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Abstract
The hepatitis C virus (HCV) infection is an important 

public health problem and it is associated with hepatic 
and extrahepatic manifestations. Autoimmune thyroid 
diseases are common in HCV infected patients and the 
standard interferon-based treatment is associated with 
an increase of the immune‑mediated thyroid damage. 
Recent evidence in the literature analyzed critical points 
of the mechanisms of thyroid damage, focusing on 
the balance between the two sides of the interaction: 
The environment (virus infection with potential cross-
reaction) and the host (susceptibility genes with 
consistent immune response). The spectrum of antiviral 
treatment for chronic HCV infection is rapidly expanding 
for the development of dual o triple therapy. The 
availability of interferon-free combined treatment with 
direct antiviral agents for HCV is very promising, in order 
to ameliorate the patient compliance and to reduce the 
development of thyroid autoimmunity.

Key words: Hepatitis C virus; Thyroid autoimmunity; 
Interferon; Antiviral agents; Self-tolerance

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This review examines the relationship 
between the hepatitis C virus (HCV) infection and the 
thyroid autoimmunity, on the basis of recent evidence 
of the literature about the mechanisms of self tolerance 
and thyroid damage related to HCV. The advances in 
the HCV infection treatment have been discussed in the 
paper, with relevant clinical results.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a liver disease that 
may be associated with extra hepatic manifestations 
(EHM) (autoimmune disorders or malignant tumors), 
defining the HCV syndrome as result of multifactorial 
process with significant genetic predisposition and/or 
environmental triggering cofactors[1].

More than 50% of HCV‑positive patients have 
symptoms of at least one EHM during the course of the 
disease that can be the first and only clinical signs of a 
chronic hepatitis C[2].

The loss of tolerance is the main mechanism that 
promotes autoimmune diseases and, particularly, autoi
mmune thyroid disorders (AITD)[3,4], with autoantibodies 
(Abs) or T lymphocytes (humoral or cellular response) 
reacting with self-antigens (Ags) (Figure 1). 

The clinical spectrum of AITD includes hyper- [Graves’ 
disease (GD)] or hypo-function [Hashimoto’s thyroiditis 
(HT)] of the gland. The Abs against the thyroglobulin (Tg) 
and the thyrotropin-stimulating hormone (TSH)-receptor 
(TSH-r) in patients with GD were firstly identified 
50 years ago[5,6]. The Abs bind and activate the TSH 
receptor in GD, whereas antibody-dependent cellular 
cytotoxicity to thyroglobulin and thyroid peroxidase (TPO) 
and T cells mediated injury in HT. An immune-mediated 
mechanism is present in painful subacute thyroiditis 
(without significant anti-thyroid autoantibodies) and in 
drug-induced thyroiditis (interferons).

T cells CD4+ are divided into regulatory T (Treg) cells 
and conventional T helper (Th) cells (with Th1 and Th2 
lineages controlling cell-mediated and humoral immunity, 
respectively)[7-11]. In the central event of the immune 
response, the antigen-presenting cell (APC) presents the 
Ag bound to the human leukocyte antigen (HLA) class 
Ⅱ to the CD4+ T cell, through the T cell receptor and 
additional costimulations (engagement of B7 with CD28 
and CD40 with CD40 ligand). The Ag recognition for 
CD8+ T cells requires linear peptides that are processed 
and bound to HLA class Ⅰ. The CD4+/CD8+ ratio, the 
HLA system and the costimulation have been involved 
in initiation, progression, and maintenance of AITD[12]. 
Since activated T cells stimulate B cells to proliferate and 
secrete antibodies (IgG), B cell tolerance mechanisms 
are considered as a secondary mechanism[13]. Tregs 
suppress immune responses against self or non-self Ags, 
producing immunosuppressive cytokines [interleukin-10 
(IL-10), and transforming growth factor β (TGF-β)] 
and Tregs are dysfunctional in AITD patients[14,15]. 
Programmed death-1 negative co-stimulatory pathway 
mediate Treg activity, that is characterized by the 
expression of forkhead box protein 3 (FoxP3) and 
cytotoxic T-lymphocyte antigen 4 (CTLA-4). 

At the peripheral site of chronic inflammation, 
the Th17 cells produce proinflammatory cytokines 

(IL-17, IL-21 and IL-22), as it has been demonstrated 
in AITD[16,17]. Local immunosuppressive regulatory 
cytokines (TGF-β and IL-10) may be involved in the 
maintenance of tolerance and prevention of AITD[18,19]. 
A decreased apoptosis of activated T cells, like in defects 
of interaction of Fas (CD95) and Fas ligand (Fas-L), has 
been studied in AITD[20]. The proportion of intrathyroidal 
natural killer T cell subset has been found lower in GD 
than in the peripheral blood of the same patients and 
of controls, contributing to the incomplete regulation of 
autoreactive T cells[13].

HOST-DEPENDENT FACTORS IN 
THYROID AUTOIMMUNITY
The aetiology of the AITD is unknown, but endogen
ous agents may predispose to the development to 
autoimmunity. 

A genetic influence (the susceptibility genes) has 
been reported in the development of autoimmunity[21,22]. 
As matter of fact, the association with HLA class Ⅱ 
molecules, the concordance studies in twins, the asso
ciation with CTLA-4 and protein tyrosine phosphatase 
nonreceptor-type 22 and CD40 polymorphism (A/G49 
and 1858C/T and CC genotype, respectively), the 
association of a microsatellite inside the FoxP3 gene, 
the linkage with chromosomal locations (14q31, 18q21, 
20q11, Xp11, Xq21, 6p, 13q32 and 12q22) and the 
presence of anti-thyroid Abs in siblings of probands 
with AITD have been observed[23-32]. Moreover, the HLA 
class Ⅱ (DRB1*0301) is also associated with chronic 
HCV infection[33]. Genome-wide association studies 
of autoimmune disease recently revealed multiple 
associations with the major immune cell subsets and 
uncovered insights into the control for regulatory Tregs[34].

AITD clearly increases with age, resulting from 
changes in immune regulation (endogenous factor). A 
sexual dimorphism in AITD has been described[3], with 
the highest ratio in females with HT (F:M = 4-10:1), 
suggesting an immunomodulatory role of sex steroids 
(respectively for androgens, estrogens and progester
one), mediated by specific receptor[35]. Males have 
an increased risk of advanced liver disease (cirrhosis 
and hepatocellular carcinoma) during HCV infection, in 
association with polymorphisms in sex steroid hormone 
synthesis and signaling[36,37].

A blunted hypothalamic-pituitary-adrenal axis may be 
associated to susceptibility to autoimmune/inflammatory 
disease[38], but no evidence of pituitary or adrenal 
involvement was present in a recent histopathologic 
study in HCV patients with thyroid disorders[39].

The main targets of the immune response in AITD 
are the Tg (two 330-kDa monomers, with the highest 
“immunogenicity score”), the TSH-r (60 kDa for the 
A subunit) and the TPO (homodimer of two 107-kDa 
subunits); no supporting data, at the moment, for the 
sodium/iodide symporter (NIS) and the pendrin[9]. 
Specific Tg peptides (representing major T-cell epitopes 
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that can bind to the HLA-DRB-Arg74 pockets) and 
intron 1 polymorphism in the TSH-r gene (altering its 
splicing) has been associated with GD[40,41]. Cytotoxic 
CD8+ T cells recognized Tg or TPO peptide epitopes 
associated to HLA-A2 molecules in patients with HT[11].

Epigenetic modifications (including DNA methyla
tion, histone modifications, and RNA interference by 
microRNA) can amplify a risk conferred by an inherited 
polymorphism resulting in a combined high risk for 
disease[42].

ENVIRONMENT AND VIRUS-DEPENDENT 
FACTORS IN THYROID AUTOIMMUNITY
Environmental risk factors include pollution, iodine intake 
(as in the cases of Jod-Basedow and Wolff-Chaikoff 
effect) and smoking. Stressful situations are well known 
inducers of AITD and, in particular, of hyperthyroidism[43]. 
Allostatic load during stress conditions is a well-known 
environmental factor favouring the development of 
AITD. A high number of drugs (lithium, amiodarone, 
interferons, anti-CD52 monoclonal antibody Campath-
1H) may induce AITD[44-47]. In the past years, leukocyte-
derived interferon (IFN) contaminated with γ-IFN 
demonstrated “in vivo” potent inducing properties of 
AITD in humans[48]. 

The HCV is one of the most important viruses 
associated with autoimmune diseases (both chronic 
liver inflammation and EHM). HCV may interferes with 
the functions and mechanisms of self-recognition both 
on the immune system and thyroid cells[49,50], where 
HCV may directly destroy thyroid tissue or mimic the 
structure of some components of thyroid gland, starting 
the autoimmune disease (Figure 2).

The HCV prevalence is about 5%, strongly associated 
with health inequity[51,52]. HCV structure consists of three 
structural (core, E1 and E2) and seven non-structural 
proteins (p7, NS2, NS3, NS4A, NS4B, NS5A and 

NS5B) and six main HCV-RNA genotypes[53]. HCV has a 
significant lymphotropism: In fact, the lymphoid tissue 
is a site for the persistence of the infection and chronic 
immune stimulus[54,55]. The chronic stimulation results in: 
AutoAbs production (clonal B lymphocyte expansion and 
Th2 response), anti-apoptotic effects (translocation with 
Bcl-2 activation and prolonged survival of lymphocytes), 
drive for autoimmunity (binding of protein E2 to CD81, 
that mediate attachment on hepatocytes), increased 
cytokine and chemokine secretion (IFN-γ and Th1 
response with IFN-γ inducible chemokines such as C-X-C 
motif chemokine 10 or CXCL10, in order to stop viral 
spread; IL-8) and upregulation of CXCL10 by NS5a[56-59]. 
However, no association has been found between 
chronic hepatitis C with increased CXCL10 and AITD[60]. 

DEVELOPMENT OF AITD DURING THE 
a-IFN TREATMENT FOR HCV CHRONIC 
HEPATITIS
The AITD during the α-IFN treatment for viral chronic 
hepatitis is an interesting clinical model for auto
immunity, since it includes both environmental and 
endogenous factors, together interacting. The mechan
isms responsible for AITD in HCV patients have not been 
elucidated.

In the autoimmune model, initiating (susceptibility 
genes/environmental stimuli) and modulating factors 
(sex hormones/neuroendocrine influences) are involved 
in the whole complex of the autoimmune processes.

Age, female gender and pre-existing positive Abs 
are well-known risk factors for the development of AITD 
in the IFN-treated HCV patients[61-64].

HCV is associated with AITD (10%) and thyroid 
dysfunction (3%, with a hypothyroidism/hyperthyroidism 
ratio of about 2:1)[49,61-63,65-70]. AITD in patients with HCV 
are more frequent than in viral hepatitis B (5%) and in 

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

Central delection AIRE  gene

Apoptosis
Fas/Fas-L

Local milieu
cytokines/hormones

Invariant
NKT cells

B/T cooperation

Receptor editing
Ab rearrangement

Treg cells
TGF-β, IL-10

Tolerigenic
DCs

Ignorance
Immune privilege

Idiotype/anti-idiotype
network

Anergy
Absence of costimulation

(B7-1, B7-2)

Central
tolerance

Peripheral
tolerance

Figure 1  Potential mechanisms for self-tolerance control. AIRE: Autoimmune regulator gene; DCs: Dendritic cells; TGF: Transforming growth factor; IL: 
Interleukin; Ab: Antibody; NKT cells: Natural killer T cells.

Pastore F et al . HCV infection and thyroid autoimmunity



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

from a neuroendocrine point of view and we did not find 
a statistically relevant modification of thyroid hormones 
and TSH levels[77].

A case of De Quervain’s thyroiditis during α-IFN 
therapy for HCV-related chronic hepatitis, with persisting 
negative anti-thyroid Abs after α-IFN therapy, has been 
reported[78]. The common viral infections (Coxsackie 
virus, mumps, Epstein-Barr virus, adenovirus, cytome
galovirus) were negative, but we found an association 
with HLA-Bw35[79,80]. The patient presented the HCV, 
the typical HLA class Ⅰ predisposition for the thyroid 
disease and an exogenous accelerating factor (α-IFN 
therapy). During viral infections, APCs present antigens 
to Th cells, in the presence of cytokines (i.e., α-IFN, 
IL-12), inducing them to differentiate towards the Th1 
phenotype that causes cell damage[81].

In a second case report, a patient with HCV infection 
and negative anti-thyroid Abs before treatment but with 
the typical association for HT (HLA-DR5 antigen or HLA-
DRB1.11/HLA-DRB1.12 alleles) in Caucasian developed 
HT during α-IFN treatment[82].

In a preliminary longitudinal (range 12-54 mo) 

controls (2%-4%)[11,66].
The standard antiviral therapy with α-IFN for HCV-

related chronic hepatitis may exacerbate or induce 
underlying latent thyroid disorders, increasing the 
incidence of AITD and dysfunction to 20%-40% and 
11%-15%, respectively[49,61-63,65,67,68,70-72]. The “de novo” 
appearance of anti-thyroid Abs and overt dysfunctions 
in euthyroid subjects have been demonstrated after the 
α-IFN therapy, suggesting that this cytokine is a direct 
inducer of AITD[49,61,62,67,68,70,71].

