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Abstract
Pegylated interferon (IFN) α-2a or 2b in combination 
with ribavirin for children aged 3 years and older is the 
standard treatment for paediatric chronic hepatitis C. 
This treatment regimen was developed firstly in adults. 
In recent years, a number of direct-acting antiviral 
agents (DAAs) are under development for treatment of 
chronic hepatitis C virus (HCV) infection. These agents 
block viral replication inhibiting directly one of the 
several steps of HCV lifecycle. DAAs are classified into 
several categories based on their molecular target: 
HCV NS3/4A protease inhibitors, HCV NS5B polymer-
ase inhibitors and HCV NS5A inhibitors. Other promis-
ing compounds are cyclophilin A inhibitors, mi-RNA122 
and IFN-λ. Several new drugs associations will be 
developed in the near future starting from the actual 
standard of care. IFN-based and IFN-free regimens 
are being studied in adults. In this constantly evolving 
scenario new drug regimens targeted and suitable for 
children would be possible in the next future. Espe-
cially for children, it is crucial to identify the right com-
bination of drugs with the highest potency, barrier to 

resistance and the best safety profile.
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Core tip: The discovery of new drugs and new thera-
peutic regimens is changing radically the approach to 
chronic hepatitis C virus infection. The efficacy and 
safety of pegylated interferons (IFNs) and ribavirin are 
well known in children. The introduction of direct anti-
viral agents has already changed the standard of care 
in adults. Other new drugs and IFN free regimens have 
been proposed with promising results. This scenario 
could pone new perspectives in treatment of children 
with chronic hepatitis C.
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INTRODUCTION
Hepatitis C virus (HCV) chronically infects an estimated 
170 million people worldwide[1,2]. HCV infections have 
been significantly reduced by the implementation of  
blood-donor screening and the leading source of  HCV 
infection in children is transmission from the mother to 
the child[3]. Approximately 20% of  perinatally infected 
children undergo spontaneous clearance of  HCV RNA 
in the first 5 years of  life, with subsequent normalization 
of  aminotransferase levels[4]. The cumulative probability 
of  chronic progression is approximately 80%[4], although 
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Table 1  End-points generally evaluated to assess treatment efficacy
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children with chronic hepatitis C are often asymptomatic. 
Children with chronic infection are evaluated usually 
on a six-montly basis. Serum aminotransferases, biliru-
bin (total and direct/conjugated), albumin, HCV RNA 
levels, complete blood count and prothrombin time/in-
ternational normalized ratio are considered appropriate 
monitoring tests[5]. Liver biopsy is generally unneces-
sary[5] but it is appropriate in children with clinical and 
biochemical signs suggestive of  advanced liver disease[6].

Pegylated (PEG)-interferon (IFN) α-2a or 2b in combi-
nation with ribavirin for children aged 3 years and older is 
the standard treatment for children with chronic hepatitis 
C. This treatment was previously approved in adults[7]. 
Recently, different direct-acting antiviral agents (DAAs) 
are under development for treatment of  chronic HCV 
infection in adults[8,9]. These agents block viral replication 
by directly inhibiting one of  several steps of  the HCV 
lifecycle[10]. In daily clinical practice the current therapeu-
tic approach to children with chronic hepatitis C should 
be influenced and driven by the knowledge of  the ongo-
ing and rapidly progressing development of  new drugs 
for HCV infection. The aim of  the present review is to 
summarize and to provide paediatrician with an up-to-
date summary of  the rationale underlying new treatment 
regimens for HCV infection and to discuss critically the 
suitability of  the different regimens for children.

