Methods: A total of 50 patients with chronic hepatitis B who
underwent IFN-o sequential therapy for cessation of NUC were
envolled retrospectively. The subjects received NUC plus IFN-a
for 4 weeks followed by IFN-a alone for 20 weeks. Natural iFN-o.
of 6-MU doses was administrated three times a week. A success-
ful response to NUC/IFN-o sequential therapy was defined as se-
rum hepatitis B virus (HBV) DNA below 4.0 log copies/mL, serum
alanine aminotransferase (ALT) below 301U/, and hepatitis B e-
antigen negativity at 24 months after completing the treatment.

Resulfts: Multivariate analysis revealed that hepatitis B surface
antigen (HBsAg) of 3.0log U/mL or more (P < 0.002) and hepatitis
B core-related antigen thepatitis B core-related antigen [HBcrAg])

of 4.5 log U/l or more (P < 0.003) at the start of IFN-o administra-
tion were significant factors associated with a 24-manth non-
response. Maximal levels of ALT and HBY DNA during the
follow-up period after completing IFN-o therapy were significantly
related (P < 0.001), and recelver operating characteristic analysis
showed that both maximal ALT (£ < 0.001) and HBV DNA {? < 0.001)
weve significantly related to the final 24-month response.

Conclusion: The combinational use of HBsAg and HBcrAg
levels may be useful to predict the 24-month outcome of
NUC/FN-a sequential therapy. Maximal levels of ALT and HBY
DNA during postireatment follow-up may also help monitor
responses to IFN-o sequential therapy.

Key words: hepatitis B core-related antigen, hepatitis B surface
antigen, interferon-a, nucleoside/nucleotide analogs, sequential
therapy

INTRODUCTION

EPATITIS B VIRUS (HBY) infection is a widespread
health problem with an estimated 350-400 million
carriers worldwide. Prolonged infection with HBV can
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cause chronic hepatitis, which may eventually develop
into liver dirthosis and hepatocellular cardnoma
(HCC)."® Currently available antiviral treatments for hep-
atitis B include nucleoside/nucleotide analogs (NUC) and
interferon-o, (IFN-0.).* NUC are p.o. administrated and are
associated with low rates of adverse effects. Although treat-
ment with NUC, such as lamivudine (LVD)}, adefovir
dipivoxil and entecavir (ETV), induces virological and bio-
chemical responses in most patients, NUC therapy also
carries the risk of drug resistance. Furthermore, patients
with hepatitis B are required to undergo extended
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treatrnent with NUC because early discontinuance often
leads to relapse.”® In contrast, the remission of chronic
hepatitis B by IFN-a is prolonged, but is achieved only in
a small percentage of patients.

Serfaty etal,” conducted a pilot study on sequential
therapy using LVD and 1FN-o and conduded that this
treatment could induce a sustained virological response
in patients with chronic hepatitis B who did not respond
to IFN-o. alone. However, ensuing reports®'? were unable
to confirm such a cooperative effect. Because the clinical
backgrounds of the enrolled patients also differed among
the above reports, it has become necessary to clarify the
factors associated with the outcome of IFN-g sequential
therapy in order to estimate its clinical significance.

We previcusly analyzed patients with chronic hepatitis B
who ceased NUC therapy and showed that lower hepatitis
B suiface antigen {HBsAg) and hepatitis B core-velated an-
tigen (HBaAg) levels were associated with a favorable clin-
ical outcome in subjects negative for hepatitis B e-antigen
(HBeAg) and HBYV DNA at NUC discontinuation."*"*
Although we identified patients in whom NUC could be
safely haited with high reliance, such patients accounted
for a relatively minor perceniage. Therefore, we conducted
the present study to analyze the effect of IFN-¢ sequential
therapy on successfully stopping NUC.

This report retrospectively analyzes the factors associated
with outcome of IPN-¢ sequential therapy following NUC
treatment. As the subjects were followed long term, treat-
ment responses af 24 months after stopping IFN-v. were
evaluated and compared with those at 6 and 12 months.

