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Abstract
Before the advent of direct acting antiviral agents (DAAs) 
ribavirin, associated to pegylated-interferon played 
a crucial role in the treatment of chronic hepatitis C, 
preventing relapses and breakthroughs. In the present 
era of new potent DAAs, a place is still devoted to 
the drug. Ribavirin associated with sofosbuvir alone is 
efficient in the treatment of most cases of G2 infected 
patients. All options currently available for the last 
difficult-to-treat cirrhotic G3 patients contain ribavirin. 
Reducing treatment duration to 12 wk in G1 or G4 
cirrhotic compensated patients is feasible thanks to 
ribavirin. Retreating patients with acquired anti NS5A 
resistance-associated variants using ribavirin-based 
strategies could be useful. The addition of ribavirin with 
DAAs combinations however, leads to more frequent 
but mild adverse events especially in cirrhotic patients. 
Preliminary data with interferon-free second generation 
DAAs combinations without ribavirin suggest that 
future of the drug is jeopardized even in difficult-to-
treat patients: The optimization of ribavirin dosage 
according to an early monitoring of blood levels has 
been suggested to be relevant in double therapy with 
peginterferon or sofosbuvir but not with very potent 
combinations of more than two DAAs.
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Core tip: Ribavirin plays a crucial role when asso-
ciated with peginterferon, preventing relapses and 
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breakthroughs and doubling the support vector regre-
ssion rate. Its antiviral effect is weak and ribavirin could 
enhance the response of interferon-stimulated genes 
in the combination. Ribavirin is still useful in the era of 
approved new direct acting antiviral agents (DAAs), in 
order to shorter treatment duration in genotype 1 or 4 
cirrhotic patients, in all options available for genotype 3 
cirrhotic patients, and as the only drug associated with 
sofosbuvir in genotype 2. Preliminary data with interferon-
free second generation DAAs combinations without 
ribavirin suggest that future of the drug is jeopardized.
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INTRODUCTION
Before the advent of direct acting antiviral agents (DAAs) 
ribavirin played a crucial role in the treatment of chronic 
hepatitis C associated to pegylated interferon[1]. This 
combination is still relevant in many parts of the world 
which do not have access to new therapies because of 
cost issues[2]. Although the role of ribavirin in the era 
of DAAs will probably decrease in the future with the 
arrival of second generation drugs, it remains essential 
in strategies decreasing treatment duration or in some 
difficult situations. The goal of this review is to briefly 
recall the recent past of ribavirin and consider its 
present and potential future.

RIbavIRIN: meChaNIsms Of aCTION 
So far, multiple mechanisms of action of ribavirin have 
been described. The antiviral mechanism is probably 
the best documented, the erroneous incorporation 
of ribavirin triphosphate into replicating RNA strands 
inhibiting chain elongation[3]. In vitro, in the hepatitis C 
virus (HCV) RNA replication system, ribavirin reduces 
HCV replicon colony-forming efficiency in a dose-
dependent manner, reinforcing this hypothesis[4]. The 
inhibition via inosine monophosphate dehydrogenase of 
the de novo synthesis of GTP, required for the synthesis 
of viral RNA, is another but probably weak potential 
mechanism of action[5]. However, the mutagenesis hypo-
thesis remains controversial[6]. The last most attractive 
mechanism of action is that ribavirin could enhance the 
response of interferon-stimulated genes making cells 
more sensitive to exogenous interferon and increasing 
the production of endogenous interferon[7].

Two phases of plasma HCV RNA decline in patients 
treated with peginterferon and ribavirin have been 
described: A rapid first phase in the first two days[8] 
reflecting the genesis and release of new virions and a 
slower second phase corresponding to the elimination 

of infected cells. The impact of the first-phase decline 
is weak (0.5 log) and goes unnoticed during double 
therapy, but is enhanced in patients treated with 
ribavirin alone[9]. The second slope probably reflects 
the interferon-stimulated genes’ response and the 
production of endogenous interferon. 

Multiscale models recently considered the possible 
effects of DAAs on intracellular HCV RNA production, 
degradation, assembly and secretion as virus into 
the circulation[10]. The first-phase decline represents 
the viral clearance. The second represents the loss 
of intracellular viral RNA by export and degradation 
as well as the elimination of infected cells. The third 
represents a combination of the reduction in intracellular 
viral RNA production and the elimination of infected 
cells. Nowadays, there are no data available on the role 
of ribavirin in this setting, but we may imagine that 
ribavirin might impact the second- and the third-phase 
decline.

PasT Of RIbavIRIN: COmbINaTION 
TheRaPy PegINTeRfeRON aND 
RIbavIRIN
Clinical history
Ribavirin, a guanosine analog is active against many 
DNA and RNA viruses and has clinical applications in 
respiratory syncytial infection in children, and Lassa 
Fever infection[11,12]. Di Bisceglie et al[13] first showed 
that ribavirin could double the efficiency of standard 
alfa interferon. A similar synergy was observed with the 
association of peginterferon and ribavirin[14,15], ribavirin 
impacting favourably the number of relapses and 
breakthroughs[16]. A total daily dose of ribavirin during 
the first three months > 10.6 mg/kg of body weight was 
predictive of sustained virological response (SVR)[14,17] 
and ribavirin had to be administered for the total 
duration of treatment[16]. A pilot study also showed, that 
the use of high doses of ribavirin early during treatment 
led to high sustained virological rates[18]. The same 
team proposed to optimize the dose of ribavirin using a 
formula based on renal function and body weight[19].

Pharmacokinetics of ribavirin
Ribavirin is a drug typically adapted for therapeutic 
drug monitoring: Long half-life, large inter-individual 
variability of the dose-concentration relationship, and 
narrow therapeutic zone. After the first oral dose, a 
rapid absorption phase is observed with a maximum 
concentration at 1.5 h, followed by a rapid distribution 
phase (half-life of 3.7 h), and a long elimination phase 
of about 100 h post-dose[20]. The monitoring of ribavirin 
plasma concentrations during double therapy initially 
used trough concentrations at week 4 and week 8 of 
treatment[21,22]. However, trough concentrations had a 
lower influence than the genotype and the viral load on 
SVR[21]. 