Recombinant α-IFN administration induces an increase 
of endogenous γ-IFN and IL-6, supporting a sequence in 
the cytokine cascade that modulate the immune system 
and the neuroendocrine axis secretion[73]. At the thyroid 
level, IFNs (α, β and γ) are inhibitors of iodide uptake and 
hormone release on thyrocytes[74]. At the pituitary level, 
γ-IFN and IL-6 do not change TSH release[75], whereas 
at the hypothalamic level, γ-IFN stimulates somatostatin 
release[76] that suppresses TSH secretion. We examined 
the effect of α-IFN (3 million IU i.m. 3 times a week) 
on hypothalamic-pituitary-thyroid (HPT) axis in patients 
with viral chronic hepatitis and negative anti-thyroid Abs 
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study in patients with chronic hepatitis C and absence 
of thyroid disorders at the baseline (n = 15), the 
relationship between the HLA antigen susceptibility and 
the thyroid disorders during the α-IFN treatment was 
evaluated, with respect to control subjects (n = 107)[83]. 
The HCV genotype was 1b (20%), 2a (60%) and 3a 
(20%), with the distribution (1b:2a:3a) of 1:3:1 and 
absence of mixed genotype. It is well known that the 
HLA-B35, -DR3 (DRB1.03 allele) and -DR5 (DRB1.11/
HLA-DRB1.12 alleles) are commonly associated with De 
Quervain’s thyroiditis, thyrotoxicosis/hyperthyroidism 
and hypothyroidism, respectively[80,84-92]. Arginine at 
position 74 of HLA-DRB1 chain (DRB-Arg74) may 
permit autoAg peptides to fit into the binding pocket, 
to be presented more efficiently to T cells[93]. On the 
other side, the HLA-A2 has been aspecifically associated 
with thyroid disorders (either hyper- or hypothyroidism) 
in patients with chronic hepatitis C during α-IFN 
therapy[30]. The HLA-A2 antigen (class Ⅰ molecule) is 
involved in the restricted presentation of HCV peptides 
by the APC to the CTL (response strongly increased by 
α-IFN, with final outcome of target cell disruption both 
at the liver and thyroid gland level)[94-97].

Forty percent of HCV patients presented a double 
positive HLA result (HLA-A2/B-35, HLA-A2/DRB1.03, 
HLA-A2/DRB1.11 or HLA-B35/DRB1.11) before the 
treatment and five patients with double positive HLA 
received the α-IFN therapy. Four double positive HLA 
treated females developed clinical thyroid disorders, with 
the HLA system specifically associated with the particular 
kind of the thyroid disorder (P < 0.05). The HLA-A2 
was not specific for thyroid disorder, being present in 
hypothyroidism, in thyrotoxicosis as well as in thyroiditis. 
The relationship between the thyroid disorders and the 
HCV genotype did not reveal significant association. In 
our group with 40% double positive HLA pre-treatment, 
the overall development of thyroid disorders after α-IFN 
was 36% (33% in patients with pre-treatment negative 
anti-thyroid Abs).

Previous studies have showed the association of 
AITD with female gender, older age and pre-existing 
positive anti-thyroid Abs, in α-IFN treated patients with 
HCV-related chronic hepatitis[26,49,61,66,69,70]. Our results 
suggest that the HLA system is a strong susceptibility 
factor to the development of AITD, in particular, in the 
patients with two Ags together (the double association 
of HLA class Ⅰ and/or Ⅱ). Therefore, the examination 
of HLA (HLA-A2, -B35, -DRB1.03, -DRB1.11) in HCV 
patients before α-IFN treatment may be an useful 
predictive tool to detect the predisposition to develop 
the specific AITD.

HCV virion attachment and entry in thyrocytes are 
mediated by CD81 (host) and E2 (virus), activating 
the local inflammatory response (as well as it occurs 
for hepatocytes). Moreover, HCV also replicates within 
the infected human thyroid cells in vitro[98]. The HCV 
infection of thyroid cells can trigger the autoimmune 
thyroiditis by induction of changes in self Ag expression, 
exposing of cryptic epitopes or molecular mimicry and 

leading to production of the proinflammatory IL-8 (a 
contributor to bystander activation)[11]. 

Even if important host effector molecules (such as 
the interferon-induced transmembrane proteins IFITM 
family of proteins) may act against HCV in the liver, 
restricting infection by targeting the endocytosed virion 
for lysosomal degradation[99], at the moment, no data in 
the literature describe the role of IFITM in AITD.

The molecular mimicry is the mainly investigated 
mechanism of induction of autoimmunity and we anal
yzed the frequency of the sequence homology between 
the thyroid and the HCV. We found 62.5%-100% 
homology, when the conservative substitutions were 
included in the analysis (ten out of ten identical/con
servative amino acids in the sequence), between the 
HCV polyprotein and five thyroid Ags (Tg, TPO, TSHr, 
NIS and pendrin). The homology was not restricted to a 
single HCV genotype, with the highest degree between 
the NIS and the HCV1a-NS4a protein. The Tg had the 
highest number of homologies with the different HCV 
genotypes. The length of ten amino acids is consistent 
with the presentation of the self/viral Ags with the HLA 
class Ⅰ to CD8+ lymphocytes (the HLA class Ⅱ usually 
bind longer peptides)[100].

The aberrant expression of HLA class II on thyroid 
cells (with costimulation) and the local inflammation (with 
cytokine release) result in activation of autoreactive T 
cells by bystander mechanisms. Systemic inflammation 
(cytokines and chemokines, like IL-8) plays an important 
role in the immunopathogenesis of thyroiditis and 
antagonize the antiviral effects of IFN, facilitating HCV 
persistence in thyrocytes. The absence of HCV clearance 
from thyrocytes perpetuates the chronic inflammation 
and autoimmunity. α-IFN triggers AITD through an 
epigenetic mechanism involving variant of Tg and 
TSHr gene promoter[101,102]. Moreover, α-IFN locally 
enhances the expression of TSH-r, Tg, TPO and HLA 
class Ⅰ molecules on thyrocytes and the secretion of the 
potent proinflammatory IL-2 cytokine[11].

α-IFN treatment for HCV-related chronic hepatitis 
acts an enhancer of AITD in susceptible patients. The 
standard dual therapy with pegylated α-IFN (pegIFN)/
ribavirin has been recently increased to a triple therapy, 
based on new direct-acting antiviral drugs [NS3/4A 
serine protease inhibitor (PI), such as telaprevir or 
boceprevir]. 

The monitoring of the patients during the treatment 
avoids the side effects (typically flu-like symptoms with 
pegIFN or anemia with ribavirin, or irritability, allergic 
reactions, severe fatigue, bacterial infections)[103,104]. 
Thyroid function tests should be examined every 3 mo 
during the α-IFN based treatment[105,106]. Recently, α-IFN-
free combined treatment with direct antiviral agents 
for HCV has been developed with or without ribavirin, 
ameliorating the patient compliance and reducing the 
risk for thyroid autoimmunity development. These 
agents are second generation PI (simeprevir, grazo
previr), NS5A inhibitor (daclatasvir, ledipasvir, ombitasvir, 
elbasvir) and NS5B polymerase inhibitor (sofosbuvir, 
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paritaprevir, dasabuvir, beclabuvir, asunaprevir) that 
are strongly efficacious to eradicate the HCV infection 
(undetectable HCV-RNA after 24 wk from the beginning 
of therapy)[53,107-109].

CONCLUSION
In conclusion, the development of AITD in patients 
with chronic HCV-infection is a complex model for 
autoimmunity in which every component (the host and 
the environment) has a significant role.

The new approach with α-IFN-free combined 
treatment for chronic HCV-infection with direct antiviral 
agents is very promising in order to ameliorate the 
patient compliance and to reduce the risk of development 
of AITD.
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Abstract
Over the last years it has started a real revolution in the 
treatment of chronic hepatitis C. This occurred for the 
availability of direct-acting antiviral agents that allow 
to reach sustained virologic response in approximately 
90% of cases. In the near future further progress will 
be achieved with the use of pan-genotypic drugs with 
high efficacy but without side effects.

Key words: Direct-acting antiviral agents; Nucleoside 
inhibitors; Boceprevir; Sofosbuvir; Telaprevir; Hepatitis 
C; Simeprevir; Daclatasvir; Ledipasvir; Faldaprevir; 
Ritonavir; Ombitasvir; Dasabuvir

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: This review analyzes the current therapies 
for chronic hepatitis C and the future challenges of the 
research. So it tries to give an update on the research 
of hepatitis C virus (HCV) infection, providing a critical 
view of the emerging therapies and their impact on 
the future management of HCV infection. Since novel 
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treatments for HCV infection are highly efficacious 
but costly, priority should be given to patients with 
advanced hepatic fibrosis, which is a disease that 
cannot be deferred.

Bertino G, Ardiri A, Proiti M, Rigano G, Frazzetto E, Demma S, 
Ruggeri MI, Scuderi L, Malaguarnera G, Bertino N, Rapisarda 
V, Di Carlo I, Toro A, Salomone F, Malaguarnera M, Bertino E, 
Malaguarnera M. Chronic hepatitis C: This and the new era of 
treatment. World J Hepatol 2016; 8(2): 92-106  Available from: 
URL: http://www.wjgnet.com/1948-5182/full/v8/i2/92.htm  DOI: 
http://dx.doi.org/10.4254/wjh.v8.i2.92

INTRODUCTION
The hepatitis C virus (HCV), identified in the 70s but 
cloned in 1989, is a single-stranded RNA virus belonging 
to the family Flaviviridae. 

HCV is the main cause of progressive liver diseases 
and a public health problem worldwide. It is estimated 
that approximately 150-180 million people in the world 
are living with chronic hepatitis[1,2], 350 million of whom 
die each year from liver damage associated with the 
infection[3]. 

About 80% of people infected with HCV develop 
chronic hepatitis, of which 20%-40% will develop liver 
cirrhosis or hepatocellular carcinoma (HCC) 20-30 years 
after infection. 

As a consequence, chronic HCV infection is the 
major reason of liver transplantation in developed 
countries[4-7].

According to the Global Burden Disease Study in 
Europe, the death rate for viral hepatitis is significantly 
higher than that for human immunodeficiency virus (HIV) 
and acquired immune deficiency syndrome; in particular 
in 2010, the number of deaths from viral hepatitis have 
been ten times bigger than that attributed to HIV. It is 
reasonable to think that this difference is due to the lack 
of effective therapies for HCV until a few years ago[8]. 

HCV is also one of the main causes of death[9]. 
The virus causes both liver damage and extra-hepatic 
manifestations, many of these syndromes are associated 
with the ability of HCV to replicate in peripheral blood 
mononuclear cells (PBMCs); an example is the mixed 
cryoglobulinemia, which is by far the most common 
extrahepatic disease closely connected with the infection. 

Recently it was shown that antiviral treatment is 
associated with improved renal and cardiovascular 
outcomes in patients with cryoglobulinemia[4,6,10,11]. 
Newly approved oral anti-HCV drugs are very safe and 
effective, but unfortunately their cost will force to choose 
a priority of treatment. The intent should therefore be to 
identify and treat patients with a higher risk of morbidity 
and mortality due to HCV. 

The availability of these new oral treatments can 
definitely heal patients and consequently it will cause a 
significant reduction in health care costs[2]. The aim of 

this review article is to give an update on the research of 
HCV infection, providing a critical view of the emerging 
therapies and their impact on the future management of 
HCV infection.

Natural history of chronic hepatitis C
The natural history of chronic hepatitis C is partly 
defined. The primary HCV infection is completely asym­
ptomatic in 60%-70% of cases, but in 80% of patients 
the infection becomes chronic and is characterized by the 
persistence of the viral genome in the blood for at least 
6 mo from the onset of acute infection. In a variable 
proportion of people carrying the virus, especially in 
the presence of strong necro-inflammation and/or co-
factors of liver damage, the disease can evolve from the 
condition of chronic hepatitis to cirrhosis and HCC. 

There are several factors that can change the course, 
severity and progression of the disease, including age 
at the time of infection, route of infection, viral load, co-
infection with other hepatitis viruses or HIV, alterations 
of immune status, and the coexistence of other hepa
tolesive factors such as consumption of alcohol, iron 
overload, obesity, type 2 diabetes, resistance to insulin 
and genetic factors[12-14]. 

Chronic HCV infection in about 20% of cases pro
gresses up to hepatic cirrhosis, end-stage liver disease 
and HCC, generally after 20-30 years from primary 
infection. 

The progression of chronic disease leads, through 
a mechanism of chronic damage, to the loss of organ 
function, for progressive deposition of fibrotic tissue and 
disruption of the parenchymal structure, and results in 
liver fibrosis and cirrhosis.

Cirrhosis changes the normal liver architecture, and 
furthermore itself represents the most important risk 
factor for the development of HCC, in part by acting 
as a cofactor accelerating the process triggered by a 
primary carcinogen (HCV), and specially by increased 
hepatocyte regeneration. Once HCV infection progresses 
to cirrhosis, there is a 1%-5% annual risk of HCC[12]. 

The probability that a patient with compensated 
cirrhosis can evolve towards the decompensated form 
increases progressively over time.

Liver cirrhosis and its complications (portal hyper
tension and therefore esophageal varices, splenomegaly, 
ascites, hepatic encephalopathy, spontaneous bacterial 
peritonitis, hepatorenal syndrome, hepato-pulmonary 
syndrome and HCC) are burdened with high morbidity 
and mortality. 

It is also known that different variables influence 
the progression of the disease, for which the prognosis 
changes individually and is very hard to define[12-14].

Several studies have concluded that the eradication 
of HCV infection slows the progression of the disease, 
improves the survival, and reduces the incidence of liver 
failure and the risk of developing liver cancer[12-28]. The 
understanding of the natural history of chronic hepatitis 
C and its long-term consequences is essential to enable 
appropriate decisions on treatment, but unfortunately 

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

Bertino G et al . The new era of chronic hepatitis C treatment



the natural history of HCV infection is still the subject of 
much controversy. In fact, according to some authors 
the disease is relentlessly progressive, with a high 
probability to evolve to cirrhosis and HCC, while accord
ing to others the course is variable, and most patients 
die as a consequence of co-morbidities, not the infection 
itself.

Because the infection has a significant role in 
causing chronic hepatitis, cirrhosis and HCC, the goal of 
treatment is to cure HCV infection, and consequently to 
prevent its complications.

Although the viral RNA genome does not integrate 
into the host genome, the infection becomes persistent 
in the majority of patients, and about 70%-90% of the 
infected people fail to clear the virus once acquired. 