METHODS

Patients

TOTAL OF 50 patienis with chronic hepatitis B who

underwent IFN-o sequential thevapy in order to halt
NUGC therapy between May 2002 and September 2010
were eniolled. Subjects received NUC plus IFMN-q for
4 vreeks followed by IFN-o alone for 20 weeks {Fig. 1). Nat-
ural [PN-o (Sumiferon; Sumitomo Dainippon Pharma,
Tokyo, USA) at a dose of 6 MU was administrated three

ig 20w Evaluation of respanses
w7
[ ]

1 L] L} F)
¢ 5 12 24
Months affer stopping IFNa administration
(follow-up peitod)

Figwre 1 Experimental design of the present study. IFN, inter-
feron; NUC, nucleoside/nudeotide analog w, weeks.

© 2015 The Japan Scciety of Hepatology

Hepatology Research 2015

times a week. Doses were reduced to 3MU during
exceptional crcumstances, such as side-effects. All pa-
tients completed 24 weeks of [FN-o administration and
received over 80% of the scheduled dose. Patients were
recruited  retrospectively  from  eight hospitals across
Japan (Shinshu University Hospital, National Hospital
Organization Nagasaki Medical Center, Toranomon
Hospital, Hiroshima University Hospital, Chiba Univer-
sity Hospital, The Hospital of Hyogo College of Medicine,
Kumamoto Shinto General Hospital,and Teine Keijinkai
Hospital). The demographic data of the subjects are pre-
senfted in Table 1. The median age at NUC cessation was
35 years, Approximately three-fourths of the patients were
men. Genotype C HBV was predominant as has earlier
been reported for Japan.'® Bighty-six percent of patients
began NUC therapy with LVD and 14% did so with EIV.
The duration of NUC administration ranged from 4 to
121 months. The follow-up period was defined as the
point of stopping IFN-u. administration up until the last
visit or to when NUC were re-adminisirated due to reacti-
vation of hepatiis B, NUC were recommenced in 25
{50%) of the 50 patients enrolled. Among them, 17 were
ireated before judgment of the 24-month response to se-
quential therapy. All patients requiring re-administration

Table 1 Demographic data of 50 enroiled patients

Characteristic Value
Age at start of NUC administration 34 {21-57)
(years)t

Age at end of NUC administration 35 (22-62)
(years)i

Sex (male: female) 3812
Genotype (B: C:undetermined) 3:36:11
NUC at start (LVD: EIV) 437

NUC atend (LVD :EIV: 40:8:1:1
LAM + ADV: EIV + ADV)

Duration of NUC administration 6 (4-121)
{months)t

HBeAg positivity at start of NUCH 70% (35/50)
HBeAg positivity at end of NUCH 42% (21/50)
Follow-up period after stopping IFN-o 28 (2-102)
administration (months)t

Patients requiring re-administration 50% (25/50)
of NUC#

Patients developing HCC# 0% (0/50)

tData are expressed as the median (range).

$Data ave expressed as a positive percentage (positive number/total
number).

ADV, adefovir dipivoxil; ETV, entecavir; HBeAg, hepatitis B e-antigen;

HCC, hepatocellular carcinoma; IFN, interferon; LAM, lamivudine;

LVD, lamivadine; NUC, nudeoside/mudeotide analog.
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of NUC possessed alanine aminotransferase (ALT) levels
of over 80IU/L and HBV DNA levels of over
5.8 logcopies/mL at or just before the point of NUC re-
continuation, which fulfilled the established requirements
for restarting NUC,'?**1¢

Hepatitis B surface antigen was confirmed to be posi-
tive on at least two occasions at least 6 months apart in
all patients before NUC treatment. Tests for hepatitis C
virus and HIV antibodies were all negative. Patients
complicated with HCC or signs of hepatic failure at
the cessation of NUC administration were excluded
from the study. No such complications were observed
during follow up.

With few exceptions, patienis were seen at least once a
month during the first year of follow up, at least once every
3 months during the second year and at least once every
6 months afterwards. No patient developed HCC or he-
patic 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 reference 1117 for
Shinshu University Hospital, 24085 for National Hospital
Organization Nagasald Medical Center, 758 for Torancmon
Hospital, 321 for Hiroshima University Hospital, 934 and
977 for Chiba University Hospital, 779 for The Hospital
of Hyogo College of Medicine, 411 for Kumamoto Shinto
General Hospital, and “Analysis of efficacy of IEN- to stop
NUC in patients with chronic hepatitis B” for Teine
Keijinkai Hospital).