We secondly showed that ribavirin plasma exposure 
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after the first dose [i.e., measured by the interdose 
area under the concentration curve, area under the 
curve (AUC0-12h) or abbreviated AUC0-4h] was strongly 
linked to SVR and was probably a more relevant tool[23]. 
Using receiver operating characteristic curve analysis, 
we defined an AUC0-4h threshold of 1755 µg/h per litre at 
day 0 as a target for ribavirin early dose adjustment, 
AUC0-4h being estimated using 3 blood samples (0.5, 1 
and 2 h after the first dose) and Bayesian estimation. 
When comparing adapted and non-adapted patients 
with a suboptimal exposure to ribavirin at day 0 (i.e., D0 
AUC0-4h < 1755 µg/h per litre), the difference of SVR 
reached nearly 30%, enhancing the benefit of adapted 
dose in this population (unpublished results).

Ribavirin and anemia during peginterferon and ribavirin 
treatment
Ribavirin-induced haemolytic anaemia is a frequent 
adverse event leading to drug discontinuation in 36% 
of the cases in real-life studies[24], even if this anemia is 
reversible and dose-dependent. Medullar regeneration is 
partially prevented by various degrees of bone marrow 
suppression due to interferon impact. The prevalence 
of anaemia is high, with Hb level < 11 g/dL in 30% and 
< 10 g/dL in 9% to 13% of the patients[14,15] with 10% 
to 15% of the patients presenting with an Hb decline 
of more than 5 g/dL. Erythropoietin has been shown 
to improve the ribavirin treatment maintenance and 
tolerance[25,26] but did not prove its impact on SVR.

PReseNT Of RIbavIRIN: TReaTmeNT 
WITh NeW Daas
Interferon-free regimens DAAs currently approved by 
FDA and EMEA are used in combinations: Pangenotypic 
polymerase inhibitor sofososbuvir (Sovaldi®) associated 
with NS5A inhibitors ledipasvir (associated with 
sofosbuvir: Harvoni®) or daclatasvir (Daklinza®) (geno-
type 1, 3, 4), or with a protease inhibitor simeprevir 
(Olysio®) (genotype 1, 4); triple combination paritaprevir 
boosted with ritonavir (protease inhibitor), ombitasvir 
(NS5a inhibitor) (Viekirax®) and quadruple combination 
of paritaprevir, ritonavir, ombitasvir and dasabuvir 
(Exviera®) a polymerase inhibitor are also available for 
genotype 1, 4 patients. 

Most of the time, these regimens give more than 
90% SVR rate without the addition of ribavirin. However, 
ribavirin is still relevant in some circumstances.

Ribavirin and sofosbuvir alone are efficient in the 
treatment of most cases of G2 infected patients
Sofosbuvir and ribavirin combination is recommended 
in both European Association for the Study of the Liver 
(EASL) and French guidelines in G2 patients for 12 wk 
mainly[27] except for cirrhotic experienced-patients (24 
wk)[28]. In this particular population, the only way to 
reduce treatment duration to 12 wk with similar SVR 
(95% to 100%) is to add peginterferon[29,30].

Nowadays, ribavirin remains essential for the last 
difficult-to-treat cirrhotic G3 patients 
HCV G3 patients were first treated with sofosbuvir and 
ribavirin for 24 wk in phase Ⅲ trials; response rates 
were 91% in patients without cirrhosis and only 68% 
in patients with cirrhosis, respectively[27]. Recently, 
the Boson study showed the potential superiority of a 
peginterferon sofosbuvir and ribavirin regimen for 12 
wk with a 91% to 86% SVR in naive and pre-treated 
cirrhotic patients respectively[30]. Another strategy using 
sofosbuvir daclatasvir without ribavirin for 12 wk in G3 
cirrhotic patients led to a weak 63% rate of SVR[31]. 
Results of the French initial authorization for new DAAs 
are in favour of a 24-wk treatment but the sofosbuvir 
daclatasvir and ribavirin strategy for 12 wk was not 
available[32]. This option could be a pertinent alternative 
to the 24-wk sofosbuvir daclatasvir association. 
Currently, EASL and French expert advices recommend 
treating patients with sofosbuvir daclatasvir for 24 wk, 
in the absence of the results of a new trial evaluating 
sofosbuvir daclatasvir ribavirin for 12 wk. 

To sum up, all options currently available for cirrhotic 
G3 patients contain ribavirin and we have to wait for 
the results of new associations like sofosbuvir and the 
pangenotypic GS 5816 (astral 3 waiting results) or more 
sophisticated triple strategies like grazoprevir elbasvir 
and sofobuvir[33].

Ribavirin is still necessary for G1a patients treated with 
ritonavir-boosted paritaprevir, ombitasvir and dasabuvir
The approval of the triple combination of ritonavir-
boosted paritaprevir, ombitasvir and dasabuvir in 
patients infected with G1 was supported by six phase 
Ⅲ clinical trials. In PEARL-Ⅳ, in patients infected with 
subtype 1a, the SVR rates were 97% and 90% with 
and without ribavirin respectively, suggesting that, 
unlike for G1b, ribavirin is needed in the 12-wk regimen 
for this subtype[34]. Moreover, considering treatment-
experienced cirrhotic patients with subtype 1a infection a 
24 wk-treatment duration with ribavirin was needed[35].

Reducing treatment duration to 12 wk in G1 or G4 
cirrhotic patients is feasible thanks to ribavirin 
In compensated and decompensated cirrhosis: 
Recent data suggest that the addition of ribavirin allows 
the treatment duration to be limited to 12 wk in patients 
with advanced liver disease, including patients with 
compensated cirrhosis (especially if they are treatment-
experienced), patients with decompensated cirrhosis 
and subjects in pre- and post-liver transplant setting.

Twelve weeks with ribavirin or 24 wk without 
ribavirin are equivalent in compensated cirrhosis: 
In the Sirius study[36], ledipasvir-sofosbuvir plus ribavirin 
for 12 wk and ledipasvir-sofosbuvir for 24 wk provided 
similar high SVR12 rates in previous non-responders 
with HCV G1 and compensated cirrhosis. The shorter 
regimen, when given with ribavirin, might, therefore, 
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of those without baseline NS5A RAVs (95%CI: 96-99). 
This difference appeared to be mitigated by the addition 
of ribavirin to the regimen (88% of SVR without vs 94% 
with ribavirin).

