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3. Results

3.1. Acquired antitumor inununity was induced by
a-GalCer treatment of CMS4 liver tumor

We examined whether a-GalCer treatment for CMS4
liver or spleen tumor would induce acquired antitumor
immunity. Mice bearing liver or spleen CMS4 tumor were
treated i.p. with a-GalCer. Fourteen days after a-GalCer
treatment, spleen CD8+ T cells from treated mice were pre-
pared and subjected to IFN-y ELISPOT. The high numbers
of IFN-y spots were detected in the CMS4 liver tumor
model, but not in the CMS4 spleen tumor model (Fig. 1A).

We next analyzed whether the o-GalCer treatment of
CMS4-treated liver or spleen would impact the progres-
sion of subcutaneous rechallenged CMS4 tumors. Four-
teen days later after a-GalCer treatment, 1 x 10® CMS4
cells were rechallenged subcutaneously in the right flank.
As shown in Fig. 1B, CMS4 subcutaneous tumors in o-
GalCer treated mice bearing CMS4 liver tumor were sig-
nificantly inhibited compared with those in non-treated
mice, but those in mice bearing CMS4 spleen tumor
were not. Colon26, BALB/c syngeneic colon cancer cell,
subcutaneous tumors were not inhibited in mice receiv-
ing o-GalCer treatment for CMS4 liver or spleen tumor
(data not shown). Strong acquired immunity could also
be generated after a-GalCer treatment of MC38 liver
tumors in CS7BL/6 mice, but not of MC38 spleen
tumors (Fig. 1C). These findings suggested that tumor-
specific acquired immunity could be generated efficiently
by a-GalCer treatment in the liver, but not in the spleen.

3.2. Administration of o-GalCer activated DCs and
increased CD8- conventional DC fraction in the liver

Recent research revealed that NKT cells-DC interac-
tions by a-GalCer are critically important in the sequential
activation of effector cells in both innate and acquired
immunity [12,18]. However, details of the DC activation
by a-GalCer in the liver have not yet been evaluated.

First, we investigated the increase of liver and spleen
DCs after a-GalCer or vehicle treatment. As shown in
Fig. 2A, liver DCs increased significantly after o-GalCer
administration whereas spleen DCs from a-GalCer trea-
ted mice did not. The proportion of liver DCs in liver
MNCs also significantly increased by a-GalCer adminis-
tration, but that of spleen DCs did not (data not shown).
Next, we examined the change of DC subtypes after o-
GalCer treatment by analyzing the relative surface
expressions of the CD8a and the CD11b molecules [19].
The proportion and the number of CD8- conventional
DCs (CD11b+CD8-) significantly increased in the liver
by a-GalCer treatment, but not in the spleen. In marked
contrast, those of CD8+ conventional DCs (CD11b-
CD8a+) exhibited no significant change in both the liver
and spleen by a-GalCer treatment (Fig. 2B and C).
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Fig. 1. Induction of local and systemic acquired antitumor immunity
after a-GalCer treatment of CMS4 liver and spleen tumor. BALB/c mice
were injected intrahepatically or intrasplenically with 5 x 105 CMS4
cells or MC38 cells, One day later, mice were injected ip. with o-
GarCer, (A) Fourteen days later, spleen CD8+ T cells were isolated from
both the CMS4 liver and spleen tumor models and subjected to IFN-y
ELISPOT to analyze p53232-240 peptide specific IFN-y production. The
results are shown as spots/100,0000 CD8+ T cells; mean £ SD of
triplicate samples. CD8+ T cell reactivity against peptide-unpulsed
BMDCs served as the negative control in all cases, and this value was
subtracted from all experimental determination to determine p53-specific
spot numbers. “p <0.05.N.D., not detected. Similar results were
obtained from two scparate experiments. (B and C) Fourteen days later,
mice were challenged subcutancously with 1 x 10° CMS4 cells (B) or
MC38 cells (C) in the right flank (all treatment groups N = 8). Tumor
size was assessed every 7 days after subeutaneous injection of tumor cells
(=on day 0). a-GalCer-treated CMS4 or MC38 liver tumor (o), a-
GalCer-treated CMS4 or MC38 spleen tumor (O), non-treated mice
(C7). Each data point represents the mean tumor size +SE, *p < 0.05.

We examined the CD80, CD86 and CD40 expres-
sions of liver and spleen DCs after administration of
a-GalCer. CD86 and CD40 molecules on both liver
and spleen DCs from o-GalCer-treated mice were
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Fig. 2. a-GalCer treatment increased liver CD8- conventional DC. BALB/c mice were treated with a-GalCer or vehicle. Liver and spleen DCs were
prepared on day 1 after a-GalCer treatment. (A) Liver DCs (left panel) increased significantly after a-GalCer treatment, but spleen DCs (right pancl) did
not. (B and C) The change of CD8+ or CD8- conventional DC subtypes after a-GalCer treatment was examined by flow cytometry. The data are
represented as the average of numbers obtained from 5 separate experiments. “p <0.05.

expressed more strongly than those from vehicle-treated
mice and non-treated mice. CD80 molecules on liver DC
from a-GalCer-treated mice were expressed significantly
more strongly than those from vehicle-treated or non-
treated mice, but those on spleen DC showed no signif-
icant change by o-GalCer treatment (Fig. 3). The
expressions of CD80, CD86 and CD40 molecules on
liver DCs tended to be lower than those on spleen
DCs in non-treated mice. However, after a-GalCer
treatment, their expressions on liver DCs tended to
increase to levels similar to those on spleen DCs.

3.3. Liver DCs from a-GalCer-treated mice could produce
more Thl cytokines and present higher T cell
immunostimulatory ability than spleen DCs

Thl-cytokines, such as IL-12, INF-y and TNF-q,
play key roles in determining the strength and/or the
phenotypes of the antitumor immune responses
[20,21]. We next examined the production of Thl
cytokines from DCs after a-GalCer treatment. The pro-
duction of these cytokines from DCs derived from vehi-
cle-treated and non-treated mice were not detected in the
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liver or the spleen. In marked contrast, all IL-12, INF-y
and TNF-a production from liver DCs derived from -
GalCer-treated mice were significantly higher than those
from spleen DCs (Fig. 4A-C). To investigate the differ-
ence of the antigen-presenting function between liver
DCs and spleen DCs, we examined the allostimulatory
capacity of liver and spleen DCs using a mixed lympho-
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Fig. 3. a-GalCer treatment increased the expression of antigen present-
ing related molecules on both liver and spleen DCs. DCs were stained
with PE- or FITC-conjugated monoclonal antibodics (CD11le, CD40,
CD80, CD86 and MHC class 1), and the expressions of these molecules
were analyzed by flow cytometry, The data are represented as the
average of MFI obtained from 5 separate experiments, *p < 0.05 for cach
treatment group, #p < 0.05 between liver DCs (M black bar) and spleen
DCs (3 white bar). Naive: DCs derived from non-treated mice; vehicle:
DCs derived from vehicle-treated mice; a-GalCer: DCs derived from a-
GalCer-treated mice.

cyte reaction (MLR). Liver DCs from a-GalCer-treated
mice showed higher T cell proliferation ability than
those from vehicle-treated or non-treated mice and
spleen DCs from all treatment groups. Spleen DCs from
all treatment groups and liver DCs from vehicle-treated
or non-treated mice showed little T cell proliferation
ability (Fig. 4D). These results suggested that o-GalCer
treatment increased the function of DCs in the liver
more strongly than those in the spleen.

3.4, Vaccination of p53332.249 peptide-pulsed liver DCs
isolated from o-GalCer-treated mice resulted in
generating p53332_240 peptide specific CTLs more
efficiently than that of spleen DCs

Based on the above results, liver DCs had more anti-
gen-presenting function than spleen DCs in a-GalCer-
treated mice. We next evaluated the potential of tumor
associated antigen specific CTL induction by vaccina-
tion of peptide-pulsed liver DCs or spleecn DCs. We vac-
cinated normal mice i.p. with peptide-pulsed DC. Five
days later, spleen CD8+ T cells were isolated and sub-
jected to IFN-y ELISPOT assay. As shown in Fig. 5,
the numbers of IFN-y spots observed for T cell
responses against p53;3; 240 peptide in mice vaccinated
with a-GalCer-activated liver DCs were significantly
higher than those in mice with vehicle- or non-treated-
liver DCs. There were no detectable spots in mice vacci-
nated with spleen DCs from all treatment groups, sug-
gesting that spleen DCs displayed no stimulatory
activity for CTL induction regardless of the administra-
tion of a-GalCer in vivo. These results revealed that liver
DCs in a-GalCer-treated mice have the highest potential
for inducing tumor-associated antigen-specific CTLs,
which might be associated with the in vivo generation
of acquired immunity against liver tumor by o-GalCer
treatment shown in Fig. 1.

