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Aims The aim of this study was to clarify the pharmacokinetics of ribavirin and
interferon-alpha (IFN-o) 2b when administered in combination for 24 weeks and
effects of pharmacokinetics of both on treatment outcome in chronic hepatitis C
with genotype 1b and high viral load.

Methods In this multicentre open study, 27 patients received 2-week daily induction
therapy followed by 22-week, three-times-a-week maintenance therapy of intramus-
cular IFN-o 2b at a dose of 6 million units and oral ribavirin at 400 mg twice daily
for 24 weeks, and followed up for 24 weeks post-treatment. Single- and multiple-
dose pharmacokinetic studies were assessed by serial measurements of serum con-
centrations of both compounds at weeks 1 and 24.

Results Five patients attained sustained virological response. Serum ribavirin con-
centrations asymptoted after 4—8 weeks of treatment in all patients. The steady-state
concentration correlated significantly with serum ribavirin clearance after multiple
dosing (r =-0.875; 95% CI —0.932, —0.721; P < 0.001). Serum concentrations at
weeks 4 and 8, C,,., and AUC(0,12 h) after multiple dosing and AUC(0,28 weeks)
of ribavirin were significantly higher in sustained virological responders than in
virological responders or nonresponders (P < 0.05, each). Increased C,,, and accu-
mulation index of AUC(0,12 h) (median 10.5; 95% CI 6.4, 12.4), and prolonged
washout half-life after multiple dosing reflected accumulation and slow clearance of
ribavirin from the tissue compartments.

Conclusions Continuous exposure and accumulation of ribavirin may be necessary
for sustained virological response to combination therapy in chronic hepatitis C with

genotype 1b and high viral load.
Keywords: chronic hepatitis C, genotype 1b, high viral load, interferon alpha 2b,

pharmacokinetics, ribavirin

Introduction

Sustained virological response rates of less than 20% with
interferon-alpha (IFN-o) monotherapy indicate the limit
of this treatment in patients with chronic hepatitis C.
One reason for this limit is hepatitis C virus (HCV)-
related factors, which strongly and independently influ-
ence the outcome of IFN therapy. Specifically, patients
infected with genotype 1 and high viral load exhibit
markedly poor response to IFN therapy compared with
those with other genotypes or low viral load [1, 2]. The
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addition of ribavirin, a synthetic nucleoside analogue
with in vitro activity against several viruses [3], to IFN-o.
monotherapy has been reported to increase significantly
the sustained virological response rates even in patients
with IFN resistance arising from HCV-related factors,
suggesting the potential synergistic antiviral effect of rib-
avirin [4, 5]. However, the antiviral efficacy of ribavirin
when administered alone is unreliable against HCV. Rib-
avirin  monotherapy can reduce serum liver-related
enzyme concentrations, but not serum HCV RNA levels
[6]. Thus, the exact antiviral mechanism by which rib-
avirin enhances IFN efficacy is not fully understood,
although several mechanisms of action have been pro-
posed, such as depletion of intracellular guanosine triph-
osphate pools, synthesis of viral messenger RINA with
abnormal 5" cap structures, inhibition of viral dependent
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RNA polymerase activity, and immunomodulatory
effects on host immune responses [7—10].

Comparison of the early viral dynamics in patients
treated with a combination of IFN-o with and without
ribavirin showed that ribavirin appears to lack a direct
synergistic antiviral effect, at least during the first 4 weeks
of treatment [11]. However, a more recent study dem-
onstrated a direct synergistic antiviral activity of ribavirin
in the early viral dynamics under a high-dose IFN induc-
tion therapy [12]. From a pharmacokinetic point of view,
there is no evidence of pharmacokinetic interactions
between IFN-o and ribavirin [13, 14]. Furthermore,
plasma ribavirin concentration requires at least several
weeks after initial dosing to reach a steady state [13, 15],
while the early viral dynamics occur within a few days
of treatment [11, 12, 16]. Thus, the steady phase of
ribavirin pharmacokinetics is beyond the first and second
phase of viral dynamics, when viral dynamics has not
been fully elucidated. These findings suggest that the
synergistic antiviral activity of ribavirin may occur slowly
at the later phase of treatment.