The addition of ribavirin with DAAs combinations leads 
to more frequent but mild adverse events 
In the main studies comparing interferon-free DAAs 
combinations with or without ribavirin for 12 wk, adverse 
events (AEs) were significantly higher (about 10%) 
when ribavirin was included in the strategy: Particularly 
fatigue, insomnia, pruritus, cough and of course all 
grades of anemia but only 5% of grade 3 and 4. Treat-
ment discontinuation due to AEs (4%) was slightly more 
frequent. However, these AEs were not significantly 
higher in compensated cirrhotic patients when a 12-wk 
regimen with ribavirin was compared to a 24-wk regimen 
without ribavirin[36]. Erythropoietin (EPO) was not used 
except in advanced cirrhotic disease and reduction of 
ribavirin dosage (9%) was most of the time sufficient 
with no impact on SVR[45].

Of course, these AEs were more tolerable than in 
regimens including interferon, and even more than in 
triple therapy with first generation protease inhibitors. 

There is probably no more place for ribavirin dose 
adjustment during treatment with DAAs
In the NIAID SPARE trial, Rower et al[46], showed 
that ribavirin-monophosphate concentrations in red 
blood cells at day 14 were related to anaemia and 
SVR. A therapeutic range was identified for ribavirin-
monophosphate in persons with HCV G1 disease 
receiving 24 wk of sofosbuvir plus ribavirin, suggesting 
a potential pharmacological basis for individualized 
ribavirin dosing in this interferon-free regimen. However, 
Jacobson et al[45] showed in cirrhotic G1 patients, that 
ribavirin dose reduction due to anemia in the triple 
Abbvie combination (10% of the cohort) did not impact 
the SVR. One may hypothesize that the monitoring of 
ribavirin dose in G1 patients will not be useful when 
using at least two very potent new DAAs, unlike what 
was observed with the association of peginterferon and 
ribavirin or sofosbuvir and ribavirin.

fUTURe 
Preliminary data with second generation interferon-
free DAAs combinations without ribavirin suggest that 
ribavirin future is jeopardized even in difficult-to-treat 
patients
New double combinations: Grazoprevir elbasvir 
without ribavirin for 12 wk is efficient in difficult-to-treat 
G1 and G4 patients. In a phase Ⅱ study (C-Worthy), 
high SVR12 rates were achieved irrespective of the use 
of ribavirin or of the extension of treatment duration 
from 12 to 18 wk in two cohorts of G1 patients, i.e., 
cohort 1, naive cirrhotic patients and cohort 2 previous 
null responders with or without cirrhosis. The SVR 
rate without ribavirin was 97% and 91% in the two 

be useful to treat experienced patients with cirrhosis in 
case of no contra-indications to ribavirin. 

Of note, in cirrhotic pre-treated patients with platelet 
count < 75000/mm3, the SVR rate is suboptimal (84%)[37] 
and EASL guidelines recommend to extend the ribavirin-
associated regimen to 24 wk in this subgroup. 

In a post-hoc analysis of data from seven clinical 
trials which evaluated the efficacy and safety of the 
fixed-dose combination of ledipasvir and sofosbuvir, 
with and without ribavirin in 513 treatment-naive and 
previously treated patients with G1 HCV compensated 
cirrhosis, Reddy et al[37] suggested the usefulness of 
ribavirin in the subpopulation of treatment-experienced 
patients receiving 12 wk of treatment (SVR12 rate of 
90% vs 96% with ribavirin). 

Finally in the hepather cohort[38], difficult-to treat G1 
(88% cirrhotics) patients receiving sofosbuvir daclatasvir 
and ribavirin achieved a SVR4 of 100% not different 
from sofosbuvir daclatasvir for 24 wk (SVR4 95%). In 
a multivariate analysis, factors associated with SVR in 
cirrhotics were the addition of ribavirin (OR = 6.3; P = 
0.057) and a treatment-duration of 24 wk (OR = 4.3; P 
= 0.008). 

Similarly, results from the same cohort study 
showed a benefit in the pre-treated cirrhotic population 
infected with G4 and receiving sofosbuvir daclatasvir or 
sofosbuvir simeprevir, with ribavirin[39].

Same results are observed in decompensated 
cirrhosis in the pre and post-transplant setting 
except for Child Pugh C patients: The association 
of sofosbuvir ledipasvir and ribavirin for 12 wk in the 
pre and post transplant setting led to more than 85% 
to 95% SVR in cirrhotic patients[40,41]. However, in one 
study, the response rate was much lower (under 60%) 
in Child Pugh C patients suggesting a prolongation of 
treatment course to 24 wk[42].

In non-cirrhotic G1 patients, ribavirin does not help to 
reduce treatment duration under 8 wk
Among previously untreated patients with HCV G1 infec-
tion and without cirrhosis in the phase Ⅲ ION 3 study, the 
8-wk ledipasvir-sofosbuvir regimen showed no inferiority 
to the 12-wk regimen[43]. One interesting hypothesis 
could have been to further reduce the treatment duration 
by adding ribavirin to the combination.

However, in the electron study, among treatment-
naive patients receiving 6 wk of sofosbuvir, ledipasvir 
and ribavirin, only 17 of 25 (68%) achieved an SVR12. 
The addition of ribavirin in this setting does not seem to 
be an appropriate strategy[44].

Retreating patients with acquired anti NS5A resistance-
associated variants using ribavirin-based strategies 
could be useful
In Reddy’s study[37], 91% of G1 cirrhotic patients with 
NS5A resistance-associated variants (RAVs) at baseline 
and treated with sofosbuvir-ledipasvir achieved SVR12 
(95%CI: 84-96), as compared with 98% (407 of 417) 
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cohorts respectively[29]. In the Edge study, considering 
G1 and 4 patients (35% cirrhosis), the association 
of grazoprevir elbasvir gave similar results with and 
without ribavirin for a 12- or 16-wk duration (92% to 
97%). Interestingly however, SVR rates were higher for 
the 16 wk + ribavirin arm regardless the status of the 
patient, the presence of cirrhosis and the presence of 
NS5A mutation (97%)[47] suggesting a small residual 
role of ribavirin. In a phase Ⅱ preliminary study, the 
same combination without ribavirin was effective and 
well tolerated in G1 Child B-cirrhotic patients[48] leading 
to a 90% SVR. The combination of grazoprevir and 
elbasvir was useless or suboptimal for G3 and G2 
patients respectively even with the addition of ribavirin 
and G5 patients, interestingly, still needed ribavirin[49,50].