Combined treatment with PEG 
IFN and ribavirin in children: the 
standard of care
PEG-IFN is a compound synthesized by covalently link-
ing a polyethylene glycol moiety to IFN. This addition 
confers an extended serum half-life, compared with the 
non- PEG IFN, allowing once-weekly dosing. Ribavirin 
is a synthetic guanosine analogue with activity against 
several RNA and DNA viruses, including Flaviviridae. 
It acts by interfering with the synthesis of  guanosine 
triphosphate, inhibiting the viral capping of  mRNA 
and inhibiting viral RNA polymerase. The combination 
of  PEG-IFN with ribavirin is the standard of  care for 
adults with chronic infection by HCV other than geno-
type 1. PEG-IFN with ribavirin associated to telaprevir 
or boceprevir is the standard of  care for adults with 
chronic infection by HCV genotype 1. The FDA and 
EMA approved PEG-IFN α-2b in combination with 
ribavirin for children aged 3 years and older in 2008 and 
2009, respectively. The use of  PEG-IFN α-2a for chil-

dren aged 5 years and older was approved by the FDA 
in 2011 and by the EMA in 2013. These approvals were 
based on open-label single arm clinical trials in children 
and adolescents[11,12] and supported by evidences coming 
from randomized controlled trials in adult populations. 
Only one randomized clinical trial had been conducted in 
children comparing and demonstrating the superiority of  
the combination therapy of  PEG-IFN and ribavirin on 
monotherapy with PEG-IFN[13].

PEG-IFN standard doses are 1.5 μg/kg per week for 
α-2b and 100 μg/m2 per week for α-2a[14]. Ribavirin standard 
dose is 15 mg/kg per day[14]. Genotypes 1 and 4 should be 
treated for 48 wk. Patients with genotypes 2 and 3 should 
be treated for 24 wk[15].

A recent meta-analysis collected results from 8 trials 
evaluating the efficacy of  administration of  PEG-IFN 
plus ribavirin in children infected by HCV and conclude 
that PEG-IFN plus ribavirin is an effective therapy in 
the majority of  children and adolescents with HCV[16]. 
By this treatment regimen, sustained viral response (SVR) 
is achieved in 58% of  children affected and the rate of  
relapse is low (7%)[16]. The discontinuation rate due to vi-
rologic breakthrough was very low (4%). However, 15% 
of  the children treated did not show virologic response 
to drugs[16].

The efficacy of  PEG-IFN plus ribavirin regimen 
was found to be different according to viral genotypes. 
Early viral response (EVR) and SVR rates (see Table 1 
for definitions) were high for genotypes 2 and 3 by this 
treatment (87% and 89%, respectively)[16]. Instead geno-
types 1 and 4 presented a lower rate of  EVR (61%) and 
SVR (52%)[16].

Rapid viral response (RVR) was identified as the best 
predictor of  SVR in adults receiving PEG-IFN plus riba-
virin. Eighty nine percent of  genotype 1 infected patients 
who attained RVR were described to achieve SVR[12]. 
RVR and EVR could be considered important tools 
to decide for treatment withdrawn in patients who are 
unlikely to attain SVR. Viral load under 600000 IU/mL 
has been defined as a positive predictor of  SVR among 
patients infected by genotype 1[12]. Single-nucleotide poly-
morphisms (SNP) around the gene for interleukin 28B 
(IL-28B) have been associated with different results of  
treatment in adults[17-20]. Preliminary studies are confirm-
ing the predictive role of  SNPs of  IL-28B also in chil-
dren[21,22]. Others predictors of  SVR identified in adults, 
such as younger age, baseline aminotransferases levels, 
sex, previous treatments and liver histology, were not 
confirmed in children[12].
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RVR Undetectable serum hepatitis C virus (HCV) RNA after 4 wk of treatment
EVR Undetectable or at least a 2 log decrease in serum HCV RNA from baseline level after 12 wk of treatment
End-of-treatment response Undetectable serum HCV RNA at the conclusion of treatment
SVR Undetectable serum HCV RNA 24 wk after the end of treatment
Non-response Detectable serum HCV RNA at 24 wk of treatment without any significant decrease in serum HCV RNA level
Relapse Detection of serum HCV RNA after SVR had been achieved

RVR: Rapid virological response; EVR: Early virological response; SVR: Sustained virological response.