It is widely known that the antiviral treatment and 
the achievement of a sustained virological response 
(SVR - defined as an absence of detectable HCV-
RNA 12 mo after therapy is complete) are associated 
with regression of fibrosis and clinical improvement. 
However, despite treatment, HCV may persist in liver 
tissue and extrahepatic locations like PBMCs, leading to 
late relapse, defined as reappearance of viremia after 
SVR has been achieved[29,30].

Treatment and SVR - what is the real purpose of antiviral 
therapy? 
As mentioned above the primary goal of HCV therapy is 
the complete eradication of the virus, which is the SVR. 

SVR was traditionally defined as HCV-RNA unde
tectable in serum for at least 24 wk after the end of 
treatment (SVR24); however, recent data suggest that 
the assessment at 12 wk after treatment (SVR12) is 
sufficient for defining this result. 

Follow-up studies document that more than 99% of 
patients who achieve an SVR remain HCV-RNA negative 
4-5 years after the end of treatment, and no signs of 
hepatitis have been documented. 

SVR represents the main goal of antiviral therapy, 
indeed once achieved, the SVR is considered effective 
in the long term because late recurrences are rare; 
the SVR is associated with long-term health benefits, 
including improved quality of life. 

SVR reduces risk for progression to cirrhosis, HCC, 
liver transplantation and liver-related mortality, and also 
decreases extra-hepatic manifestations of HCV infection 
(for example, cryoglobulinemic vasculitis). 

Moreover it seems reasonable to assume that a 
lasting biochemical and virological response induced by 
treatment can also lead to improved liver fibrosis[31-39]. 

For decades the antiviral therapy of chronic HCV 
infection was based on the administration of interferon 
(IFN), initially as monotherapy and subsequently in 
combination with ribavirin (RBV). Dual therapy with 
“pegylated IFN (PEG-IFN) and RBV” achieves SVR rates 
of 40% to 50% in patients with genotype 1, and about 
80% in those with genotypes 2, 3, 5 and 6; the results 
for genotype 4 are intermediates. 

In 2011, the first direct-acting antivirals boceprevir 

and telaprevir have been approved in combination with 
PEG-IFN and RBV. These drugs are protease inhibitors 
(PIs) and increase SVR rates in both naive patients and 
in experienced patients, compared to dual therapy[40-46]; 
however, they were dropped due to their significant 
toxicity.

With the advent of new oral antiviral regimens, with 
better efficacy and tolerability, and a shorter treatment 
duration, the number of patients that can be treated 
is expected to increase significantly, and also the SVR 
rates will improve to approximately 95% or plus[47].

HCV and host: The HCV replication cycle and 
mechanisms of action of the new direct acting antiviral 
agents
HCV is classified within the Flaviviridae family, as the 
only member of a distinct genus called Hepacivirus[48]. 

The lack of detailed information on the viral repli
cation cycle has significantly prevented the development 
of direct acting antivirals. 

For decades the antiviral therapy of chronic HCV 
infection was based on the administration of IFN, 
initially alone and then in combination with RBV, but 
this regimen was effective in only 50% of patients with 
genotype 1, with significant side effects[49-54]. 

In the last decade the development of in vitro models 
of viral replication has thus represented a turning point 
for the understanding of the different stages of the 
replication cycle, and quickly has led to the design and 
introduction of direct acting antivirals (DAAs)[55].

However, because of huge variability of the virus, 
new drugs cannot be administered as monotherapy 
because it would quickly lead to the selection of drug-
resistant viral variants.

HCV indeed is characterized by an extremely high 
degree of variability. The genetic heterogeneity of 
HCV gives an adaptive advantage as the simultaneous 
presence of multiple genomic variants allows rapid 
selection of mutants that better adapt to environmental 
changes (for example resistance to drugs or the 
immune response); this genetic heterogeneity is the 
basis of chronic infection, and is probably involved in the 
phenomena of evasion of the immune response and in 
the limited efficacy of treatment[56-59]. 

The HCV replication cycle occurs in the cytoplasm, 
and can be summarized as follows: (1) entry into 
the host cell and release of viral genomic RNA into 
the cytoplasm; (2) translation of RNA, processing of 
the viral polyprotein and formation of a replication 
complex associated with intracellular membrane; (3) 
using positive RNA for the synthesis of an intermediate 
negative RNA for the production of new positive RNA 
molecules with different destination; and (4) release 
of viral progeny into circulation from infected cells. 
The infectious viral structure is comprised of envelope 
glycoproteins in a lipid bilayer, that contain the viral core 
protein and RNA[60-63]. 

After cell entry, the viral RNA is translated through 
the host machinery into a polyprotein, which is cleaved 
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Thanks to the discovery of key viral replication 
targets such as the NS3/4A protease, NS5A, and the 
NS5B RNA polymerase, other potent antiviral inhibitors 
were licensed in 2014.

These new regimens include the addition of sime
previr (SMV) (a second-generation PI), daclatasvir (an 
NS5A inhibitor), and sofosbuvir (an uridine nucleotide 
prodrug NS5B polymerase inhibitor), in combination with 
PEG-IFN and RBV for 12-24 wk[73,74]. 

The main targets of the DAAs are the HCV-encoded 
proteins that are vital to the viral replication. The DAAs 
have a high barrier to resistance and ideally, they should 
also be active against all HCV genotypes. Furthermore, 
these drugs are well tolerated and have few drug 
interactions. 

There are four classes of DAAs, which are defined 
by their mechanism of action and therapeutic target[75] 
(Figure 2 and Table 1): (1) NS3/4A PIs; (2) NS5B 
nucleoside polymerase inhibitors (NPIs); (3) NS5B non-
NPIs (NNPIs); and (4) NS5A inhibitors. 

NS3/4A PIS
NS3/4A PIs are drugs that inhibit the NS3/4A serine 
protease, an enzyme involved in post-translational 
processing and replication of HCV[76]. 

There are two generation of PIs.

First-generation PIs (telaprevir and boceprevir) 
The first-generation PIs telaprevir and boceprevir were 
the first DAAs available for the treatment of CHC[77]. 

during and after translation by both host and viral-
encoded proteases into 10 mature viral proteins, 
including several non-structural (NS) proteins. One of 
the viral proteases involved in this post-translational 
processing is a heterodimeric complex of the NS3 and 
NS4A proteins (NS3/NS4A). NS3 has the proteolytic 
activity and NS4 is a membrane protein that acts 
as a cofactor. Synthesis of new viral RNA occurs in 
a highly structured replication complex that consists 
of NS3, NS4A, NS4B, NS5A, and NS5B. NS5B is an 
RNA-dependent RNA polymerase that is essential for 
viral replication. NS5A has a presumptive role in the 
organization of the replication complex and in regulating 
replication. It is also involved in assembly of the viral 
particle that is released from the host cell (Figure 1)[64-69].

Therapies
Increased knowledge of the HCV replication cycle 
and genomic diversity has driven the development of 
antiviral agents specifically targeting well-conserved 
proteins required for efficient viral replication. Aside 
from PEG-IFN, HCV-specific therapeutic agents that 
have gained widespread use or reached late-stage 
clinical trials include NS3 PIs, nucleoside and nucleotide 
analogues, and other NS5B polymerase inhibitors. 

DAAs
After year of IFN-based therapy, the introduction 
of DAAs has increased the number of patients who 
respond to treatment, and has changed radically the 
treatment of chronic HCV genotype-1 infection[43,70-72]. 
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The addition of PIs to PEG-IFN and RBV has become 
the new standard of care for the treatment of genotype 
1 infection, and so, in 2011, has increased the efficacy 
of PEG-IFN and RBV in patients with chronic HCV 
genotype 1 infection.

Telaprevir and boceprevir were approved for the 
treatment of chronic HCV genotype 1 infection by the 
Food and Drug Administration (FDA) and European 
Medicines Agency in combination with PEG-IFN-α and 
RBV in adults with compensated liver disease, including 
cirrhosis, who are previously untreated or who have 
failed previous IFN and RBV therapy[78]. 

Telaprevir and boceprevir are NS3/4A PIs, and they 
both have the same molecular target: The HCV NS3/4A 
serine protease. 

They have an high antiviral potency only against 
genotypes 1 and 2, but a low barrier to resistance[79]. 

Monotherapy with these agents resulted in the 
selection of drug resistant variants, so they should 
always be used in triple combinations together with PEG-
IFN and RBV in a triple therapy regimen to reduce the 
frequencies of resistant mutants and viral breakthrough, 
and they can improve the SVR rates by 15% to 20% 
compared with PEG-IFN-α and RBV[42,43,80]. 

Viral resistance may develop even in triple com
binations with PEG-IFN and RBV, and due to this problem 
strict stopping rules are applied in triple therapy-based 
regimens.

Response to HCV therapy in genotype 1 can be 
predicted by identifying the single nucleotide poly
morphisms located in the region of interleukin-28B (IL-
28B) gene through genome-wide association studies.

High response rates have been reported in patients 
with CC genotype of IL-28B as compared to CT or TT 
IL-28B-genotype (70% vs 25%-30%). Testing for IL-
28B genotype is thus a useful tool in the management 

of patients[81]. 
First-generation PIs increase the number of patients 

with genotype 1 infection who respond to treatment, 
however, the side effect profiles of these triple combi­
nation therapies are not favourable, because it can 
cause clinically significant adverse events.

The most common side effects of telaprevir are 
anaemia, pruritis, nausea, diarrhoea, and anorectal 
discomfort. Around 4% of patients develop severe 
dermatitis, necessitating cessation of treatment. 

Drug reactions like eosinophilia and systemic 
symptoms or Stevens-Johnson syndrome are rare, but 
have been reported. Boceprevir causes dysguesia and 
anaemia[43]. 

Several drug-drug interactions can occur, so the 
use of first-generation PIs has been significantly 
restricted[82]. 

Second-generation PIs 
Second-generation PIs offer several benefits, for 
example, few drug-drug interactions and less frequent 
and less severe side effects. 

In addition, second-generation PIs also appear to 
have increased efficacy against genotype 1 HCV[83]; 
as treatment options have progressed and improved, 
HCV- 1, HCV-2 and HCV-4 are considered to be easy to 
treat[84] but HCV genotype 3 infection has become the 
most difficult to treat.

SMV: SMV was the first available second-generation PI 
with antiviral activity against genotypes 1, 2, 4, 5 and 
6[85]. 

SMV is administered orally as a daily pill, and has 
limited drug-drug interactions. 

No dose recommendation can be given for patients 
with Child-Pugh class B or C cirrhosis, because higher 
SMV exposure (particularly in Child-Pugh C patients) 
may be associated with increased frequency of adverse 
reactions. No dose adjustment is required in the setting 
of renal impairment, because SMV is eliminated by the 
liver[85]. SMV is well tolerated, and adverse reactions in 
patients receiving SMV in combination with PEG-IFN-α 

Different families of DAA drugs
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NS3 protease inhibitor
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Telaprevir
Boceprevir
Simeprevir
Faldaprevir
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NS5B RNA-dependent RNA polymerase 
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(1) NIPs: Sofosbuvir
(2) NNPIs: Dasabuvir
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…asvirs 

Daclatasvir
Ledipasvir
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Figure 2  Direct acting antiviral agents. Modified from Alexopoulou et 
al[121]. Interferon-based combination treatment for chronic hepatitis C in the 
era of direct acting antivirals. Annals of Gastroenterology 2015; 28: 55-65. 
NPIs: Nucleoside polymerase inhibitors; NNPIs: Non-nucleoside polymerase 
inhibitors; DAA: Direct acting antiviral.

Table 1  Classification of new antiviral drugs

NS3/4A PIs First-generation protease inhibitors 
Telaprevir 
Boceprevir 

Second-generation protease inhibitors 
Simeprevir 
Faldaprevir
Paritaprevir 

Ritonavir
NS5B NPIs Sofosbuvir
NS5B NNPIs Dasabuvir
NS5A inhibitors Daclatasvir

Ledipasvir
Ombitasvir

PIS: Protease inhibitors; NPIs: Nucleoside polymerase inhibitors; NNPIs: 
Non-nucleoside polymerase inhibitors.
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and RBV are rash, pruritus and nausea. Because SMV 
is an inhibitor of the transporters OATP1B1 and MRP2, 
mild, transient hyperbilirubinaemia not accompanied 
by changes in other liver parameters was observed 
in approximately 10% of cases. SMV is oxidatively 
metabolized by CYP3A subfamily, which consists mainly 
of hepatic and intestinal CYP3A4 metabolism[86]. Co-
administration of SMV with inhibitors of cytochrome 
P450 3A (CYP3A) is not recommended. 

In post-liver transplant patients with HCV infection, 
co-administration of SMV with cyclosporine resulted 
in significantly elevated SMV levels, so it is not re
commended[87]. SMV can be safely administered with 
tacrolimus or sirolimus. SMV was approved by the FDA 
for genotype 1 treatment in November 2013 under the 
name of “OLYSIO”, in Japan it was licensed in September 
2013, finally in Europe in May 2014 (European Medical 
Agency approval).

In phase Ⅱ of COSMOS trial, sofosbuvir (SOF; 
400 mg daily) was administered in combination with 
SMV (SMV 150 mg daily) with or without RBV for 
12 wk or 24 wk in genotype 1 patients. SVR12 rates 
were not different between 12 or 24 wk of treatment, 
with or without RBV, and comparing naive patients to 
experienced (95% vs 91%)[87,88]. 

In this small study, the regimen SOF plus SMV with 
or without RBV was well tolerated; the most common 
side effects were headache, fatigue, and nausea, and 
only four (2%) patients discontinued treatment due to 
these events. 

Although the results of this study are encouraging, 
due to the small number of patients and the future 
availability of other oral regimes with better antiviral 
efficacy and fewer side effects, this regimen should be 
considered as a second-line option.

Two phase Ⅲ trials of SMV/SOF without RBV are 
ongoing (OPTIMIST-1 and -2)[89]. These studies provide 
us much bigger data about SOF/SIM regimen, and 
investigate the efficacy and safety of SMV 150 mg in 
combination with sofosbuvir 400 mg in HCV genotype 1 
infected naïve or experienced patients, with and without 
cirrhosis.