The sofosbuvir GS-5816 (pangenotypic NS5a inhi-
bitor) combination without ribavirin was clearly efficient 
in G3 non cirrhotic patients (100% SVR) and more 
efficient than other previous combinations in experienced 
cirrhotic patients (88%). However in the latter case, the 
addition of ribavirin seemed to bring a mild benefit (96% 
of SVR)[51].

Multiple DAAs combinations without ribavirin 
in difficult-to-treat patients: In G1 naive or pre-
treated cirrhotic patients, the association of daclatasvir 
NS5A pangenotypic inhibitor, asunaprevir NS3 protease 
inhibitor and beclabuvir NS5B non nucleosidic polymerase 
inhibitor without ribavirin, gave high response rates in 
naive patients (93%). However, ribavirin could still be 
useful in pre-treated patients (93% vs 87% SVR with 
and without ribavirin, respectively)[52].

In G3 cirrhotic patients, preliminary results showed 
that the association of grazoprevir elbasvir sofosbuvir 
without ribavirin gave a 91% SVR suggesting that this 
combination could be an ideal strategy for these difficult 
to treat population[33]. Of course, these results have to 
be confirmed.

Renal insufficiency: It will be soon possible to avoid 
ribavirin
Ribavirin use is problematic in this setting due to the 
management of severe anemia and the delicate dose 
adjustment which is not standardized (200 mg × 3/wk 
to 200 mg/d) and requires ribavirin concentration 
measurement especially in hemodialysis.

Today, no DAA association is recommended in 
patients with estimated glomerular filtration rate < 30 
mL/mn, especially because the key tool of the approved 
associations, sofosbuvir and its main metabolite are 
eliminated by the kidney and the appropriate dosing 
is not known. Preliminary studies however showed 
that the simeprevir sofosbuvir (200 mg/d) association 
without ribavirin gave a SVR rate of 88% to 100% with 
a quite good tolerance[53,54].

The paritaprevir/ritonavir ombitasvir dasabuvir 
combination was also very efficient (100% response) 
but G1a subtype still needed ribavirin[55].

Finally, in the largest study so far, out of 226 G1 

patients with severe renal insufficiency, 191 with chronic 
kidney disease stage 5 and 179 hemodialysed showed a 
99% SVR when treated with grazoprevir elbasvir for 12 
wk without ribavirin with an excellent tolerance[56].

These encouraging results will probably lead us to 
treat hemodialysed patients if no transplant perspective 
is envisaged, or before kidney transplantation, as HCV 
negatively impacts these patients’ prognosis. 

CONCLUsION
Even if new DAAs are cost-effective, at their current 
prices, they are not cost-saving, and the addition of 
ribavirin with approved DAAs interferon-free regimens is 
probably the best option to decrease treatment duration 
without impacting SVR. The next step of course is one 
pill of DAAs a day without ribavirin to treat all patients 
whatever the stage of the disease or the genotype, with 
no side effects and for the shortest treatment duration 
possible. Even if second generation drugs do not yet 
fulfil all the criteria and probably will not for the next 5 
years, they dangerously jeopardize ribavirin future. 

aCKNOWLeDgmeNTs
We thank Céline Rigaud for her help and Sarah Demai 
for her proofreading of English.

RefeReNCes
1 European Association for the Study of the Liver. EASL Clinical 

Practice Guidelines: management of hepatitis C virus infection. 
J Hepatol 2011; 55: 245-264 [PMID: 21371579 DOI: 10.1016/
j.jhep.2011.02.023]

2 Hoofnagle JH, Sherker AH. Therapy for hepatitis C--the costs of 
success. N Engl J Med 2014; 370: 1552-1553 [PMID: 24725236 
DOI: 10.1056/NEJMe1401508]

3 Dixit NM, Perelson AS. The metabolism, pharmacokinetics and 
mechanisms of antiviral activity of ribavirin against hepatitis C 
virus. Cell Mol Life Sci 2006; 63: 832-842 [PMID: 16501888 DOI: 
10.1007/s00018-005-5455-y]

4 Zhou S, Liu R, Baroudy BM, Malcolm BA, Reyes GR. The effect 
of ribavirin and IMPDH inhibitors on hepatitis C virus subgenomic 
replicon RNA. Virology 2003; 310: 333-342 [PMID: 12781720]

5 Markland W, McQuaid TJ, Jain J, Kwong AD. Broad-spectrum 
antiviral activity of the IMP dehydrogenase inhibitor VX-497: a 
comparison with ribavirin and demonstration of antiviral additivity 
with alpha interferon. Antimicrob Agents Chemother 2000; 44: 
859-866 [PMID: 10722482]

6 Chevaliez S, Brillet R, Lázaro E, Hézode C, Pawlotsky JM. 
Analysis of ribavirin mutagenicity in human hepatitis C virus 
infection. J Virol 2007; 81: 7732-7741 [PMID: 17494069 DOI: 
10.1128/JVI.00382-07]

7 Feld JJ, Nanda S, Huang Y, Chen W, Cam M, Pusek SN, 
Schweigler LM, Theodore D, Zacks SL, Liang TJ, Fried MW. 
Hepatic gene expression during treatment with peginterferon and 
ribavirin: Identifying molecular pathways for treatment response. 
Hepatology 2007; 46: 1548-1563 [PMID: 17929300 DOI: 10.1002/
hep.21853]

8 Neumann AU, Lam NP, Dahari H, Gretch DR, Wiley TE, Layden 
TJ, Perelson AS. Hepatitis C viral dynamics in vivo and the 
antiviral efficacy of interferon-alpha therapy. Science 1998; 282: 
103-107 [PMID: 9756471]