Children treated with PEG-IFN plus ribavirin gen-
erally experienced at least one adverse event, however, 
discontinuation of  treatment due to adverse events 
was low, reported approximately in 4% of  the children 
treated[16]. Appropriate counselling with parents about 
the impact of  therapy adverse effects is crucial before 
starting the treatment. Constitutional symptoms such as 
fever, fatigue, myalgias, arthralgias, headaches and nau-
sea are frequently reported[23] and attributed to IFN[24]. 
Generally these symptoms are well tolerated and disap-
pear after the first weeks of  therapy[12]. Weight loss and 
inhibited growth are common while receiving PEG-
IFN plus ribavirin. However, most patients experience 
compensatory weight and height gain after completion 
of  treatment[12]. Approximately one third of  children 
treated experienced bone marrow suppression due to 
IFN administration[13]. Neutropenia is frequent but it is 
not associated to increased infection susceptibility and 
generally resolves after the end of  therapy[25]. IFN usu-
ally induces asymptomatic thrombocytopenia due to 
suppression of  megakaryopoiesis, to platelets sequestra-
tion in capillaries[26] or to an immune-mediated mecha-
nism[23]. Ribavirin is responsible of  hemolytic anemia[27]. 
Its metabolites seem to induce oxidative damage of  red 
blood cells[28]. Drug dose reduction generally improves 
the red blood cells count without decreasing the SVR 
rate[5]. Neuropsychiatric complications are frequently as-
sociated to PEG-IFN therapy[29]. Irritability and depres-
sion are the most frequent symptoms in children. Sui-
cidal ideations are rare[13]. Thyroid abnormalities are very 
common during PEG-IFN plus ribavirin treatment[30,31] 
and the production of  antithyroid peroxidase or antithy-
roglobulin autoantibodies may be responsible of  the thy-
roid function decrease[32]. The administration of  PEG-
IFN is responsible of  a wide variety of  ophthalmologi-
cal complications in adults. Ocular manifestations are 
rare in children[33], but ophtalmological follow up during 
therapy is warranted. Skin rashes, dry skin, pruritus and 
alopecia were commonly observed during therapy with 
PEG-IFN plus ribavirin and the injection site reactions 
are common when PEG-IFN is administered[34,35].

Targets of new therapies for HCV
Recently, viral enzymes responsible for the crucial steps 
of  the life cycle of  HCV have become the target small 
inhibiting molecules called DAAs. HCV genome is a pos-
itive-strand 9.6-kb RNA[36,37]. The HCV genome encodes 
a single precursor polyprotein that is processed by host 
signal peptidases and HCV proteases into structural (core, 
envelope E1, and E2/p7), and non-structural (NS2, NS3, 
NS4A, NS4B, NS5A, and NS5B) proteins[36,38]. The virus 
replicates with the help of  a polymerase. When the virus 
enters liver cells, it releases its RNA and is translated into 
the precursor polyprotein. The polyprotein is processed 
by the proteases into several polypeptides with differ-
ent functional roles in the virus life cycle[38,39]. DAAs are 
small molecules interfering at different steps of  viral life 

cycle. They are classified into several categories, based on 
their molecular target: HCV NS3/4A protease inhibitors, 
HCV NS5B polymerase inhibitors, HCV NS5A inhibi-
tors and others.

HCV NS3-4A protease inhibitors
NS3-4A inhibitors target the shallow enzymatic groove 
of  the HCV protease and thereby inhibit HCV polypro-
tein procession[40]. NS3-4A protease inhibitors can be 
divided in two molecular classes: macrocyclic inhibitors 
and linear tetra-peptide α-ketoamide derivatives[40]. They 
are characterized by a remarkable antiviral activity, but 
they present some limitations at the same time. First ap-
proved NS3-4A protease inhibitors were telaprevir and 
boceprevir (linear ketoamide derivates)[41,42]. Telaprevir 
or boceprevir monotherapy resulted in a sharp initial de-
cline in plasma HCV-RNA concentration during the first 
days of  dosing, but also in a rapid selection of  resistant 
variants and viral breakthrough[43,44]. The association of  
telaprevir or boceprevir with PEG-IFN plus ribavirin 
reduces the risk of  resistance development and results 
in SVR rates of  approximately 70%-80% in treatment-
naïve HCV genotype 1 patients[45,46]. The association of  
telaprevir or boceprevir with PEG-IFN plus ribavirin is 
the actual standard of  care in adults with chronic geno-
type 1 HCV infection.