Hepatitis B viral markers

Serological markers for HBV, including HBsAg, HBeAg and
antibody to HBeAg, were tested using commerdally avail-
able enzyme immunoassay kits (Abbott Japan, Tokyo,
Japan; Pujirebio, Tokyo, Japan; and/or Sysmex, Kobe,
Japan) at each hospital. Quantitative measurement of
HBsAg'” was performed using a chemiluminescence en-
zyme immunoassay (CLEIA)-based HISCL HBsAg assay
manufactured by Sysmex {Kobe, Japan). The assay had a
quantitative range of -1.5 to 3.3 logIU/mL. End titer was
determined by diluting samples with normal human
serum when initial results exceeded the upper limit of
the assay range.

Serum HBV DNA was determined using a COBAS
TagMan HBV kit (Roche, Tokyo, Japan)'® with a quantita-
tive range of 2.1-9.0 log copies/mL. According to the man-
ufacturer's instructions, detection of a positive signal
below the quantitative range was described as a positive
signal, and no signal detection was regarded as a negative
signal. Six HBV genotypes (A-F) were evaluated according

NUC/IEN-o sequential therapy 3

to the restriction patterns of DNA fragments from the
method reported by Mizokami et al. '

Serum HBcrAg levels were measured using a CLEIA
HBcAg assay kit with a fully automated Lumipulse Systern
analyzer (Fujirebio) as described previously?®*' The
HBcrAg assay measures all antigens transcribed and trans-
lated from the precore and core genes of the HBV genome,
which include hepatitis B e, core and p22cr antigens.'**°
HBcaAg concentration was calculated based on a standard
curve generated using recombinant pro-HBeAg. The im-
munoreactivity of pro-HBeAg at 10fg/mL was defined as
1 U/mL. We expressed HBcrAg in terms of logU/mL, with
a quantitative range set at 3.0-6.8logU/mL.

Evaluation of response to NUC/IFN-a sequential
therapy

The clinical conditions of a successful response to
NUC/IEN-a sequential therapy were set at serum HBV
DNA below 4.0logcopies/mlL, serum ALT below 30IU/L
and negative HBeAg, according to established Japanese
guidelines in which patients who meet these conditions
are not recommended to start antiviral therapy.** We
assessed the final response at approximately 24 months
after completing IFN-a sequential therapy and compared
results to those at 6 and 12 months after the treatment.

Statistical analyses

Fisher's exact and Pearson’s y>-tests were adopted to test
for differences between subgroups of patients. The
Mann-Whitney U-test was employed to compare continu-
ous data. Fach cut-off value was decided using receiver
operating characteristic (ROC) analysis, and results were
evaluated by measuring the area under the ROC (AUC).
Multvariate analysis was peirformed using a logistic
model for the 24-month response to INUC/IFN-a sequential
therapy. Correlations between maximal values of ALT and
HBV DNA were calculated using Spearman’s rank correla-
tion coefficient test. The non-relapse rate was analyzed by
the Kaplan-Meier method.

All tests were performed using the IBM SPSS Statistics
Desktop for Japan version 19.0 (IBM Japan, Tokyo, Japan).
P < 0.05 was considered to be statistically significant.

RESULTS
Factors associated with the 24-month
response to NUC/IFN-a sequential therapy

F THE 50 patients enrolled, 18 were judged as
responders at 24 months after completing IFN-a
sequential therapy (i.e. 24-month respondess), while the

© 2015 The Japan Society of Hepatology
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remaining 32 were classified as 24-month non-responders.
The clinical backgrounds of both groups are compared in
Table 2. The median age at NUC commencernent and sex
distribution did not differ remarkably between the groups.
Genotype Cwas similarly predominant. The types of NUC
administrated at the start and end of treatment were
comparable between the groups, but the duration of
NUC  administration was significantly longer in
responders. Re-administration of NUC due to aggravation
of hepatitis B before judgment of the 24-month response
was observed in approximately half of the 32 non-
responders. After the final evaluation at 24 months, ve-
continuation of NUC was seen in only one of the 18
responders versus roughly half of the 15 non-responders
who had previously not required it. The follow-up period
was significantly longer in responders because observation
was discontirmied when NUC were re-administrated.

Biochemical and virological markers were compared be-
tween 24-month responders and non-responders at the
start of NUC, at the start of IEN-o and at the end of IFN-o
(Table 3). Positivity for the HBeAg was significantly lower
in responders at all time points. HBsAg and HBcrAg levels
did not differ between the groups at the start of NUC, but
became significantly lower in responders at the start and
end-points of IFN-a administration. A significant differ-
ence in FIBV DNA level was seen between the groups at
the end of IFN-g administration only. ALT levels did not
differ between the groups at any point.