To reduce variation of virus-related factors and to
address the most crucial subgroup of patients, we selected
in the present study chronic hepatitis C patients with
genotype 1b and high viral load, for whom cure with
IFN monotherapy is difficult [1, 2]. We determined the
pharmacokinetic profiles of ribavirin and IFN-a 2b in
the combination therapy by single-dose and multiple-
dose pharmacokinetic studies. We also investigated
whether some pharmacokinetic parameters could be sig-
nificantly associated with treatment outcome. Our results
indicate that continuous exposure and accumulation of
ribavirin may be necessary for sustained virological
response to combination therapy in chronic hepatitis C
with genotype 1b and high viral load.

Materials and methods
Patients

Twenty-seven patients with chronic hepatitis C of gen-
otype 1b and high viral load were consecutively enrolled
in this study conducted at Toranomon Hospital, Yama-
nashi Prefectural Central Hospital, and Musashino Red
Cross Hospital, between April 2000 and May 2001. This
study was a pharmacokinetics study of single and multiple
doses of ribavirin and IFN-o 2b in combination therapy.
The Ethics Review Committee of each institution
approved the study protocol. Informed consent for par-
ticipation was obtained from all patients before they
entered the trial. Inclusion criteria were: (i) a positive
test for anti-HCV antibody; (ii) HCV genotype 1b con-
firmed by polymerase chain reaction (PCR)-based
method; (iii) serum HCV RNA levels 21.0 X 10° equiv-
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alent (Eq) mI™" on a branched-DNA signal-amplification
assay (Quantiplex HCV RINA version 2.0 Assay; Chiron,
Emeryville, CA, USA; defined as ‘high’ viral load); (iv)
persistently high concentrations of serum alanine tran-
saminase (ALT) during the preceding 12 weeks; (v) con-
firmation of diagnosis of chronic hepatitis by liver biopsy
specimens obtained within the preceding 48 weeks, as
assessed by one pathologist, using the histological ranking
system  [17]; (vi) haemoglobin (Hb) concentration
>12.0 gdl''; (vii) platelet count =100 X 10> ul™'; (viii)
bodyweight >60 kg; and (ix) age between 20 and
65 years. Exclusion criteria were: (i) liver cancer or severe
liver failure, as described previously [2]; (i1) other forms
of liver disease; (ii1) coexisting serious medical or psychi-
atric illness; (iv) therapy with any other antiviral or
immunomodulatory agent administered within the pre-
vious 24 weeks; (v) history of ribavirin therapy; (vi)
patients with hepatitis B surface antigen or hepatitis B
core antibody, as determined by radioimmunoassay; (vii)
hypersensitivity to IFN or ribavirin; and (viii) pregnancy
or lactation.

Study protocol and assessment

Treatment was provided for 24 weeks, with a subsequent
24-week follow-up period. The treatment schedule was
as follows: on morning of day 1 (week 1), a single oral
dose of 400 mg of ribavirin (two capsules each of
200 mg; Schering-Plough Int., Kenilworth, NJ, USA)
and intramuscular IFN-a 2b (Schering-Plough) at a dose
of 6 million units (MU) was administered simultaneously,
followed by the first pharmacokinetic assessment. On day
1, in the evening and day 2, no ribavirin was adminis-
tered, while IFN was administered every 24 h for the
initial 2 weeks. Between day 3 (week 1) and day 6 (week
24), ribavirin was administered twice daily at a total daily
dose of 800 mg. Following the 2-week induction ther-
apy, IFN was administered three times a week for
22 weeks at a dose of 6 MU. On the morning of day 7
of week 24, the last dose of each agent was administered
simultaneously, followed by the last pharmacokinetic
assessment at week 28. During treatment, the dose of
ribavirin was adjusted based on Hb concentration; rib-
avirin was reduced to 600 mg day™' (as 200 mg in the
morning and 400 mg in the evening) if Hb concentration
fell below 10 g dI"', and discontinued when it diminished
below 8.5 g dl™'.