The effectiveness of  triple therapy with telaprevir 
or boceprevir is clear, but the low barrier to resistance 
remains an important limitation[47-49]. Although newer 
NS3-4A protease inhibitors are being developed, the 
resistance profiles of  linear tetrapeptide and macrocyclic 
inhibitors are overlapping. Amino acid position R155 in 
NS3 constitutes the central position for resistance devel-
opment and different mutations at this amino acid site 
confer resistance to all protease inhibitors that are cur-
rently in advanced clinical development[50-53]. The over-
lapping resistance avoid the possibility of  combination 
with other NS3-4A protease inhibitors.

Another important limitation of  NS3-4A protease 
inhibitors is the occurrence of  severe side effects[45,46,54]. 
The most important side-effects associated with bocepre-
vir are anemia, neutropenia and dysgeusia. Telaprevir is 
responsible for skin rashes and anorectal symptoms[55,56]. 
Drug-to-drug interactions limit the use of  these two 
compounds. Telaprevir and boceprevir are both sub-
strates and inhibitors of  CYP3A. CYP3A metabolized 
approximately 60% of  medications. Drug-to-drug inter-
actions could modify the concentrations of  telaprevir 
and boceprevir reducing their efficacy or increasing their 
side effects[57,58]. Furthermore, telaprevir and boceprevir 
should be administered with fatty foods and three times 
per day. These factors make telaprevir and boceprevir two 
drugs that could be very difficult to be given to children 
especially in association with PEG-IFN plus ribavirin.

NS5A inhibitors
NS5A is an RNA binding protein that interacts with oth-
er HCV non-structural proteins[8]. It is capable of  altering 
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NS5B polymerase activity in vitro. NS5A role is not com-
pletely clear[59]. It is involved in modulation of  multiple 
aspects of  the cellular environment and is also required 
for viral assembly[60]. Daclatasvir is the first NS5A inhibi-
tor discovered and newer drugs of  this class are under de-
velopment[61,62]. NS5A inhibitors show broad coverage of  
HCV genotypes in vitro[63]. Their activity in vivo have been 
only tested for genotype 1 patients. Daclatasvir monother-
apy resulted in an rapid HCV RNA decline[64]. Similarly 
to NS3-4A protease inhibitors, the decline was as fast 
as the development of  resistant variants[64-66]. Substitu-
tions at positions L31 and Y93 had the greatest ability to 
confer resistance to daclatasvir[67]. Resistance acquired for 
daclatasvir was overlapping with other compounds of  
NS5A inhibitor class[67,68]. However, HCV variants resis-
tant to NS5A inhibitors were not resistant to other class 
of  DAAs, so NS5A inhibitors remain a good chance for 
combination therapy thanks to their potential broad ge-
notypic coverage. Diarrhea and mild headache were the 
most common adverse events observed in phase Ⅱ clini-
cal studies[69]. Considering its efficacy, the possibility of  
single daily dosing and the relative safety profile, daclatas-
vir should be considered a suitable drug for combination 
therapy also in children with chronic HCV infection.

NS5B inhibitors
NS5B inhibitors interfere with viral replication by bind-
ing to the NS5B RNA-dependent RNA polymerase[70-72]. 
They can be divided into two distinct categories: nucleo-
side analogue inhibitors and non-nucleoside inhibitors[73]. 
Nucleoside analogue inhibitors mimic the natural sub-
strates of  the polymerase and are incorporated into the 
growing RNA chain, thus causing direct chain termina-
tion by tackling the active site of  NS5B[74].

