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Abstract

Objective: Ribavirin and interferon combination therapy
is more effective than interferon monotherapy in pa-
tients with chronic hepatitis C virus (HCV) infection. To
test the hypothesis that ribavirin induces nucleotide sub-
stitutions in the viral genome and reduces viral load by
forcing it into error catastrophe in the combination ther-
apy, we investigated the molecular evolution of HCV
quasispecies in 3 patients who received combination
therapy and 2 patients who received interferon mono-
therapy. Methods: The quasispecies were analyzed be-
fore and after therapy by sequencing at least 8 clones in
five regions of the HCV genome; 5’ untransiated region,
El, E2, NS5A and NS5B. Results: Marked genetic drift was
observed inthe NS5A and NSGB regions in patients treat-
ed with combination therapy. However, genetic dis-
tances between clones obtained after therapy were clos-
er than those obtained before therapy. Conclusion: Our
results suggest that the combination therapy modified
HCV quasispecies, but that this did not reflect the induc-

tion of error catastrophe by ribavirin. Modification of
quasispecies by this therapy requires further investiga-
tion in a larger number of patients to elucidate the pos-
sible mechanism of viral resistance against the combina-

tion therapy.

Copyright © 2006 S. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) infection is a serious health
problem worldwide [1-4]. Ribavirin and interferon (IFN)
combination therapy induces a significantly higher re-
sponse rate than IFN monotherapy as shown in recent
randomized studies [5S-7]. McHutchison et al. [5] and
Poynard et al. [6] studied patients with chronic hepatitis
C who had not been treated previously, and Davis et al.
[7] studied patients with chronic hepatitis C who relapsed
after IFN treatment. They reported that the rate of sus-
tained virological response was higher among patients
who received combination therapy (31-49%) than among
patients who received IFN monotherapy (5-19%).

The mechanism of action of ribavirin is not clearly
understood; however, various possible mechanisms have
been proposed including: (1) ribavirin inhibits the en-
zyme inosine monophosphate dehydrogenase (IMPDH)
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Table 1. Clinical and virological

characteristics of the patients studied Patient Sex Age Histo-~ Geno- Viral load, kIU/ml
nologi
years  pat ‘ologlcal type pretreatment 4 weeks end of
staging
treatment
IEN plus ribavirin therapy
1 M 60 1 1b >850° <0.5° <0.5°
2 M 56 1 1b >850° 420° 450°
3 M 35 24 b >850P 57° 190°
IFN therapy
4 M 51 1% 1b >850° 64° +)
5 M 57 12 1b >850° >850° >850°

4 Staging of chronic hepatitis by Desmet et al. [21}.
b Viral load was measured by the Amplicor HCV Monitor assay (version 2.0} (Roche,

Tokyo, Japan).

and reduces the guanosine triphosphate (GTP) pool in
hepatocytes; (2) ribavirin induces a T cell helper (Th)2 to
Th1 bias in favor of a host antiviral response via either
cytotoxic T lymphocytes (CTLs) or Thl cytokines; (3)
ribavirin inhibits HCV NS5B-encoded RNA-dependent
RNA polymerase (RdRp), and (4) ribavirin acts as an
RNA mutagen [for review, see 8]. Crotty et al. [9, 10] hy-
pothesized that the antiviral effect of ribavirin is due to
induction of nucleotide substitutions in the genome of
RNA viruses forcing them into error catastrophe. They
used a polio virus system to investigate the effect of riba-
virin and demonstrated induction of nucleotide substitu-
tions in the viral genome [9, 10].

The effect of ribavirin on HCV was examined using a
replicon system [11, 12]. Contreras et al. [11] assayed
mutation frequencies using a replicon system, and report-
ed that ribavirin broadly increased error generation, par-
ticularly in otherwise invariant regions (5" UTR and
core). However, to our knowledge, no data are available
about the effect of IFN and ribavirin combination thera-
py on HCV in humans. Sookoian et al. [13] investigated
HCV quasispecies by SSCP analysis in hypervariable re-
gions in patients who received ribavirin monotherapy,
but they did not analyze nucleotide sequences or quasi-
species. In the present study, we determined the HCV
quasispecies in patients who received combination ther-
apy of IFN-alpha-2b and ribavirin or [FN-alpha-2b
monotherapy. We investigated five conserved and vari-
able regions of the HCV genome including the 5" untrans-
lated region (UTR), EIL, E2 (HVR1), NS5A and NS5B
regions. The 5" UTR was chosen because it plays 1mpor-
tant roles in key processes in viral infection such as rep-

Mechanism of Action of Ribavirin and
IFN-a

lication of the viral genome and translation of viral pro-
tein. The E1 and E2 regions were also selected because
they are variable regions as targets of the humoral im-
mune response [14-16]. The NS5A region was studied
because of its putative implication in IFN resistance [17,
18]. NS5B is a domain harboring the putative catalytic
site (GDD) of the viral polymerase and is a putative tar-
get of nucleoside analogs, including ribavirin [19, 20].

Materials and Methods

Patients

Five male Japanese patients chronically infected with HCV ge-
notype 1b who received antiviral therapy at the Department of
Gastroenterology, Toranomon Hospital, were enrolled in this
study. Three of these 5 patients (patients 1, 2 and 3) received IFN-
alpha-2b plus ribavirin (800 mg/day) for 6 months. The remaining
2 patients (patients 4 and 5) were treated with IFN-alpha-2b alone
(table 1). Serum samples for sequence analyses were collected just
before the start of therapy and at the end of therapy. Informed con-
sent was obtained from each patient and study protocol conformed
the ethical guidelines of 1975 Declaration of Helsinki, and institu-
tional approval was obtained.

Amplification of 5 HCV Genomic Regions by Reverse

Transcription-Polymerase Chain Reaction

HCV-RNA was isolated from 100-pl serum samples using Sepa
Gene RV-R (Sanko Junyaku Co., Japan). HCV-RNA was reverse
transcribed with random primer and a reverse transcriptase accord-
ing to the instructions provided by the manufacturer (ReverTra Ace
[Toyobo Co., Osaka, Japan]). HCV ¢DNA was then amplified using
primer sets specific for each region (table 2). For the first and second
rounds of nested PCR, 35 cycles of 94°C for 30s, 55°C for 905, and
72°C for 1 min were performed after an initial denaturation step at
94°C for 5 min, followed by a final extension for 7 min at 72°C.
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Table 2. Primers used for RT-nested PCR amplification of 5* UTR, E1, E2, NS5A and NS5B regions

5" UTR outer sense primer 5'-CCT GTG AGG AAC TAC TGT C-3’ (32-50) 144 bp®
outer antisense primer 5'-CAA CACTAC TCG GCT AGC AGT C-3' (254-233)*
inner sense primer 5-TTC ACG CAG AAA GCG TCT AGC-3' (51-71)
inner antisense primer 5" TTT ATC CAA GAA AGG ACC-3' (194-176)