4, Discussion

We and others previously reported that the early
eradication of tumor cells in the liver mainly depended
on NKT cells and NK cells [3,4]. In this study, we dem-
onstrated that a-GalCer treatment resulted in generating
stronger acquired immunity after eradication of primary
CMS4 and MC38 liver tumor, but not after spleen
tumor treatment, This suggests that liver, and not
spleen, is an unique immunological organ that is favor-
able for generation of acquired immunity. We examined
whether CTLs generated by immunization with peptide-
and a-GalCer-pulsed BMDC could show equally antitu-
mor effect in skin, liver and spleen in the normal mice.
The generated CTLs in treated mice have equal access
to all organs and are capable of killing tumor cells
(Sasakawa, unpublished data). Thus, our data encour-
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Fig. 4. Th1 type cytokine production of liver DCs from a-GalCer treated mice. Liver and spleen DCs were prepared 24 h after i.p. treatment of «-GalCer
or vehicle. 2 x 10° DCs were stimulated with LPS (10 pg), and the supernatants of the DC cultures were subjected to specific ELISA. IL-12 (A), IFN~y
(B) and TNF-o (C). N.D., not detccted. (D) We examined the allostimulatory capacity of liver and spleen DCs by MLR. Liver DC from non-treated mice
(M), vehicle-treated mice (A), and a-GalCer-treated mice (o). Spleen DC from non-treated mice ([), vehicle-treated mice (A), and a-GalCer-treated mice
(O). Each data point represents the mean tumor size £ SD. “p < 0.05 counts per minute (CPM) of liver DCs vs CPM of spleen DCs from a-GalCer,
vehicle or non-treated mice, respectively. Similar results were obtaincd from three separate experiments,

aged us to investigate the ability of liver DC to generate
acquired antitumor immunity in comparison with spleen
DCs.

In the current study, we investigated the activation
of liver and spleen DC function after a-GalCer treat-
ment. The expressions of antigen-presenting related
molecules on liver DCs were weaker than those on
spleen DCs in normal or vehicle treated mice. Pillari-
setty et al. reported that liver DCs are generally weak
activators of immunity in contrast to spleen DCs in
normal mice and the expressions of MHC and costimu-
latory molecules on liver DCs were lower than those on
spleen DCs in normal mice {22]. This is consistent with
our results. In marked contrast, a-GalCer administra-
tion resulted in a significant increase of DCs in the
liver and the expressions of antigen-presenting related
molecules was more strongly upregulated in the liver

than in the spleen. It has been reported that the expres-
sion of CD8a molecule is an activating marker of con-
ventional DCs from progenitor cells [23]. We
demonstrated that o-GalCer administration induced
not only an increase of total DCs but also a significant
increase of CD8- conventional DCs in the liver, which
suggested that a-GalCer treatment resulted in develop-
ing progenitor DCs efficiently to matured conventional
DCs. More strikingly, the production of Thl type cyto-
kine from a-GalCer-treated liver DCs were significantly
more than from a-GalCer-treated spleen DCs. Previous
reports demonstrated that the capacity of Thl type
cytokine to link between innate and adaptive immunity
by interacting with DCs and T cells, is important for
the induction of adaptive antitumor immune response
and long-term therapeutic effect [24]. Furthermore,
liver DCs showed higher T cell proliferation ability
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Fig. 5. Evaluation of p5333;_240 peptide specific CD8+ CTL induction
after vaccination of p53 peptide-pulsed DCs from cach treated mice.
Normal BALB/c mice were immunized ip. with 1 x 10% 53335240
peptide pulsed liver or spleen DCs isolated from o-GalCer or vehicle
treated mice. Five days after vaccination, CD8+ T cells were isolated
from the spleen of immunized mice. The frequency of p5333;_240 peptide
specific CD8+ CTL was evaluated by IFN-y ELSIPOT assay. The
results are shown as spots/100,0000 CD8+ T cells; mean £ SD of
triplicate samples, CD8+ T cell reactivity against peptide-unpulsed
BMDCs served as the negative control in all cases, and this value was
subtracted from all experimental determination to determine p53-specific
spot numbers. “p < 0.05.N.D., not detected. Similar results were
obtained from three separate experiments.

than spleen DCs after o-GalCer treatment. Taken
together, these results suggested that o-GalCer treat-
ment resulted in the efficient activation of liver DCs
more strongly than spleen DC, which might be associ-
ated with the induction of antitumor acquired immu-
nity in the liver.

To examine whether the a-GalCer activated liver
and spleen DCs could actually induce acquired immu-
nity, we vaccinated p53333 240 peptide-pulsed a-GalCer
activated liver and spleen DCs. The frequencies of
CD8+ T cells in response to p53332_240 peptide were
much higher in a-GalCer activated liver DCs vacci-
nated mice than those in vehicle-treated liver DCs
vaccinated mice. Interestingly, the vaccination of
P53232.240 peptide-pulsed spleen DCs isolated from
both a-GalCer and vehicle-treated mice did not gener-
ate p5323z-240 peptide-specific CTL responses. These
data suggested that the immunological microenviron-
ment in the spleen may support DCs to be potentially
very tolerogenic resulting in inability of generating
acquired immunity, In marked contrast, liver DCs
potentially have the ability of generating antitumor
acquired immunity and that o-GalCer could markedly
enhance this ability. A normal mouse liver contains
Iymphocytes that are usually enriched with 10% NKT

cells in contrast to mousc spleen that contains only
2% NKT cells [25]. a-GalCer presented by DCs acti-
vates NKT cells upregulating CD40 ligand on NKT
cells, which in turn leads to the activation of DCs
[17]. Actually we confirmed that i.p. injection of a-Gal-
Cer activated equally well in both liver and spleen
NKT cells (Sasakawa, unpublished data). Thus, the
higher population of NKT cells in the liver may be
associated with efficient activation of liver DCs after
a-GalCer treatment, which might characterize the
unique immunological responses in the liver.

Despite recent progress and early success with vari-
ous types of immunotherapy, there is still significant
room for improvement in these regimens against liver
cancer. We demonstrated that liver is an immunologi-
cally unique organ that is favorable for generation of
acquired antitumor immunity. We propose that o-Gal-
Cer treatment may be an attractive strategy for sup-
pressing tumor growth in the liver and promoting
regression of metastatic lesions in other organs.
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Pegylated interferon alpha-2b (Peg-IFN «-2b) affects early
virologic response dose-dependently in patients with chronic
hepatitis C genotype 1 during treatment with Peg-IFN a-2b
plus ribavirin
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SUMMARY. Chronic hepatitis C (CH-C) genolype 1 patients
who achieved early virologic response have a high proba-
bility of sustained virologic response (SVR) following pegy-
lated interferon (Peg-IFN) plus ribavirin therapy. This study
was conducted to evaluate how reducing drug doses affects
complete early virologic response (c-EVR) delined as hepatitis
C virus (HCV) RNA negativity at week 12. Nine hundred
eighty-four patients with CH-C genotype 1 were enrolled.
Drug doses were evaluated independently on a body weight
base from doses actually taken. From multivariate analysis,
the mean dose of Peg-IFN o-2b during the first 12 weeks was
the independent factor for ¢c-EVR (P = 0.02), not ribavirin.
The c-EVR rate was 55% in patients receiving 21.2 ug/kg/
week of Peg-IFN, and declined to 38% at 0.9-1.2 ug/kg/
week, and 22% in patients given <0.9 ug/kg/week
(P < 0.0001). Even with stratified analysis according to

ribavirin dose, the dose-dependent effect of Peg-IFN on ¢-EVR
was observed, and similar c-EVR rates were obtained if the
dose categories of Peg-IFN were the same, Furthermore, the
mean dose of Peg-IFN during the first 12 wecks aflected HCV
RNA negativily at week 24 (P <0.0001) and SVR
(P <0.0001) in a dose-dependent manner. Qur results
suggest that Peg-IFN was dose-dependently correlated with
¢-EVR, independently of ribavirin dose. Thus, maintaining
the Peg-IFN dose as high as possible during the first
12 weeks can yield HCV RNA negativity and higher c-EVR
rates, leading to better SVR rates in patients with CH-C
genotype 1.