Multivariate analysis revealed that HBsAg and HBcAg
levels of 3.0 or moie and 4.5logU/mL or more, respec-
tively, at the start of IFN-n administration were significant
factors associated with a 24-month non-response to
MUC/IPN-0, sequential therapy (Table 4). The factoss
adopted for this logistic model were as follows: age at
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end of NUC of 37 years or more, duration of NUC admin-
istration of 18 months or more, sex, type of NUC at stait,
HBV genotype, HBeAg positivity at the start of FN-g,
HBsAg level at the start of TFb-0 of 3.0 log Li/mL or more,
and HBarAg level at the start of IPN-g of 4.5logU/mL or
more. The corresponding cut-off values for each factor
were determined by ROC analysis.

Of the 50 patients envolled, 23 {46%) had HBsAg of
3.0logIU/miL or more and HBcrAg of 4.5logU/ml or
more, 27 (54%) had HBsAg of less than 3.0 logIU/mL or
HBcrAg of less than 4.5 logl/ml, and none had HBsAg
of less than 3.0loglU/mL and HBarAg of less than
4.5 Jog U/ml at the start of [FN-o administration. Whereas
none of the 23 patients with the highest HBsAg and
HBcrAg levels were responders, 18 (67%) of the remaining
27 patients responded to NUC/TEN-¢ sequential therapy
(P=0.005).

Comparison of responses to NUC/IFN-a
sequential therapy at different time points

We assessed the responses to NUC/IFN-o sequential ther-
apy at 6 and 12 months after completing IFN-o adminis-
tration using the same criteria as those for determining
the 24-month outcome. Responses were in 78% agree-
ment (P<0.001) between 6 and 24 months and 80%
agreement (P < 0.001) between 12 and 24 months.

Prediction of response to NUCIFN-u sequential
therapy using maximal levels of ALT and
HEV DNA

The maximal levels of ALT and HBY DNA during follow
up were found to be significantly related (r=0.777,
P < 0.001). ROC analysis showed that both maximal ALT

Table 2 Comparison of clinical backgrounds between 24-month responders and non-responders

Clinical background

Age at start of NUC (years) t

Sex (imale : female)

Genotype (B:Cundetermined)

NUC at start (LVD:ETV)

NUC atend (LVD:ETV: LAM + ADV: EIV + ADV)

Duration of NUC administration (months)t

Follow-up period after stopping IFN-o. administration {ronths)t
Re-administration of NUC before judging 24-monith responsed
Re-administration of NUC after judging 24-month responses

24-month 24-month P
responders (=18} non-responders (71=32)

36 (21-56) 34 (21-57) 0.486
15:3 23:9 0.497
1:16:1 2:20:10 0.101
16:2 27:5 1.000
16:2:0:0 24:6:1:1 0.610
51 (5~121) 5 (4-72) 0.001
30 (23-102) 22 (2-81) 0.014
0% (0/18) 53% (17/32) <0.001
6% (1/18) 47% (7/15) 0.012

tData are expressed as the median {range).

+Data are expressed as a positive percentage (positive number/total number).
ADV, adefovir dipivoxil; ETV, entecavir; HBeAg, hepatitis B e-antigen; HCC, hepatocellular carcinoma; BN, interferon; LAM, lamivadine; LVD,

lamivudine; NUC, nucleoside/nudeotide analog.
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Table 3 Comparison of ALT level and viral markers between 24-monih responders and non-responders at the time points of starting
NUC administration, starting IFN-g administration and stopping IFN-g administration

ALT/viral marker

24-month responders {n=18)

24-month non-responders {11=32) p

At start of NUC administration

ALT (TU/L)+ 242 (32-2274)
HBeAgt 44% (8/18)
HBV DNA (log copies/mL}t 8.0 (<2.1->9.0)
HBsAg (logIU/mL)+ 35 (1.8-4.9)
HBaAg (logU/mL)t >6.8 (3.7->6.8)
At start of IFN-o administration
ALT (TU/L)% 29 (12-103)
HBeAgt 11% (2/18)
HBV DNA (log copies/mL} <2.1 {neg~3.9)
HBsAg (logIU/mL}t 2.9 (1.5-4.1)
HBcrAg (log U/mL}t 3.6 {<3.0-59}
At end of IEN-o administration
ALT (TU/L)Y 25 (10-48)
HBeAgt 6% (1/18)
HBV DNA (log copies/mL} T <2.1 (neg.~4.1)
HBsAg (logIU/mL)+ 2.8 (1.9-4.0)
HBcrAg (logU/mL)t 34 (<3.0-5.5)