El outer sense primer 5'-CAG CCC GGG TACTAC CCT TGG C-3' (561-579) 706 bp®
inner sense primer 5'.CTC GAA TTC GGC TTC GCC GAT CTC ATG G-3’ (705-732)*
antisense primer 5'.CTC GGA TCC CCG CCA GGA CTC CCC AGT G-3' (1,383-1,410)

E2 outer sense primer 5'-CAA GAC TGC AAT TGC TCC ATC T-3’ (1,233-1,254)* 535 bp®
outer antisense primer 5'-GGT GCC GGA TCC ATC GGT CGT CCC CAC-3' (1,875-1,901)
inner sense primer 5'-CTA CTC CGG ATC CCA CAA GC-3' (1,383-1,357)
inner antisense primer 5'-CAA CAG GGA TCC GAG TGA AGC AAT A-3 (1,848-1,872)

NS5A outer sense primer 5'.TTC CAC TAC GTG ACG GGC ATG AC-3’ (6,624-6,646) 418 bp®
outer antisense primer 5'-CCC GTC CAT GTG TAG GAC AT-3' (7,590-7,609)*
inner sense primer 5'.GGG TCA CAG CTC CCA TGT GAG CC-3’ (6,798-6,820)
inner antisense primer 5'.-GAG GGT TGT AAT CCG GGC GTG C-3' (7,194-7,215)

NS5B outer sense primer 5'-TGG GGT TCT CGT ATG ATA CC-3' (8,230-8,249) 372 bp?

inner sense primer
antisense primer

5-CGC TGC TTT GAC TCA ACG GTC AC-¥
5'-CCT GGT CAT AGC CTC CGT GAA-3'

(8,250-8,272)3
(8,601-8,621)?

a | ocation of nucleotide sequences according to Kato et al. [22].

b Size of PCR products in base pairs.

Cloning and Sequencing i

PCR products were electrophoresed in 2% agarose gels and pu-
rified using Geneclean (Qbiogene Inc., Carlsbad, Calif., USA). Pu-
rified DNA was ligated into the plasmid vector pGEM-T Easy Vec-
tor (Promega, Madison, Wisc., USA), and transformed into Esch-
erichia coli-competent cells according to the instructions provided
by the manufacturer. Transformants were grown overnight on LB/
ampicillin/IPTG/X-gal plates, and 10 individual clones from each
sample were sequenced with an automated DNA sequencer (ABI
PRISM 310 Genetic Analyzer, Applied Biosystems Japan, To-
kyo).

Phylogenetic Analysis and Evaluation of Genetic Distances

Nucleotide sequences were aligned using the Expansion of
CLUSTAL W in DNA Data Bank of Japan (DDBJ). Genetic dis-
tances were calculated with the Kimura two-parameter method {23}
using these nuclectide alignments. Phylogenetic trees were con-
structed with the help of MEGAZ2 software {24] with the neighbor-
joining method [25]. Bootstrap resampling (1,000 replicates) was
utilized as a pseudo-empirical test of the reliability of the tree to-
pology [26].

Evolution of quasispecies was estimated as described by Paw-
lotsky et al. [18]. Within-sample genetic distances, before and after
treatment, was calculated for the quasispecies in each of § patients
by comparing the genetic distances of pairs of sequences. Between-
sample genetic distances were calculated on the basis of distances
between pairs of pre- and post-treatment sequences. These genetic
distances were calculated using the Kimura two-parameter method
using MEGA program and expressed as mean * SEM.

354 Intervirology 2006;49:352-361

Statistical Analysis

Distributions of continuous variables were analyzed by the
Mann-Whitney U test. p < 0.05 was considered statistically sig-
nificant. Comparisons of genetic distances were made with the
t test.

Results

Genetic Drift of HCV Quasispecies before and after

Therapy

Nucleotide sequences of HCV clones in each region
were aligned and phylogenetic trees were constructed (fig.
1). HCV evolution was observed in some patients in cer-
tain regions. Typical evolution, for instance, was seen in
the phylogenetic tree of the E1 region in patient 3, the E2
region in patient 4, the NS5A region in patients 3 and 5,

(For figure see next pages.)

Fig. 1. Phylogenetic trees based on nucleotide sequences of E1, E2,
NS5A and NS5B regions. Open circles represent clones obtained
from serum samples extracted before therapy and closed triangles
represent clones obtained after therapy. Figures on the branches of
the trees represent bootstrap values. Bars represent nucleotide sub-
stitutions per site.
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and the NS5B region in patients 1 and 3. To evaluate
these evolutions, statistical analyses were performed us-
ing the MEGA program (fig. 2). To evaluate evolution
during therapy, within-pretreatment sample genetic dis-
tances were compared with between-treatment sample
genetic distances. If the between-treatment sample genet-
ic distances were significantly greater than within-pre-
treatment genetic distances, the virus exhibited signifi-
cant evolution. 5" UTR analyses showed statistically sig-
nificant evolution in only 1 of the 5 patients. Analyses of
the E1 and E2 regions showed significant evolution in
patients 3, 4 and 5. Since 2 of these 3 patients (patients 4
and 5) did not receive ribavirin, these evolutions are not
related to ribavirin. Significant evolutions were seen in
the NS5A and NS5B regions in patients 1 and 3, but not
in patients 2, 4 and 5. These evolutions might be the ef-
fect of the combination therapy, or evolution of the virus
to escape the effect of the therapy and develop resistance
to it.

To evaluate whether the combination therapy induced
errors in the HCV genome, we compared within-pretreat-
ment sample genetic distances to within-post-treatment
sample genetic distances (fig. 3). If the combination ther-
apy induced nucleotide substitutions in the HCV ge-
nome, post-treatment sample genetic distances would ex-
ceed pre-treatment sample genetic distances. Post-treat-
ment sample genetic distances in the 5 UTR were
significantly greater in 2 of the 3 patients who received
combination therapy (patients 2 and 3; fig. 3). However,
analyses of the other four regions of the HCV genome did
not show such a tendency. The post-treatment genetic
distances were smaller in 2 patients in E1. It was therefore
difficult to detect error catastrophe from these genetic
distance analyses.

Another possible mechanism of HCV evolvement is
the acquisition of drug resistance. We compared nucleo-
tide and amino acid sequences of HCV before and after
therapy. There was no common amino acid substitution
suggestive of resistance to the combination therapy (data
not shown).