Biochemical and virological responses to treatment
were assessed during the treatment period (weeks 1-24),
and during the subsequent follow-up period (weeks 25—
48). Biochemical response was defined as normalization
of serum ALT activity by the end of treatment, and
virological response was defined as undetectable serum
HCV RNA by the end of treatment, using qualitative
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PCR assay (Amplicor HCV version 2.0; Roche Molec-
ular Systems, Pleasanton, CA, USA) with a lower detec-
tion limit of 100 copies ml™". Sustained biochemical or
virological response was defined as normalization of
serum ALT or as absence of serum HCV RNA, respec-
tively, after completion of treatment until the end of the
follow-up period (week 48).

The first pharmacokinetic studies were based on serum
samples obtained sequentially during days 1-3. Specifi-
cally, 100- and 25-pl serum samples for measurement of
serum ribavirin and IFN concentrations, respectively,
were obtained before the initial single dose of both com-
pounds (0 h) and then at 1, 3, 6, 12, 24, 36, and 48 h
postdose. Subsequently, fasting blood samples were col-
lected 1, 4, 8, 12, 16, and 20 weeks after the initial
dosing. These fasting samples were obtained 12 h after
preceding evening dosing and just before the morning
dosing. The last pharmacokinetic studies were performed
by using sequential serum samples obtained before the
final multiple doses of both compounds (0 h) and then
at 1, 3, 6, 12, 24, and 48 h postdose. Additional fasting
serum samples were obtained on the morning once
weekly during the first 4-week follow-up period (weeks
25-28). Serum ribavirin concentrations were determined
by a validated high-performance liquid chromatography/
tandem mass spectrometric assay using “C-ribavirin as an
internal standard [13, 18]. The assay was validated with
respect to linearity within a range of 50.1-5005 ng ml™',
specificity, accuracy (within 15% for all runs), and preci-
sion (within 15% for all runs). The assay limit of quan-
tification (LOQ) was 50 ngml™'. Serum IFN-o 2b
concentrations were measured by a validated sensitive
electrochemiluminescence immunoassay with a LOQ of
1.3 TU mI™" [14]. Individual serum ribavirin and IFN-o
2b concentration—time data were used for pharmacoki-
netic analysis by noncompartment model analysis [19].
Maximum concentration (C,,,) and time to maximum
concentration (T,,,) were the observed values. Terminal
phase half-life was calculated using the method of least-
squares regression of the data obtained at 12—48 h and
3—24 h in the initial single dose of ribavirin and IFN-o
2b, respectively, and at 25-28 weeks and 3-24 h in the
final multiple dose of both, respectively. The areas under
the serum concentration—time curve from time 0 to
12h [AUC(0,12h)] and from week 0 to 28
(AUC[0,28 weeks]) for ribavirin, and from time 0 to
24 h[AUC(0,24 h)] for IFN-o. 2b was calculated using
the linear trapezoidal method. The apparent serum rib-
avirin clearances (CL/F) at single and multiple doses were
calculated as the daily single dose divided by AUC(0,0)
and AUC(0,12 h), respectively. Correlation between CL/
F and ribavirin concentration was examined using Pear-
son and least-squares regression analyses. The steady-state
phase of ribavirin was determined by visual inspection of
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the concentration—time profile curves. The steady-state
concentration was calculated as mean of concentrations
during the steady-state phase. Accumulation indices (R)
for IFN-o 2b and ribavirin were
AUC(0,24 h) or AUC(0,12h) (final multiple dose)
divided by AUC(0,24 h) or AUC(0,12 h) (initial single
dose), respectively.

Clinical and laboratory data were assessed twice
weekly during the first 2 weeks, at least once weekly
during the next 2 weeks, and at least every 4 weeks
during the remaining treatment period and 24-week fol-
low-up period. Adverse effects were monitored clinically
by careful interview and medical examination throughout
the study. Patient compliance with treatment was evalu-
ated by a questionnaire and medical records and by

calculated as

counting the number of returned capsules.

Statistical analysis

Tukey’s multiple analysis was used to assess the differences
in pharmacokinetic parameters between treatment eftica-
cies. Treatment outcomes were analysed on an intention-
to-treat basis. Correlation between ribavirin concentra-
tions and sustained virological response rates was analysed
by H-test. The criterion for statistical significance was a
P-value of <0.05. All calculations were performed using
the SAS program version 6.12 (SAS Institute, Cary, NC,
USA).