Keywords: chronic hepatitis C, drug dose, early virologic
response, HCV RNA negativity, pegylated interferon plus
ribavirin, sustained virologic response.

Abbreviations: c-EVR, complete EVR; CH-C, chronic hepatitis C;
EVR, early virologic response; G-CSF, granulocyte-macrophage
colony stimulating factor; Hb, haemoglobin; HCV, hepatitis C virus;
Peg-IFN, pegylated interferon; Plt, platelet; SVR, sustained virologic
response; WBC, white blood cell.
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INTRODUCTION

Pegylated interferon (Peg-IFN) plus ribavirin therapy can
improve anti-viral eflicacy lor patients with chronic hepatitis
C [1-5], and the prognosis of patients in whom hepatitis C
virus (HCV) is successlully eradicated improves markedly
[6-10]. However, HCV still persists in approximately half of
genolype 1 patients treated with Peg-IFN plus ribavirin
[2-4]. Therelore, the treatment method needs to be well
managed in order to maximize the virologic response in
these patients with HCV genotype 1.
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In order to achieve sustained virologic response (SVR),
earlier virologic response is very important for patients with
chronic hepatitis C (CH-C) genotype 1. A high SVR rate (65—
72%) was found in patients who achieved early virologic
response (EVR) defined as a 2-log decrease in HCV RNA level
at week 12, but only 0-3% SVR was seen in patients without
EVR [3,11]. Additionally, complete EVR (c-EVR), which
means HCV RNA negativity at week 12, is more strongly
related to SVR [3].

The relationship between drug exposure and anti-viral
effect has been reported in several papers [2,11-15].
McHutchison et al. [12] demonstrated that the SVR rate in
patients who received 280% of their total planned doses of
Peg-IFN and ribavirin for 280% of the scheduled duration of
therapy was significantly higher than that of patients who
received <80% of one or both drugs (51% vs 34%) and also
suggested that the impact of dose reduction was greatest in
patients for whom the dose had to be decreased within the
first 12 weeks of treatment. In a subsequent analysis,
reducing the dose of Peg-IFN and ribavirin to <80% of the
full planned dose within the first 12 weeks was reported to
reduce EVR rate from 80 to 33% [11]. Thus, drug adherence
during the first 12 weeks has been shown to be very
important for attaining EVR and SVR, but it remains obscure
whether either drug can be reduced to a certain degree
without adversely affecting the treatment efficacy.

In the present study, we examined the correlation between
¢-EVR and drug doses which are evaluated on a body weight
basis from drug doses actually taken, in order to clarify the
necessary drug exposure of Peg-IFN and ribavirin for achiev-
ing a higher c-EVR rate in patients with CH-C genotype 1.

PATIENTS AND METHODS

Patients

The current study was a retrospeclive, multicenter trial
conducted by Osaka University Hospital and other institu-
tions participating in the Osaka Liver Forum. A total of 984
patients with CH-C treated with a combination of Peg-IFN
a-2b plus ribavirin were enrolled in this study between
December 2004 and September 2006. The baseline char-
acteristics of the patients are summarized in Table 1. All
patients were Japanese, their mean age was
56.3 + 10.1 years, and 56% were males. The mean serum
alanine aminotransferase level was 79 * 61 IU/L.

Patients eligible for this study were those who were
infected with HCV genotype 1 and had a viral load of more
than 10° IU/mL, but were negalive for hepatitis B surface
antigen or anti-human immunodeficiency virus. Patients
were excluded from this study if they had decompensated
cirrhosis or other forms of liver disease (alcohol liver disease,
autoimmune hepatitis). Informed consent was obtained from
each patient included in this study. This study was con-
ducted according to the ethical guidelines ol the 1975 Dec-
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Table 1 Baseline characteristics of patients

Mean *+ SD
Factor or number
n 984
Age (year) 56.3 £ 10.1
Sex: male/female 555/429
Body weight (kg) 61.8 £ 11.5
History of interferon treatment
Naive/experienced 575/409(160/182)
(relapser/nonresponder)*
White blood cells (per mm?) 5052 £ 1550
Neutrophils (per mm?) 2577 + 1092
Red blood cells (x10%/mm?) 442 + 47
Haemoglobin (g/dL) 141t 1.4
Platelets (x10*/mm?®) 159 £5.5
AST (IU/L) 66 * 45
ALT (IU/L) 79 + 61
Serum HCV RNA (kIU/mL)* 1600
Histology (METAVIR)?
Fibrosis; 0/1/2/3/4 49/314/197/105/18
Activity; 0/1/2/3 23/329/304/27

AST, aspartate aminotransferase; ALT, alanine amino-
transferase; HCV, hepatitis C virus.

*Viral response to previous treatment was unknown in 57
patients, and 10 patients had discontinued treatment. "Data
shown are median values. 301 missing.

laration of Helsinki and informed consent was obtained from
each patient.

Treatment

All patients received Peg-IFN «-2b (PEGINTRON; Schering-
Plough, Kenilworth, NJ, USA) plus ribavirin (REBETOL;
Schering-Plough) for the duration of the study of 48 weeks.
Peg-IFN «-2b was given subcutaneously once weekly at a
dosage of 60-150 ug/kg based on body weight (body weight
35-45 kg, 60 pg;, 46-60 kg, 80 ug; 61-75 kg, 100 ug:
76-90 kg, 120 pg; 91-120 kg, 150 ug) and ribavirin was
given orally twice a day al a total dose of 600-1000 mg/day
based on body weight (body weight <60 kg, 600 mg; 60—
80 kg, 800 mg; >80 kg, 1000 mg), according to a standard
trealment protocol for Japanese patients.

Dose reduction

Dose modification followed, as a rule, the manufacturer’s
drug information according to the intensity of the haema-
tological adverse eflects. The dose of Peg-IFN «-2b was
reduced to 50% of the assigned dose if the white blood cell
(WBC) count declined to <1500/mm?, the neutrophil count
to <750/mm? or the platelet (Plt) count to <8 x 10%/mm?,
and was discontinued if the WBC count declined to <1000/
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mm?, the neutrophil count to <500/mm? or the Plt count to
<5 x 10%*/mm?>. Ribavirin was also reduced from 1000 to
600 mg, or 800 to 600 mg, or 600 to 400 mg if the
haemoglobin (Hb) level decreased to <10 g/dL, and was
discontinued if the Hb level decreased to <8.5 g/dL. Both
Peg-IFN «-2b and ribavirin had to be discontinued if there
was a need to discontinue one of the drugs. During this
therapy, ferric medicine or haematopoetic growth [factors,
such as erythropoietin alpha, or granulocyle-macrophage
colony stimulating factor (G-CSF), were not administered.

Virologic assessment and definition of virologic response

Serum HCV RNA level was quantified using the COBAS
AMPLICOR HCV MONITOR test, version 2.0 (detection range
6-5000 kIU/mL; Roche Diagnotics, Branchburg, Nj, USA)
and qualitatively analysed using the COBAS AMPLICOR HCV
test, version 2.0 (lower limit of detection 50 IU/mL). The
c-EVR was defined as the absence of detectable serum HCV
RNA at treatment week 12, and SVR was defined as the
absence of detectable serum HCV RNA at week 72. Patients
with less than a 2-log decrease in HCV RNA level at
treatment week 12 compared with the baseline had to stop
treatment and were regarded as nonresponders. All patients
with detectable serum HCV RNA at trealment week 24
were also considered nonresponders and excluded from
further treatment.

Assessment of drug exposure

The amounts of Peg-IFN «-2b and ribavirin actually taken
by each patient during the first 12 weeks of the treatment
were evaluated by reviewing the medical records. The mean
doses of both drugs were calculated individually as averages
on the basis of body weight at baseline; Peg-IFN o-2b
expressed as ug/kg/week, and ribavirin expressed as mg/kg/
day.

Evaluation of impact of drug exposure on ¢-EVR

We evaluated the relationship between the drug exposure of
both drugs and c-EVR by univariate and multivariate anal-
ysis for c-EVR, using the factors of mean administration
doses of both drugs during the first 12 wecks and the factors
at baseline. Furthermore, Peg-IFN a-2b dose (average dose
per body weight and per week) was classified into five cat-
egories (up to 0.6 ug/kg; from 0.6 to <0.9 ug/kg; from 0.9
to <1.2 pg/kg; from 1.2 to <1.5 ug/kg; from 1.5 ug/kg and
above). Ribavirin exposure was classified into four categories
(up to 8 mg/kg; from 8 to <10 mg/kg; from 10 to <12 mg/
kg; from 12 mg/kg and above), in order to examine the
impact of Peg-IFN dose exposure on c-EVR. This impact was
also evaluated based on the percentage of the total pre-
scribed dose and compared with that based on the mean dose
per body weight.