9 Pawlotsky JM, Dahari H, Neumann AU, Hezode C, Germanidis G, 

Loustaud-Ratti V et al . Ribavirin: Past, present and future



128 January 18, 2016|Volume 8|Issue 2|WJH|www.wjgnet.com

Lonjon I, Castera L, Dhumeaux D. Antiviral action of ribavirin in 
chronic hepatitis C. Gastroenterology 2004; 126: 703-714 [PMID: 
14988824]

10 Rong L, Perelson AS. Mathematical analysis of multiscale models 
for hepatitis C virus dynamics under therapy with direct-acting 
antiviral agents. Math Biosci 2013; 245: 22-30 [PMID: 23684949 
DOI: 10.1016/j.mbs.2013.04.012]

11 Snell NJ. Ribavirin--current status of a broad spectrum antiviral 
agent. Expert Opin Pharmacother 2001; 2: 1317-1324 [PMID: 
11585000 DOI: 10.1517/14656566.2.8.1317]

12 Murata Y, Falsey AR. Respiratory syncytial virus infection in 
adults. Antivir Ther 2007; 12: 659-670 [PMID: 17944273]

13 Di Bisceglie AM, Conjeevaram HS, Fried MW, Sallie R, Park Y, 
Yurdaydin C, Swain M, Kleiner DE, Mahaney K, Hoofnagle JH. 
Ribavirin as therapy for chronic hepatitis C. A randomized, double-
blind, placebo-controlled trial. Ann Intern Med 1995; 123: 897-903 
[PMID: 7486483]

14 Manns MP, McHutchison JG, Gordon SC, Rustgi VK, Shiffman 
M, Reindollar R, Goodman ZD, Koury K, Ling M, Albrecht JK. 
Peginterferon alfa-2b plus ribavirin compared with interferon 
alfa-2b plus ribavirin for initial treatment of chronic hepatitis C: a 
randomised trial. Lancet 2001; 358: 958-965 [PMID: 11583749]

15 Fried MW, Shiffman ML, Reddy KR, Smith C, Marinos G, 
Gonçales FL, Häussinger D, Diago M, Carosi G, Dhumeaux 
D, Craxi A, Lin A, Hoffman J, Yu J. Peginterferon alfa-2a plus 
ribavirin for chronic hepatitis C virus infection. N Engl J Med 2002; 
347: 975-982 [PMID: 12324553 DOI: 10.1056/NEJMoa020047]

16 Bronowicki JP, Ouzan D, Asselah T, Desmorat H, Zarski JP, 
Foucher J, Bourlière M, Renou C, Tran A, Melin P, Hézode 
C, Chevalier M, Bouvier-Alias M, Chevaliez S, Montestruc F, 
Lonjon-Domanec I, Pawlotsky JM. Effect of ribavirin in genotype 
1 patients with hepatitis C responding to pegylated interferon alfa-
2a plus ribavirin. Gastroenterology 2006; 131: 1040-1048 [PMID: 
17030174 DOI: 10.1053/j.gastro.2006.07.022]

17 McHutchison JG, Manns M, Patel K, Poynard T, Lindsay KL, 
Trepo C, Dienstag J, Lee WM, Mak C, Garaud JJ, Albrecht 
JK. Adherence to combination therapy enhances sustained 
response in genotype-1-infected patients with chronic hepatitis C. 
Gastroenterology 2002; 123: 1061-1069 [PMID: 12360468]

18 Lindahl K, Stahle L, Bruchfeld A, Schvarcz R. High-dose ribavirin 
in combination with standard dose peginterferon for treatment of 
patients with chronic hepatitis C. Hepatology 2005; 41: 275-279 
[PMID: 15660393 DOI: 10.1002/hep.20563]

19 Lindahl K, Hörnfeld E, Ståhle L, Carlsson T, Weiland O, Parke 
Å, Schvarcz R. High-Dose Ribavirin Enhances Early Virological 
Response in Hepatitis C Genotype 1-Infected Patients. Ther 
Drug Monit 2015; 37: 745-750 [PMID: 25811342 DOI: 10.1097/
FTD.0000000000000210]

20 Glue P. The clinical pharmacology of ribavirin. Semin Liver Dis 
1999; 19 Suppl 1: 17-24 [PMID: 10349689]

21 Jen J, Laughlin M, Chung C, Heft S, Affrime MB, Gupta SK, Glue 
P, Hajian G. Ribavirin dosing in chronic hepatitis C: application 
of population pharmacokinetic-pharmacodynamic models. Clin 
Pharmacol Ther 2002; 72: 349-361 [PMID: 12386637 DOI: 
10.1067/mcp.2002.127112]

22 Maynard M, Pradat P, Gagnieu MC, Souvignet C, Trepo C. 
Prediction of sustained virological response by ribavirin plasma 
concentration at week 4 of therapy in hepatitis C virus genotype 1 
patients. Antivir Ther 2008; 13: 607-611 [PMID: 18672540]

23 Loustaud-Ratti V, Alain S, Rousseau A, Hubert IF, Sauvage 
FL, Marquet P, Denis F, Lunel F, Calès P, Lefebvre A, Fauchais 
AL, Liozon E, Vidal E. Ribavirin exposure after the first dose is 
predictive of sustained virological response in chronic hepatitis C. 
Hepatology 2008; 47: 1453-1461 [PMID: 18435468 DOI: 10.1002/
hep.22217]

24 Gaeta GB, Precone DF, Felaco FM, Bruno R, Spadaro A, 
Stornaiuolo G, Stanzione M, Ascione T, De Sena R, Campanone A, 
Filice G, Piccinino F. Premature discontinuation of interferon plus 
ribavirin for adverse effects: a multicentre survey in ‘real world’ 
patients with chronic hepatitis C. Aliment Pharmacol Ther 2002; 

16: 1633-1639 [PMID: 12197842]
25 Dieterich DT, Wasserman R, Bräu N, Hassanein TI, Bini EJ, 

Bowers PJ, Sulkowski MS. Once-weekly epoetin alfa improves 
anemia and facilitates maintenance of ribavirin dosing in hepatitis 
C virus-infected patients receiving ribavirin plus interferon alfa. 
Am J Gastroenterol 2003; 98: 2491-2499 [PMID: 14638354 DOI: 
10.1111/j.1572-0241.2003.08700.x]