Results
Patient characteristics at baseline are summarized in

Table 1. Twenty-seven patients (24 males and three

Table 1 Baseline profiles of the patients.

Demography

Gender (F/M) 3/24
28-60 (49)*!
60.3-87.0 (67.6)*'
9.2-13.3 (11.8)*'

Age (years)

Body weight (kg)

Ribavirin dose/body weight ratio (mg kg™)
Laboratory data

ALT (UL™)

Creatinine (mg dL™)

47-199 (84)*'
0.7-1.4 (1.0)%'
23-560 (110)**
12.1-17.5 (14.9)%'

Ferritin (ng mL™)
Hemoglobin (g dL™)
Liver histology

Stage (1/2/3/4) 14/12/1/0

Grade (mild/moderate/severe) 10/17/0
Virology

Viral load (Eq mL™ x10°%) 1.3-25 (11)*'

ALT, alanine transaminase; Eq, equivalents. *'Numbers in parentheses
denote median. Normal reference ranges: 6—40 U L' for ALT; 0.6-1.1
for creatinine; 10-190 for ferritin; 13.0-17.0 for hemoglobin (male),
11.3-15.0 for hemoglobin (female).
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females) between the ages of 28 and 60 years (median
49) and weighing between 60.3 and 87.0 kg (67.6) par-
ticipated in the study. All but one patient fully completed
the treatment and were followed up as scheduled. Patient
compliance with ribavirin was excellent. All patients
experienced adverse effects during treatment, and showed
profiles similar to previously reported symptoms [4, 5].
Only one patient developed severe treatment-related
adverse events (myalgia and anorexia) that led to discon-
tinuation of therapy. Treatment reduced Hb concentra-
tions in all patients from a median value of 14.9 (range
12.1-17.5) to 10.9 (8.8-13.6) g dI”', representing a fall of
1.1-6.7 g dI"" (median 4.0). The dose of ribavirin was
reduced to 600 mg day™" in 10 of the 27 patients because
of falls in Hb concentrations to less than 10.0 g dI™
between weeks 3.4 and 17.2 (median 12.1).

Biochemical and virological responses to therapy

During treatment, 22 (81%) patients showed a biochem-
ical response. After cessation of treatment, 16 (59%)
patients achieved a sustained biochemical response.
Serum ALT activities in six relapsers returned to the
baseline level. By the end of treatment, 21 (78%) patients
exhibited virological response. After cessation of treat-
ment, five (19%) patients attained sustained virological
response (SVR). Serum HCV RNA levels in 16 virolog-
ical responders returned to baseline values after cessation
of treatment. Of ten patients in whom ribavirin was
reduced, seven were virological responders and one
achieved SVR.

Pharmacokinetics of ribavirin

Pharmacokinetic parameters in the initial single dose and
the final multiple dose of ribavirin are summarized in
Table 2. Figure 1 shows ribavirin concentration—time
profiles with the single and multiple doses. Following the
initial single-dose administration, peak serum concentra-

Figure 1 Mean ribavirin concentration— a
time profiles in the initial single-dose (a) and
final multiple-dose (b) studies and steady-
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tions (C,,) occurred between 1 and 6 h, and rapidly
decreased to 56193 ng ml™" at 48 h. There was no sig-
nificant difference in C,,, or AUC(0,12 h) between
patients. The multiple-dose pharmacokinetics (day 7,
week 24) represented rapid absorption and distribution
phases again in a similar manner (Figure 1). C,,, and
AUC(0,12 h) values of SVR patients were significantly
higher than those of virological responders or nonre-
sponders (P < 0.05 for both). Half-lives following multi-
ple dosing were prolonged compared with those
following single dosing. There were measurable concen-
trations between 127 and 729 ng ml™" in all patients even
at the end of week 28. Bioavailability increased markedly,
with the ratio of week 24 to week 1 AUC(0,12 h)
(Rauc). SVR patients were higher in Rayc than others,
though not statistically significantly so. There was no
significant difference in the above pharmacokinetics
between patients with and without reduction of ribavi-
rin. CL/F in the initial single dose was 23.9—47.21h"'
(median 35.7; 95% confidence interval [CI] 25.2, 44.8),
and was not significantly associated with treatment out-
come. Following multiple dosing, CL/F (CL steady-state
[ss]/F) decreased to 9.0-17.3 (13.7; 10.1, 15.4). SVR
patients were significantly lower in CLss/F than nonre-
sponders (P < 0.05). The CLss/F values were closely
correlated with ribavirin concentrations at steady-state
phase (r=-0.875; 95% CI —0.932, —0.721; P<0.001,
Figure 2).