Statistical analysis

Baseline data for various demographic, biochemical and
virologic characteristics of the patients are expressed as
mean * SD or median values, To analyse the relationship
between baseline data including drug exposure and c-EVR,
univariate analysis using the Mann-Whitney U-test or
chi-squared test and multivariate analysis using logistic
regression analysis were performed. The significance of
trends in values was determined with the Mantel-Haenszel
chi-square test. A two-tailed P-value < 0.05 was considered
significant. Statistical analysis was conducted with spss
version 15.0] (SPSS Inc., Chicago, IL, USA).

RESULTS

Progress of patients treated with Peg-IFN «-2b and
ribavirin

Of the 984 patients, 81 discontinued treatment because of
adverse events (n = 74) or voluntary withdrawal (n = 7) by
treatment week 12. The 903 patients who completed
12 weeks of treatment were assessed for c¢-EVR. During
12-48 weeksofltreatment, 331 of the nonresponders and nine
of breakthrough discontinued treatment, as did 91 patients
(adverse events, n = 71; voluntary withdrawal, n = 20).
A total of 472 patients completed 48 weeks of treatment.

Drug reduction and virologic response

Peg-IFN «-2b was reduced without discontinuation in 29%
(n = 266) and ribavirin was reduced without discontinua-
tion in 40% (n = 359) of the 903 patients who completed
12 weeks of treatment. The c-EVR rate was 49% (445/903)
and HCV RNA was negative at week 24 in 60% (542/903)
of patients who completed 12 weeks of treatment. Of the
445 patients with c-EVR, 327 patients achieved SVR (73%).
Only 7% ol the 458 patients without ¢-EVR did so.

Impact of dose exposure of Peg-IFN a-2b and ribavirin on
¢c-EVR

The mean dose of Peg-IFN «-2b actually taken during the
first 12 weeks by each patient was 1.33 ug/kg/week (range
0.41-2.16 ug/kg/week; median 1.40 ug/kg/week) and that
of ribavirin was 10.4 mg/kg/day (range 2.9-16.2 mg/kg/
day; median 10.6 mg/kg/day).

The mean doses of both drugs and the [actors at baseline
correlated with the ¢-EVR were assessed by univariate and
multivariate logistic regression analyses. Univariate analysis
showed that factors significantly associated with c-EVR were
age, sex, WBC, neutrophils, red blood cells, Hb, PIt, aspartate
aminotransferase, the degree of liver librosis and the mean
doses of Peg-IFN o-2b and ribavirin during the first 12 weeks
(Table 2). The factors selected as significant by the univari-
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Table 2 Univariate analysis for c-EVR
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among patients who completed Factor c-EVR (+) c-EVR (-) P-value
12 weeks treatment n 445 458
Age (year) 54.4 £ 104 57.5+9.6 <0.001
Sex: male/female 267/178 237/221 0.01
Serum HCV RNA (kIU/mL)* 1500 1600 0.28
White blood cells (per mm?>) 5336 + 1536 4818 + 1547 <0.001
Neutrophils (per mm®) 2789 + 1133 2398 + 1038 <0.001
Red blood cells (x10%*/mm?>) 450 t 46 435 £ 49 <0.001
Haemoglobin (g/dL) 143+ 14 139114 <0.001
Platelets (x10*/mm?) 17.3 £ 5.2 150 £ 5.6 <0.001
AST (IU/L) 62 t 44 69 t 44 <0.001
ALT (1U/L) 77 £ 64 80 £ 57 0.07
Histology (METAVIR)'
Fibrosis: 0-2/3-4 273/37 247/74 <0.001
Activity: 0-1/2-3 171/139 159/162 0.16
Peg-IEN dose (ug/kg/week)¥ 1.39 £ 0.22 1.28 + 0.30 <0.001
Ribavirin dose (mg/kg/day)1 10.6 £ 1.7 10.1 £ 2.1 0.002

¢-EVR, complete early virologic response; HCV, hepatitis C virus; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; Peg-IFN, pegylated interferon.
*Data shown are median values. 272 missing. *Mean doses during 0-12 weeks.

Table 3 Multivariate analysis for c-EVR among patients who completed 12 weeks treatment

Factor Category 0Odds ratio 95% CI P-value
Age by 1 year 0.982 0.966-0.999 0.04
Sex male/female - - NS
Neutrophils by 100/mm> 1.017 1.002-1.033 0.03
Red blood cells by 1 x 10*/mm? - - NS
Haemoglobin by 1 g/dL - - NS
Platelets by 1 x 10*/mm> 1.051 1.014-1.088 <0.01
AST by 1 IU/L - - NS
Fibrosis* 0-2/3-4 - - NS
Peg-IFN dose' by 0.1 ug/kg/week 1.079 1.011-1.151 0.02
Ribavirin dose’ by 1 mg/kg/day - - NS

95% CI, 95% confidence interval; Peg-IEN, c-EVR, complete early virologic response; pegylated interferon; N.S., No Significant

difference; AST, aspartate aminotransferase.
*METAVIR fibrosis score. TMean doses during 0-12 weeks.

ate analysis were evaluated by multivariate logistic regres-
sion analysis. The mean dose of Peg-IFN a-2b during the first
12 weeks was the independent factor for c-EVR (P = 0.02),
apart from the neutrophils (P = 0.03) and Plt value at
baseline (P < 0.01) and age (P = 0.04) (Table 3). In con-
trast, the mean dose of ribavirin during the first 12 weeks
showed no correlation with c-EVR.

The c-EVR rates were 54% (137/253) and 56% (246/
443) for patients who received 21.5 and 1.2-1.5 pg/kg/
week of Peg-IFN «-2b on average during the first 12 weeks,
and declined to an average rate of 38% (40/105) in patients
given 0.9-1.2 ug/kg/week of Peg-IFN a-2b, and an average
rale of 22% (22/102) in patients given <0.9 ug/kg/week
(P < 0.0001) (Table 4). The c-EVR rate among the patients
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with 21.2 ug/kg/week of Peg-IFN o-2b was significantly
higher than that of the patients with <1.2 ug/kg/week
[21.2 pg/kg/week, 55% (383/696) vs <1.2 ug/kg/week,
30% (62/207), P < 0.0001].

Next, we analysed the impact of Peg-IFN a-2b on c-EVR in
stratified analysis according to ribavirin dose. Figure 1
shows the relationship of c-EVR and the degree of Peg-IFN
u-2b exposure for two groups of ribavirin doses: the group
with 210.6 mg/kg/day of ribavirin and that with <10.6 mg/
kg/day (10.6 mg/kg/day was the median value). In either
group, the mean dose of Peg-IFN o-2b was dose-dependently
correlated with c-EVR (P < 0.0001), and c-EVR rates were
very similar in both groups if the dose categories of Peg-TFN
o-2b were the same.
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Table 4 The c-EVR rate according to Peg-IFN and ribavirin doses during weeks 0-12 for patients who completed 12 weeks

treatment

. Peg-IFN o-2b dose (ug/kg/week),*
Ribavirin dose

(mg/kg/day)™ 21.5 1.2-1.5 0.9-1.2 <0.9 Total
212 57% (60/105) 61% (22/36) 38% (6/16) 22% (2/9) 54% (90/166)
10-12 54% (46/85) 58% (154/267) 36% (14/39) 23% (11/47) 51% (225/438)

8-10 50% (25/50)
<8 46% (6/13)
Total 54% (137/253)

53% (52/99)
44% (18/41)
S56% (246/443)

52% (15/29)
24% (5/21)
38% (40/105)

18% (4/22)
21% (5/24)
22% (22/102)

48% (96/200)
34% (34/99)
49% (445/903)

¢-EVR, complete early virologic response; Peg-IFN, pegylated interferon.

*P < 0.0001 for comparison of the four Peg-IFN groups. **P

60 58 (1221209)
Pt 55 (88/160)
50 53 53

(124/234)  (49/93)
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Fig. 1 Complete-EVR rate according to pegylated interferon
alpha-2b (Peg-IEN o-2b) and ribavirin doses during weeks
0-12 for patients who completed 12 weeks of treatment.
(=) Group with the mean ribavirin dose <10.6 mg/kg/
day. (=) Group with the mean ribavirin dose 210.6 mg/
kg/day. The Peg-IFN «-2b dose was dose-dependently
correlated with c-EVR in both groups (P < 0.0001). There
was no significant difference between the two ribavirin-dose
groups (P = 0.19).