Discussion

Nucleotide substitutions during viral nucleic acid syn-
thesis are important for viruses to survive under certain
pressures of host immune responses and drugs. However,
too many substitutions result in so-called error catastro-
phe. Ribavirin has been shown to induce nucleotide sub-
stitutions into RNA virus genomes and to reduce the vi-

Mechanism of Action of Ribavirin and
IFN-a

rus load by inducing error catastrophe [9, 10, 27]. Induc-
tion of nucleotide substitutions by ribavirin has been
shown in some in vitro systems. Crotty et al. [9, 10] re-
ported that ribavirin induced nucleotide substitutions in
the polio virus genome. Airaksinen et al. [27] observed a
10-fold increase in nucleotide substitutions in foot-and-
mouth disease virus cultured with ribavirin. Contreras et
al. [11] used a HCV full-length replication system and
reported that ribavirin induced viral mutations. On the
other hand, only limited in vivo data are available for the
effect of ribavirin on the HCV viral genome. Querenghi
et al. [28] analyzed nucleotide substitutions in the HVRI,
NS5A and NS5B regions of HCV in patients treated with
ribavirin monotherapy. They observed no significant ef-
fect for ribavirin on the amino acid sequence evolution
in these regions. Furthermore, Sookoian et al. [13] ana-
lyzed HCV quasispecies of the hypervariable region, and
concluded that the combination therapy did not affect
HCV quasispecies. Since the hypervariable region is
known to evolve very rapidly, we considered that analyses
of different regions were necessary.

As shown in the phylogenetic tree depicted in figure 1,
the apparent evolution of HCV during interferon and ri-
bavirin combination therapy was observed in 2 of the 3
patients, particularly in the NS5A and NS5B regions in
patients 3 and 5. These results are consistent with previ-
ous observations of Contreras et al. [11] who showed re-
gion-specific substitutions induced by ribavirin in vitro.
However, investigation of the evolution of the E1 and E2
regions vielded different results. Statistical evaluation
showed that not only patients who received combination
therapy, but also patients who received interferon mono-
therapy showed significant evolution (fig. 2; patients 4
and 5). Since these regions encode the envelope protein,
these substitutions might be induced by host immune
pressure. In contrast, evolution in the NS5SA and NS5B
regions was seen predominantly in patients who received
combination therapy. Such evolution might reflect induc-
tion of errors by ribavirin or the development of resis-
tance against the therapy. To clarify this issue, we com-
pared within-pretreatment sample genetic distances to
within-post-treatment sample genetic distances. If the
ribavirin-interferon combination therapy induced errors
in the HCV genome, the post-treatment sample distances
should have been greater than the pretreatment sample
distances. However, an increase in genetic distance was
observed in only limited patients and only in some re-
gions.

We then examined the possibility that the virus de-
veloped resistance to the combination therapy. Typical
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Fig. 2. Comparisons of pretreatment sample genetic distances and between-sample genetic distances. Open bars
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comparisons of clones obtained before and after treatment. Median genetic distances are indicated with horizon-
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third quartiles.

nucleotide and amino acid substitutions that are related
to resistance of the virus against nucleoside analogs are
seen in human immunodeficiency virus and hepatitis B
virus reverse transcriptase/polymerase. Amino acid sub-

358 Intervirology 2006;49:352-361

stitutions of the methionine of the YMDD motif to leu-
cine or valine induce strong resistance against lamivu-
dine [29-32]. However, no specific nucleotide or amino
acid changes suggestive of resistance to the therapy were
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Fig. 3. Comparisons of pretreatment sample genetic distances and post-treatment sample genetic distances. Open
bars and closed bars represent distances obtained by comparing nucleotide sequences of clones obtained before
and after therapy, respectively. Median genetic distances are indicated with horizontal bars. The vertical bars in-
dicate the range and the horizontal boundaries of the boxes represent the first and the third quartiles.

detected in this study. This finding was consistent with
the observations of Lee et al. [33] who analyzed patients
who received ribavirin monotherapy and observed no
escape mutation of HCV. A possible escape mutation
requires analysis in a larger number of patients with com-

Mechanism of Action of Ribavirin and
IFN-a

parisons of sequences before and after combination ther-
apy.

Although ribavirin is known to improve liver function
without reducing the viral load, the mechanism of the
additive effect of ribavirin to interferon therapy is not
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yet clear [8]. Some possibilities have been proposed, but
there is no definitive evidence to support each hypothe-
sis. Although in vitro findings have suggested the induc-
tion of error catastrophe is likely to be the primary mech-
anism of action of the drug, no in vivo study, including
this report, has yielded evidence in support of that hy-
pothesis. One possible explanation for this discrepancy

viral infection.

is that we were unable to observe virus with nucleotide
substitutions because of the rapid turnover of the virus
in vivo.

=~
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Early decline of hemoglobin correlates with progression of
ribavirin-induced hemolytic anemia during interferon plus ribavirin
combination therapy in patients with chronic hepatitis C
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Background. The aim of this study was to examine the
factors correlated with the progression of ribavirin-
induced hemolytic anemia in patients with chronic
hepatitis C treated by interferon and ribavirin combina-
tion therapy. Methods. This study was conducted on 505
patients by the Osaka Liver Disease Study Group. A
decline of hemoglobin (Hb) concentration by 2g/dl at
the end of 2 weeks from the start of the treatment (“2
by 2” standard) was adopted as a predictive factor for
progression to severe anemia. The ribavirin apparent
clearance (CL/F) was also examined. Results. Of 482

patients whose Hb value was more than 12g/dl before -

the treatment, 68 patients (14%) had to discontinue
ribavirin owing to severe anemia. Patients in the “2 by
2”-positive group (Hb decline over 2 g/dl) and the group
with lower CL/F were significantly more likely to dis-
continue ribavirin owing to severe anemia. Discontinu-
ation was more common among patients aged 60 years
or older than for those under 60 years old (21% vs. 9%,
P <0.001). Among patients aged 60 years or older, only
the “2 by 2” standard was significantly associated with
the discontinuance of ribavirin owing to severe anemia
in a multivariate analysis (odds ratio, 4.18; P < 0.001).
Conclusions. The “2 by 2” standard of Hb decline can
be used to identify patients likely to develop severe
anemia. The early reduction of ribavirin can help
prevent progression to severe anemia, thus allowing
ribavirin therapy to be completed even in older
patients.
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Introduction

Hepatitis C virus (HCV) is estimated to infect up to 170
million people worldwide,! and two million people in
Japan. Long persistence of HCV infection can lead to
progression of liver fibrosis, causing liver cirrhosis and
ultimately hepatocellular carcinoma.?? Past studies have
made clear that interferon (IFN) therapy is effective
for eliminating HCV,** but the sustained viral response
(SVR) rate of IFN monotherapy is not sufficient. The
addition of the nucleoside analog ribavirin to IFN in
the treatment of patients with chronic hepatitis C can
significantly improve the SVR rate, and combination
therapy with IFN or pegylated-IFN (Peg-IFN) has been
recommended as a standard regimen worldwide 510
However, additional side effects of ribavirin have been
reported, such as hemolytic anemia, which have not
been found with IFN monotherapy, leading to discon-
tinuance of the treatment.-1