Following multiple dosing, nearly trough concentra-
tions began to asymptote generally by 4-8 weeks of rib-
(Table 3 and Figure 1). The
asymptotic levels varied relatively widely from patient to
patient. The steady-state assessment between weeks 4 or
8 and 24 indicated that SVR patients constantly main-
tained higher values than other patients at each time
point. Specifically, the concentrations at weeks 4 and 8
were significantly higher in SVR patients than in others
(P < 0.05, each). There was no significant difference in
ribavirin concentration between patients with and

avirin  administration

b C
- 4000

3000

2000

B 1000

- I I | 0

03612 24

Time (h)

© 2003 Blackwell Publishing Ltd Br | Clin Pharmacol, 55, 360-367

36 48

03612 24 36 48

Time (h)

Weeks of treatment

363



A.Tsubota et al.

I YoM JO DNV / +T YoM Jo DNV = (¥]) XOpUl UONE[NWNIIY *(JLAIIUT dJUIPYUOD 04G6) "UBIPIW st passardxo sanfep

(Lz=61) 0T (8S1-9'8) €6 (9zCI—+o6L) €88  (S°84-€9S) 19 (#'9-0'9) 09  (6'8-1L) €8 (6SS-T1¥) vSt (' T1+—0°0€) 0°c€  (#'9-0°S) 09 (L= u) TeroL,

(Ct—¢1) LT (I'61-6'L) 02T (1691-+6S) 698 (F'TOT-+9¢) 996 (S6-6¢) 09 (S01-69) 98  (L64-6LE) T8F (0°L5-8'ST) S¢e (8'9-TH) 09 (9= ) s1opuodsar-uoN

(9702 €T GL1-89) €6 (8eCT—+TL) 968  (L°08-L1S) LS9 (09-8%) 09  (#'6-0L) +'8 (695-LS€) T0F (STH—L'ST) T'6C (89—+F) 09 (91=u) sropuodsar [eardojorp

(Lz=91) 81 Wve-<9) T9  (9r€1-269) 006 (8601-97T) 909 (0£-8°€) 009 (9°01-0€) 1'S  (ses—1¢h) 08y (L€h—170¢) 8°LE  (09-0'9) 0°9 (5= u) s1opuodsar [earSojoara poureisng
oMy () <1, (=T 4y) (21w 1) "D (1) ™1, (1) 17, (1waynn)  (o1enn MO (1) ™1,

(1 $z°0)0NV

asop ajdunu pputg

(1 +z°0) 0NV

asop aduls oy

‘saseyd osop opdnpnw pue o[durs oy ur sxajowered onouryosewreyd qg-eyde uoieyU]  d[qel,

‘s1opuodsai-uou 'sa s1opuodsal [e2I130[0IIA paureIsns 10J G()'() > (- "s1opuodsar edr3o[o11a “sa s1opuodsor [eIS0[01IA PIUTRISTS 10] G()'() > Jx ([EATOIUL IDUIPYUOD 04G) UBIPIW st passatdxo sanjep

(LTvT—SS0T) 691C  (19ST-890T) 68cC  (I18¥T—1L0T) ¥eceT  (€SvT—€S0T) 6¥1C  (6€vT—LS0T) 1€2C  (6S0T—LPLY) v¥LT (9101-858) €06 (Le=u) oy,

(I1LT-L0S1) 101C  (LS9T—-L6€1) €S0T  (€0LT—-SSST) €60T  (6€9T—€8+1) Scol  (LSST-10v1) 6861  (T6LI-9LET) SLST (8€01-+€L) 958 (9=u) s1opuodsai-uoN