26 Afdhal NH, Dieterich DT, Pockros PJ, Schiff ER, Shiffman 
ML, Sulkowski MS, Wright T, Younossi Z, Goon BL, Tang KL, 
Bowers PJ. Epoetin alfa maintains ribavirin dose in HCV-infected 
patients: a prospective, double-blind, randomized controlled study. 
Gastroenterology 2004; 126: 1302-1311 [PMID: 15131791]

27 Zeuzem S, Dusheiko GM, Salupere R, Mangia A, Flisiak R, 
Hyland RH, Illeperuma A, Svarovskaia E, Brainard DM, Symonds 
WT, Subramanian GM, McHutchison JG, Weiland O, Reesink HW, 
Ferenci P, Hézode C, Esteban R. Sofosbuvir and ribavirin in HCV 
genotypes 2 and 3. N Engl J Med 2014; 370: 1993-2001 [PMID: 
24795201 DOI: 10.1056/NEJMoa1316145]

28 Jacobson IM, Gordon SC, Kowdley KV, Yoshida EM, Rodriguez-
Torres M, Sulkowski MS, Shiffman ML, Lawitz E, Everson G, 
Bennett M, Schiff E, Al-Assi MT, Subramanian GM, An D, Lin M, 
McNally J, Brainard D, Symonds WT, McHutchison JG, Patel K, 
Feld J, Pianko S, Nelson DR. Sofosbuvir for hepatitis C genotype 2 
or 3 in patients without treatment options. N Engl J Med 2013; 368: 
1867-1877 [PMID: 23607593 DOI: 10.1056/NEJMoa1214854]

29 Lawitz E, Poordad F, Brainard DM, Hyland RH, An D, Dvory-
Sobol H, Symonds WT, McHutchison JG, Membreno FE. 
Sofosbuvir with peginterferon-ribavirin for 12 weeks in previously 
treated patients with hepatitis C genotype 2 or 3 and cirrhosis. 
Hepatology 2015; 61: 769-775 [PMID: 25322962 DOI: 10.1002/
hep.27567]

30 Foster GR, Pianko S, Brown A, Forton D, Nahass RG, George J, 
Barnes E, Brainard DM, Massetto B, Lin M, Han B, McHutchison 
JG, Subramanian GM, Cooper C, Agarwal K. Efficacy of 
Sofosbuvir Plus Ribavirin With or Without Peginterferon-Alfa 
in Patients With Hepatitis C Virus Genotype 3 Infection and 
Treatment-Experienced Patients With Cirrhosis and Hepatitis 
C Virus Genotype 2 Infection. Gastroenterology 2015; 149: 
1462-1470 [PMID: 26248087 DOI: 10.1053/j.gastro.2015.07.043]

31 Nelson DR, Cooper JN, Lalezari JP, Lawitz E, Pockros PJ, Gitlin N, 
Freilich BF, Younes ZH, Harlan W, Ghalib R, Oguchi G, Thuluvath 
PJ, Ortiz-Lasanta G, Rabinovitz M, Bernstein D, Bennett M, 
Hawkins T, Ravendhran N, Sheikh AM, Varunok P, Kowdley KV, 
Hennicken D, McPhee F, Rana K, Hughes EA. All-oral 12-week 
treatment with daclatasvir plus sofosbuvir in patients with hepatitis 
C virus genotype 3 infection: ALLY-3 phase III study. Hepatology 
2015; 61: 1127-1135 [PMID: 25614962 DOI: 10.1002/hep.27726]

32 Hezode C, De Ledinghen V, Fontaine H, Zoulim F, Lebray 
P, Boyer N, Larrey D, Silvain C, Botta-Fridlund D, Leroy V, 
Bourlière M, D’alteroche L, Hubert-Fouchard I, Guyader D, Rosa 
I, Nguyen-Khac E, Di Martino V, Carrat F, Fedchuk L, Akremi 
R, Bennai Y, Bronowicki J. Daclatasvir plus sofosbuvir with or 
without ribavirin in patients with hcv genotype 3 infection: interim 
analysis of a french multicenter compassionate use program, 50th 
Annual Meeting of the European Association for the Study of the 
Liver; 2015 April 22-26; Vienna, Austria. 2015: Abstract LP05

33 Poordad F, Lawitz E, Gutierrez JA, Evans B, Howe A, Feng HP, 
Li JJ, Hwang P, Robertson M, Wahl J, Barr E, Haber B. 2c-swift: 
grazoprevir/elbasvir sofosbuvir in cirrhotic and noncirrhotic, 
treatment-naive patients with hepatitis c virus genotype 1 infection, 
for durations of 4, 6 or 8 weeks and genotype 3 infection for 
durations of 8 or 12 weeks, 50th Annual Meeting of the European 
Association for the Study of the Liver; 2015 April 22-26; Vienna, 
Austria. 2015: Abstract O006

34 Ferenci P, Bernstein D, Lalezari J, Cohen D, Luo Y, Cooper 
C, Tam E, Marinho RT, Tsai N, Nyberg A, Box TD, Younes Z, 
Enayati P, Green S, Baruch Y, Bhandari BR, Caruntu FA, Sepe 
T, Chulanov V, Janczewska E, Rizzardini G, Gervain J, Planas R, 
Moreno C, Hassanein T, Xie W, King M, Podsadecki T, Reddy 
KR. ABT-450/r-ombitasvir and dasabuvir with or without ribavirin 

Loustaud-Ratti V et al . Ribavirin: Past, present and future



129 January 18, 2016|Volume 8|Issue 2|WJH|www.wjgnet.com

for HCV. N Engl J Med 2014; 370: 1983-1992 [PMID: 24795200 
DOI: 10.1056/NEJMoa1402338]

35 Zeuzem S, Jacobson IM, Baykal T, Marinho RT, Poordad F, 
Bourlière M, Sulkowski MS, Wedemeyer H, Tam E, Desmond 
P, Jensen DM, Di Bisceglie AM, Varunok P, Hassanein T, Xiong 
J, Pilot-Matias T, DaSilva-Tillmann B, Larsen L, Podsadecki T, 
Bernstein B. Retreatment of HCV with ABT-450/r-ombitasvir and 
dasabuvir with ribavirin. N Engl J Med 2014; 370: 1604-1614 
[PMID: 24720679 DOI: 10.1056/NEJMoa1401561]