¢-EVR rates according to Peg-IFN o-2b drug exposure
using a percentage cut off and mean dose cut off

Table 5 shows the c-EVR rates according to the category of
Peg-IFN o-2b doses during the first 12 weeks based on the

0.05 for comparison of the four ribavirin groups.

percentage of the total prescribed dose and the mean doses.
The whole c-EVR rate was 54% (377/698) for patients who
received more than 80% of the prescribed dose, and 43%
(47/109) in patients given 60-80% of the prescribed dose,
and 21% (21/96) in patients given <60% of the prescribed
dose of Peg-IFN «-2b. Among patients given 280% of the
prescribed dose of Peg-IFN «-2b, the c-EVR rate was
significantly lower in patients given <1.2 pg/kg/week of
Peg-IFN o-2b than those given 21.2 ug/kg/week (32% vs
55%, P < 0.05). On the other hand, even in patients given
60-80% of the prescribed dose of Peg-IFN «-2b, if they were
given 21.2 pg/kg/week of Peg-IFN a-2b, a higher ¢-EVR rate
was attained in comparison with those given <1.2 ug/kg/
week (71% vs 38%, P = 0.01); the c-EVR rale in patients
given 60-80% of the prescribed dose and 21.2 pg/kg/week of
Peg-IFN «-2b was not inferior to that in patients given 280%
of the prescribed dose and 21.2 pg/kg/week of Peg-IFN o-2b.

Impact of dose exposure of Peg-IFN «-2b during the first
12 weeks of the treatment on HCV RNA negativity at
week 24 and SVR

Patients positive for HCV RNA at week 24 week during Peg-
IFN -2b and ribavirin treatment were regarded as non-
responders and stopped treatment [11]. We analysed the

Table 5 The c-EVR rate according to Peg-IFN dose during weeks 0-12 based on the percentage of the planned dose and the

mean doses

Peg-IFN a-2b dose

(ug/kg/week) 280% 60-80% <60% Total

21.2 55%* (371/679) 71%** (12/17) - 55% (383/696)
<1.2 32% (6/19) 38% (35/92) 22% (21/96) 30% (62/207)
Total 54% (377/698) 43% (47/109) 21% (21/96) 49% (445/903)

c-EVR, complete early virologic response; Peg-IFN, pegylated interferon.
*P < 0.05; patients with 21.2 ug/kg/week vs <1.2 ug/kg/week among the patients with more than 80% of the (otal prescribed
dose of Peg-IFN a-2b. **P = 0.01; patients with 21.2 pg/kg/week vs <1.2 ug/kg/week among the patients with more than

60-80% of the tolal prescribed dose of Peg-IFN «-2b.
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relationship between the dose exposure to Peg-IFN o-2b
during the first 12 weeks and HCV RNA negative rates at
week 24 or SVR in 903 patients completing 12 weeks of
treatment. As a result, HCV RNA negative rates at week 24
and SVR rates declined according to the decrease in the dose
of Peg-IFN «-2b during the 12 weeks of treatment; patients
given 21.5, 1.2-1.5, 0.9-1.2 and <0.9 pg/kg/week of Peg-
IFN o-2b during the first 12 weeks of the treatment showed
HCV RNA negativity of 63%, 66%, 48% and 39%, respec-
tively (P < 0.0001), and SVR of 46%, 43%, 30% and 20%,
respectively (P < 0.0001).

DISCUSSION

Adherence to ribavirin was reported to be the important
factor for EVR as well as that to Peg-IFN in most previous
studies [2,11,12]. However, the drug exposure of Peg-IFN
o-2b and ribavirin had not been analysed independently
with respect to their individual influence on the anti-viral
effect in these studies. Adherence to both drugs may be re-
lated faclors, i.e. most patients who can tolerate a high dose
of Peg-IFN are in good condition and thus can also receive a
high dose of ribavirin. In the present study, the impact of the
dose of Peg-IFN «-2b and ribavirin on the anti-viral effect
was evaluated by multivariate logistic regression analysis,
using the mean administration doses of both drugs during
the first 12 weeks and baseline factors. As a result, the dose
exposure of Peg-IFN o-2b was found to be the significant
factor affecting c-EVR as well as baseline factors such as age,
neutrophils and Plt values, but not ribavirin. This suggests
that the c-EVR rate can be raised by maintaining the dose of
Peg-IFN «-2b during the first 12 weeks in patients with
disadvantageous factors at baseline. In fact, the c-EVR rate
was higher in those who received 21.2 ug/kg of Peg-IFN
o-2b than in those given <1.2 ug/kg of Peg-IFN «-2b for
aged patients over 60 years of age (21.2 pg/kg; 46% vs
<1.2 pg/kg; 28%, P < 0.01) or for patients with a low Plt
value (<12 x 10%mm>)(21.2 pg/kg; 45% vs <1.2 ug/kg;
22%, P < 0.001). Therefore, a marked dose reduction of
Peg-TEN «-2b should not be risked at the start even for aged
patients or patients with lower Plt value, which is indicative
of advanced fibrosis. The administration of 21.2 pg/kg/week
of Peg-IFN o-2b is desirable as a starting dose for achieving
c-EVR even in these patients: that of <1.2 ug/kg/week can
lead to a non-viral response or a late viral response. Inde-
pendent evaluation of the c-EVR rate according to the degree
of the ribavirin dose showed a stepwise decline as the total
cumulative dose of Peg-IFN o-2b decreased. Therefore, the
dose of Peg-IFN a-2b should be maintained as high as pos-
sible even in patients who have to reduce Peg-IFN «-2b to
<1.2 pg/kg/week. Using G-CSF for patients who develop
severe neutropenia and are forced to decrease Peg-IFN can
be beneficial, especially in the first 12 weeks.

The goal of 80% of the planned drug dosage for 80% of the
assigned duration was derived from an adherence criterion
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that had been adopted previously for assessment of the efficacy
of other pharmaceutical agents, such as drugs to treat cancer
and human immunodeficiency virus [16]. However, in Peg-
IFN plus ribavirin therapy for patients with CH-C, the planned
administration dose [17,18] differs on a body weight basis by
27% for Peg-IFN «-2b and 40% for ribavirin among patients of
50~100 kg of body weight, which would be equivalent to the
same rate differences for 80% of the planned drug dosage. In
detail, the target dose of Peg-IFN o-2b scheduled to be
administered is 1.5 ug/kg, but the usual dose for the individ-
ual patient is from 1.28 to 1.76 pg/kg/week based on body
weight among patients weighing 50-100 kg according to the
practice guidelines of the American Association for the Study
of Liver Diseases and the manufacturer’s drug information in
the USA and Europe [17,18). The range of ribavirin dose per
kg of body weight is from 12 to 20 mg/kg/day. Therefore, in
this study, the drug exposure was assessed from the average
dose per kg of body weight.

In the evaluation of c-EVR rates according to Peg-IFN
o-2b drug exposure using a percentage cut off and mean
dose cut ofl in this study, the c-EVR rale of patients given
<1.2 ug/kg/week of Peg-IFN oa-2b was low (32%) even in
those who received 280% of the total planned doses of Pe-
g-IFN o-2b. If given 21.2 pg/kg/week of Peg-IFN o-2b, the
c-EVR rate (71%) in patients who received 60-80% of the
total doses was not inferior to that in patients given 280% of
the total dose of Peg-IEN «-2b (54%). This means that
patients whose starting dose of Peg-IFN a-2b is <1.5 ug/kg/
week should not have their dosage reduced to 80% of the
planned dose (<1.2 ug/kg/week) in order to have a higher
probability of c-EVR, while those given 1.5 pug/kg/week of
Peg-IFN o-2b at the start can have their dosage reduced to
80% (21.2 ug/kg/week) without lowering the c-EVR rate.
Thus, the drug dose on a body weight basis itself should be
examined as an index of the drug exposure in order to
evaluate the anti-viral effect of both drugs accurately for
patients with CH-C.