SMV/SOF treatment led to high SVR12 rates in 
patients infected with HCV GT-1 subtype, regardless 
of treatment duration or the addition of RBV. SVR12 
rates were high, regardless of baseline characteristics, 
including HCV GT-1 subtype, IL-28B allele, or Q80K 
polymorphism. On-treatment virologic response, 
including RVR, was not predictive of SVR. Two ongoing 
phase Ⅲ trials are investigating SMV/SOF without RBV 
(OPTIMIST-1 and -2).

Baseline predictive factors significantly associated 
with virologic relapse were male sex, body weight ≥ 75 
kg, IL-28B non-CC allele, cirrhosis, baseline HCV RNA ≥ 
800000 IU/mL, and prior treatment failure. Current SOF 
regimens are highly efficacious, even in patients with 
multiple traditional negative predictors of diminished 
efficacy; SVR12 rates are comparatively lower in 
patients who have five or six negative predictors[90,91]. 

The approval of the treatment scheme “SMV plus 
PEG-IFN/RBV” is based on a clinical trial program 
comprising three phase Ⅲ studies, with more than 
1000 patients with genotype 1.

The studies, QUEST-1, QUEST-2 and PROMISE, have 
evaluated the use of SMV in combination with PEG-IFN/
RBV in naive patients (Quest-1 and 2)[92,93] and relapsed 
patients (PROMISE[94]) after an IFN-based treatment. 
All three studies have shown that SMV, in combination 
with PEG-IFN/RBV, gets significant SVR rates when 
compared to PEG-IFN/RBV. 

A triple therapy with SMV, PEG-IFN and RBV has 
been recommended for genotype 1 also after the data 
of other four phase Ⅲ trials: CONCERTO-1, -2, -3 and 
-4[95-98].

Faldaprevir: Faldaprevir is one of the new-generation 
NS3/4A PIs in development. It is a pan-genotypic potent 
NS3/NS4 PI (antiviral activity against genotypes 1, 2, 4, 
5 and 6 in vitro). It was used in genotype 1 infection in 
two combinations: (1) a triple regimen with faldaprevir, 
PEG-IFN and RBV for a total of 24 wk[98,99]; and (2) IFN-
free regimens with faldaprevir and deleobuvir with or 
without RBV[100,101].

In both combinations faldaprevir provides high SVR 
rates, but IFN-containing regimens registered most 
cases of breakthrough and relapse, while with the IFN-
free combination of faldaprevir and deleobuvir with RBV, 
very encouraging results were obtained[102]. 

Faldaprevir is administered orally, once a day. The 
most common adverse events are gastrointestinal 
dysfunction, rash and photosensitivity skin. Faldaprevir 
in combination with PEG-IFN and RBV appears to be 
associated with fewer adverse events than the first PIs 
telaprevir and boceprevir.

Paritaprevir and ritonavir: Paritaprevir is an HCV 
protease inhibitor that is given with low dose ritonavir 
for a pharmacologic boosting effect. 

Ritonavir is a protease inhibitor that does not have 
anti-HCV activity but it is a pharmacoenhancer that 
is included to increase levels of paritaprevir through 
inhibition of CYP3A-mediated metabolism. 

Paritaprevir and ritonavir are available as a fixed-
dose combination with ombitasvir and given with the 
non-nucleoside NS5B inhibitor dasabuvir. This regimen 
is given with and without RBV for the treatment of HCV 
GT-1 subtype[103]. 

NS5A INHIBITORS 
The NS5A is a multifunctional non-structural protein 
involved both in viral replication and in the assembly of 
HCV[104]. However, the precise molecular mechanisms of 
HCV NS5A inhibitors are unclear. 

NS5A inhibitors have high antiviral activity against 
a lot of genotypes, but a low genetic barrier. They 
significantly reduce HCV-RNA levels and enhance SVR 
when given in conjunction with PEG-IFN and RBV. They 
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also result in very high SVR rates among patients with 
genotype 1 infection when given in combination with 
other direct-acting antivirals with or without RBV[105]. 

Daclatasvir 
Daclatasvir is a pangenotypic NS5A inhibitor that is 
available for use in Europe. According to EASL guidelines 
daclatasvir should be administered orally (60 mg once 
daily) with low potential for drug-drug interactions. It 
is well tolerated. Dose adjustments are not needed in 
patients with Child B or C disease. Side effects with 
daclatasvir are fatigue, headache, and nausea. Little 
information has been released on daclatasvir drug-drug 
interactions. 

In previously untreated patients infected with 
genotype 2 or 3, SVR was reported in 94%-100% of 
patients treated with the combination of daclatasvir plus 
sofosbuvir. In the ALLY-3 study[106], 133 patients with 
genotype 3 infection were treated for 12 wk with 400 
mg of sofosbuvir and 60 mg of daclatasvir for 12 wk. 
Ninety-one percent of previously untreated patients had 
an SVR compared with 86% of treatment-experienced 
patients. 

In the COMMAND GT2/3 study, Dore et al[107] 
compared the efficacy and safety of daclatasvir plus 
PEG-IFN-α-2a/RBV administered for either 12 or 16 wk 
with a standard 24-wk course of PEG-IFN-α-2a/RBV in 
HCV GT-2 or GT-3 subtype. Daclatasvir has been given 
with PEG-IFN-α-2a/RBV for 12 or 16 wk to previously 
untreated patients with genotype 2 or 3 infection. 
Around 83% of patients infected with genotype 2 and 
70% of patients with genotype 3 infection have been 
reported to achieve SVR[107]. In another open-label study, 
the drug’s effectiveness has been demonstrated[108].
 
Other NS5A inhibitors
Other NS5A inhibitors available in the United States are 
ledipasvir and ombitasvir, and they are each available 
in fixed-dose combinations with other direct-acting 
antivirals. 

Ledipasvir: Ledipasvir is the first NS5A inhibitor 

available in the United States. Ledipasvir and sofosbuvir 
are co-formulated in a single tablet in a fixed-dose 
combination (90 mg ledipasvir/400 mg sofosbuvir) that 
is administered once daily with or without food. This 
combination is well tolerated, and ledipasvir has the 
same drug interactions as sofosbuvir. This regimen is 
administered with or without RBV, depending on the 
patient population, in genotype 1 infection. 

Ombitasvir: Ombitasvir (also known as ABT-267) 
is available as a fixed-dose combination with the PIs 
paritaprevir and ritonavir (12.5 mg ombitasvir/75 
mg paritaprevir/50 mg ritonavir). This single tablet is 
administered orally with an additional drug: The non-
nucleoside polymerase (NS5B) inhibitor dasabuvir[109,110]. 

This regimen is given with and without RBV in genotype 
1 infection.

The combination ombitasvir-paritaprevir-ritonavir 
plus dasabuvir is generally well tolerated, and mild 
adverse effects are nausea, pruritus, insomnia, diarrhea, 
and asthenia[111,112]. Some of these symptoms may be 
attributable to RBV[113,114].

The most important studies that evaluated treatment 
duration of ledipasvir/sofosbuvir treatment and its 
safety and efficacy (SVR12) in naive and treatment-
experienced patients are ION-1, LONESTAR, and 
ION-2[115-117] (Figure 3). 

NS5B RNA-DEPENDENT RNA 
POLYMERASE INHIBITORS 
NS5B is an RNA-dependent RNA polymerase involved 
in post-translational processing that is necessary for 
replication of HCV. The structure of NS5B is highly 
conserved across all HCV genotypes, so the drugs that 
inhibit NS5B have efficacy against all six genotypes.

There are two classes of polymerase inhibitors: 
NPIs and NNPIs. These two classes generally differ in 
specificity, according to their mode of action. 

The NPIs mimic natural components and thus 
are incorporated into the nascent RNA chain, causing 
premature chain termination[118]. NNPIs act as allosteric 
inhibitors, and in fact they bind to one of four allosteric 
sites on the surface of NS5B.

NPIS
NPIs have high antiviral efficacy across all genotypes, 
although they have a very high barrier to resistance. 

Sofosbuvir: Sofosbuvir is the first NS5B NPI available 
in the United States.

Sofosbuvir is a pangenotypic NS5B polymerase 
inhibitor with a high barrier to resistance and favorable 
clinical pharmacology profile. It is administered orally 
as a 400 mg pill once a day, and has no food effect. 
Sofosbuvir is well tolerated, and the most commonly 
reported side effects of sofosbuvir and RBV, with or 
without PEG-IFN, are fatigue, headache, nausea, 
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insomnia, and anemia[74,119]. 
Although renal clearance is the major form of 

elimination, in patients with mild or moderate renal 
impairment (glomerular filtration rate greater than 30 
mL/min)[120], any adjustment dose is not required.

No dose adjustment has been needed in patients 
with moderate (Child Pugh class B) or severe (Child 
Pugh class C) hepatic impairment.

Sofosbuvir has substantially less drug interactions 
than those observed with the HCV PIs. Sofosbuvir is a 
substrate of P-glycoprotein (P-gp), a drug transporter, 
so drugs that are potent intestinal P-gp inducers may 
decrease sofosbuvir levels. Thus, coadminstration of 
sofosbuvir is not recommended with rifampin, rifabutin, 
rifapentine, St. John’s wort, carbamazepine, phenytoin, 
phenobarbital, oxcarbazepine, or tipranavir/ritonavir. 

Sofosbuvir was approved by FDA for genotype 1 in 
combination with PR, and in genotypes 2 and 3 in IFN 
free regimens in December 2013, in Canada during the 
same month and in Europe in January 2014 (European 
Medical Agency approval). 

In the NEUTRINO study (an open-label, single-arm 
phase Ⅲ registration trial) 327 treatment-naive patients 
were treated with a regimen comprising sofosbuvir plus 
PR for 12 wk[119]. The overall patient population included 
mainly those infected with genotype 1 (89%) as well as 
a few patients infected with genotypes 4, 5 and 6; 17% 
of patients in this trial had cirrhosis. This sofosbuvir-
based triple-therapy regimen resulted in a very high 
RVR, with the 4-wk RVR rate approaching 99%. The 
SVR rate for the entire trial population remained high 
at 90%, 12 wk after the end of treatment (with 99% 
of patients achieving virologic response at the end 
of treatment). Analyzing the groups based on viral 
genotype, patients with genotype 1 had an SVR rate of 
89%, and the small number of patients with genotype 
4, 5 and 6 had SVR rates between 96% and 100%. 
Overall, this sofosbuvir-based triple therapy regimen 
resulted in very high SVR rates across all genotypes 
that were evaluated. One important point from the 
NEUTRINO trial was the relative decrease in the overall 
response rate for patients with cirrhosis (SVR, 80%) 
compared with non-cirrhotics (SVR, 92%)[121]. 

Other representative studies on genotype 1 are 
ELECTRON, QUANTUM, VALENCE and LONESTAR-2[122-125]. 

Genotypes 2 and 3 have been studied together in 
three sofosbuvir phase Ⅲ trials (FISSION, POSITRON, 
and FUSION)[119,122,126]. 

Therapy with sofosbuvir-RBV for 12 wk in patients 
with HCV genotype 2 infection and for 24 wk in patients 
with HCV genotype 3 infection resulted in high rates of 
SVR[127]. 

To date there are very few data on genotype 4 
patients treated with sofosbuvir without PEG-IFN[128]. 
There are no data currently on treatment-experienced 
populations or any patients with genotypes 5 and 6[129]. 

Sofosbuvir is used in various combinations with other 
antivirals for different indications: (1) with ledipasvir 
for HCV GT-1; (2) with SMV (± RBV) for HCV GT-1; 

(3) with RBV for HCV GT-2, -3, -4, -5, and -6 infection 
(and among patients with any genotype awaiting 
liver transplant); and (4) with PEG-IFN and RBV for 
genotypes HCV GT-1 and -4.

NNPIs 
NNPIs bind to one of four allosteric sites on the surface 
of NS5B and cause a conformational change, making 
the enzyme ineffective. Despite the active site of NS5B 
is well conserved across all genotypes, and they should 
have a pan-genotype antiviral activity, NNIs have a 
more limited spectrum of activity specifically targeting 
against GT-1 (all NNPIs in clinical development have 
been optimized for GT-1). They have a low to moderate 
barrier to resistance variable toxicity profiles[130]. 
Consequently, this class of drug has been studied 
primarily as an adjunct to more potent compounds with 
higher barriers to resistance.

Dasabuvir: Dasabuvir is a non-nucleoside polymerase 
(NS5B) inhibitor administered with the fixed-dose 
combination ombitasvir-paritaprevir-ritonavir (12.5 mg 
ombitasvir/75 mg paritaprevir/50 mg ritonavir). 

ABT-450/ritonavir with ombitasvir (ABT-267) and 
dasabuvir (ABT-333): TURQUOISE-Ⅱ is a global, 
multi-center, randomized, open-label study evaluating 
the efficacy and safety of 12 or 24 wk of treatment with 
ABT-450/ritonavir (150/100 mg) co-formulated with 
ombitasvir (ABT-267) 25 mg, dosed once daily, and 
dasabuvir (ABT-333) 250 mg with RBV in adult patients 
with GT-1 HCV infection with compensated liver cirrhosis. 
Patients achieved SVR12 rates of 91.8% and 95.9% in 
the 12 and 24-wk treatment arms, respectively[131]. 
In TURQUOISE-Ⅱ, both cirrhotic non-responders and 
treatment-naive cirrhotic subjects achieved higher SVR 
rates if they were genotype 1b-infected vs genotype 
1a-infected. According to Asselah et al[132] we support the 
efficacy and safety profile in GT-1 HCV cirrhotic patients, 
and in some cases the efficacy was demonstrated also in 
borderline compensated cirrhosis. However, current data 
in patients with cirrhosis and other HCV genotypes, such 
as genotype 3 and 4, are clearly an unfulfilled need. 
Another significant study is the PEARL-Ⅱ[133]. 

