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Aims The primary objective of this study was to describe the single dose

pharmacokinetics of ribavirin in subjects with normal liver function and those with

various degrees of stable chronic liver disease. Additionally this study assessed the safety

and tolerability of ribavirin in this population.

Methods Single oral 600 mg doses of ribavirin were administered to healthy male and

female volunteers (n=6) and patients with stable chronic liver disease (n=17), in a

parallel group study. Pharmacokinetic sampling and tolerability assessments were

performed up to 168 h post dose.

Results Single oral doses of 600 mg ribavirin were well tolerated by healthy

volunteers and patients with varying degrees of hepatic dysfunction. Although mean

Cmax increased with the severity of hepatic dysfunction, there was no change in extent

of absorption or renal clearance of ribavirin.

Conclusions There are no pharmacokinetic reasons for initial dose adjustment of

ribavirin in patients with hepatic dysfunction.
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Introduction

Over the last three decades, in vitro and clinical studies with

the nucleoside analogue ribavirin have shown it to have

activity against a number of RNA and DNA viruses [1±3].

Initial studies of ribavirin monotherapy in patients with

chronic hepatitis C revealed that serum ALT concentra-

tions were reduced or normalized in a majority of patients,

but serum levels of hepatitis C virus (HCV) RNA were

unchanged [4]. Subsequent studies using the combination

of ribavirin and interferon a-2b showed increased antiviral

activity compared with interferon [5±8].

The single dose pharmacokinetics of ribavirin have been

previously described in healthy volunteers [9] and patients

infected with HIV [10] or compensated chronic hepatitis C

[11]. Ribavirin is eliminated by both renal and metabolic

routes [9, 10]. As some or all of its metabolism may be

hepatic, it was important to assess the effects of hepatic

dysfunction on ribavirin pharmacokinetics. Therefore, the

primary objective of this single dose study was to describe

the pharmacokinetics of ribavirin in subjects with normal

liver function and those with various degrees of stable

chronic liver disease. Additionally this study assessed the

tolerability of ribavirin in subjects with chronic liver disease

based on laboratory tests and reported adverse events.

Methods

This open label study assessed the single dose pharmaco-

kinetics of ribavirin in a total of 23 male and female

subjects (mean age 46.3 years, range 31±57). In addition to

six healthy control subjects with normal liver function, 17

patients had stable chronic liver disease, con®rmed by

biopsy or by clinical, biochemical and radiological features.

These patients were divided in two groups of ®ve and one

group of seven subjects according to Pugh's modi®cation

[12] of Child's classi®cation of severity of liver disease [13]

(Category A: n=5, mean score 4.2; Category B: n=7,

mean score 6.5; Category C: n=5, mean score 10.4). All

subjects provided written informed consent prior to

participating in this study, which was approved by the

University of Texas Health Science Center Institutional

Review Board. Patients with evidence of encephalopathy

were assessed as being capable of providing informed
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consent. Subjects were determined to be eligible to

participate in the study on the basis of a physical

examination, medical history, electrocardiogram, vital

signs, laboratory safety tests and urine screen for drugs

of abuse. Subjects who had signi®cant medical disorders,

who were positive for HIV or HCV antibodies or hepatitis

B surface antigen, or who had taken any investigational

drugs within 3 months prior to the study were not

permitted to participate in the study. In addition, healthy

control subjects who had histories of drug or alcohol

abuse, or any female subjects who were pregnant or breast

feeding were also excluded.

All subjects were con®ned to the study centre from 12 h

prior to dosing until 168 h post dosing. A light snack was

consumed approximately 10 h prior to dosing, after which

the subjects fasted until 4 h postdose. During this fasting

period, no food or ¯uid except water was permitted.

Following the overnight fast, subjects received a single oral

dose of ribavirin 600 mg (3r200 mg capsules). Blood

samples for determination of plasma ribavirin concentra-

tions were drawn immediately prior to drug administra-

tion and then at 1, 2, 3, 4, 6, 8, 10, 12, 14, 16, 24, 36, 48,

72, 96, 120, 144 and 168 h after drug administration.

These samples were collected directly into heparinized

Vacutainer1 tubes which had their tops removed, via a

wide-bore cannula. The sample was gently mixed, and was

centrifuged for 15 min at 3000 rev minx1 and 4u C.

Plasma was separated and frozen to x80u C until assayed.

Block urine samples were collected before dosing and for

168 h post dose to measure renal clearance of ribavirin.

Tolerability assessments performed during the study

included measurement of vital signs, drawing of safety

laboratory tests and recording of adverse events.