As for the impact of the drug exposure to ribavirin on
c-EVR, the drug dose of ribavirin during the first 12 weeks
was shown to have no relationship with the c-EVR rate,
although it was precisely evaluated in this study, using doses
actually taken on body weight. However, ribavirin can be
more effective for decreasing the viral relapse after interferon
or Peg-IFN «-2b and ribavirin combination therapy in pa-
tients with CH-C genotype 1 [2,3,19-24]. Recently, Shiff-
man ¢t al. [15] have reported that a higher starting dose of
ribavirin (1000-1600 mg/day) plus a regular dose of Peg-
IFN a-2b with epoetin was associated with a lower relapse
rate in treatment with CH-C genotype 1. Considering the
viral relapse alter treatment, it is thought that the ribavirin
dose should not be reduced quickly in patients with mild side
effects, even though it does not affect c-EVR. In fact, among
the patients who attained c-EVR, a higher rate of viral
relapse was found in the patients given <10 mg/kg/day of
the mean ribavirin dose during 48 weeks in comparison
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with those given 210 mg/kg/day of the mean ribavirin dose
in this study [26.9% (49/182) vs 12.4% (26/209),
P < 0.001] (data not shown). It seems possible to start
ribavirin al a lower dose and increase it by degrees with
monitoring of Hb level during treatment of patients with
mild anaemia or ischemic heart disease, because the riba-
virin dose appears to aflect the viral relapse as the total dose
over 48 weeks, not during the first 12 weeks.

In conclusion, our results have demonstrated that Peg-IFN
o-2b is dose-dependently correlated with ¢-EVR and main-
taining as high a drug dose of Peg-IFN «-2b as possible
(21.2 pg/kg/week) during the first 12 weeks can yield
higher ¢-EVR rates, leading to better treatment outcomes for
patients with CH-C genotype 1.

ACKNOWLEDGMENTS AND DISCLOSURES

Other institutions and participants in the Osaka Liver Forum
are: K Katayama, Osaka Koseinenkin Hospital; H Fukui, Yao
Municipal Hospital; Y Doi, Otemae Hospital; A Kaneko, NTT
West Osaka Hospital; T Kashihara, ltami City Hospital;
K Kiriyama, Ashiya Municipal Hospital; T Nagase, Suila
Municipal Hospital; M Inada, Toyonaka Municipal Hospital;
K Fujimoto, National Hospital Organization Minami
Wakayama Medical Center; K Suzuki, Saiseikai Senri
Hospital; H Ogawa, Nishinomiya Municipal Central Hospital;
S Kubota, Kano General Hospital; M Nishiuchi, Saso Hospi-
tal; and N Imaizumi, Osaka Kaisei Hospital.

This work was supported by a Grant-in-Aid for Research
on Hepatitis and BSE from Ministry of Health Labour and
Wellare of Japan, and Scientific Research from the Ministry
of Education, Science, and Culture of Japan.

REFERENCES

1 Hayashi N, Takehara T. Antiviral therapy for chronic hep-
atitis C: past, present, and future. ] Gastraenterol 2006; 41:
17-27.

2 Manns MP, McHutchison ]G, Gordon SC et al. Peginterferon
alfa-2b plus ribavirin compared with interferon alfa-2b plus
ribavirin for initial treatment of chronic hepatitis C:
a randomised trial. Lancet 2001; 358: 958-965.

3 Fried MW, Shiffman ML, Reddy KR ¢t al. Peginterferon alla-
2a plus ribavirin for chronic hepatitis C virus infection.
N Engl ] Med 2002; 347: 975-982.

4 Hadziyannis 8], Sette H Jr, Morgan TR et al. Peginterferon-
alpha2a and ribavirin combination therapy in chronic
hepatitis C: a randomized study of treatment duration and
ribavirin dose. Ann Intern Med 2004; 140: 346-355.

5 Zeuzem S, Hultcrantz R, Bourliere M ¢t al. Peginterferon
alfa-2b plus ribavirin for treatment of chronic hepatitis C in
previously untreated patients infected with HCV genotypes
2 or 3. ] Hepatol 2004; 40: 993-999,

6 Hiramatsu N, Hayashi N, Kasahara A ¢t al. Improvement of
liver fibrosis in chronic hepatitis C patients treated with
natural interferon alpha. ] Hepatol 1995; 22: 135-142.

10

11

12

13

14

15

16

17

18

19

20

21

Kasahara A, Hayashi N, Mochizuki K ¢t al. Risk lactors for
hepatocellular carcinoma and its incidence after interferon
treatment in patients with chronic hepatitis C. Osaka Liver
Disease Study Group. Hepatology 1998; 27: 1394-1402.
Tkeda K, Saitoh S, Arase Y ¢t al. Effect of interferon therapy
on hepatocellular carcinogenesis in patients with chronic
hepatitis type C: a long-term observation study of 1,643
patients using statistical bias correction with proportional
hazard analysis, Hepatology 1999; 29: 1124-1130.
Kasahara A, Tanaka H, Okanoue T et al. Interferon treatment
improves survival in chronic hepatitis C patients showing
biochemical as well as virological responses by preventing
liver-related death. J Viral Hepatitis 2004; 11: 148-156.
Imai Y, Kasahara A, Tanaka H ¢t al. Interferon therapy for
aged patients with chronic hepatitis C: improved survival in
patients exhibiting a biochemical response. | Gastroenterol
2004; 39: 1069-1077.

Davis GL, Wong ]JB, McHutchison JG, Manns MP, Harvey J,
Albrecht J. Early virologic response to treatment with
peginterferon alfa-2b plus ribavirin in patients with chronic
hepatitis C. Hepatology 2003; 38: 645-652.

McHutchison JG, Manns M, Patel K et al. Adherence to
combination therapy enhances sustained response in
genotype-1-infected patients with chronic hepatitis C. Gas-
troenterology 2002; 123; 1061-1069.

Shiffman ML, Ghany MG, Morgan TR et al. Impact of
reducing peginterferon alfa-2a and ribavirin dose during
retreatment in patients with chronic hepatitis C. Gastroen-
terology 2007; 132: 103-112,

Reddy KR, Shiflman ML, Morgan TR et al. Impact of riba-
virin dose reductions in hepatitis C virus genotype 1 patients
completing peginterferon alfa-2a/ribavirin treatment. Clin
Gastroenterol Hepatol 2007; 5: 124-129,

Shiffman ML, Salvatore J, Hubbard S ef al. Treatment of
chronic hepatitis C virus genotype 1 with peginterferon,
ribavirin, and epoetin alpha. Hepatology 2007; 46: 371-379.
Paterson DL, Swindells S, Mohr J et al. Adherence to pro-
tease inhibitor therapy and outcomes in patients with HIV
infection. Ann Intern Med 2000; 133: 21-30.

Strader DB, Wright T, Thomas DL, Seell LB. Diagnosis,
management, and treatment of hepatitis C. Hepatology
2004; 39: 1147-1171.

Dienstag JL, McHutchison JG. American Gastroenterological
Association medical position statement on the management
of hepatitis C. Gastroenterology 2006; 130; 225-230.
Poynard T, Marcellin P, Lee SS et al. Randomised trial of
interferon alpha2b plus ribavirin for 48 weeks or for
24 weeks versus interferon alpha2b plus placebo for
48 weeks for treatment of chronic infection with hepatitis C
virus. International Hepatitis Interventional Therapy Group
(THIT). Lancet 1998; 352; 1426-1432.

McHutchison JG, Gordon SC, Schifl ER et al. Interferon alfa-
2b alone or in combination with ribavirin as initial treat-
ment for chronic hepatitis C. Hepatitis Interventional
Therapy Group. N Engl ] Med 1998; 339: 1485-1492,
DavisGL,Esteban-MurR,RustgiVet al. Interferonalfa-2balone
or in combination with ribavirin for the treatment of relapse of
chronic hepatitis C. International Hepatitis Interventional
Therapy Group. NEngl ] Med 1998;339:1493-1499,

© 2009 The Authors
Journal compilation © 2009 Blackwell Publishing Ltd



Dose-dependent effect of Peg-IFN on ¢-EVR 585

22 Hiramatsu N, Kasahara A, Nakanishi F et al. The signifi- interferon alfa-2a plus ribavirin. Gastroenterology 2006;
cance of interferon and ribavirin combination therapy fol- 131; 1040-1048.
lowed by interferon monotherapy for patients with chronic 24 Hiramatsu N, Oze T, Yakushijin T, et al. Ribavirin dose
hepatitis C in Japan. Hepatol Res 2004; 29: 142-147. reduction raises relapse rate dose-dependently in genotype 1
23 Bronowicki JP, Ouzan D, Asselah T et al. Effect of ribavirin in patients with hepatitis C responding to pegylated interferon
genotype 1 patients with hepatitis C responding to pegylated alfa-2b plus ribavirin. J Viral Hepat 2009; In press.