In previous studies, the discontinuance rate of IFN
and ribavirin combination treatment due to severe side
effects has been reported to be 6%-13%.57 Ribavirin-
induced hemolytic anemia has been suggested to de-
pend on a high plasma concentration of ribavirin."” The
ribavirin apparent clearance (CL/F), which reflects the
plasma concentration of ribavirin at 4 weeks after
the start of combination therapy, has been used as a
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predictive factor for ribavirin-induced hemolytic ane-
mia before the start of treatment.!s-** Furthermore, in
the manufacturer’s drug information for ribavirin,"” a
dose reduction is recommended when hemoglobin (Hb)
levels decrease to less than 10g/dl, and discontinuance
of ribavirin is recommended when Hb levels fall to less
than 8.5g/dl during combination therapy with IFN and
ribavirin. However, according to this guideline, not a
few patients are forced to discontinue ribavirin because
the dose reduction to avoid severe anemia does not
occur in time.

What is needed is a convenient guideline for avoiding
ribavirin discontinuance due to severe anemia. In this
study, we evaluated the correlation of Hb decline at
2 weeks after the start of combination therapy with
the discontinuance of treatment due to progression of
ribavirin-induced hemolytic anemia. We also assessed
the utility of an early decline of Hb in comparison with
the CL/F standard for predicting the progression to
severe anemia.

Patients and methods

Patients

The current study was conducted at Osaka University
Hospital and other institutions participating in the
Osaka Liver Disease Study Group. The 505 patients
with chronic hepatitis C included in this study were
treated with a combination of interferon-o-2b and
ribavirin between January 2001 and December 2005.
All patients were anti-hepatitis C virus antibody posi-
tive, had HCV RNA detectable in their serum by the
polymerase chain reaction method, and had elevated
serum alanine transaminase (ALT) (above the upper
limit of normal) within the 6 months prior to treatment.

Table 1. Baseline characteristics of patients

863

Excluded from this study were patients who were posi-
tive for hepatitis B surface antigen or anti-human
immunodeficiency virus antibody or those with other
forms of liver disease (alcoholic liver disease, hepato-
toxic drugs, autoimmune hepatitis). Twenty-three pa-
tients whose Hb was under 12 g/d! before the treatment
were also excluded because the aim of this study was to
analyze the progression of anemia; patients with a low
Hb level before treatment are known to have a ten-
dency toward progression of anemia. The remaining 482
patients were followed in this study.

The baseline clinical features of the 482 patients
are shown in Table 1. Their mean age was 55.2 £ 10.9
years, and 66% were men. Among the patients, 347
had HCV RNA with genotype 1 and high viral loads
(1H group) and 130 had HCV RNA with genotype 2 or
low viral loads (non-1H group). The mean ALT level
was 100 + 74TU/L. In this study, a high viral load
was defined as a serum HCV-RNA level of more than
10¢ equivalents/ml by branched DNA assay or more
than 10° copies/ml serum by Amplicor-HCV monitor
assay.

Treatment schedule

Of the 482 patients treated with a combination of inter-
feron-0-2b and ribavirin, 273 were IFN naive and 209
were undergoing retreatment. All patients were sched-
uled to receive interferon-o-2b (Intron-A, Schering-
Plough, Kenilworth, NJ, USA) at a dose of 6 (n=371)
or 10 (n = 111) MU intramuscularly every day for the
first 2 weeks and three times a week thereafter.
Ribavirin (Rebetol; Schering-Plough) was given orally
twice a day for a total dose of 800mg (n = 261), 600mg
(n =215), or 400mg (n = 6) per day. The IFN dose was
decreased from 10 to 6 MU or from 6 to 3MU when the

Number 482
Age (y.0) 552 +10.9
Sex (male/female) 320/162
Body weight (kg) 623£99
HCV serotype (1/2/unknown) 364/111/7
(1H/mon-1H/unknown) 347/130/5

Fibrosis (0/1/3/4/unknown) 19/192/202/13/56
WBC (/fmm?) 5184 + 1531
RBC (x10%mm?) 449 + 42
Hb (g/d}) 144+12

© Pit (x10/mm?) 154+54
ALT (IUN) 100 £ 74
Serum creatinine (mg/d!) 08+0.2
Ribavirin dosage/body weight (mg/kg) 11415

(21-75)

(35-94)

(2100-13200)
(329-617)
(12.0-19.2)
(4.4-36.1)
(17-736)
(0.3-1.7)
(4.6-17.8)

Data are shown as means + SD

HCV, hepatitis C virus; 1H group, patients with genotype 1 and high viral load; non-1H group,

patients not in the 1H group; Fibrosis, Knodell's histological score (cat

egory4); WBC, white blood

cells; RBC, red blood cells; Hb, hemoglobin; Plt, platelets; ALT, alanine aminotransferase
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white blood cell (WBC) count was below 1500/mm?, the
neutrocyte count below 750/mm?, or the platelet (Plt)
count below 5 x 104mm?®. IFN was discontinued when
the WBC count was below 1000/mm?, the neutrocyte
count below 500/mm?, or the Plt count below 2.5 x 10
mm?. The ribavirin dose of 200mg was reduced when
the Hb concentration decreased to less than 10g/dl,
and the ribavirin was discontinued when the Hb
concentration decreased to less than 8.5g/dl, in accor-
dance with the manufacturer’s drug information for
ribavirin.” Ferric medicine or erythropoietin to prevent
anemia was not administered. Ribavirin was scheduled
to be administered for 24 weeks for all patients, and IFN
for 24 weeks for 307 patients and for 48 weeks for 175
patients.

Patients with persistently undetectable HCV RNA 6
months after completion of treatment were considered
to have achieved SVR.

Blood tests

All patients were examined for serum HCV-RNA level
and underwent hematological and biochemical tests just
before therapy, at the end of week 2, and every 4 weeks
thereafter during treatment. When treatment was com-
pleted, the patients were assessed every 4 weeks until 24
weeks after the end of treatment.

Total ribavirin clearance

Using the method of Kamar et al.,'”” CL/F at the start of
the treatment was calculated as follows:

CL/F (V/h) = 32.3 x BW x (1 - 0.0094 x Age)
x (1 — 0.42 x Sex)/Scr,

where BW = body weight; sex = 0 for male and 1 for
female; and Scr = serum creatinine.

Definition of “severe anemia” leading
to discontinuance of ribavirin

In this study, “discontinuance of ribavirin due to severe
anemia” was defined as follows: discontinuance of
ribavirin due to a decrease of Hb to less than 8.5 g/dl or
clinical symptoms of anemia associated with a decrease
of Hb of more than 3 g/dl from the start of combination
therapy.