(81€T-0L61) 8S1C  (L9€T—L961) S6cC  (T6€T—0181) 690C  (L1€T—LE61) L11T  (L1¥T—SS0T) LL0T  (6L0T—LILT) 68LT (6¥01-€28) 906 (91=u) sropuodsar [eor3ojorp

(PSEE—H€0T) 1642 (996€—881T) SL¥E  (L1Se—1€vT) €16 (10ve—€L2T) S9LT  (€60€-692T) 60ST  (66LT—-66L1) ¥8¥T  (18C1—-61L) STOL (5= u) stopuodsar [earSojodia paureisng
qm g Im 0z qn gy m zy L g L ym [

(, T 1) suoyvLuaNI0) ULLADGLL WiNIDS

.\A&ﬂ.ﬁwﬁu uoneurquiod urIiAeqLl m‘DTm QNINLQMN UOIJIaIUT MM pajean)

syuoned ur so[gord owWM-UONENUIIUOD ULIIARqTY] € d[qe],

‘s1opuodsai-uou "sa sropuodsor o130[011A paureIsns 10y

SO0 > d} s1opuodsar o13o[o11a “sa s1opuodsor JIS0[OIIA PAUTRISTS 10] GO'() > dx [ 329M Jo DOV / +Z J2am Jo DO = () Xapui uonvjnunn}y *([EAINUT DUIPHUOD 04GE) "UBIPA st pIssaIdxa sonfep

(8812 €8  (L1¢-LLT) 66T  (S1€-592) 6'8C  (¢86T—80S0) ¥€LC  (6°6—ST) 0°¢ (6T¢—€ST) €LC  (8+—8¢) I't (T¥L-6LS) 829 (£¢-6T) 0°C (L= u) TeroL
(001-TL) T6  (9¥¢—092) 0ce  (6+€—€8T) 19T  (S6TE—L9LT) 969 (0°¢-0€) 0°¢  (C6+—8ST) L'8C  (€9-1'¢) S+ (L601—€8F) ¥18 (0°¢—0¢) 0°¢ (9=u) s1opuodsar-uoN
(€8-89) 'L (S1¢-192) #8C  (€'6T-S'ST) L'8C  (S6LT—€T1+T) ¢iLe  (9L-8'T) 0°¢  (L0¢-€€0) 89T  (S+-S¢) L'¢ (#29-82S) 9.5 (+'¢=¢0) 0°¢ (91 =wu) sropuodsar [eordojorp
(c=wu) 20@:0%8
(FT1—+'9) 01 (L8¢—¢HD) so¢  (6'ch—€6T) 8°LE  (60Th—S+92) ¥8vE  (S9-1°1) 0°C (P 1+—8€2) 9°0¢  (99-80) I't  (€101-66€) 099 (0°€-0€) 0°¢ [eo180[011A pourEIsng
oNy () g, (, T 41y 377) (, 1w 1) LD () "1, () 97, (, 1w 4y °577) (, T 3u) "0 (1) ™1,

Ly zr'0)oNv

asop aydunus pputg

( z1'0)oNny

asop 2jduls [y

‘saseyd asop opdnnw pue o[durs oy ur s1ajoweted onouryoorwieyd urAqry] g 9Iqel,

© 2003 Blackwell Publishing Ltd Br | Clin Pharmacol, 55, 360-367

364



without reduction of ribavirin. SVR rate at week 4 was
100% (2/2), 33% (2/6), 6% (1/16), and 0% (0/3) at
ribavirin concentrations of 2500 to <3000, 2000 to
<2500, 1500 to <2000, and < 1500 ng ml™", respectively
(P < 0.05). At the concentration of > 2000 ng ml™', SVR
reached 50% (4/8), compared with 5% (1/17) at
< 2000 ng mI™" (P < 0.05). SVR rate at week 8 was 100%
(2/2), 14% (1/7), and 20% (2/10) at = 3000, 2500 to
<3000, and 2000 to < 2500 ng ml™", respectively. None
attained SVR at less than 2000 ng ml™" (P < 0.05). AUC
(0-28 weeks) values of 52 507-75 871 ug.week ml™
(median, 67 227; 95% CI 54 106, 78 710) in SVR
patients tended to be higher than those of 36 543—
62 580 ug.week ml™ (49 677; 46 252, 53 916) in viro-
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Figure 2 Correlation between apparent serum clearance of
ribavirin following multiple dosing (CLss/F) and serum ribavirin
concentration at steady-state phase. O, Patients with sustained
virological response; A, those with virological response during
treatment, but without sustained virological response after cessation
of treatment; , patients without virological response throughout the
study period.
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logical responders, though not statistically significantly
so, and those of 30 486-62 967 pg.week ml™" (48 355;
36 014, 59 910) in nonresponders (P < 0.05).