Nucleoside analogue inhibitors present a broad geno-
types activity and a high barrier to resistance. NS5B is a 
highly conserved region among HCV genotypes and mu-
tation in this site can lead to loss of  function or impaired 
viral replication. Sofosbuvir is the most promising drug 
of  this class of  DAAs[75]. It is a once-daily drug, which 
can be taken with or without food. A recent clinical trial 
showed that 100% of  previously untreated genotype 2 
and 3 patients achieved SVR with sofosbuvir plus riba-
virin regimen[76]. In other studies, response for geno-
type 3 was lower than 2. In the FISSION trial, 56% of  
treatment-naïve genotype 3 patients achieved SVR after 
12 wk of  treatment with sofosbuvir plus ribavirin[77]. In 
the VALENCE trial, 24 wk of  treatment in genotype 3 
patients showed SVR rates of  90% in treatment-naïve pa-
tients, 87% in treatment-experienced patients and 60% in 
treatment-experienced patients with cirrhosis, suggesting 
that a longer duration of  therapy is better for genotype 
3[78].

For previously untreated genotype 1 patients, sofos-
buvir plus ribavirin resulted in 84% SVR rate[76]. The 
same regimen resulted in very low SVR rate (10%), when 
administered to genotype 1 patients who had no response 
to previous therapy[76]. Sofosbuvir was generally well tol-

erated when given alone, in combination with ribavirin or 
in combination with PEG-IFN and ribavirin. Headache, 
fatigue, insomnia, nausea, rash, and anaemia were adverse 
events observed with sofosbuvir-based therapies[76]. This 
drug presented high antiviral activities and, in addition, 
its high barrier to resistance development suggests that it 
is an optimal candidate for IFN-free combination thera-
pies in adults with chronic hepatitis C[79]. These features, 
together with the possibility of  single daily dosing, make 
sofosbuvir a suitable drug also for children.

Non-nucleoside NS5B inhibitors act on various allos-
teric sites to induce conformational changes in the HCV 
polymerase[80]. NS5B protein structure offers different 
biding sites, so many different non-nucleoside NS5B 
inhibitors are under development[81]. Difference with nu-
cleoside inhibitors consists in more distant binding sites 
from the active site of  NS5B. Studies evaluating the effi-
cacy of  non-nucleoside NS5B inhibitors demonstrated a 
good efficacy in reduction of  HCV RNA levels and mild 
well tolerated side effects[82]. However, non-nucleoside 
NS5B inhibitors presented low barrier to resistance and 
high frequency of  viral breakthrough when administered 
in monotherapy[82,83]. Another limitation of  non-nucleo-
side NS5B inhibitors is the absence of  broad genotype 
activity[84], in contrast with nucleoside inhibitors.

Host-Targeting Antiviral Agents
An increasing number of  host factors, such as cyclophilin 
A or microRNA-122 (miR-122), which are required for 
HCV replication have been identified as promising candi-
dates for host-targeting antiviral agents.

Cyclophilin A is a cellular enzyme that enhances HCV 
replication[85-87]. Its cellular functions are not completely 
understood. Cyclophilin A interacts with NS5A and, as 
consequence, also modulates the polymerase activity of  
NS5B[85,88].

Alisporivir is the first cyclophilin A inhibitor and 
studies on its activity are currently ongoing[89]. Alisporivir 
acts blocking cyclophilin A-NS5A interactions in a dose-
dependent manner. Alisporivir had a potent activity and 
an additive effect on HCV replication in genotype 1 and 
4 patients, when combined with PEG-IFN[90]. Its efficacy 
was demonstrated also in patients with genotype 2 or 3 
infections[91]. The efficacy of  alisporivir against all HCV 
genotypes is associated with a very high barrier to resis-
tance[91]. Mutations conferring viral resistance can emerge 
in the NS5A protein, but occur less frequently than with 
DAAs[92]. Alisporivir is orally administered one time a day. 
This drug is a promising antiviral agent that can be possi-
bly used in different drug regimens. Despite these data, it 
is currently on hold due to rare cases of  severe pancreati-
tis during combination therapy with alisporivir and PEG-
IFN.