Liver histology

Hepatic fibrosis was assessed by Knodell’s histological
score (category 4).2 Fibrosis stage was evaluated on a
scale from 0 to 4: 0 = no fibrosis; 1 = fibrosis portal
expansion; 3 = bridging fibrosis (portal-portal or portal—
central linkage); 4 = cirrhosis.

T. Oze et al.: “2 by 2” standard & rib-induced anemia

Statistical analysis

Age, body weight, ribavirin dosage/body weight, WBC
count, red blood cell (RBC) count, Hb concentration,
Plt, serum ALT levels, and Scr are expressed as means
1 SD. The SVR rate was evaluated using an intention-
to-treat (ITT) analysis. The differences in proportions
were tested by the y-squared test. For univariate and
multivariate analyses, a logistic regression analysis
was used to predict ribavirin-induced severe anemia. A
value of P <0.05 (two-tailed) was considered to indicate
significance.

Results

Efficacy of the combination therapy with dose
reduction or discontinuance of ribavirin

The relationship between dose reduction or discontinu-
ance of ribavirin and the SVR rate on ITT analysis is
shown in Fig. 1. The SVR rate was 20% (71/347) for all
1H patients and 72% (93/130) for all non-1H patients.
Among the 1H patients, SVR was achieved for 24% (45/
189) without dose reduction of ribavirin and for 26%
(20/76) with dose reduction. Significantly lower SVR
rates were observed for patients who had to discontinue
ribavirin treatment owing to adverse effects (7%, 6/82)
in comparison with those with (P < 0.01) or without (P
< 0.01) dose reduction. In the non-1H group, similar
SVR rates were found with dose reduction of ribavirin
[SVR rate without dose reduction, 83% (58/70), vs.
SVR rate with dose reduction, 82% (23/28)], and the
SVR rate of patients who had to discontinue ribavirin
owing to adverse effects was significantly lower (38%,
12/32) than that for those with (P < 0.001) or without (P
< 0.0001) dose reduction.

The same tendency was observed even in the 307
patients treated with IFN for 24 weeks. Among the
1H patients treated for 24 weeks, SVR was achieved
for 19% (17/91) without dose reduction of ribavirin,
15% (6/41) with dose reduction, and 3% (2/75) with
discontinuance. There were significant differences be-
tween the patients with discontinuance and those
without (P < 0.01) or with (P < 0.05) dose reduction.
Among the non-1H patients treated for 24 weeks,
SVR rates were 85% (39/46) for the patients without
dose reduction of ribavirin, 85% (17/20) for those with
dose reduction, and 33% (10/30) for those with dis-
continuance. Significantly lower SVR rates were ob-
served for patients who had to discontinue ribavirin
than for those with (P = 0.05) or without (P < 0.05) dose
reduction.
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SVR(%) ke
100 r
90 | 83 82
(58/70) (23/28)
80 *
r—————] (93/130)
70 1 Fig. 1. Efficacy of combination
60 G * therapy with dose reduction or dis-
continuance of ribavirin (intention-
50 r 38 to-treat analysis). I H group, patients
40 | (12/32) with genotype 1 and high viral load;
24 26 non-1H group, patients not in the
30 r 20 (a5n89) (20/76) 1H group; SVR, sustained viral re-
20 71/347) i sponse. I all patients; B patients
7 without dose reduction of ribavirin;
10 (6/82) B patients with dose reduction of
0 L , ribavirin; B patients with discontinu-

1H group

non-1H group

ance of ribavirin. *, P < 0.01; #* P <
0.0001; **+*+ P < 0.001

Table 2. Rate of the ribavirin reduction or discontinuance due to adverse effects with different levels of CL/F

Discontinuance
No reduction Dose reduction All cases Cases due to severe anemia
20 < CL/F 94% 2% 4% 0%
(n = 45) (42/45) - (1/45) (2/45) (0/45)
15<CL/F <20 66% 19% 15% 6%
(n =100) (66/100) (19/100) (15/100) (6/100)
10<CL/F< 15 54% 24% 23% 14%
(n=179) (96/179) (421179) (41/179) (25/179)
CL/F <10 37% 28% 35% 23%
(n=158) (58/158) (44/158) (56/158) (37/158)

Frequency of and reasons for dose reduction or
discontinuance of ribavirin during combination therapy

We examined the rate of discontinuance of therapy due
to adverse effects up to the end of 24 weeks, because all
cases of discontinuation occurred before the end of 24
weeks. Of the 482 patients, 401 patients completed 24
weeks of therapy, and 81 patients (17%) had to discon-
tinue both IFN and ribavirin before the end of the 24
weeks. Of the 401 patients undergoing 24 weeks of
therapy, the entire treatment schedule without reduc-
tion or discontinuance of either drug was completed by
262 patients (54%). The ribavirin dose was decreased
for 106 patients (22%) and was stopped without discon-
tinuance of IFN for 33 patients (7%). Overall, 114
patients (24%) discontinued ribavirin treatment. The
reasons for dose reduction or discontinuance of
ribavirin were anemia, general fatigue, digestive disor-
der, eczema, neutropenia, thrombocytopenia, or psy-
chological disorder. Among the patients discontinuing

ribavirin, the major reasons were anemia (14%), gen-
eral fatigue (2%), or digestive disorder (2%).

CL/F and dose reduction or discontinuance of ribavirin

CL/F calculated for all patients was 4.6-32.51/h. The
mean CL/F was 13.0/h, and the median was 11.91/h. At
the start of treatment, CL/F was less than 101/h for 33%
(158/482) of patients, 10-151/h for 37% (179/482), 15—
201/h for 21% (100/482), and more 201/h for 9% (45/
486).

Table 2 shows the rates of dose reduction or discon-
tinuance of ribavirin in relation to different levels of
CL/F. The rate of discontinuance of ribavirin among all
patients was 4% (2/45) for patients with CL/F 220,15%
(15/100) for those with 15 < CL/F <20,23% (41/179) for
those with 10 < CL/F < 15, and 35% (56/158) for those
with CL/F < 10. The rate of discontinuance of ribavirin
due to severe anemia was 14% (68/482) among all pa-
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tients. There was no discontinuance of ribavirin due to
severe anemia among patients with CL/F = 20, but the
rate of discontinuance was 6% (6/100) among those
with 15 < CL/F < 20, 14% (25/179) among those with 10
< CL/F < 15, and 23% (37/158) among those with CL/F
< 10. The rate of continuance of ribavirin without dose
reduction decreased in proportion to the decline of CL/
F. In this study, we adopted two categories of CL/F,
below 151/h (CL/F < 15) and below 10V/h (CL/F < 10),
to assess CL/F as a factor for predicting anemia
progression.