36 Bourlière M, Bronowicki JP, de Ledinghen V, Hézode C, Zoulim 
F, Mathurin P, Tran A, Larrey DG, Ratziu V, Alric L, Hyland 
RH, Jiang D, Doehle B, Pang PS, Symonds WT, Subramanian 
GM, McHutchison JG, Marcellin P, Habersetzer F, Guyader 
D, Grangé JD, Loustaud-Ratti V, Serfaty L, Metivier S, Leroy 
V, Abergel A, Pol S. Ledipasvir-sofosbuvir with or without 
ribavirin to treat patients with HCV genotype 1 infection and 
cirrhosis non-responsive to previous protease-inhibitor therapy: 
a randomised, double-blind, phase 2 trial (SIRIUS). Lancet 
Infect Dis 2015; 15: 397-404 [PMID: 25773757 DOI: 10.1016/
S1473-3099(15)70050-2]

37 Reddy KR, Bourlière M, Sulkowski M, Omata M, Zeuzem S, Feld 
JJ, Lawitz E, Marcellin P, Welzel TM, Hyland R, Ding X, Yang J, 
Knox S, Pang P, Dvory-Sobol H, Subramanian GM, Symonds W, 
McHutchison JG, Mangia A, Gane E, Mizokami M, Pol S, Afdhal 
N. Ledipasvir and sofosbuvir in patients with genotype 1 hepatitis 
C virus infection and compensated cirrhosis: An integrated safety 
and efficacy analysis. Hepatology 2015; 62: 79-86 [PMID: 
25846144 DOI: 10.1002/hep.27826]

38 Pol S, Bourliere M, Lucier S, De Ledinghen V, Zoulim F, Dorival-
Mouly C. Safety and efficacy of the combination daclatasvir-
sofosbuvir in hcv genotype 1-mono-infected patients from the 
french observational cohort anrs co22 hepather. 50th Annual 
Meeting of the European Association for the Study of the Liver; 
2015 April 22-26; Vienna, Austria. 2015: Abstract L03

39 Fontaine H, Hezode C, Zoulim F, Samuel D, Bourliere M, Haour 
G. Efficacy of the oral sofosbuvir-based combinations in hcv 
genotype 4-mono-infected patients from the french observational 
cohort anrs co22 hepather. 50th Annual Meeting of the European 
Association for the Study of the Liver; 2015 April 22-26; Vienna, 
Austria. 2015: Abstract LP28

40 Flamm SL, Everson GT, Charlton M, Denning JM, Arterburn S, 
Brandt-Sarif T, Pang PS, McHutchison JG, Reddy KR, Afdhal 
NH. Ledipasvir/Sofosbuvir with Ribavirin for the Treatment of 
HCV in Patients with Decompensated Cirrhosis: Preliminary 
Results of a Prospective, Multicenter Study. 65th Annual Meeting 
of the American Association for the Study of Liver diseases; 2015 
November 7-11; Boston, USA. 2014: Abstract 239

41 Coilly A, Fougerou C, De Ledinghen V, Houssel-Debry P, Duvoux 
C, Di Martino V. The association of sofosbuvir and daclatasvir 
for treating severe recurrence of hcv infection after liver trans-
plantation: results from a large french prospective multicentric 
anrs co23 cupilt cohort, 50th Annual Meeting of the European 
Association for the Study of the Liver; 2015 April 22-26; Vienna, 
Austria. 2015: Abstract LO8

42 Poordad F, Schiff ER, Vierling JM, Landis C, Fontana RJ, Yang 
R, McPhee F, Hughes E, Noviello S, Swenson ES. Daclatasvir, 
sofosbuvir, and ribavirin combination for hcv patients with advanced 
cirrhosis or posttransplant recurrence: phase 3 ally-1 study. 50th 
Annual Meeting of the European Association for the Study of the 
Liver; 2015 April 22-26; Vienna, Austria. 2015: Abstract LO8

43 Kowdley KV, Gordon SC, Reddy KR, Rossaro L, Bernstein DE, 
Lawitz E, Shiffman ML, Schiff E, Ghalib R, Ryan M, Rustgi V, 
Chojkier M, Herring R, Di Bisceglie AM, Pockros PJ, Subramanian 
GM, An D, Svarovskaia E, Hyland RH, Pang PS, Symonds WT, 
McHutchison JG, Muir AJ, Pound D, Fried MW. Ledipasvir and 
sofosbuvir for 8 or 12 weeks for chronic HCV without cirrhosis. 
N Engl J Med 2014; 370: 1879-1888 [PMID: 24720702 DOI: 
10.1056/NEJMoa1402355]

44 Gane EJ, Stedman CA, Hyland RH, Ding X, Svarovskaia E, 
Subramanian GM, Symonds WT, McHutchison JG, Pang PS. 

Efficacy of nucleotide polymerase inhibitor sofosbuvir plus the 
NS5A inhibitor ledipasvir or the NS5B non-nucleoside inhibitor 
GS-9669 against HCV genotype 1 infection. Gastroenterology 
2014; 146: 736-743.e1 [PMID: 24262278 DOI: 10.1053/j.gas-
tro.2013.11.007]

45 Jacobson Ira M, Forns X, Zeuzem S, Hezode C, Shiffman ML, 
Pol S, Berenguer M, Fried MW, Agarwal K, Kowdley KV, Lovell 
SS, Abunimeh M, Trinh R, McGovern BH, Craxi A. Characteristics 
of HCV-Infected Patients with Cirrhosis Requiring Ribavirin Dose 
Reduction During Treatment with Direct-Acting Antivirals. 65th 
Annual Meeting of the American Association for the Study of 
Liver diseases; 2014 November 7-11; Boston, USA. 2015: Poster 
1973

46 Rower JE, Meissner EG, Jimmerson LC, Osinusi A, Sims Z, 
Petersen T, Bushman LR, Wolfe P, McHutchison JG, Kottilil 
S, Kiser JJ. Serum and cellular ribavirin pharmacokinetic and 
concentration-effect analysis in HCV patients receiving sofosbuvir 
plus ribavirin. J Antimicrob Chemother 2015; 70: 2322-2329 
[PMID: 25971261 DOI: 10.1093/jac/dkv122]