New drugs: Cyclophilin A inhibitors 
Cyclophilins (Cyp) are host proteins involved in the HCV 
lifecycle. CypA binds to the non-structural protein NS5A 
of HCV to promote replication of viral RNA, so molecules 
that are CypA antagonists, such as cyclosporines, 
are potent inhibitors of HCV replication. NS2, a non-
structural protein of HCV involved in virus assembly, 
also plays an important role in the inhibitory effect 
of CypA inhibitors; NS2 modulates HCV sensitivity to 
cyclosporines and so NS2 may increase the inhibitory 
effect of cyclosporines on HCV replication[134,135]. 

Alisporivir, is the first Cyp A inhibitor in clinical 
development. It is a cyclosporine analog without immuno
suppressive properties, and due to its mechanism of 
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action, alisporivir is a pangenotypic antiviral, provides a 
high barrier for development of viral resistance, and does 
not permit cross-resistance to direct-acting antivirals. 

This drug is also well tolerated. This drug has been 
used alone or in combination with PEG-IFN and RBV 
with very promising results[136,137]. 

GUIDELINES TREATMENTS HEPATITIS C
The treatment of CHC is performed following the 
American, European and Italian guidelines (AASLD, 
EASL, and AISF guidelines); this allows to optimize 
the therapy and customize it for various patient 
characteristics. Priority should be given to patients 
with advanced disease, patients with extrahepatic 
manifestations, HIV coinfection, post-liver transplan
tation recurrence and non-hepatic solid organ transplant 
recipients. Patients with mild disease can be treated 
with regimens containing PEG-IFN or deferred up to 
a worsening of the disease and the degree of liver 
fibrosis[138,139]. 

DISCUSSION AND CONCLUSION
Today, it can be anticipated that the future of HCV 
infection treatment seems very bright after the addition 
of first-generation HCV PIs as well as SMV and the first-
in-kind HCV RNA polymerase inhibitor, ‘‘sofosbuvir’’, in 
the standard of care (i.e., PEG-IFN/RBV). However, the 
real success of these drugs is very much dependent on 
careful monitoring of viral load and resistance, patterns 
of response to previous treatment, side effects and 
drug-drug interactions. Moreover, the logical meaning 
of novel emerging therapies must be to achieve high 
SVR and thorough clearance of the virus from treated 
patients. Nevertheless, the triple therapeutic regimens 
have several limitations. First, concomitant use of PEG-
IFN plus RBV is essential to prevent the emergence of 
viral escape mutants and viral breakthrough during triple 
therapy. Second, triple therapy becomes less effective 
in prior null responders to PEG-IFN plus RBV and cannot 
be administered to patients who are contraindicated 
for PEG-IFN or RBV. To overcome these limitations, 
in the near future, many patients will be treated with 
two or more DAAs with or without IFN-α plus RBV 
based combination therapies. Currently, the approval 
of sofosbuvir- and SMV-based IFN-free regimens is an 
indication in this way. Triple and quadruple treatment 
regimens including multiple DAAs with or without PEG-
IFN and RBV will likely be a suitable option for difficult-
to-treat populations and for the prior null responders. 
All-oral IFN free regimens including drugs with a high 
genetic barrier to antiviral resistance (e.g., NS5B 
inhibitors) and high antiviral efficacy (e.g., NS3/4A 
PIs or NS5A inhibitors) may be a potent option for 
numerous patients contraindicated for PEG-IFN plus 
RBV. All oral regimens consisting of daclatasvir plus 
sofosbuvir once daily presented higher rates of SVR in 
untreated HCV GT-1, -2 and -3 infected patients and 

in HCV GT-1 infected patients who had failed previous 
treatment with PIs. We hope that such combinational 
treatment strategies will become ‘‘the weapon’’ to treat 
the majority of HCV infected patients who represent 
the difficult population (i.e., IL-28 polymorphism, HCV 
genotypes 1 and 4 subtypes, receipt of RBV, and the 
emergence of resistant variants) and will be more 
efficient to access the treatment in the near future. 
The testing of adenovirus vector based vaccines, which 
escalate the innate and acquired immune response 
against the most conserved regions of HCV genome 
in chimpanzees and humans, may be a promising 
therapeutic approach against HCV in the near future, 
although its fate still needs to be exploited fully in 
diverse HCV populations. One thing must be of special 
concern is whether the newly developed or being 
developed DAAs added in triple or quadruple therapies 
are safer or not than antiretroviral and traditional IFNs. 
Overall, the achievements in the field of HCV medicines 
may predict that we are near to complete elimination of 
HCV disease in the world[140]. The real challenges that 
our efforts must be directed are: (1) the effectiveness of 
IFN-free regimens in HCV-3, especially in cirrhotic non-
responders; in this setting, combination with PEG-IFN is 
still possible; (2) the effectiveness of IFN-free regimens 
in decompensated cirrhosis are scarce in relation to 
the current correlation data between SVR and clinical 
outcome (literature confirms that the results of IFN-
free regimens are good in compensated cirrhosis even 
if further clinical development is necessary in certain 
groups to improve SVR rates); (3) the development 
of new treatment strategies for patients who show 
resistance to new drugs; and (4) free-access to care[141]. 
In fact, many patients with CHC have mild disease 
and are currently excluded from the interferon-free 
treatment. In the near future we will inevitably prioritize 
this category in order to prevent progression to cirrhosis, 
decompensation and HCC.
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Abstract
Hepatitis C virus (HCV) is a global health problem 
affecting a large fraction of the world’s population: This 
virus is able to determine both hepatic and extrahepatic 
diseases. Mixed cryoglobulinemia, a B-cell “benign” 
lymphoproliferative disorders, represents the most 
closely related as well as the most investigated HCV-
related extrahepatic disorder. Since this virus is able 
to determine extrahepatic [non-Hodgkin’s lymphoma 
(NHL)] as well as hepatic malignancies (hepatocellular 
carcinoma), HCV has been included among human 
cancer viruses. The most common histological types 
of HCV-associated NHL are the marginal zone, the 
lymphoplasmacytic and diffuse large cell lymphomas. 
The role of the HCV in the pathogenesis of the B-cell 
lymphoproliferative disorders is confirmed also by 
the responsiveness of the NHL to antiviral therapy. 
The purpose of this review is to provide an overview 
of the recent literature and a meta analysis of the 
epidemiology data, to explain the role of HCV in the 
development of NHL’s lymphoma. Furthermore, the 
possibility to treat these HCV-related NHL with the 
antiviral therapy or with other therapeutic options, like 
chemotherapy, is also discussed.  

Key words: Hepatitis C virus; Non-Hodgkin’s lymphoma; 
Hepatitis C virus genotypes; Alpha-interferon
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Core tip: The goal of this article is to review the epide
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an up-to-date meta-analysis of the risk to developing 
non-Hodgkin’s lymphomas in hepatitis C virus (HCV)-
infected patients. Finally, we highlighted the clinical 
and the biological data necessary to optimize the cure 
of the patients affected by HCV-positive non-Hodgkin’s 
lymphomas.
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INTRODUCTION
Non-Hodgkin’s lymphomas (NHL) are neoplastic diseases 
of the lymphoid tissue. Given the high heterogeneity 
in terms of histological and clinical characteristics, 
anatomical location, and putative aetiologies, several 
causative factors have been reported including inherited 
or acquired immunodeficiency, exposure to some toxic 
substances (pesticides) or radiation, smoking habits, 
and, in the last few years, infectious factors. In fact, the 
Epstein-Barr virus (EBV) has been shown to be involved 
in the development of the Burkitt’s lymphoma[1-3] and 
of other haematological malignancies (immunoblastic 
lymphoma, Hodgkin’s disease, nasopharyngeal car
cinoma), the human retrovirus HTLV-I in the T-cell 
leukemia-lymphoma[4,5], and the double stranded DNA 
human herpes virus 8 in the Kaposi sarcoma[6,7], primary 
effusion lymphoma and multicentric Castleman disease[8]. 
But not only viruses are involved in pathogenesis of 
NHL, even the Gram-negative microaerophilic bacterium 
Helicobacter Pylori is thought to be the cause of gastric 
mucosa associated lymphoid (MALT) lymphoma[9,10]. 
However, although these infectious agents are wide
spread (EBV infects near 100% of all populations and 
remains in B-cell throughout the life span), only a very 
small fraction of virus-carriers develops lymphomas. 
This indicates the key role of some, not yet understood, 
host factors: Maybe genetic factors like HLA antigens 
or cytokine signalling pathways or acquired factors 
like exposure to toxic substances (ethanol, drugs, 
etc.) or immunosuppression secondary to therapy for 
rheumatological disorders or to chemotherapy for mali
gnancies.  

Hepatitis C virus (HCV) is a RNA virus belonging 
to the flaviviruses discovered in 1990 and involved in 
acute and chronic liver disease. The genome consists of 
a single-positive-stranded RNA molecule enveloped by 
a lipid bilayer within which two different glycoproteins 
are anchored[11]. The viral genome contains three 
distinct regions[12]: (1) a short 5′ non-coding region 
with two domains: A stem-loop structure involved in 
HCV replication and the internal ribosome entry site the 
structure responsible for attachment of the ribosome 

and polyprotein translation[13]; (2) A large, unique open 
reading frame of more than 9000 nucleotides, which 
encodes a single polyprotein precursor, that is cleaved 
co- and post-translationally to give the structural and 
non-structural viral proteins; and (3) The 3’ non-
translated region endowed with high variability in the 
length and structure. The HCV shows a high genetic 
diversity since, similarly to all RNA positive-strand 
viruses, the RNA-dependent RNA polymerase lacks a 
3’-5’ exonuclease proofreading activity for removal of the 
misincorporated bases. Therefore, the viral replication 
is error-prone, and this determines a large number 
of variants (quasispecies virus population)[14]. The 
frequency of the nucleotide mutations ranges from 1.4 
× 103 to 1.9 × 103 substitutions per nucleotide per year. 
The HCV is classified into six genotypes with a different 
distribution by geographical region and between patient 
groups; each genotype contains a variable number of 
genetically distinct “subtypes”. At the nucleotide level, 
the genotypes differ from each other by 31% to 33%, 
while subtypes from 20% to 25%[15]. The peculiar 
characteristic of HCV is the ability to infect not only the 
liver cells but also the lymphocytes[16] and, likely, other 
cells and tissues[17,18]. This is due on the fact that liver 
cells and lymphocytes share the same HCV receptor, 
i.e., the CD81. The lymphotropism might explain the 
several extra hepatic manifestations of the chronic HCV 
infection[19-26], among which mixed cryoglobulinemia 
(MC) is the most common[27-32]. MC is a disease 
characterised by the presence in the serum of immuno-
complexes able to precipitate with cold temperature 
and to re-dissolve with rewarming[33]. The main clinical 
manifestations of this disease are the skin lesions 
(purpura) secondary to vasculitis, which is caused by the 
deposition of the cryoglobulins in the small and medium 
sized blood vessels[34]. In addition to skin lesions, MC 
may involve several organs and tissues, determining 
peripheral neuropathy and/or glomerulonephritis. 
Since cryoglobulins are the production of monoclonal 
B-cells and lymphoid infiltrates are present frequently 
in the bone marrow[35] of these patients, MC should be 
considered as a smouldering lymphoma. Accordingly, 
even the first cases of MC described by Melzer, later, by 
other researchers[36-38] developed lymphomas months or 
years after the onset of the symptoms of MC[39]. These 
reports suggest that chronic HCV infection induces clonal 
B-cell proliferation, which can evolve from a “benign” 
lymphoproliferative disorder to an overt malignant 
lymphoma[40]. Since, according to some estimates, near 
170 million of people are carriers of the virus[41], the 
clinical impact of the extrahepatic disorders, leading to 
neoplastic diseases of the hemopoietic system in addition 
to the liver diseases, makes HCV a major public health 
problem. 

THE EPIDEMIOLOGY OF HCV-POSITIVE 
NHL: META-ANALYSIS UP-DATING
The first studies, which described the association of 
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HCV and lymphoproliferative disorders, were performed 
recording the prevalence of anti-HCV antibodies in 
small-unselected groups of patients affected by lym
phomas[42-46]. These preliminary reports excluded 
the association between HCV infection and Hodgkin’s 
disease, while showed a strong association between NHL 
and HCV, especially in low-grade lymphomas. However, 
this association was found mainly in Italy and other 
researchers from the North of Europe did not confirm 
these findings. Therefore, some authors considered this 
relationship as due to the high prevalence of HCV in the 
Italian general population. In the following years, several 
studies addressed the possible association between 
HCV and NHL[47] and many papers have been published 
from different areas of the world. At present, more 
than 10000 cases of NHL have been screened for the 
presence of HCV infection and several meta-analyses on 
the relationship between HCV and lymphoma have been 
published[48,49]. 

In this review, the most recent meta-analysis have 
been updated to include only the studies (until the end 
of 2011) with a control groups. Unfortunately, these 
control groups were heterogeneous, in fact, some papers 
included patients with hematological diseases other than 
NHL, other studies included cases with solid cancers, or 
cases undergoing an invasive procedure (like surgery 
or endoscopy) or population-based samples, other 
studies enrolled volunteer blood donors. Only recently, 
some authors designed these studies as case-control 
or as cohort studies with well-defined inclusion criteria. 
Therefore, these authors are able to estimate the odds 
ratios or the relative risks (RRs) adjusted for age, sex, 
and other confounding factors. In the present review, we 
discarded the studies including the patients with other 
lymphoproliferative diseases as control group since also 
these diseases might be correlated with HCV. In addition, 
we considered eligible for meta-analysis only the studies 
with at least one of the following requirements: (1) Sex- 
and age-adjusted RRs; (2) Cases and controls matched 
by age and sex; and (3) A measure of age and of the 
male/female ratio in both cases and controls. 