We also analyzed the predictive factor of anemia pro-
gression according to patient age, because CL/F varies
widely with patient age and tends to be lower among
older patients. Among patients under 60 years old (n =
288), 17% (48/288) had CL/F under 10V/h, 38% (109/
288) had CL/F 10-15¥/h, 30% (86/288) had CL/F 15-20V/
h, and 16% (45/288) had CL/F over 201/h. On the other
hand, among those 60 years old or older (n =194), 57%
(110/194) had CL/F under 10l/h, 36% (70/194) had CL/
F 10-15V/h, 7% (14/194) had CL/F 15-201/h, and none
had CL/F over 20l/h. Thus, the majority (93%) of the
patients 60 years old or older had a low CL/F (<15),
whereas only 55% of those under 60 years old had CL/
F<15.

Early decline of Hb and progression of anemia during
combination therapy

Figure 2 shows the decline of Hb from the start of
combination therapy. We conducted this analysis for
the 433 patients: those who did not need a dose reduc-
tion of ribavirin (n = 262), those who needed a dose
reduction owing to a decrease of Hb to less than 10 g/dl
(n = 103), and those who discontinued ribavirin due to
“severe anemia” (n=68). We excluded 49 patients from
this analysis: 46 patients stopped combination therapy

T. Oze et al.: 2 by 2”7 standard & rib-induced anemia

for reasons other than anemia, such as general fatigue
or digestive disorder, and the other three patients
were nol responding to antiviral treatment and stopped
therapy before 24 weeks without a dose reduction of
ribavirin. Following the initiation of combination
therapy, Hb concentration decreased rapidly until the
end of the 4th week. At the end of 2 weeks, Hb had
decreased by 0.9 = 1.2g/dl among the patients without
dose reduction of ribavirin, by 1.8 + 1.3 g/dl among those
with dose reduction, and by 2.3 + 1.4 g/dl among those
who discontinued ribavirin. At the end of 4 weeks, Hb
had decreased by 2.1 £ 1.5 g/dl among the patients with-
out dose reduction of ribavirin, by 3.2 £ 1.5g/dl among
those with dose reduction, and by 3.9 £ 1.5g/dl among
those discontinuing ribavirin.

AHD [AHb = (Hb value just before treatment) — (Hb
value during treatment)] both at the end of 2 weeks and
at the end of 4 weeks were significantly larger among
the patients discontinuing ribavirin than among those
without dose reduction of ribavirin (P < 0.0001, P <
0.0001, respectively). In this study, we adopted the cat-
egory of AHD at the end of 2 weeks because it allowed
the progression of anemia to be estimated at an earlier
phase of treatment than did AHb at the end of 4 weeks.

To establish the cutoff value of AHb at the end of 2
weeks, we used two categories of AHb: a decrease in Hb
concentration at 2 weeks to 2g/dl below the baseline
(AHb2.0) or to 1.5 g/dl below the baseline (AHb1.5). We
conducted this analysis for 480 patients, because two
patients stopped combination therapy before 2 weeks
for reasons other than anemia. With the AHb2.0 stan-
dard, the rate of discontinuance of ribavirin due to se-
vere anemia was 10% (32/338) in the AHb < 2.0 group
and 25% (36/142) in the AHb > 2.0 group, with the
difference being significant (P < 0.0001) (Table 3). With
the AHb1.5 standard, the rate of discontinuance of
ribavirin due to severe anemia was significantly higher
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Fig. 2. Decline of hemoglobin ac-
cording to dose reduction or discon-
tinuance of ribavirin. *Significantly
different from patients with dose re-
duction (P < 0.0001) and patients
with discontinuance (P < 0.0001);
**significantly different from patients
with discontinuance (P < 0.02);
tsignificantly different from patients
with dose reduction (P < 0.0001)
and patients with discontinuance
(P < 0.0001); ttsignificantly different
from patients with discontinuance
(P <0.01)
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Table 3. Rate of the ribavirin reduction or discontinuance due to adverse effects with rate of anemia progression

No reduction

AHb = 2.0 37% 29%

Dose reduction

Discontinuance

All cases Cases due (o severe anemia
34% 25%*

(48/142) (36/142)
20% 10%

(64/338) (32/338)

(n=142) (53/142) (41/142)
AHb < 2.0 61 % 19%
(n =338) (209/338) (65/338)
#P < (0.000]1
1
0.8
____ AHbLS
2 0.6 +
z AHb2.0 ./ |
z |
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False positive rate

Fig. 3. Receiver-operating characteristic curve for AHbD at the
end of 2 weeks for discontinuance of ribavirin due to severe
anemia

in the AHb 2 1.5 group than in the AHb < 1.5 group (8%,
22/279 vs. 23%, 46/201; P < 0.0001). Figure 3 shows the
receiver-operating characteristic curve using AHb at
the end of 2 weeks for the discontinuance of ribavirin
due to severe anemia. Between the AHb2.0 and AHb1.5
standards, no significant difference was found in sensi-
tivity (53%, 36/68, vs. 68%, 46/68; NS). On the other
hand, the false positive rate was significantly lower with
the AHb2.0 standard than with the AHb1.5 standard
(26%, 93/360, vs. 38%, 136/360; P < 0.001), and accuracy
was significantly higher with the AHb2.0 standard than
with the AHb1.5 standard (71%, 303/428, vs. 63%, 270/
428; P =0.02). Therefore, we adopted AHb2.0 at the end
of 2 weeks (the “2 by 2” standard) as a predictive factor
for discontinuance of ribavirin due to severe anemia
because of the higher specificity rate of AHb2.0 (lower
false positive rate).

Logistic regression analysis for discontinuance of
ribavirin in combination therapy

We assessed the factors correlated with the discontinu-
ance of ribavirin due to severe anemia by logistic regres-
sion analysis. The following factors were evaluated: age,
sex, body weight, ribavirin dosage/body weight, IFN
dosage, Scr, Hb value at the start of the therapy, CL/F
category, and early decline of Hb (“2 by 2” standard).
Older age, lower body weight, lower Hb at the start of
the therapy, lower CL/F (CL/F < 10 or CL/F < 15), and
“2 by 2”-positive (the patients whose Hb had decreased
by more than 2g/dl at 2 weeks from the start of the
treatment) were factors significantly associated with
discontinuance of ribavirin due to severe anemia by
univariate logistic regression analysis (Table 4). Next,
we assessed the factors correlated with the discontinu-
ance of ribavirin due to severe anemia by multivariate
logistic regression analysis. Among the factors selected
as significant by the univariate analysis, we omitted age
and body weight from the multivariate analysis because
they were included as parameters in the numerical for-
mula for CL/F. Therefore, we evaluated the Hb value at
the start of therapy, the CL/F category, and the “2 by 2”
category by multivariate analysis. The CL/F borderline
values of 101/h and 15V/h were evaluated separately. In
the multivariate logistic regression analysis, lower Hb at
the start of therapy, lower CL/F (CL/F < 10 or CL/F <
15), and “2 by 2”-positive were significantly associated
with discontinuance of ribavirin due to severe anemia
(Table 5).