Pharmacokinetics of IFN

The initial single dose and final multiple dose pharma-
cokinetics of IFN-o 2b also showed rapid absorption and
distribution phases within 24 h (Figure 3). C,,,, occurred
between 3 h and 12 h with both single dose and multiple
doses (Table 4). Accumulation rate (Rayc) values based
on the ratio of week 1 and week 24 AUC(0,24 h) values
ranged from 1.0 to 6.0. Following multiple dosing, serum
concentrations did not asymptote and fluctuated widely
below the C,,. value observed after the final multiple
dose. Serum concentrations at 24 h after the final dosing
did not significantly differ from those after the single
dose. The concentration at weeks 24-28 during follow-
up was not measurable in most patients. The values were
characterized by very high variability between individual
patients or between time points. There was no significant
correlation between the IFN pharmacokinetic parameters
and response to the combination therapy.

Discussion

There are only a few studies on 24-week dosing phar-
macokinetics of ribavirin in Asian patients. The concen-
tration—time profile of ribavirin after initial dosing was
closely similar to that described previously [13, 14, 20,
21]. Moreover, a similar curve was also observed after
24 weeks, with rapid absorption and distribution phases
and a long-terminal clearance phase. These findings indi-
cate that ribavirin pharmacokinetics is not essentially
aftected by race or IFN treatment regimen. The lack of
differences in the single-dose pharmacokinetics among
our patients indicates that the single-dose pharmacoki-

Figure 3 Interferon-alpha (IFN-o) 2b a b
concentration—time profiles in the initial 80 80
single-dose (a) and final multiple-dose (b)
studies in patients treated with IFN-a 2b 0r
plus ribavirin combination therapy. —, ig
Patients with sustained virological response; > 0
—, those with virological response during g o L
treatment, but without sustained virological g
response after cessation of treatment; -+ , g 40 L
patients without virological response s
throughout the study period. r‘i 30
g
z 20
&
10
0 T o
0 3 6 12 24 0 3 6 12 24
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netic profile does not influence or predict the multiple-
dose pharmacokinetics or response to the combination
therapy. C,..., AUC(0,12 h), and the longer washout half-
life after multiple dosing, AUC(0,28 week), and Rauc
imply that ribavirin accumulates and is cleared slowly
from the tissue compartments [22, 23]. These parameters
were higher in SVR patients, indicating that sustained
viral eradication might require some degree of exposure
and accumulation of ribavirin with its slowly acting anti-
viral or immune-mediated activity [9, 10].

Our study reconfirmed that serum ribavirin concen-
trations take at least 4 weeks to reach a steady state, and
that the steady-state concentrations are maintained con-
sistently from week 4—8 to the end of treatment [13, 15],
irrespective of the response to the combination therapy.
Such a steady-state phase could be interpreted to mean
that an equilibrium is reached between intra- and extra-
cellular concentrations. In cells attaining saturation point,
phosphorylated ribavirin could deplete intracellular gua-
nosine triphosphate pools, synthesize viral messenger
RNA with abnormal 5" cap structures, and inhibit viral-
dependent RNA polymerase activity [7, 8]. In the
extracellular space, ribavirin could develop HCV-specific
T-cell responses and modulate the balance of Th1-Th2
cytokine responses [9, 10]. These actions of ribavirin may
depend on intra- and extra-cellular ribavirin concentra-
tions. In terms of viral kinetics, the time when the
concentrations reach steady state (week 4-8) is beyond
the first, rapid phase and the second, slower phase of viral
decline, which largely occur within several days of treat-
ment [11, 12, 16]. Thus, ribavirin may not contribute
directly to antiviral activity in the early viral dynamic
phase. Although it is unknown whether a further slower
phase of viral decline may occur beyond the initial two
phases, ribavirin may alter viral replication kinetics in the
later phase, thereby precipitating clearance of HCV-
infected cells. This suggestion supports the recent study
that ribavirin lacks direct synergistic antiviral effects, at
least in the early period of combination therapy [11].