47 Kwo P, Gane E, Peng CY, Pearlman B, Vireling J, Serfaty L, Buti 
M, Shafran S, Stryszak P, Lin L, Gress J, Robertson M, Wahl J, 
Barr E, Haber B. Efficacy and safety of grazoprevir/elbasvir /− rbv 
for 12 weeks in patients with hcv g1 or g4 infection who previously 
failed peginterferon/rbv: c-edge treatment-experienced trial, 50th 
Annual Meeting of the European Association for the Study of the 
Liver; 2015 April 22-26; Vienna, Austria. 2015: Poster P886

48 Jacobson IM, Poordad F, Firpi-Morell R, Everson GT, Verna EC, 
Bhanja S, Zhang B, Caro L, Wahl J, Robertson M, Barr E, Charles 
ED. Efficacy and safety of grazoprevir and elbasvir in hepatitis c 
genotype 1-infected patients with child-pugh class b cirrhosis (c-salt 
part a), 50th Annual Meeting of the European Association for 
the Study of the Liver; 2015 April 22-26; Vienna, Austria. 2015: 
Abstract O008

49 Brown A, Hezode C, Zuckerman E, Foster G, Zekry A, Roberts 
S, Howe A, Durkan C, Badshah C, Zhang B, Robertson M, Wahl 
J, Barr E, Haber B. C-scape: efficacy and safety of 12 weeks of 
grazoprevir /- elbasvir /- ribavirin in patients with hcv gt2, 4, 5 or 6 
infection, 50th Annual Meeting of the European Association for the 
Study of the Liver; 2015 April 22-26; Vienna, Austria. 2015: Poster 
P0771

50 Gane E, Nahass R, Luketic V, Hwang P, Robertson M, Wahl 
J, Barr E, Haber B. Efficacy of 12 or 18 weeks of grazoprevir 
plus elbasvir with ribavirin in treatment-naive, noncirrhotic hcv 
genotype 3-infected patients, 50th Annual Meeting of the European 
Association for the Study of the Liver; 2015 April 22-26; Vienna, 
Austria. 2015: Poster P0776

51 Pianko S, Flamm SL, Shiffman ML, Kumar S, Strasser SI, 
Dore GJ, McNally J, Brainard DM, Han L, Doehle B, Mogalian 
E, McHutchison JG, Reddy KR, Roberts SK. High Efficacy of 
Treatment with Sofosbuvir+GS-5816 ±Ribavirin for 12 Weeks 
in Treatment Experienced Patients with Genotype 1 or 3 HCV 
Infection, 65th Annual Meeting of the American Association for 
the Study of Liver diseases; 2014 November 7-11; Boston, USA. 
2015: Abstract 197

52 Muir AJ, Poordad F, Lalezari J, Everson G, Dore GJ, Herring R, 
Sheikh A, Kwo P, Hézode C, Pockros PJ, Tran A, Yozviak J, Reau N, 
Ramji A, Stuart K, Thompson AJ, Vierling J, Freilich B, Cooper J, 
Ghesquiere W, Yang R, McPhee F, Hughes EA, Swenson ES, Yin 
PD. Daclatasvir in combination with asunaprevir and beclabuvir 
for hepatitis C virus genotype 1 infection with compensated 
cirrhosis. JAMA 2015; 313: 1736-1744 [PMID: 25942724 DOI: 
10.1001/jama.2015.3868]

53 Czul F, Schiff E, Peyton A, Levy C, Hernandez M, Jeffers L, 
C O’Brien1, P Martin1 KR. Bhamidimarri1, First ribavirin-free 
sofosbuvir and simeprevir treatment of hepatitis c genotype 1 
patients with severe renal impairment (gfr < 30 mL/min r dialysis), 
50th Annual Meeting of the European Association for the Study of 
the Liver; 2015 April 22-26; Vienna, Austria. 2015: Poster P878

54 Nazario HE, Ndungu M, Modi A. Safety and efficacy of 
sofosbuvir simeprevir without ribavirin in hepatitis c genotype 

Loustaud-Ratti V et al . Ribavirin: Past, present and future



130 January 18, 2016|Volume 8|Issue 2|WJH|www.wjgnet.com

1-infected patients with end-stage renal disease or gfr < 30 mL/
min, 50th Annual Meeting of the European Association for the 
Study of the Liver; 2015 April 22-26; Vienna, Austria. 2015: Poster 
P802

55 Pockros PJ, Reddy KR, Mantry PS, Cohen E, Bennett M, 
Sulkowski MS, Bernstein D, Podsadecki T, Cohen D, Shulman NS, 
Wang D, Khatri A, Abunimeh M, Lawitz E. Safety of ombitasvir/
paritaprevir/ritonavir plus dasabuvir for treating hcv gt1 infection 
in patients with severe renal impairment or end-stage renal disease: 
the ruby-i study, 50th Annual Meeting of the European Association 

for the Study of the Liver; 2015 April 22-26; Vienna, Austria. 
2015: Abstract L01

56 Roth D, Nelson DR, Bruchfeld A, Liapakis A, Silva M, Monsour H, 
Martin P, Pol S, Londoño MC, Hassanein T, Zamor PJ, Zuckerman 
E, Wan S, Jackson B, Nguyen BY, Robertson M, Barr E, Wahl 
J, Greaves W. Grazoprevir plus elbasvir in treatment-naive and 
treatment-experienced patients with hepatitis C virus genotype 1 
infection and stage 4-5 chronic kidney disease (the C-SURFER 
study): a combination phase 3 study. Lancet 2015; 386: 1537-1545 
[PMID: 26456905 DOI: 10.1016/S0140-6736(15)00349-9]

P- Reviewer: Mattner J, Rajeshwari K, Urganci N    S- Editor: Qiu S    
L- Editor: A    E- Editor: Liu SQ

Loustaud-Ratti V et al . Ribavirin: Past, present and future



                                      © 2016 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	WJH-8-123
	WJHv8i2-Back Cover