If the authors did not provide RRs, we calculated 
the crude RRs (with 95%CIs) according to the Wald 
method, assuming the items 2 and 3 were available. In 
the analysis on NHL and HCV infection, we discarded 
the papers including less than 100 cases of NHL, while 
we included all the prospective studies (case-control 
or cohort studies) regardless of the number of NHL 
enrolled. Several problems of comparability were found 
in the retrieved studies since not all authors shared the 
definition of lymphoma. For instance, some authors 
included chronic lymphocytic leukemia (CLL) among NHL 
cases, whereas others did not. Since CLL patients show 
a prevalence of HCV infection lower than that observed 
in the general population, the inclusion or the exclusion 
of this very common lymphoproliferative disorder has a 
great impact on the epidemiological studies. In addition, 
the CLL cells and the small lymphocytic lymphoma (SLL) 
have the same immuno-phenotype[50,51], but SLL was 

included among NHL by all authors[51]. Most authors 
excluded the cases with human immunodeficiency virus 
(HIV) infection; therefore, we did not review the studies 
including HIV patients. To avoid bias, we discarded 
also the studies including only selected populations, 
non-representative of general population[52,53]. Another 
problem was the method of checking and confirming the 
HCV infection: In the first papers, most authors used 
only the enzyme-linked immunosorbent assay (ELISA) 
whereas, more recently, most authors used recombinant 
immunoblot assay (RIBA). To increase the complexity 
of the analysis, some authors enrolled only the patients 
with active HCV replication, i.e., with detectable levels 
of serum HCV-RNA. Since the first generation ELISAs 
showed low sensitivity and specificity, in this review 
we included only the studies employing second or third 
generation ELISAs. However, we did not consider the 
detection of HCV-RNA as a requirement for including a 
study. 

Statistical methods: We calculated the summary 
RR and corresponding 95%CI with the models of 
DerSimonian and Laird, which incorporate both within 
and between-study variability, as a weighted average 
of the estimated RRs, by giving each study a weight 
proportional to its precision. The heterogeneity among 
studies was evaluated using the Q statistics. The Begg’s 
and Egger’s asymmetry tests were used to assess the 
publication bias.

Figure 1 indicates the results of studies on HCV and 
NHL. The highest prevalence of HCV infection in the 
general population (over 20%) was found in Egypt. A 
rather high prevalence (5%-10%) was found in Italy 
and in Japan, while most countries (South Korea, 
Northern Europe, United States, Australia, and Canada) 
showed a prevalence below 5%. The 19 case-controls 
studies included in this review enrolled altogether 9038 
cases and 12224 controls. The pooled RR from this large 
group was 2.4 (95%CI: 2.0-3.0), and most of them 
(11/19) showed a RRs significantly elevated (Figure 
1). The RRs of the cohort studies was 2.0 (95%CI: 
1.4-3.0). The overall RR estimation was 2.3 (95%CI: 
1.8-2.9) with no significant heterogeneity between study 
designs. The different prevalence of the HCV infection in 
the control groups determined the great heterogeneity 
in the results. In fact, the studies performed in areas 
with a high HCV prevalence (above 5%) showed a 
more elevated RR (> 3) than those performed in areas 
with a low HCV prevalence (RR < 2). A significant 
heterogeneity emerged also for the publication period: 
In fact, the studies published up to 2003 indicated 
higher RRs when compared with the studies carried out 
thereafter. In addition, there are regional variations: 
people infected by HCV from Japan and from the 
Mediterranean basin show a relative risk of NHL from 2 
to 4 times higher than people of Northern Europe[54]. 

The mechanisms by which lymphoma is induced by 
HCV are still limited. The HCV-induced transformation 
process of B-cell may occur in three ways: (1) Chronic 
stimulation of B-Cell Receptor or other receptors placed 
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NHL.
In conclusions, HCV infection seems to be associated 

with a 2.5-fold increase in the risk of developing NHL. The 
fraction of the NHL secondary to HCV infection may be 
10%-15% in areas where HCV prevalence is high, but 
it is smaller in the countries of low prevalence. Based 
on epidemiological and experimental evidence, IARC 
recently concluded that there was sufficient evidence 
in humans to indicate the HCV infection as a cause of 
non-Hodgkin lymphomas, in addition to the previously 
recognized causal association with hepatocellular 
carcinoma[57].

THE THERAPY OF HCV-POSITIVE NHL
As previously indicated, the HCV-positive NHL are 
heterogeneous in terms of histological features and 
clinical aspects. The most common HCV-related 
NHL are indolent lymphomas (marginal-zone), but 
several aggressive and, rarely, very aggressive NHL 
are reported. Since the relationship between viral 

on the surface of B-cells by the viral antigens (in 
absence of cell infection) with secondary proliferation; (2) 
Infection and persistent replication of HCV inside B-cells 
with oncogenic effects by some viral proteins; and (3) 
Temporary intracellular virus replication with damage of 
B-cells[55]. However, since an active replication of HCV 
in human B or T lymphocytes in vivo (with evidence 
of the HCV-RNA negative strands) has never been 
demonstrated, a direct oncogenic effect by HCV inside 
B cells is unlikely. In addition, viral proteins, indicative 
of active replication, could never be demonstrated in 
the neoplastic lymphoid tissue of the HCV-NHL. Based 
on these considerations, it is likely that the neoplastic 
transformation is determined by the chronic antigen 
stimulation of B cells by viral surface proteins[56]. There 
are several experimental data supporting this theory: 
(1) the B lymphocytes from HCV patients show a higher 
level of activation markers[56] than normal lymphocyte; 
and (2) the long-term exposure to the epitopes of HCV 
lead to selection and expansion of a oligoclonal B-cells, 
which evolve in clonal B-cells and finally in an overt HCV-

Cases Controls RR 95%CI
HCV+/HCV- HCV+/HCV-
(Observed) (Expected)

Zuckerman, 1997 (United States) 29/94   6/108 4.98 1.96-12.65
Vallisa, 1999 (Italy)   65/110 32/318 5.87 3.65-9.44
Mizorogi, 2000 (Japan)   17/117 34/482 2.06 1.11-3.82
Pioltelli, 2000 (Italy)   48/252 66/781 2.25 1.51-3.35
Montella, 2001 (Italy) 28/83 17/209 3.70 1.90-7.20
Imai, 2002 (Japan)   23/164 (10) 2.39 1.41-4.05
Kim, 2002 (South Korea)    7/207 19/846 1.51 0.63-3.62
Mele/Bianco, 2003/2004 (Italy)   83/447 22/374 3.16 1.93-5.15
Cowgill, 2004 (Egypt)   94/126 52/170 2.70 1.80-4.05
Engels, 2004 (United States)   32/781 14/670 1.89 1.00-3.57
Iwata, 2004 (Japan)   15/117 29/539 2.38 1.24-4.57
Morton, 2004 (United States)     8/456   5/529 1.86 0.60-5.77
Sève, 2004 (France )     6/206 20/954 1.31 0.51-3.37
Talamini, 2004 (Italy)   44/181 45/459 2.64 1.62-4.30
Vajdic, 2006 (Australia)     3/594   2/520 1.32 0.22-7.92
Nieters, 2006 (Europe)     43/1304 41/1747 1.40 0.91-2.17
Sonmez, 2007 (Turkey)     3/106 28/523 0.53 0.13-2.16
Schollkopf, 2008 (Denmark Sweden)     20/2333    7/1849 2.20 0.90-5.38
Spinelli, 2008 (Canada)   19/776 5/692 2.57 0.89-7.42
All case-control studies   584/8454   454/11770 2.40 1.96-2.95

Test of heterogeneity between case-control studies: χ 2 (18df) = 33.65; P  = 0.014

Cohort studies
   Rabkin, 2001 (United States) 0/57 0/95 2.72 1.46-5.05

(Observed) (Expected) - -
   Oshawa, 1999 (Japan) (4)  (1.9) 2.10 0.57-7.74
   Duberg, 2005 (Sweden)   (24) (12) 1.98 1.27-3.09
   Ulcickas Yood, 2007 (United States) (3)  (0.8) 2.36 0.74-7.53
All cohort studies   (31)    (14.8) 2.03 1.37-3.02

Test of heterogeneity between cohort studies: χ 2 (2df) = 0.08; P  = 0.961

All 2.30 1.83-2.88
Test of heterogeneity by study design: χ 2 (1df) = 0.54; P  = 0.462

0.25              1       2       4         10
Relative risk

Figure 1  Relative risk estimates and corresponding 95%CI of non-Hodgkin’s lymphoma by hepatitis C virus seropositivity in case-control and cohort 
studies.
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replication and monoclonal lympho-proliferation is by 
now consolidated, the antiviral therapy could appear to 
be an attractive therapeutic option, in analogy to the 
antibiotic therapy employed to treat MALT lymphoma 
associated with Helicobacter Pylori infection[7]. However, 
before starting antiviral treatment of “bona fide” 
HCV-related NHL, several points should be taken in 
consideration, including: (1) Is the NHL really related 
with HCV infection? How the haematologist can be sure 
that a given NHL is HCV-associated? (2) Which is the 
best therapeutic approach? (3) Is the chemotherapy 
safe? In the case of the need to plan a chemotherapy, 
are the HCV-positive NHL exposed to higher risks than 
HCV-negative cases? and (4) The outcome of the HCV 
+ NHL is the same as compared with the HCV-NHL with 
the same histotype?

The HCV-related NHL show some typical, histological, 
clinical, laboratory and molecular characteristics. The 
most common histological types of HCV+NHL are 
lymphoplasmacytic, primary nodal marginal zone, 
splenic marginal zone, MALT marginal zone, while other 
histotypes are less closely associated with HCV[58-61]. 
The clinical course of the disease is generally indolent. 
The most common feature of true HCV + NHL is the 
longstanding presence of MC[62], and the late appearance 
of overt NHL, often after years from the onset of the 
clinical symptoms of MC. From a biological point of view, 
the HCV-related NHL often show a monoclonal IgMk 
component and the presence of several auto-antibodies 
(mainly anti-thyroid). From a molecular point of view, 
these patients use a restricted IgHV gene repertoire[63], 
with a strong bias for the IGHV1-69 and V3-A27[64,65]. In 
addition, the same set of V region genes, VH1-69 and 
Vk3 -A27 encode for the monoclonal IgMk component 
(if present). Finally the bcl-2/IgH translocation has been 
described in some studies, although not confirmed 
by others, present in HCV + NHL, at least of the 
lymphoplasmacytic subtype[66-68].

To choose the best therapeutic strategy several 
factors should be taken in consideration. Firstly the 
tumour burden: If there are large or huge nodal or extra 
nodal masses, chemotherapy becomes the first choice; 
on the contrary, if the tumour burden is low (confined to 
enlarged spleen and mild lymphoid infiltration of bone 
marrow) antiviral therapy is more indicated. A second 
factor to be considered is the course of the disease: If the 
course is indolent and lymphoma discovered occasionally 
during the follow-up of the patient, the antiviral therapy 
is more attractive, while if the patient show progressive 
and rapid node or spleen enlargement, chemotherapy 
is again the best choice. A third factor should be always 
taken in consideration, i.e., the presence or the absence 
of a chronic liver disease (CLD), and, if present, the 
severity of such a CLD. This means that the patient 
should undergo a complete hepatological evaluation 
including ultrasonography and, if indicated, endoscopy 
and liver biopsy. If the patient is affected by chronic 
C hepatitis without evidence of cirrhosis, the antiviral 
therapy should be indicated, while an advanced chronic 

liver disease with severe portal hypertension could be a 
contra-indication for antiviral and chemotherapy as well. 
A fourth factor to be considered is the presence and 
the quality of clinical symptoms. In fact the symptoms 
could be tumour-related (fever, weight loss, asthenia, 
etc.) or MC-related (vasculitis, neuropathy, arthralgias, 
etc.), in the former case chemotherapy is indicated 
while in the latter antiviral treatment could be the 
right choice. Finally, some specific contra-indications 
to antiviral therapy should be considered, often not 
familiar to haematologists[69], like deep depression[70,71] 
or immunological disorders[72]. 

The presence of HCV replication, i.e., detectable 
levels of HCV-RNA, without liver disease, cannot be 
considered a contra-indication for chemotherapy. In 
fact, the experience in the treatment of HCV + cryo
globulinemia[73] shows that when these patients undergo 
either anti-CD20 therapy, or other intensive immuno
suppressive treatment, tough a mild elevation of HCV-
RNA levels has been noticed, the liver function never 
worsens. On the contrary, some author reported a 
mild improvement in some cases. Despite few papers 
focused on this topic, the literature data confirm this 
point of view: Faggioli et al[74], in a small series of cases, 
did not detect any acute hepatitis due to the reactivation 
of HCV replication. These data were confirmed by other 
authors in larger cohorts of patients: Takai et al[75] found 
that, after chemotherapy, the fraction of NHL patients 
who developed liver function test alterations was higher 
in non-hepatitis virus carriers (12%) than in HCV-
bearing patients (10%), while a significant proportion 
of HBsAg carriers (36%) showed post-chemotherapy 
liver injuries. To further confirm these data, Visco et 
al[76], during the follow-up of 136 HCV-positive diffuse 
large cell lymphomas, found that only 5 cases (4%) 
discontinued the chemotherapy due to severe liver 
function impairment. It is noteworthy that 9 cases 
(7%) of the series had liver cirrhosis, and 26 cases had 
chronic hepatitis (19%). Altogether, this means that 
even in presence of HCV-related chronic liver disease, 
chemotherapy is feasible with a reasonable margin of 
safety. 

Contradictory data on the outcome of HCV-positive 
NHL are present is the literature. A first Japanese paper 
of Tomita et al[77] showed that the cases affected by 
HCV-positive aggressive NHL have the same prognosis 
as HCV-negative aggressive NHL, at least in the 
subjects without an advanced chronic liver disease. On 
the contrary, Besson et al[78], grouping together two 
large GELA studies (NHL93 and NHL98), found that the 
proportion of patients with high and high-intermediate 
IPI was higher among HCV-positive patients, and that, 
at 2 years, the OS and PFS of HCV-positive cases was 
56% vs 80% and 53% vs 75%,respectively. These 
surprising results could be explained, at least in part, by 
taking into account a possible selection bias of cases. 
In fact, the prevalence of HCV in these two cohorts of 
cases affected by NHL is largely lower (0.46%) of that 
found in the general population of France, where the 
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prevalence is 2.8%. Since, as previously indicated, the 
prevalence of HCV-infection is always higher in NHL 
than in the general population[79], the very low number 
of HCV-positivity in the two groups of patients indicates 
the possibility of a selective enrolment in the trial of 
high-risk HCV-positive cases only, while standard- or 
low-risk cases were discarded. Nearly at the same time, 
Visco et al[76] following his large cohort of HCV-positive 
NHL showed that the OS and PFS of HCV-positive cases 
were similar to HCV-negatives. The question is still open 
and further controlled clinical trials should be needed to 
have definitive answers.