Of note, a critical and stable level of steady-state con-
centration of serum ribavirin seems to be required to
achieve SVR in patients with genotype 1b and high viral
load. Certainly, the higher the serum ribavirin concen-
trations became, the higher the SVR rates became. How-
ever, it remains to be
concentrations should be measured, or how high levels
should be maintained to predict or produce SVR. In a
recent study [18], plasma concentrations at week 4 were
shown to be one of the major factors associated with
favourable outcome, although concentrations at other
time points were not analysed and not compared with

determined when ribavirin

those at week 4. Our results demonstrate that the con-
centrations at weeks 4 and 8 seemed to be significantly
associated with SVR by coincidentally comparing those
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at other time points. The mechanism through which
variation in the ribavirin concentration between patients
arose was not clear because no factor could be identified
affecting the week 4 concentration. Our results show that
one possible factor was apparent serum ribavirin clear-
ance at the steady-state phase (CLss/F) in affecting the
steady-state concentration. Previous studies showed that
the CL/F is around 20 1h™ with a 4-week treatment
interval [14, 18]. Thus, our CLss/F values seem to be a
decreasing and time-dependent pharmacokinetic factor,
although there is no definitive explanation for the phe-
nomenon. The determinant of CLss/F remains to be
established, although several clinical factors have been
shown partly to influence the CLss/F [18]. It should be
cautioned, however, that although the use of higher rib-
avirin concentrations may increase the rate of SVR, they
may also aggravate haemolytic anaemia.

A recent study reported that the week 4 concentration
was significantly related to treatment outcome even in
patients with genotype non-1 and those who received
48-week combination therapy [18]. However, it is pos-
sible that ribavirin concentrations might be less associated
with treatment outcome in genotype 2 patients in Japan,
where the IFN treatment regimen in use is different from
that in the West. The combined treatment with high-
dosage or induction therapy of IFN could lessen the
utility of ribavirin in genotype 2 patients, who are sen-
sitive to IFN monotherapy. Because the above findings
did not hold true for all patients, SVR patients with low
ribavirin concentrations may possibly represent the eftects
of IFN therapy per se. Conversely, some patients showing
relatively higher concentrations did not attain SVR.
Some appropriate conditions, including unknown host-
and HCV-related factors, also seem to be important for
achieving SVR.

Pharmacokinetics for IFN-o 2b showed no or little
change in absorption, distribution and clearance rates,
although AUC values increased approximately two-fold
following multiple dosing. Our pharmacokinetic results
coincided with those reported previously in a 4-week
dosing study [13]. This suggests that the IFN treatment
regimen does not alter IFN pharmacokinetic profile and
that treatment duration and dosage of ribavirin also do
not affect IFN pharmacokinetics. The above findings
could indirectly support the fact that the mechanism of
enhanced antiviral activity of combination therapy does
not involve alteration of the pharmacokinetics of one or
both compounds [13, 14]. Serum IFN concentrations
were relatively lower and fluctuated throughout treatment
and could not be measured at prefinal dosing. Taken
together, increased IFIN Ry values do not signify accu-
mulation of the compound, partly reflecting a decline in
the efficiency of uptake and spillover of IFN due to
down-regulation of cellular IFN receptors [13, 14]. No
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IFN pharmacokinetic parameter analysed in our study
was found to affect decisively the response to combina-
tion therapy, while the IFN treatment regimen had a
major impact on the treatment outcome [24].

In conclusion, our results of single-dose and multiple-
dose pharmacokinetics of IFN-o 2b and ribavirin in
combination therapy indicate that accumulation and
exposure to ribavirin at some critical and stable level may
be required to achieve SVR in patients infected with
genotype 1b and high viral load. A further study is
required to identify the optimal steady-state concentra-
tion of ribavirin to achieve SVR and to develop a more
effective and rational treatment based on serum ribavirin
concentrations.
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