MiR-122 is a liver-expressed microRNA which binds 
the 5’ non-coding region of  the HCV genome, resulting 
in an upregulation of  viral RNA levels[93]. MiR-122 plays 
a key role in HCV replication[94-96]. Miravirsen acts pre-
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venting the binding of  miR-122 to the HCV genome[97]. 
It is the first micro-RNA targeting drug evaluated in 
clinical studies. First results demonstrate that the use 
of  miravirsen in patients with chronic HCV genotype 1 
infection was associated with prolonged dose-dependent 
reductions in HCV RNA levels without evidence of  viral 
resistance[98].

IFN-λ
The combination of  the PEG-IFN type α with ribavi-
rin is associated with significant side effects, resulting in 
high rates of  noncompliance, and demonstrates variable 
efficacy against numerous HCV genotypes. In addition, 
completion of  treatment often suffers because of  poor 
adherence by patients due to drug-related adverse events, 
including psychiatric disorders, flu-like symptoms, and/or 
haematological abnormalities, such as haemolytic anaemia 
and neutropenia[99]. Human IFN-λ is a recently described 
human type Ⅲ IFN[100,101]. Its biological characteristics are 
comparable to those of  type Ⅰ IFNs, such as IFN-α and 
IFN-β[100,102]. Similarly, IFN-λ exerts its antiviral activi-
ties by inducing the expression of  IFN-stimulated genes 
through activation of  the Janus kinases Jak1 and Tyk2[103]. 
The receptor complex for IFN-λ is more restricted than 
that of  the type Ⅰ IFN receptor and is highly expressed 
in liver cells and minimally on hematopoietic cells[104].

These characteristics have made IFN-λ an ideal can-
didate for antiviral therapy against HCV, with the poten-
tial of  having reduced adverse events normally associated 
with IFN-α. Moreover, the lack of  cross-resistance be-
tween IFN-λ and DAAs may be crucial for future treat-
ment strategies. Results from a phase 2 trial investigating 
IFN-λ as a new therapeutic agent against chronic infec-
tion with HCV were recently reported[105]. Compared 
with IFN-α, the IFN-λ based regimen showed similar to 
slightly better SVR rates in adult patients infected with 
genotypes 2 or 3[105]. Furthermore, the treatment was as-
sociated with fewer adverse events[105] and preliminary 
results showed a more robust decline at week 12 of  
treatment in adult patients infected with genotypes 1 and 
4[105]. These results encourage the possible future appli-
cations of  IFN-λ in chronic hepatitis C therapy in adults 
as well as in children. In children adverse events related 
to IFN-α are less frequently observed than adults. How-
ever, a further reduction would be desirable.

Therapies in Clinical Development
The present standard of  care in children is PEG-IFN 
plus ribavirin. The efficacy of  this association is higher 
in children than in adults, though the low SVR rate for 
genotype 1 and 4 is a major problem also in children. 
The new standard of  care in adults, recently approved 
only for genotype 1, is the triple therapy with PEG-IFN, 
ribavirin and telaprevir/boceprevir. Triple therapy is 
not yet approved in children, but its limitations seem to 
be relevant in terms of  adherence to therapy, especially 
in paediatric patients. The new drugs discovered open 
new possibilities of  therapy in adults and, in the next 
future, in children too. New all-oral drug associations 
will be possible. New promising drug regimens could be 
targeted on children, considering the specific needs of  
these patients. Different drugs regimens are being tested 
(Figure 1) and we can distinguish IFN-based and IFN-
free regimens.