Useful predictive factors for discontinuance
of ribavirin among older patients

Among the 288 patients under 60 years old, 50 (17%)
had discontinued ribavirin by the end of 24 weeks for
various reasons, including anemia, general fatigue, di-
gestive disorder, and psychological disorders. Among
the 194 patients aged 60 years and older, 64 (33%) had
discontinued ribavirin, with severe anemia accounting
for approximately 65% (41/64). More than twice as
many patients aged 60 years and older discontinued
ribavirin treatment compared with younger patients;
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Table 4. Univariate analysis for the discontinuance of ribavirin due to severe anemia

Factor Category Odds ratio 95% CI P value
Age 1.045-1.117  <0.0001
Sex Male/Female /118 0.663-2.029 0.56
Body weight 0.928-0.981  <0.001
Serum creatinine 0.551-9.492 0.25
Ribavirin/Body weight 0.945-1.357 0.18
IFN dosage 6MU/IOMU 171.03 .557-1.893 0.93
Hb 0.480-0.780  <0.0001
CL/F >15/<15 1/5.56 0.076-0.427 0.0001
210/<10 1/3.14 0.187-0.540  <0.0001
“2 by 2”7 Negative/Positive 1/3.23 0.182-0.527  <0.0001

Cl, confidence interval; IFN, interferon; CL/F, apparent clearance; “2 by 2", AHb2.0 at the end of
2 weeks; “2 by 2”-positive means AHb 2 2.0; “2 by 2”-negative means AHb < 2.0

Table 5. Multivariate analysis for the discontinuance of ribavirin due to severe anemia

Factor Category Odds ratio 95% CI P value
Hb 0.446-0.785 0.0003
CL/F 215/<15 1/3.18 0.126-0.786 0.01

“2 by 2”7 Negative/Positive 1/4.35 0.127-0.419 <0.0001
Hb 0.440-0.784 0.0003
CL/F 210/<10 1/1.98 0.278-0.923 0.03

“2 by 27 Negative/Positive 1/4.63 0.119-0.393 <0.0001

this difference was significant (21%, 41/194, vs. 9%, 27/
288; P = (0.0003) (Table 6).

Table 6. Major causes of discontinuance of ribavirin

Age <60 Age 2 60
We assessed the analysis for discontinuance of

ribavirin due to severe anemia among the patients aged ~ Severe anemia 27 (9%) 41 (21%)*
60 years or older. Older age, lower CL/F (CL/F < 10), gfg‘?srt?igﬁsggfders ; g
and “2 by 2”-positive were factors significantly associ- Neutropenia 1 1
ated with discontinuance of ribavirin due to severe ane- Thrombocytopenia 2 4
mia by univariate logistic regression analysis (Table  Eruption with itching 2 4
7A). Next, we assessed the factors correlated with the ~ Psychological disorders 3 3
discontinuance of ribavirin due to severe anemia by Others 3 5
multivariate logistic regression analysis. Among the  Total 50/288 (17%) 64/194 (33%)
three factors selected as significant by univariate analy- *P < 0.001

sis, we omitted the factor of age from the multivariate
analysis as it was included as a parameter in the numeri-
cal formula for CL/F. In the multivariate logistic regres-
sion analysis of the CL/F category (CL/F < 10) and the
“2 by 2” category, the latter was the only significant
factor associated with the discontinuance of ribavirin
due to severe anemia (Table 7B). Using the “2 by 2”
standard, the rate of discontinuance of ribavirin due
to severe anemia was 14% (18/133) in the “2 by 2”-
negative (the patients whose Hb decreased by less than
2g/dl from the start of treatment) group and 38% (23/
60) in the “2 by 2”-positive group, with the difference
being significant (P < 0.0001) (Table 8). -

We next compared the sensitivity, specificity, and ac-
curacy of the CL/F category with those of the “2 by 2”
category as predictive factors for discontinuance of

ribavirin due to severe anemia among patients aged 60
years or older. Table 9 shows the comparison between
the CL/F < 15 category and the “2 by 2” category (Table
9A) and that between the CL/F < 10 category and the “2
by 2” category (Table 9B). Although sensitivity was
higher for the lower CL/F category [CL/F < 15, 100%
(41/41); CL/F < 10, 71% (29/41)] than for the “2 by 2”
category (56%, 23/41), specificity and accuracy were
significantly higher for the “2 by 2” category than for the
CL/F category [specificity: “2 by 2,” 77% (96/125) vs.
CL/F < 15, 7% (9/125), P < 0.0001; “2 by 2” vs. CL/F <
10, 47% (59/125), P < 0.0001; accuracy: “2 by 2,” 72%
(119/166) vs. CL/F < 15,30% (50/166), P < 0.0001; “2 by
2” vs. CL/F < 10, 53% (88/166), P < 0.001].
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Table 7. Univariate and multivariate analysis for the discontinuance of ribavirin due to severe anemia among the patients aged

60 years and older

A. Univariate analysis

Factor Category Odds ratio 95% CI P value
Age 1.007-1.250 0.04
Sex Male/Female 1/1.67 0.280-1.286 0.19
Body weight 0.947-1.021 0.37
Serum creatinine 0.865-33.586 0.07
Ribavirin/Body weight 0.775-1.205 0.76
IFN dosage 6MU/10MU 1/1.92 0.803-4.579 0.14
Hb 0.537-1.106 0.16
CL/F 215/<15 —_ — 0.97
210/<10 1/2.16 0.217-0.989 0.047
“2 by 27 Negative/Positive 1/4.24 0.112-0.497 0.0001
B. Multivariate analysis
Factor Category Odds ratio 95% CI P value
CL/F >10/<10 1/2.12 0.213-1.042 0.063
“2 by 27 Negative/Positive 1/4.18 0.112-0.507 0.0002

Table 8. Rate of the ribavirin reduction or discontinuance due to adverse effects with the rate of anemia progression among the

patients aged 60 years and older

Discontinuance
No reduction Dose reduction All cases Cases due to severe anemia
AHb = 2.0 27% 23% 50% 38%*
(“2 by 2”-positive) (n = 60) (16/60) (14/60) (30/60) (23/60)
AHb <20 46% 29% 25% 14%
(“2 by 27-negative) (n = 133) (61/133) (39/133) (33/133) (18/133)
*P < 0.0001

Table 9. Comparison of “2 by 2” standard and CL/F standard
for the discontinuance of ribavirin due to severe anemia
among the patients aged 60 years and older

A.

“2 by 2”-positive CLF <15 P value
Sensitivity 56% (23/41) 100% (41/41) <0.0001
Specificity 77% (96/125) 7% (9/125) <0.0001
Accuracy 72% (119/166) 30% (50/166)  <0.0001
B.