© 2009 The Authors
Journal compilation © 2009 Blackwell Publishing Ltd




Journal of Medical Virology 81:798-806 (2009)

Mutations Associated With the Therapeutic Efficacy
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Factors influencing the therapeutic efficacy of
adefovir dipivoxil added to continuing lamivudine
have not been elucidated in lamivudine-resistant
patients with type B chronic hepatitis. The viral
mutationsinfluencing the efficacy of treatmentwith
adefovir dipivoxil were investigated by sequencing
analysis of the whole virus genome. Thirty patients
resistant to lamivudine receiving adefovir dipivoxil
therapy added to lamivudine were studied. From
serum samples obtained before the administration
of adefovir dipivoxil, full-length viral DNA sequen-
ces were determined by PCR-direct sequencing.
Susceptibility of the virus to adefovir was examined
further using in vitro transfection analysis. By
screening the whole viral genome, the presence of
two mutations, a T-to-C/G/A mutation at nt1753
(V1753) and an A-to-C mutation at nt2189 (C2189),
correlated with the higher incidence of sustained
viral DNA clearance during therapy (P < 0.005 and
P<0.05). In multivariate analysis, the V1753
(P=0.001) and the C2189 (P=0.007) mutations,
and elevated transaminase (P=0.011) and low viral
load (P=0.008) at the baseline were selected as
significant independent factors associated with
improved antiviral efficacy. In vitro transfection
analysis showed no differences in susceptibility to
adefovir among wild-type virus and C1753 and
C2189 mutant viruses, suggesting that the virus
possessing these mutations may be eradicated
more efficiently than the wild-type virus by treat-
ment regardless of a direct antiviral effect of
adefovir. J. Med. Virol. 81:798-806, 20089.
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INTRODUCTION

Treatment of patients with chronic hepatitis B virus
(HBYV) infection is aimed at suppressing continuously
viral replication thereby preventing progression of liver
disease. Lamivudine has been shown to achieve reduc-
tion of HBV DNA and histological improvement in
the liver in most patients with type B chronic hepatitis
[Lai et al., 1998; Dienstag et al., 1999]. However, its
long-term administration often causes the emergence
of drug-resistant virus, resulting in loss of antiviral
activity. The frequency of lamivudine resistance has
been reported to be 24% after 1 year and 70% after
4 years of therapy [Lai et al., 2003]. This resistance is
conferred by an rtM204V/I mutation occurring within
the reverse transcription domain of the HBV polymer-
ase gene [Liaw et al., 2000; Leung et al., 2001; Lai et al.,
2003]. The rtL180M mutation is also combined fre-
quently with rtM204V/I [Lai et al., 2003].

Adefovir dipivoxil has been shown to result in
significant virological and histological improvement
in both nucleoside-naive and lamivudine-resistant
patients with type B chronic hepatitis [Hadziyannis
et al., 2003; Marcellin et al., 2003; Perrillo et al., 2004;
Peters et al., 2004]. The incidence of adefovir dipivoxil
resistance in nucleoside-naive patients has been
reported to be 6% after 3 years and 29% after 5 years
of therapy [Hadziyannis et al., 2005, 2006], which is less
frequent than that occurring with lamivudine therapy
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alone. As for lamivudine-resistant patients, adefovir
dipivoxil resistance hasbeen observedin 18% of patients
after 1year after the change from lamivudine to adefovir
dipivoxil [Lee et al., 2006]. Two mutations, rtA181V/T
and rtN236T, have been shown to confer resistance to
adefovir dipivoxil [Hadziyannis et al., 2005, 2006; Lee
et al., 2006]. In the case of adefovir dipivoxil admin-
istration added to lamivudine therapy, mutant strains
resistant to both drugs develop rarely, although there
have been reports of a few patients with resistance to
both [Villet et al., 2006; Karatayli et al., 2007].

Thus far, factors affecting the efficacy of adefovir
dipivoxil added to lamivudine treatment have not been
clarified fully in lamivudine-resistant patients with type
B chronic hepatitis. In the present study, sequencing
analysis of full-length HBV DNA was undertaken in
lamivudine-resistant patients with type B chronic
hepatitis, who received adefovir dipivoxil added to
the continuing lamivudine treatment, and attempts
were made to identify the viral mutations associated
significantly with therapeutic efficacy.

PATIENTS AND METHODS
Patients and Treatment

Thirty consecutive patients with type B chronic
hepatitis at Osaka University Hospital or the National
Hospital Organization Osaka National Hospital parti-
cipated in this study. These patients were also subjects
in a previous study that investigated the correlation of
viral genomic changes with occurrences of lamivudine-
resistant rtM204V/I and rtL180M mutations [Ohkawa
et al., 2008]. All 30 patients had been treated with
100 mg/day of lamivudine and had shown lamivudine
resistance with the detection of lamivudine-resistant
mutant virus. The total duration of the preceding
lamivudine therapy ranged from 20 to 60 (median
35) months. All the patients received 10 mg/day of
adefovir dipivoxil continuously in addition to lamivu-
dine. Liver function tests and HBV markers were
measured every month for the initial 6 months and
every 2 months thereafter. The follow-up period of
adefovir dipivoxil therapy ranged from 6 to 40 (median
19) months.

Clinical Features of the Patients

The clinical and virological features of the patients at
the commencement of adefovir dipivoxil administration
are shown in Table I. The 26 males and 4 females,
aged 25-71 (median 49) years, all had hepatitis B
surface antigen (HBsAg). Hepatitis B e antigen (HBeAg)
was found in 21 (70%) patients. HBV DNA ranged from
4.9 to >7.6 (median 7.2) log;¢copies/ml, and alanine
aminotransferase (ALT) ranged from 16 to 455 (median
108) IU/L. With respect to liver diseases, 23 (77%) were
diagnosed with chronic hepatitis, 3 (10%) with cirrhosis
and 4 (13%) with hepatocellular carcinoma (HCC)
according to a liver biopsy and/or imaging procedures.
None of the patients had evidences of hepatitis C
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virus- or human immunodeficiency virus-related dis-
eases, alcoholic liver disease, autoimmune hepatitis
and drug-induced liver injury. Serum samples for
sequencing analysis were collected within 2 months
before the commencement of adefovir dipivoxil admin-
istration and stored at —80°C. Pairwise serum samples
obtained before lamivudine therapy were also collected
and used for analysis in 14 of the 30 patients with type B
chronic hepatitis. Informed consent was obtained from
all patients.

Measurement of HBV Markers

HBsAg, HBeAg and antibody to HBeAg (anti-HBe)
were measured by enzyme immunoassay. Serum HBV
DNA was quantitated by a PCR-based assay (Amplicor
HB Monitor, Roche Diagnostics Co. Ltd, Tokyo, Japan)
having a lower detection limit of 2.6 log copies/ml.

Sequencing of Full-Length HBV DNA

The full-length HBV DNA was amplified by PCR and
subjected to direct sequencing analysis as described
elsewhere [Kanada et al., 2007]. In 25 of the 30 patients
with type B chronic hepatitis, sequence data of full-
length HBV DNA, that had been determined in a
previous study [Ohkawa et al., 2008], were also used in
this study. In the remaining five patients, HBV DNA
sequences were updated using serum samples obtained
just before the commencement of adefovir dipivoxil
administration. The Genbank accession numbers of the
nucleotide sequences in HBV strains determined in this
study are shown in Table I.

Plasmid and Transfection

The HBV-expressing plasmid pHBC carried approxi-
mately 1.2 times the genomic length of HBV adr4
strain of genotype C (Genbank accession no. X01587)
{Fujiyama et al., 1983]. pHBC-C1753 and pHBC-C2189,
which had the C1753 and C2189 mutations in their
inserted HBV sequences, were generated by site-
directed mutagenesis. pPCMV-SEAP was the expression
plasmid of a secreted alkaline phosphatase.

Huh?7 cells (3 x 10° cells) were seeded on a 35-mm-
diameter culture dish and transfected with 1 pg of
HBV-expressing plasmid and 0.06 pg of pCMV-
SEAP using the FuGENES6 reagent (Roche Diagnostics
Co. Ltd). After overnight culture, the cells were treated
with 1 or 10 uM of lamivudine (GlaxoSmithKline Co.
Ltd, Tokyo, Japan), 1 or 10 pM of adefovir (Toronto
Research Chemicals, Inc., North York, Canada), 10 yM
of lamivudine plus 10 uM of adefovir, or left untreated.
The cells were harvested 3 days after transfection. The
culture supernatant was used for measurement of
alkaline phosphatase activity to evaluate the efficiency
of transfection.