281 (22-1044) 0.872
84% (27/32) 0.008
7.8 (<2.1->9.0) 0.866
3.5 (2.5-4.4) 1.000
>6.8 (<3.0->6.8) 0.121
29 (12-111) 0.779
59% (19/32) 0.001
<2.1 {neg.-4.8) 0.142
3.7 (2.5-43) 0.028
5.6 (<3.0->6.8) 0.002
28 (12-134) 0.384
59% (19/32) <0.001
4.6 (<2.1->9.0) <0.001
3.6 {2.6-4.7) 0.007
5.5 (<3.0->6.8) 0.017

tData are expressed as the median (range).

#Data are expressed as a positive percentage (positive number/total number).
ALT, alanine aminotransferase; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B sutface anfigen; HBV,
hepatitis B virus; IFN, interferon; neg., negative; NUC, nudeoside/nuclectide analog.

Table 4 Multivatiate analysis of factors assodiated with 24-month
non-responders to NUC/IFN-a sequential therapy

Selected factor Odds ratio 95% CI P
HBsAg >3.0 log IU/mL 17.7 2.9-1082  0.002
at start of IFN-q.

HBaAg 4.5 log U/mL 15.0 2.5-88.6 0.003
at start of IFN-q

Cl, confidence interval; HBcrAg, hepatitis B core-related antigen;
HBsAg, hepatitis B surface antigen; IFN, interferon; neg., negative;
NUC, nudeoside/nudleotide analog.

and HBV DNA levels were significantly associated with the
treatment response (Fig. 2), with an AUC for each param-
eter of over 0.8. The cut-off values providing the highest
significance in ROC analysis were 128 IU/L for ALT and
4.5 log copies/mL for HBV DNA. The existence of a second
cut-off value was also identified for HBV DNA
(6.0log copies/mL) to discriminate between 24-month re-
sponders and non-responders. These resuits indicated that
patients reaching a maximal ALT level of over 128 IU/L or
maximal HBV DNA level of over 6.0log copies/mL during
post-treatment follow up were likely to be non-responders.

Lastly, we analyzed the changes in cumulative non-
relapse rate of hepatitis B during and after IFN-a

administration by tentatively defining relapse as ALT level
exceeding 1281U/L during follow up. We selected
maximal ALT instead of maximal HBV DNA because: (i)
the inflection point to distinguish a response was clear
for maximal ALT but ambiguous for maximal HBV DNA;
(ii} the value for “sensitivity + specificity — 1” as calculated
by ROC analysis was larger for maximal ALT (7.5 vs 6.5);
and (iii) the maximal levels of ALT and HBV DNA were
closely associated, and thus AIT values were considered
to represent those of HBV DNA. The cumulative non-
relapse rate decreased rapidly after completely halting
NUC until just prior to 6 months after stopping IFN-a
and then was seen to plateau until the study end-point
{Fig. 3). This suggests that the recurrence of hepatitis asso-
ciated with a 24-month non-response can be expected to
occur primarily during the first 6 months after stopping
IEN-g administration.

DISCUSSION

HE COOPERATIVE EFFECT of NUC/IFN-0, sequential
therapy has been controversial.”*? Enomoto etal.*
first analyzed the results of ETV/IFN-a sequential therapy
in patients with HBeAg positive chronic hepatitis B and de-
tected several differences. Although their results were nega-
tive, they witnessed that patients who had achieved HBeAg
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because IFEN-0 sequential therapy was implemented to dis-
continue NUC in patients who were undergoing mainte-
nance treatment. Although a prospective study would
have been ideal to elucidate the factors associated with
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IEN-o. sequential therapy outcome, we undertook this ret-
rogpective trial because no variables have been sufficiently
analyzed to date. Furthermore, we were able to address the
long-term response to [FN-o sequential therapy in relation
10 the resulis of earlier retrospective studies. It has been re-
ported that pegylated IFN-g (PEG IFN-0) provides a higher
HBV response rate than does conventional IFN-a.?* There-
fore, additional prospective studies of sequential therapy
using PEG IFN-¢ are needed as well.