“2 by 2”-positive CL/F <10 P value
Sensitivity 56% (23/41) 71% (29/41) 0.17
Specificity 77% (96/125) 47% (59/125)  <0.0001
Accuracy 72% (119/166) 53% (88/166)  <0.001
Discussion

Ribavirin, developed in 1972, is a synthetic nucleic acid
analog, which has antiviral activity in vitro against a
wide variety of RNA and DNA viruses. Combination

therapy of ribavirin with IFN or Peg-IFN led to remark-
able progress in antiviral therapy for chronic hepatitis
C. To raise the SVR rate for such combination therapy,
it is very important to predict the discontinuance of the
therapy due to an adverse effect and prevent it. In this
study, we observed the incidence of hemolytic anemia,
the major side effect of ribavirin. The factors correlated
with the progression of anemia were analyzed to avert
the need to discontinue ribavirin treatment of patients
with chronic hepatitis C receiving combination therapy.

Several studies in the United States and European
countries have reported that higher ribavirin dosage or
a higher plasma concentration of ribavirin increases the
SVR rate.??2 However, a higher ribavirin dose or higher
plasma concentration of ribavirin entails the risk of hav-
ing to discontinue ribavirin treatment. In Japan, analy-
sis of the relationship between the SVR rate and a dose
reduction or discontinuance of ribavirin, has shown that
reducing the dose of ribavirin does not affect the SVR
rate. In the present study, the SVR rate of the patients
discontinuing ribavirin was also shown to be signifi-
cantly lower than the patients who did not discontinue it
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in both the 1H group and the non-1H group (£ < 0.01
and P < 0.01, respectively). The SVR rate was almost
the same between patients without a dose reduction of
ribavirin and those with a dose reduction in both groups
(1H, 24% vs. 26%; non-1H, 83% vs. 83%). Therefore,
averting ribavirin discontinuance, even if its dose must
be reduced, can lead to improvement of the SVR rate.
This means that it is important to identify patients
prone to develop severe anemia leading to ribavirin
discontinuance while they are still in the early phase of
treatment, and to consider ribavirin dose reduction be-
fore anemia progression.

CL/F relating to the plasma concentration of ribavirin
at the end of 4 weeks after initiation of the combination
therapy has been used as a predictive factor for the
progression of anemia.'®" In this study, the patients
with a lower CL/F value, which is thought to be corre-
lated with a high plasma concentration of ribavirin,
showed a higher rate of discontinuance of ribavirin due
to severe anemia than those with a higher CL/F value.
This indicates that prediction of anemia progression
using the CL/F is useful before the initiation of combi-
nation therapy. We analyzed predictive factors for dis-
continuance of ribavirin due to severe anemia using two
CL/F categories, CL/F < 10 and CL/F < 15, taking into
account that the mean CL/F was 13.0V/h and the median
was 11.91/h, and compared the usefulness of those cat-
egories with that of the “2 by 2” standard.

We focused on the early decline of the Hb concentra-
tion after the initiation of combination therapy. Moni-
toring of the Hb decline allowed clear assignment of the
patients into three groups: patients without dose reduc-
tion of ribavirin, those with dose reduction, and those
who discontinued ribavirin. At the end of 2 weeks, a
significant relationship was already observed among the
three groups. Therefore, we examined the relationship
between the beginning of a progression to severe ane-
mia and the decrease in the Hb concentration at the end
of 2 weeks (AHD). Since a standard value of AHb for
dose reduction of ribavirin must be established, we
compared AHb2.0 with AHb1.5, and found that the
specificity and accuracy of AHb2.0 as a predictive factor
for the discontinuance of ribavirin due to severe anemia
was higher than those of AHb1.5. We therefore adopted
AHb2.0 at the end of 2 weeks from the start of treatment
(the “2 by 2” standard) as the predictive factor for dis-
continuance of ribavirin due to severe anemia, because
an early reduction of ribavirin should be limited to
those patients with a higher specificity rate for the pro-
gression of anemia. Furthermore, AHb2.0 is easier to
calculate.

In the multivariate logistic regression analysis, both
the CL/F category and the “2 by 2” category were useful
for all patients as independent predictive factors for
discontinuing ribavirin due to severe anemia (Table 5).
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Patients with lower CL/F (CL/F < 10 or CL/F < 15)
and those who were “2 by 2” positive were significantly
associated with the discontinuance of ribavirin due to
severe anemia. Thus, the CL/F standard should be
used as a predictive factor before combination therapy
is begun, and the “2 by 2” standard should be used
during the combination therapy. We also assessed
which would be the more useful predictive factor for
discontinuance of ribavirin due to severe anemia among
older patients. Multivariate analysis showed that only
the “2 by 2” standard was significantly related to the
discontinuance of ribavirin due to severe anemia among
older patients (Table 7B). Moreover, the “2 by 2” stan-
dard showed higher specificity (77%) and accuracy
(72%) for the discontinuance of ribavirin due to severe
anemia among older patients than either CL/F
value (Table 9). The ribavirin dose of 200 mg should be
reduced for aged patients whose Hb decreases over
2g/dl from the start of combination therapy in order to
avoid having to discontinue ribavirin administration
altogether.

Hemolytic anemia has been reported to be induced
by ribavirin administration, depending on the plasma
ribavirin concentration’ and the fragile membrane of
RBC in which ribavirin accumulates.? Furthermore, the
plasma clearance of ribavirin has been reported to de-
pend on renal function.?*® The anemia associated with
IFN and ribavirin therapy is a “mixed anemia,” in which
both hemolysis and bone marrow suppression occur si-
multaneously. In this study, many patients, especially
older ones, had to discontinue ribavirin due to severe
anemia, as previously reported.® A major reason for
this was thought to be the tendency of the plasma
concentration of ribavirin to rise due to lower renal
function and impaired hematogenous function as the
anemia progressed. In predicting the discontinuance of
ribavirin due to severe anemia using the CL/F category,
the lower CL/F implies that older patients and patients
with low renal function are high-risk groups. However,
CL/F does not account for the fragile membrane of
RBC or the hematogenous function. Therefore, the CL/
F standard cannot be a good marker for individual pa-
tients, because CL/F does not reflect in vivo phenomena
triggered by ribavirin. CL/F is related simply to the
plasma concentration of ribavirin at the end of 4 weeks
after the initiation of combination therapy. On the
other hand, the “2 by 2” standard can be useful as a
predictive factor of ribavirin discontinuance forces by
severe anemia for all patients, including older patients.
It indicates that the “2 by 2” standard reflects plural
factors, such as the occurrence of hemolysis and he-
matogenous functions. We suggest that the “2 by 2”
standard is more useful than the CL/F category as a
predictive factor for discontinuance of ribavirin due to
severe anemia, especially among older patients.
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