As shown in Table 1, antiviral therapy of HCV-NHL 
yielded different outcomes, according to the various 
authors. Since the number of cases is usually rather 
limited, several histotypes were enrolled with obvious 
different response rates, which makes published data 
are often contradictory. Moreover, several authors 
included cases with liver disease while others excluded 
these cases, and, finally, the presence of cryoglobu
linemia is scattered among the cases and not recorded 
by all the authors. From 1996 to 2011, only 112 cases 
of HCV-positive NHL underwent antiviral therapy, the 
first three groups have been treated with interferon 
alone, thereafter with interferon and ribavirin and 
the last three groups with PEG-interferon (PEG-IFN) 
and ribavirin. The different antiviral power of these 
three regimens increases the difficult to interpret the 
results. In the first studies, the complete remission 
of the lymphomas was obtained in large fractions of 
patients (75% range: 64% to 84%), but most cases 
relapsed within few months. Much better results were 
achieved in the patients affected by splenic lymphoma 
with villous lymphocytes[80], in fact all HCV-positive 
cases entered complete remission upon treatment with 
interferon alone or with interferon and ribavirin, while 

HCV-negative lymphomas with villous lymphocytes 
controls did not benefit from antiviral therapy. The 
results obtained by Hermine et al[80] were confirmed 
subsequently by other studies[81-83]. These results 
suggest to perform a systematic screening for HCV in 
the patients affected by the marginal-zone lymphomas, 
since in the HCV-RNA positive cases, the antiviral 
therapy should be considered the treatment of choice. 
Several studies have documented the regression of 
different histotypes of NHL after antiviral treatment, 
such as lymphoplasmacytic lymphoma[84-86], mantle-
cell lymphoma[87], nodal marginal zone lymphomas[88] 
or extranodal marginal zone lymphoma of MALT tissue 
(MALT lymphomas)[89]. In the last three published 
studies all the patients were treated with the same 
antiviral regimen (PEG-IFN plus ribavirin), allowing better 
interpretation of the homogeneous results. In all three 
papers the haematological response significantly (P < 
0.005) correlates to the disappearance of HCV-RNA, and 
the sustained virological response was more frequently 
obtained in patients with genotype 2 or 3 more than 
genotype 1 or 4, which are usually found in HCV-chronic 
hepatitis without NHL. Given the high antiviral power of 
the treatment, the relapse rate is lower in these three 
studies (30%) than that previously recorded. At present, 
no data are available on the triple therapy in HCV-NHL. 

CONCLUSION
In addiction of acute and chronic liver diseases, the HCV 
infection determines many extra hepatic manifestations. 
Among them, the ability of the virus to interact with 
B cells leads to antigen-driven B-cell transformation, 
which ultimately may determine MC and finally a frank 
NHL. Based on clinical and biological considerations, the 
antiviral therapy should be considered as the treatment 

Table 1  Main studies of antiviral therapy in patients with hepatitis C virus infection and non-Hodgkin’s lymphoma (reports with 
single cases were discarded)

Ref. n Lymphoma histology (n) Disease sites
BM-S-LN-PB

MC type 
Ⅱ (n )

Antiviral therapy (n) SVR 
(n)

NHL response (n) Response 
duration (mo)

Mazzaro et al[94]   6 LPL (6) 6-0-2-0   4 IFN  (6)   4 CR (3) PR (1) 12 (8-18)
Moccia et al[95]   3 SMZL (3) 1-3-0-0 NR IFN (3)   2 CR (2) NR (1) 24 (5-40)
Hermine et al[80]   9 SLVL (9) 6-9-5-9   6 IFN (7) IFN-RBV (2)   7 CR (7) PR (1)   27 (15-40)

NR (1)
Arcaini et al[96]   4 SMZL (4) 4-4-1-2 NR IFN + RBV (4)   3 CR (2) PR (1) 36 (1-16)
Kelaidi et al[82]   8 SMZL (4) MZL/MALT (4) 7-6-2-6   8 IFN (2) IFN + RBV (6)   5 CR (5) PR (1)   6
Pitini et al[97]   2 SMZL (2) 2-2-1-2 NR IFN (2)   2 CR (2)   9
Saadoun et al[83] 18 SLVL (18) 10-18-8-10 18 IFN (8) IFN + RBV (10) 14 CR (14) PR (4) 62
Tursi et al[89] 16 MZL/MALT (16) NR NR IFN + RBV (16) 11 CR (11) NotR
Vallisa et al[86] 13 SMZL (4) MALT (4) FL (1) 

LPL (4)
5-4-0-6   5 PEG-IFN + RBV (13)   7 CR (7) PR (2) 14 (2-24)

Mazzaro et al[85] 18 SLVL (1), FL (1), LPL (16) 16-2-2-16 13 IFN + RBV (8)    3 CR (3) PR (2) 18 (8-32)
   PEG-IFN + RBV (10)   6 CR (6) PR (2)

Paulli et al[98]   2 MZL/MALT (2) Cutaneous   2 PEG-IFN + RBV   2 CR (1) PR (1) NotR
Pellicelli et al[88]   9 SMZL (3) MZL (4) FL (2) NR   4 PEG-IFN + RBV (9)   7 CR (5) PR (2) 12

MZL: Marginal zone lymphoma; SMZL: Splenic marginal zone lymphoma; SLVL: Splenic lymphoma with villous lymphocytes; FL: Follicular lymphoma; 
LPL: Lymphoplasmacytic lymphoma; BM: Bone marrow; S: Spleen; LN: Lymph nodes; PB: Peripheral blood; IFN: Alfa2a/Alfa2b interferon 3 times a week; 
RBV: Ribavirin; PEG-IFN: Pegylated alfa2a/alfa2b interferon; CR: Complete remission; PR: Partial remission; NR: No response; SVR: Sustained virological 
response; NotR: Not reported.
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of choice in HCV-associated lymphomas, especially in 
the presence of MC. However, the traditional antiviral 
therapy, based on PEG-IFN plus RIBA, is fading given the 
low efficacy and the numerous and severe side effects. 
At present, a new era is born for the management of 
HCV infection: The new strong direct antiviral agents[90-93]

opened the gate for a complete eradication of viral 
infection. These new drugs, described as lacking in 
side effects, can be used even in heavily pretreated 
patients or in cases with advanced liver disease with 
high possibility of success. It is likely that these new 
treatment options will be able to reduce drastically the 
number of the chronic carriers of HCV, as consequence, 
the number of HCV-related NHL.
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Abstract
Hepatitis E virus (HEV) is an emerging pathogen and 
an increasingly recognized cause of graft hepatitis, 
especially in the post-orthotopic liver transplantation 
immunocompromised population. The exact incidence 

and prevalence of HEV infection in this population 
remains unclear but is certainly greater than historical 
estimates. Identifying acute HEV infection in this 
population is imperative for choosing the right course 
of management as it is very difficult to distinguish histo
logically from acute rejection on liver biopsy. Current 
suggested approach to manage acute HEV involves 
modifying immunosuppression, especially discontinuing 
calcineurin inhibitors which are the preferred immuno
suppressive agents post-orthotopic liver transplantation. 
The addition of ribavirin monotherapy has shown pro
mising success rates in clearing HEV infection and is 
used commonly in reported cases.

Key words: Chronic hepatitis E infection; Solid organ 
transplant; Immunosuppression; Ribavirin; Hepatitis E 
virus; Orthotopic liver transplantation
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Core tip: Hepatitis E virus (HEV) is an emerging 
pathogen in developed countries and an important 
cause of graft hepatitis in the post-orthotopic liver 
transplantation population that is often misdiagnosed 
either due to low index of suspicion or due to poor 
diagnostic assays. We recommend mandatory HEV 
testing in such cases, and careful treatment with modi
fication of immunosuppression, especially switching 
from calcineurin inhibitors to a different class. Ribavirin 
has shown to be increasingly successful in treating HEV 
infection and preventing graft failure from acute HEV 
infection, if diagnosed early.
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INTRODUCTION
Hepatitis E virus (HEV) is one of the major causes 
of acute viral hepatitis globally. HEV genotypes vary 
globally in terms of transmission and pathogenicity 
(Table 1). There have been large scale epidemics of HEV 
across the low and middle income countries of Asia and 
Africa as well as sporadic cases in the same geographical 
regions[1]. More recently, HEV has been identified as 
an emerging pathogen in developed countries as well, 
particularly among immunosuppressed solid organ 
transplant recipients.

The overall prevalence varies greatly among existing 
studies, which are primarily from Europe. In the United 
States, diagnoses of symptomatic autochronous HEV 
infection are very rare compared to the number of cases 
reported in several European countries. The annual 
incidence of de-novo HEV infection in the United States 
is reported to be approximately 0.7%[2]. However, it is 
interesting that serological evidence of HEV exposure 
is more common than expected in a low endemic area 
like the United States (around 21%)[3,4]. In general, HEV 
seroprevalence was found to be higher in liver transplant 
recipients, particularly those with liver cirrhosis (7.4% 
and 32.1%, respectively)[5]. Whether cirrhosis is a 
predisposing factor for HEV or whether HEV infection 
may play a role in the pathogenesis of cirrhosis, remains 
controversial.

HEV has been identified as a cause of graft hepatitis 
in liver transplant recipients. The true frequency 
and clinical importance of HEV infections after liver 
transplantation is still unclear[6]. A study conducted 
in France estimated pre-transplant anti-HEV IgG pre
valence as 29% increasing regularly with age from 
7% in children < 15 years old to 49% for adults > 60 
years old[7]. On follow-up, the annual incidence of HEV 
infection post-transplantation was 2.1% in previously 
seronegative patients, and it was much higher than that 
those found in other areas of the world. In previously 
seropositive patients, the annual incidence of post-
transplantation re-infections detected by HEV RNA was 
3.3%, an incidence similar to that of de novo infection[8]. 
Another group in the Netherlands retrospectively 
estimated HEV prevalence in a cohort of 285 adult liver 
transplant recipients and found 274 (96.1%) to be 
negative for all HEV parameters (HEV RNA, IgM/IgG). 
The prevalence of acquired de novo HEV hepatitis in this 
cohort was 1%-2% after transplantation. Therefore, 
despite low prevalence, chronic hepatitis E needs to 
be considered in the differential diagnosis of graft 
hepatitis[9,10].

PRESENTATION
HEV in most individuals is known as self-limiting, acute, 
icteric hepatitis which recovers without sequelae in 
most cases. Case fatality rates in the general population 
can vary from 0.1% to 3.0%[11]. However, pregnant 
women often have worse outcomes with more likeli

hood of progression to fulminant liver failure and a 
case fatality rate of 10%-20% or higher, especially in 
developing countries[12]. Although the usual outcome 
of HEV is favorable, in a minority of cases, fulminant 
liver failure often leads to liver transplantation have 
been well described, many in non-endemic areas and 
autochthonous without any evidence of foreign expo
sure. HEV testing thus should be performed during the 
initial evaluation of every acute liver failure regardless of 
epidemiological context[13,14].

HEV IN SOLID ORGAN TRANSPLANT 
RECIPIENTS
In patients with chronic liver disease, acute viral 
hepatitis from HEV can worsen rapidly to a syndrome 
called acute on chronic liver failure leading to very 
high mortality (0%-67% with a median of 34%)[1]. In 
immunocompromised individuals, HEV can take up a 
more chronic course with prolonged viremia[15]. Those 
with solid organ transplant have been studied the most 
with overall chronic HEV infections reported in up to 
50%-60% of organ transplant recipients[16]. The chronic 
HEV infection usually manifests as mild elevation in 
liver enzymes without clinical signs of overt hepatitis. 
However rapid fibrosis progression causing cirrhosis 
within 1-2 years of infection and graft failure is seen 
in some cases[9,16,17]. Prospective study by Kamar et 
al[18] evaluated evolution of liver fibrosis in chronic HEV 
infected 16 organ transplant patients by sequential 
liver biopsies. Three out of 16 patients progressed to 
cirrhosis and two out of these died from decompensated 
cirrhosis[18]. The same group looked at virological and 
immunological factors associated with viral persistence 
leading to chronic infection in solid organ transplant (SOT) 
patients. The patients that had progressive liver fibrosis 
were found to have less quasispecies diversification 
during the first year than patients without liver fibrosis 
progression. This along with a weak inflammatory 
response [low serum concentrations of interleukin-1 
(IL-1) receptor antagonist and soluble IL-2 receptor] and 
high serum concentrations of the chemokines involved 
in leukocyte recruitment to the liver in the acute phase 
were associated with persistent HEV infection[19]. HEV 
related extra-hepatic manifestations like neurological 
symptoms, kidney injuries and hematological disorders 
have also been reported[20]. Most of chronic HEV infection 
cases observed belonged to genotype 3, however there 
are recent reports of genotype 4 infections as well[21,22].

HIGH INDEX OF SUSPICION
A high index of suspicion is needed in patients with 
graft hepatitis of unclear etiology since graft failure can 
result from missed chronic HEV infection. Cases where 
re-transplantation was done as a last resort have been 
described[23]. Similarly, in allo-hematopoetic stem cell 
transplant recipients, liver enzyme abnormalities are 
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often attributed to hepatic graft vs host disease or drug 
induced liver injury and possibility of HEV infection is 
overlooked[24]. Presence of anti-HEV antibodies may 
not protect against re-infection, especially in low con
centrations (< 7 World Health Organization units/mL)[8]. 