Plasma concentrations of ribavirin were determined

using a high performance liquid chromatography/mass

spectrometric method validated with respect to linearity,

precision, accuracy, limit of quanti®cation (50 ng mlx1,

LOQ) and selectivity. Urine concentrations of ribavirin

were determined using a high performance liquid

chromatographic-mass spectrometric method, validated

with respect to linearity, precision, accuracy, limit of

quanti®cation (250 ng mlx1, LOQ) and selectivity. In

brief, solid phase extraction was performed on samples

using phenylboronic acid columns, after addition of the

internal standard (13C3-ribavirin) and di-ammonium

hydrogen orthophosphate buffer. Columns were eluted

with a solution of formic acid in 50/50 methanol/water

(v/v). The resulting eluate was injected into a Hewlett-

Packard 1090 Series II h.p.l.c. with a SCIEX API

300 MS/MS detector, ®tted with a hypersil

3.0r4.6 mm analytical column (3 mm particle size).

The mobile phase consisted of acetonitrile (82%) and

ammonium acetate (18%). Assay precision and bias were

less than 11%, respectively, for all samples.

Individual plasma concentration-time data above the

LOQ were used to determine the derived pharmacokin-

etic parameters using model-independent methods [14].

The maximum concentration (Cmax), time of maximum

concentration (tmax) and the ®nal quanti®able sampling

time (0,t) were the observed values. The area under the

plasma concentration-time curve from time zero to the

®nal quanti®able sampling time [AUC(0,t)] was calculated

using the linear trapezoidal method. The truncated AUC

value [AUC(0,72 h)] was also calculated. Renal clearance

(CLr) was calculated by dividing the amount excreted in

the urine over 72 h [Ae(0,72 h)] by the AUC(0,72 h).

Assuming a variability of 15% [10] for log-transformed

AUC and Cmax, it was calculated that this study with six

subjects per group should have been able to detect a 30%

difference between groups with 80% power and a=0.05.

Analyses of variance were used to extract the effect due to

the level of hepatic dysfunction for original scale and log-

transformed AUC, Cmax and CLr, and for tmax in the

original scale. The 95% con®dence intervals for the

differences in AUC, Cmax and CLr between control and

patient groups were calculated. The power to detect a 20%

difference in means between any two groups for an a level

of 0.05 was calculated using the pooled residual error and

the associated degrees of freedom from the analysis of

variance.

Results

Pharmacokinetics

Twenty-three subjects (20 males and 3 females) between

the ages of 31 and 57 years (mean 46.3 years) and

weighing between 55 and 139 kg (mean 85.3 kg) were

enrolled in and completed the study. Mean plasma
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Figure 1 Mean plasma ribavirin concentration-time pro®les

following a single oral dose of 600 mg to subjects with normal liver

function (1) and with various degrees of chronic liver disease (%
mild, % moderate, N severe). - - - LOQ 50 ng mlx1.
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concentration-time pro®les for the four dose groups are

shown in Figure 1 and mean plasma and urinary

pharmacokinetic parameters are shown in Table 1. The

mean plasma concentration-time curves for the four

groups show similar characteristics: rapid absorption and

distribution phases and long-terminal elimination phases.

Mean tmax values were similar and occurred between 1.3 h

and 1.6 h, indicating rapid absorption of ribavirin in all

treatment groups. Individual AUC(0,t) and Cmax values

for the four groups are presented in Figure 2a, b. The Cmax

increased with the severity of hepatic dysfunction and

the differences compared with control were signi®cant

(P=0.029; 95% CI: mild: 86±213; moderate: 110±253;

severe: 126±311; Table 1). However, there was a

considerable overlap between the individual Cmax values

among four treatment groups (Figure 2b). The intergroup

differences in AUC(0,t) or CLr were not signi®cant

(AUC(0,t): P=0.79; 95% CI: mild: 37±158; moderate:

48±185; severe: 49±210; Cmax: P=0.029; 95% CI: mild:

41±156; moderate: 35±141; severe: 40±155).

Tolerability

Compared with baseline, there were no changes of clinical

relevance in any laboratory parameters during or at

completion of the study. Adverse events were reported by

2/23 subjects (9%). The two adverse events were erythema

and abdominal pain. Both of these adverse events were of

mild severity and were assessed as being unrelated to the

study drug.