Both HBsAg and HBcrAg levels at the time of NUC cessa-
tion were factors significantly associated with the response
to NUC/IEN-a sequential therapy. HBsAg has been closely
linked with PEG TFN-¢ therapy outcome.***” Moucari
etal®® analyzed HBeAg negative hepatitis B patients who
had been treated with PEG IFN-o for 48 weeks and con-
cluded that an early serum HBsAg drop was strongly pre-
dictive of a sustained virological response. Sonneveld
etal®* assessed HBeAg positive hepatitis B patients who
had received PEG IFN-¢ with or without LVD for 52 weeks
and observed that patients who experienced no decline in
HBsAg level from baseline at week 12 had little chance of
achieving a sustained response and no possibility of
HBsAg loss. HBcrAg includes antigens that are transcribed
and translated from precore and core genes of the HBV
genome, and HBeAg is a primary component of these
antigens. Thus, our results were consistent with those de-
scribed by Enomoto etal. '© that the proportion of patients
losing HBeAg positivity during ETV treatment was signifi-
cantly higher in responders to EIV/IFN-a sequential
therapy than in non-responders.

Hepatitis B surface antigen and HBcrAg levels have both
been associated with intrahepatic HBV cccDNA, which is a
key molecule in HBV replication whose value is dosely
related to HBV teplication activity.”?"?® Several re-
ports®”?3% have shown that HBV cccDNA level is associ-
ated with the response to antiviral therapy, such as with
PEG IFN-0. and NUC. Sung etal.”® analyzed HBeAg posi-
tive hepatitis B patients who had been treated with either
LVYD monotherapy or a combination of PEG IFN-g and
LVD and conduded that intrahepatic HBV cccDNA level
at the end of therapy was superior to serum HBV DNA in
predicting a sustained virological response. Serum HBV
DNA is associated with intrahepatic HBV cccDNA and is
widely used as a marker for HBV replication activity. How-
ever, such associations may be incompatible with antiviral
therapies, and espedially NUC treatment, because NUC di-
rectly hamper production of the HBV virion by inhibiting
reverse transcription of pre-genomic RNA without affect-
ing HBV cccDNA directly. As serum levels of HBsAg and
HBciAg ave easier to measure than intrahepatic HBV
cccDNA, these two antigen assays may be more suitable

NUC/IFN-o sequential therapy 7

as sumrogate markers for HBV replication activity in
patients undergoing antiviral therapy. We previously re-
ported that the combinational use of HBsAg and HBcrAg
was beneficial to forecast the risk of hepatitis relapse after
discontinuation of NUC."*"* The present study confirms
this notion; it is possible that HBsAg and HBaAg have
complimentary roles in monitoring antiviral effects be-
cause the production of these two antigens is regulated
by alternative enhancer-promoter systems in the HBV
genome.

It is noteworthy that ROC analysis revealed maximal
levels of ALT and HBV DNA to be dosely assodated with
the 24-month response to NUC/IFN-a sequential therapy.
We observed that patients with ALT higher than
128 IU/mL or HBV DNA higher than 6.0logcopies/mL
during follow up were likely to be non-responders. When
a relapse of hepatitis B was tentatively defined as ALT ex-
ceeding 1281U/L during observation, relapses occurred
frequently during the first 6 months after ceasing IFN-g
and then became more sporadic afterwards. The timing
of judgment of a virological response to NUC/IFN-g
sequential therapy is ciitical when evaluating treatment
efficacy. As this period is usually set at 6 months after
completing therapy, our results confirm that 6 months is
indeed appropriate. Our findings also suggest that maxi-
mal levels of ALT and HBV DNA are useful for monitoring
the results of NUC/IFN-a sequential therapy. Accordingly,
patients who are likely to be non-responders can now be
identified as early as 24 weeks in advance and alternative
strategies for treatment may be considered in a more
timely fashion.

In condusion, the combinational use of HBsAg and
HBcrAg levels may be useful to predict the response to
NUC/IFN-0, sequential therapy. Maximal levels of ALT
and HBV DNA during follow up may also be employed
for monitoring the results of [FN-a sequential therapy.
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