Detection of HBV DNA Replicative Intermediate

For detection of the HBV DNA replicative inter-
mediate, the cells were lysed with buffer containing

J. Med. Virol. DOI 10.1002/jmv
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50 mM Tris—Cl (pH 7.5), 1 mM EDTA and 1% NP40,
followed by the 15-min incubation on ice. Then, the
sample was centrifuged to remove the nuclei pellet at
15,000 rpm at 4°C, and treated with 30 ug of DNase I at
37°C for 30 min. The sample was subjected to overnight
incubation at 37°Cin lysis buffer containing 1% SDS and
200 pg of proteinase K. After phenol/chloroform extrac-
tion and ethanol precipitation, the DNA sample was
electrophoresed, transferred onto a nylon membrane
and hybridized with an alkaline phosphatase-labeled
HBV DNA probe. The signals were detected with the
chemiluminescent substrate CDP-star (GE Healthcare
Bio-Sciences Co. Ltd, Tokyo, Japan) and quantitated
using an image analyzing software (Imaged 1.38,
supplied online by the National Institutes of Health,
Bethesda, MD).

Statistical Analysis

Group comparisons of continuous and categorical
variables were done using Fisher’s exact probability
test, y? test with Yate’s correction and Mann—Whitney’s
non-parametric U-test as appropriate. The group com-
parison of Kaplan—Meier curves for the cumulative
probability of sustained HBV DNA clearance was
performed by the log-rank test. The correlation of
various clinical and virological factors with the cumu-
lative probability of sustained HBV DNA clearance was
evaluated by a Cox proportional-hazards model using
univariate and stepwise multivariate procedures. The
one-way analysis of variance and the Fisher’s PLSD test
were used for the in vitro transfection analysis.

RESULTS

Overall Therapeutic Efficacy of Adefovir
Dipivoxil Added to Lamivudine in
Lamivudine-Resistant Patients With
Type B Chronic Hepatitis

Among the lamivudine-resistant patients with type B
chronic hepatitis examined in this study, HBV DNA
decreased to an undetectable level (<2.6 logy, copies/ml)
in 6 (20%) of 30 patients at 6 months, 6 (26%) of
23 patients at 12 months and 9 (566%) of 16 patients at
18 months after the beginning of adefovir dipivoxil
administration. Thirteen (43%) of the 30 patients
achieved sustained HBV DNA clearance during follow-
up. ALT normalization was observed in 21 (70%) of
30 patients at 6 months, 14 (61%) of 23 patients at
12 months and 11 (69%) of 16 patients at 18 months of
therapy.

Viral Mutations Associated With Efficacy of
Adefovir Dipivoxil Added to
Lamivudine Treatment

The lengths of the 30 HBV DNA sequences obtained
from the lamivudine-resistant patients with type B
chronic hepatitis ranged from 3,161 to 3,230 nucleo-
tides. All 30 patients were infected with HBV of
genotype C as determined by phylogenetic tree analysis
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of the HBV isolates obtained in this study and the
representative HBV isolates of major genotypes (data
not shown). Viral mutations were sought that showed a
relationship with the therapeutic efficacy of adefovir
dipivoxil added to lamivudine over the whole HBV
genome. As a result, there were only two mutations; one
was a T-to-C/G/A mutation at nt1753 (V1753 mutation)
located in the basic core promoter (BCP) [Yuh et al.,
1992], and the other was an A-to-C mutation at nt2189
(C2189 mutation) in the core gene.

The V1753 mutation was detected in 11 (37%) of the
30 patients studied; the C1753 mutation was found in
7 patients, G1753 in three patients, and A1753 in
1 patient. Figure 1A shows the serial change in HBV
DNA before and after the commencement of adefovir
dipivoxil administration added tolamivudine treatment
in patients with type B chronic hepatitis with and
without the V1753 mutation. In patients with V1753,
HBV DNA clearance was observed in 5 (45%) of
11 patients at 6 months, 5 (71%) of 7 patients at
12 months and 4 (80%) of 5 patients at 18 months of
therapy. By contrast, in patients having T1753, HBV
DNA clearance was seen in only 1 (5%) of 19 patients at
6 months, 1 (6%) of 16 patients at 12 months and 5 (45%)
of 11 patients at 18 months. Significant differences in
the frequency of HBV DNA clearance were observed at 6
and 12 months of therapy between patients with and
without V1753 (P < 0.02 and P < 0.005). Thus, patients
with V1753 tended to achieve HBV DNA clearance more
frequently by adefovir dipivoxil added to lamivudine
treatment than those with T1753.

The C2189 mutation was found in 13 (43%) of the
30 lamivudine-resistant patients with type B chronic
hepatitis. Figure 1B shows the serial change in HBV
DNA during adefovir dipivoxil administration added to
lamivudine treatment in patients with type B chronic
hepatitis with and without the C2189 mutation. In
patients with C2189, HBV DNA was cleared in 5 (38%) of
13 patients at 6 months, 4 (44%) of 9 patients at
12 months and 8 (89%) of 9 patients at 18 months of
therapy. On the other hand, in patients having A2189,
HBV DNA was undetectable in 1 (6%) of 17 patients at
6 months, 2 (14%) of 14 patients at 12 months and 1
(14%) of 7 patients at 18 months of therapy. There was a
significant difference in the frequency of HBV DNA
clearance after 18 months of therapy between patients
with and without C2189 (P < 0.01). HBV DNA tended to
be cleared more frequently by adefovir dipivoxil admin-
istration added to lamivudine treatment in patients
with C2189 than in those with A2189.

A group comparison of the Kaplan—Meier curves was
undertaken for the cumulative probability of sustained
HBYV DNA clearance with respect to the occurrence of
these two viral mutations. Patients with V1753 had a
significantly higher cumulative probability of sustained
HBYV DNA clearance than those with T1753 (P < 0.005)
(Fig. 2A). The cumulative probability of sustained HBV
DNA clearance was also higher in patients with C2189
than in those with A2189 (P <0.05) (Fig. 2B). The
presence of the V1753 and C2189 mutations showed no

J. Med. Virol. DOI 10.1002/jmv
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Fig. 1. Serial changes in the HBV DNA level up to 24 months of adefovir dipivoxil added to lamivudine
treatment in lamivudine-resistant patients with type B chronic hepatitis in relation to the occurrences of

(A) V1753 mutation and (B) C2189 mutation.

relationship with ALT normalization during adefovir
dipivoxil added to lamivudine treatment.

Factors Associated With the Efficacy of
Adefovir Dipivoxil Added to Lamivudine
Treatment Determined by Univariate and
Multivariate Analyses

Next, the clinical and virological factors affecting
the therapeutic effect of adefovir dipivoxil added to
lamivudine were investigated in the 30 patients with
type B chronic hepatitis. Six clinical factors (age, gender,
liver disease, ALT, HBeAg positivity, and HBV DNA),
two lamivudine resistance-associated viral mutations
(rtM204V/l and rtL180M) [3], two major naturally
occurring viral mutations (A1896 and T1762/A1764)
[Carman et al., 1989; Okamoto et al., 1994], and V1753
and C2189 mutations were investigated. As shown in
Table II, only the V1753 and C2189 mutations
were significant factors contributing to sustained
clearance of HBV DNA (P =0.006 and P=0.047) by
univariate analysis. High ALT and low HBV DNA
(<7.5 logjgcopies/ml) at baseline were selected as

J. Med. Virol. DOI 10.1002/jmv

significant independent factors contributing to sus-
tained clearance of HBV DNA (P=0.011 and
P =0.008)in addition to the V1753 and C2189 mutations
(P=0.001 and P =0.007) in multivariate analysis.

Serial Changes in the V1753 and C2189
Mutations During Antiviral Therapy

The V1753 and C2189 mutations were also examined
using serum samples obtained before lamivudine ther-
apy, which were available in 14 of the 30 type B chronic
hepatitis patients. These mutations were assayed by
PCR-direct sequencing. Of the 14 patients, the V1753
mutation was found in only 1 patient before lamivudine
therapy and detected in additional 4 patients before
adefovir dipivoxil administration. The C2189 mutation
was found in three patients before lamivudine therapy,
one of whom lost the mutation before adefovir dipivoxil
administration. The additional three patients acquired
this mutation before adefovir dipivoxil administration.
Thus, both the V1753 and C2189 mutations tended to
appear during lamivudine therapy accompanied by the
lamivudine resistance in these patients.
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