Discussion

The elimination of ribavirin occurs by both metabolism

and renal elimination. Renal elimination of parent

ribavirin is relatively minor compared with metabolic

elimination, as only 5±15% of a single dose is eliminated

via this route [9, 15], which implies that metabolism

accounts for the majority of ribavirin's elimination. A

Table 1 Mean (%CV) pharmacokinetic information for the four groups.

Controls Child-Pugh A Child-Pugh B Child-Pugh C

n 6 5 7 5

Cmax (ng mlx1) 643 (37) 886 (43) 1048 (26) 1273 (33)

Ratio; CIb,c 135%; 86±213 167%; 110±253 198%; 126±311

tmax (h) 1.33 (39) 1.60 (56) 1.29 (38) 1.60 (34)

AUC(0,72 h) (ng mlx1 h) 10927 (29) 11284 (54) 12274 (25) 14454 (57)

AUC(tf) (ng mlx1 h) 15162 (40) 13046 (74) 14184 (38) 18392 (75)

Ratio; CIb,c 76%; 37±158 94%; 48±185 101%; 49±210

Ae(0,72 h) (mg) 53.6 a (15) 56.0 (44) 57.3 (41) 53.3 (33)

% Dose 9 a (15) 9 (44) 10 (41) 9 (33)

CLr (l hx1) 5.35a (29) 5.27 (34) 4.73 (42) 5.21 (68)

Ratio; CIb 98%; 41±156 88%; 35±141 97%; 50±155

a n=5; b ratio = mean differences as percentage of control; 95% con®dence intervals for ratio; c ratio and con®dence interval based on

log-transformed data.
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Figure 2 Individual ribavirin pharmacokinetic parameters in

subjects with normal liver function and with various degrees of

chronic liver disease.
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substantial part of this is due to ®rst pass metabolism

(absolute bioavailability estimates range from 33 to 65% [9,

10, 16, 17];. The site(s) of metabolism are unknown,

however, it is possible that some metabolism occurs in the

liver. As drug metabolism may be affected in patients with

hepatic dysfunction [18, 19], it was possible that ribavirin

clearance might be altered in patients with hepatic

dysfunction compared with healthy control subjects.

This single dose study showed that the overall

pharmacokinetic pro®le of ribavirin was not different in

controls and patients with hepatic dysfunction. AUC, tmax

and the terminal elimination phase pro®le (Figure 1) were

similar between treatment groups, indicating that hepatic

dysfunction did not have substantial in¯uence on the

apparent clearance (CL/F) of ribavirin following a single

oral dose. As ribavirin does not bind at all to plasma

proteins (data on ®le, Schering-Plough), between group

differences in albumin or other protein concentrations

would not affects these pharmacokinetic results. These

®ndings are also consistent with mean single dose

pharmacokinetic parameters reported in patients with

compensated chronic hepatitis C (ribavirin monotherapy:

Cmax: 782 ng mlx1; AUC (0,t): 13394 ng ml x1 h;

ribavirin plus interferon-a2b: Cmax: 1030 ng mlx1;

AUC (0,t): 16942 ng mlx1 h [11]).

These ®ndings suggest that the liver is not the major

organ associated with presystemic elimination of ribavirin.

Two 14C -labelled mass balance studies have shown that

the majority of orally administered doses of ribavirin

(approximately 85%) is absorbed[15, Schering-Plough,

data on ®le]. However absolute bioavailability is approxi-

mately 50% [9, 10, 16, 17]. Therefore, since liver

dysfunction did not change the bioavailability of ribavirin,

it is possible that the major site of ®rst-pass elimination

may be in the gastrointestinal tract. Renal clearance was

similar between the four groups and is consistent with

values previously reported in healthy volunteers

(5.26 l hx1 [20]);. The fraction of parent drug eliminated

in urine (Ae; 9±10% for all groups) was consistent with

previous published reports (5±15% [9, 15]);. The similar

renal clearance values in all groups is consistent with

preserved renal function in the cirrhotic patients

participating in this study.

The only pharmacokinetic parameter that was different

between hepatic dysfunction patients and controls was

Cmax. Mean Cmax and concentration-time pro®les

between 0 and 6 h were increased relative to the severity

of hepatic dysfunction. However there was considerable

overlap in individual Cmax values between the four groups,

and in light of the high pharmacokinetic variability of this

drug, this may be a chance ®nding.

In conclusion, this study did not show alteration of

ribavirin pharmacokinetics in patients with hepatic

dysfunction compared with control subjects. The main

clinical implication of this study is that there are no

pharmacokinetic reasons for initial dose adjustment of

ribavirin in patients with hepatic dysfunction.
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