IFN-based regimens
As the addiction of  telaprevir/boceprevir to PEG-IFN 
plus ribavirin, other newer NS3-4A inhibitors have been 
proposed for triple therapy in treatment-naïve HCV 
genotype 1 patients. Simeprevir has been tested in phase 
Ⅲ clinical trials. It needs once daily dosing (in contrast 
with triple daily dosing of  telaprevir and boceprevir) and 
showed a SVR rate of  approximately 80%. Triple thera-
py by the association of  nucleoside inhibitor sofosbuvir 
and PEG-IFN plus ribavirin has been tested in phase 
Ⅲ clinical trial. After only 12 wk of  treatment, 90% of  
SVR rate was obtained in treatment-naïve patients with 
HCV genotype 1, 4, 5 and 6[106]. Triple therapy with the 
NS5A inhibitor daclatasvir led to SVR in 59%-100% of  
treatment-naïve HCV genotype 1 and 4 patients, accord-
ing to daclatasvir dosage and HCV genotype[107]. Data 
on triple therapies demonstrates their efficacy. However, 
considering that the success of  triple therapies differs 
significantly according to infection with specific HCV 
subtypes and emerging viral resistance, a more futuris-
tic approach could be quadruple therapy, including two 
DAAs of  different classes in combination with PEG-
IFN-a and ribavirin[108].

IFN-free regimens
The introduction of  DAAs in HCV treatment empha-

15969 November 21, 2014|Volume 20|Issue 43|WJG|www.wjgnet.com

Direct acting antiviral agents

PEG-IFN + 
RIBA ± DAA

NI + RIBA
NI + PI 
± RIBA

NI + NS5A 
± RIBA

NS5A + PI + 
NNI ± RIBA

Figure 1  Association of direct-acting antiviral agents in chronic hepatitis C treatment. PEG-IFN: Pegylated interferon; RIBA: Ribavirin; NI: Nucleoside inhibitor; 
PI: Protease inhibitor; NS5A: NS5A inhibitor; NNI: Non-nucleoside inhibitor; DAA: Direct-acting antiviral agent.
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sized the possibility of  exclusion of  PEG-IFN from 
therapy[109]. The PEG formulation only partially solved 
the impact of  therapy on the quality of  life of  the pa-
tients. However, the elimination of  injections could be 
considered a progress in chronic hepatitis C treatment, 
in order to provide an all-oral regimen with a reduced 
impairment of  life quality, most of  all in children. In this 
contest a large number of  possible IFN-free regimens, 
with or without ribavirin are object of  study right now. 
Combining drugs that have different targets of  action 
could results in an additive or synergistic antiviral effect 
while lessening the chance of  antiviral resistance. Associ-
ations that have been tested are NS5B inhibitors with or 
without ribavirin, NS5A inhibitors combined with NS5B 
inhibitors, NS3-4A inhibitor with or without ribavirin 
and, finally, the combinations of  multiple DAAs with or 
without ribavirin[77].

CONCLUSION
Progresses achieved during the last five years are rapidly 
and radically changing the approach to chronic HCV 
infection. Recently, the continuous emerging of  new 
compounds dramatically increased the possibilities of  a 
successful treatment. Numerous new drugs targeting vari-
ous aspects of  the HCV life cycle and host-targeting anti-
viral agents are in development. Combinations of  DAAs 
have synergistic effects, decrease the risk of  resistance, 
improve antiviral efficacy, are effective on different geno-
types and could have favourable safety profiles. Differ-
ent new drug regimens are still based on the association 
of  DAAs with PEG-IFN however all-oral therapies are 
extremely promising. The possible emerging of  viral re-
sistance is the most relevant problem related to IFN-free 
regimens, though the discovery of  host targeting antiviral 
agents could supply this limit of  DAAs. IFN-free treat-
ment regimens would be more suitable in children, than 
triple or quadruple IFN-based therapies. It is mandatory 
to identify the right combination of  drugs with the high-
est potency and barrier to resistance and the best safety 
profile. In this constantly evolving scenario new drug 
regimen targeted on paediatric population would be pos-
sible in the next future.
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