A study in France compared SOT recipients who 
developed chronic HEV infection with those who cleared 
infection. In general acute aminotransferase levels were 
higher in those who cleared their infection. Also levels of 
IgM, IgG anti-HEV antibodies and HEV RNA during acute 
infection phase were not predictive of whether or not 
the infection will become chronic. In acute phase itself, 
only 24% had abnormal bilirubin levels[25]. This further 
emphasizes that an acute HEV infection can be easily 
missed unless clinician had a high index of suspicion. 
Now there is increasingly common recognition of HEV 
and this emerging pathogen is coming within the 
spectrum of differential diagnosis of US physicians.

INADEQUACY OF AVAILABLE 
DIAGNOSTIC ASSAYS
Currently available antibody assays have shown low 
and variable sensitivity[26,27]. In severely immuno
compromised person, anti-HEV IgG detection could 
be false negative. Comparison of two commercially 
available assays (Adaltis and Wantai) showed a wide 
discrepancy in results. Anti-HEV IgG positivity among 
both assays was wide (10.9% vs 31.3%, P = 0.005). 
On immunoblot, specificity of both assays remained 
80%-86%. For anti-HEV IgM testing, both assays were 
concordant for 97% of the serum samples[28]. 

Also there was a considerable variability in the 
accuracy of PCR tests assays used in various studies 
from Europe from where most of our data regarding 
HEV infection has been derived[29].

The testing for HEV hence should be done during 
initial evaluation of graft dysfunction irrespectively since 
histological appearance on liver biopsy may not clearly 
distinguish rejection and acute viral hepatitis. 

Early diagnosis of HEV should lead to prompt treat
ment particularly adjusting the immunosuppressive 
drug regimen as some drugs have been shown to exert 
opposing effects on HEV replication[30].

MANAGEMENT
Modification of immunosuppressive regimen
Immunosuppressive therapy has been proposed to 
be a key factor for developing chronic hepatitis E in 
organ transplant recipients[31] and is often attributed to 
diminished antiviral immunity. However, the effect of 
various immunosuppressive agents on HEV replication 
is lesser known. Role of steroids is particularly important 
in the setting of liver transplantation as it is known 
that steroid boluses used to treat acute rejection in 
HCV patients can increase the severity of HCV recurr
ence and viral load. Wang et al[30] studied the different 
immunosuppressants in two HEV replication models. 
They demonstrated that steroid (prednisone and 
dexamethasone) did not affect viral replication. It was 
also demonstrated that calcineurin inhibitors (CsA and 
FK506) promoted HEV infection. In fact the use of 
FK506 was found to be the main predictive factor for 
chronic hepatitis E in organ recipients in another study 
by Kamar et al[16,18]. On the other hand mycophenolic 
acid/mycophenolate mofetil (MPA/MMF) suppressed 
viral infection in replica model. The clinical benefit was 
demonstrated in heart transplant recipients where 
MMF containing regimens were assumed to play a 
role in more frequent HEV clearance[17]. These were 
in vitro studies and will need further validation with 
randomized controlled clinical trials. Nevertheless the 
results provide valuable reference for the management 
of immunosuppression in these patients. 

ROLE OF PEGYLATED- INTERFERON 
ALPHA
Pegylated-interferon alpha (Peg-IFNα) is a strong 
immune-stimulatory drug that is being already used for 
the treatment of chronic hepatitis B and C infections. 
However Peg-IFNα is suggested to induce allogenic 
immunity, leading to transplant rejection in patients 
after solid organ transplantation which possibly limits its 
use in the treatment of chronic hepatitis E.

Successful use of Peg-IFNα therapy for chronic 
HEV has been reported in a patient with hemodialysis 
dependent end stage renal disease after failed renal 
transplant after 3 mo of therapy and achievement of 
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Table 1  Hepatitis E virus genotypic characteristics

Characteristics Genotype 1 Genotype 2 Genotype 3 Genotype 4

Geographic location Africa and Asia Mexico and West Africa Developed countries  China, Taiwan, Japan
Transmission Water-borne, fecal oral, 

person to person
Water-borne, fecal oral, 

person to person
Food-borne Food-borne

Group at high risk for infection Young adults  Young adults Older adults (> 40 yr) and males. 
Immuno-compromised persons 

Young adults

Zoonotic transmission No No Yes Yes
Chronic infection No No Yes Yes
Occurrence of outbreaks Common Smaller scale outbreaks Uncommon Uncommon 

Adapted from centers of disease control and prevention (http://www.cdc.gov/hepatitis/hev/hevfaq.htm).
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of genotype 3 HEV replicated more efficiently in vitro 
than the non-mutant strains. Similar results were 
seen for infectious virus in competition assays[43]. Also, 
interestingly a higher lymphocyte count at the time of 
RBV initiation was associated with a greater likelihood of 
achieving SVR[40].

The exact mode of action of RBV against HEV 
is not known but successful clearance of both HEV 
genotype 1 and 3 indicate broad antiviral activity across 
genotypes[42]. However the standard dose and duration 
of RBV is yet to be determined. Successful outcomes 
with RBV monotherapy along with tailoring of immuno
suppression regimen could provide an acceptable mana
gement approach to post OLT HEV. A beneficial effect of 
combining ribavirin with MPA was seen in vitro as well[30]. 

CONCLUSION
HEV is an emerging pathogen and an increasingly 
recognized cause of graft hepatitis especially in the 
post-OLT immunocompromised population. The exact 
incidence and prevalence of HEV infection in this 
population might be unclear but certainly more than 
historical estimates. Identifying acute HEV infection 
in this population is imperative for choosing the right 
course of management as it is very difficult to distinguish 
histologically from acute rejection on liver biopsy. The 
current suggested approach to manage acute HEV 
involves modifying immunosuppression, especially 
discontinuing calcineurin inhibitors which are the pre
ferred immunosuppressive agents post-OLT. Along 
with immunosuppression modification, addition of RBV 
monotherapy has shown promising success rate in 
clearing HEV infection with current studies suggest using 
RBV 600 mg/d for a minimum of 5-6 mo successfully 
with a high SVR rate. We recommend maintaining high 
index of suspicion and mandatory confirmatory testing 
for HEV infection in post-OLT hepatitis with careful use of 
RBV in cases of established diagnosis (Figure 1).
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Figure 1  Key steps in the management of hepatitis E virus.
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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.

Key words: Ribavirin; Hepatitis C; Peginterferon; Direct 
acting antiviral agents
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Core tip: Ribavirin plays a crucial role when asso
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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.

Loustaud-Ratti V, Debette-Gratien M, Jacques J, Alain S, Marquet 
P, Sautereau D, Rousseau A, Carrier P. Ribavirin: Past, present 
and future. World J Hepatol 2016; 8(2): 123-130  Available from: 
URL: http://www.wjgnet.com/1948-5182/full/v8/i2/123.htm  
DOI: http://dx.doi.org/10.4254/wjh.v8.i2.123

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. 
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Abstract
Chronic hepatitis C virus (HCV) infection has been 
shown to be linked to a higher prevalence of type 2 
diabetes compared with the general population or with 
patients with chronic hepatitis B infection and diabetes 
is the most common extra-hepatic manifestation of 
HCV. The HCV-diabetes association is due to insulin 
resistance (IR) that occurs early in the course of the 

disease even in patients without or with minimal fibrosis. 
The mechanisms for HCV-induced IR are only partly 
understood and include a direct inhibitory effect of HCV 
on insulin signaling pathway. IR in chronic HCV results 
in an increased progression rate of hepatic fibrosis, 
cirrhosis and hepatocellular carcinoma. Some but not 
all studies found that IR reduces the response rate to 
interferon/ribavirin therapy. Whether IR affects the 
response to the new direct-acting antiviral treatments is 
still unknown. 

Key words: Hepatitis C; Type 2 diabetes; Antiviral 
therapy; Insulin resistance; Insulin signaling

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Chronic hepatitis C virus (HCV) infection is 
associated with a higher prevalence of diabetes as 
compared to either the general population or patients 
with chronic hepatitis B infections. HCV hepatitis is 
linked to insulin resistance (IR) early in the disease 
course, mediated partly by direct inhibitory effect of 
the viral proteins on insulin signaling. The presence 
of IR is associated with an increased rate of disease 
progression to fibrosis, cirrhosis and hepatocellular 
carcinoma. Interferon and ribavirin treatment of HCV 
hepatitis may be less successful in the presence of 
IR. The effect of IR on the new direct-acting antiviral 
treatment is unclear.

Knobler H, Malnick S. Hepatitis C and insulin action: An intimate 
relationship. World J Hepatol 2016; 8(2): 131-138  Available 
from: URL: http://www.wjgnet.com/1948-5182/full/v8/i2/131.
htm  DOI: http://dx.doi.org/10.4254/wjh.v8.i2.131

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is a major 
healthcare problem worldwide with between 130-170 
million people infected[1,2]. In addition, there are extra-
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hepatic manifestations of HCV infection including 
mixed cryoglobulinemia, thyroid disorders and other 
autoimmune-mediated diseases[3], but several studies 
published since 1994 provide evidence that diabetes 
mellitus (DM) maybe the most common extra-hepatic 
disease associated with chronic HCV. 

THE ASSOCIATION BETWEEN HCV AND 
DIABETES
The first studies that demonstrated an association 
between HCV and DM evaluated patients at advanced 
stage of liver disease necessitating liver transplantation 
and revealed that diabetes occurred in 50% and 62% of 
patients whose liver failure was HCV-related compared 
to 9% in patients whose liver failure was related 
to other causes[4,5]. These unexpected results were 
confirmed by studies from many parts of the world 
demonstrating that the increased prevalence of diabetes 
in HCV patients is unique and is significantly different 
compared to hepatitis B virus (HBV) infection[6-8].

Many of these additional studies, however, also 
included patients with cirrhosis - a condition that by 
itself is known to lead to impaired glucose tolerance[9,10]. 

Diabetes in non-cirrhotic HCV patients
In order to avoid the confounding effect of cirrhosis on 
glucose metabolism, we designed a study conducted in 
patients without liver cirrhosis that included 45 patients 
with chronic HCV, 88 patients with chronic HBV infection 
and 90 healthy individuals[11]. Diabetes status was based 
on an oral glucose tolerance test (OGTT). We found that 
33% of HCV patients had type 2 diabetes compared to 
12% of patients with chronic HBV infection and 6% of 
a healthy control cohort. We have reported that HCV 
patients with diabetes had a higher incidence of a family 
history of diabetes as compared to HCV patients without 
diabetes (P < 0.001). In addition on comparing liver 
biopsies from HCV patients with diabetes to those with 
HCV and no diabetes there was a significantly higher 
inflammatory activity, fibrosis grade and more steatosis. 

Large cohort studies evaluating the relationship 
between HCV and diabetes
The National Health and Nutrition Examination Survey 
(NHANES Ⅲ) evaluated 9841 community-dwelling 
subjects and found that 8% of this population had type 
2 diabetes and 2% were anti-HCV positive. The odds 
ratio (OR) for type 2 DM in those over 40 years of age 
after adjusting for sex, body mass index (BMI), ethnicity, 
poverty index, and previous drug or alcohol use was 
3.77 (95%CI: 1.80-7.87)[12]. There was no increased 
risk for DM in those with chronic HBV infection. Although 
liver biopsies were not performed in these patients, 
there were no clinical signs of chronic liver disease. A 
large study of consecutive chronic HCV patients from 
Spain, found a 3-fold increase in the prevalence of 
glucose abnormalities in non-cirrhotic HCV+ compared 

with HCV- subjects[13] but not in cirrhotic patients. Fur
thermore, multivariate analysis of chronic HCV patients 
without cirrhosis found that HCV infection was an 
independent determinant of glucose abnormalities, OR 
of 4.26 (95%CI: 2.03-8.93). In the Atherosclerosis Risk 
in Communities study, with a follow-up of 9-years pre-
existing HCV infection was found to be a significant 
risk factor for developing diabetes in aged patients or 
those with a high BMI. This finding was strikingly robust 
with a relative hazard of 11.58 (95%CI: 1.39-96.6)[14]. 
Two meta-analyses including 47 cross-sectional and 
cohort studies found that HCV was associated with DM 
with an OR of 1.7[15,16] with an excess risk observed in 
comparison to HBV-infected controls. 

However a recent additional report based on NHANES 
data 1999-2010 survey evaluated 15128 participants 
with known HCV and glucose status and did not find 
an association between HCV status and diabetes/pre-
diabetes[17]. The reasons for this discrepancy are not 
entirely clear however the number of patients who 
were HCV positive was relatively small (1.7% were ant-
HCV+ and 1.1% were HCV RNA+) and OGTT was not 
performed. Another factor that can reduce the strength 
of the association between HCV infection and diabetes 
in this recent United States survey is the increase within 
the rate of obesity and consequently obesity-induced 
diabetes that may dilute the effect of HCV. 

Taken together, the vast majority of studies suggest 
that chronic hepatitis C is specifically associated with 
type 2 diabetes and the association is strongest in 
patients with additional risk factors such as older age 
and positive family history of diabetes implying that 
HCV leads to diabetes particularly in susceptible hosts. 

Interferon-induced diabetes
Interferon treatment that was until recently the corner-
stone of HCV treatment was shown to induce a distinct 
form of diabetes. However this is a relatively rare 
complication that in contrast to the common form of 
HCV-related type 2 diabetes described above, has an 
abrupt onset, necessitates insulin treatment from onset 
and is mediated by an autoimmune process manifested 
by a very high titer of pancreatic autoantibodies[18]. 

PATHOGENESIS OF HEPATITIS C 
ASSOCIATED DIABETES
HCV and insulin resistance
There is substantial evidence that insulin resistance 
(IR), that has a pivotal role in the pathogenesis of 
type 2 diabetes, develops early in the course of HCV 
infection[19-21]. A study of 260 subjects with HCV with 
assorted stages of fibrosis compared with 137 healthy 
volunteer in which IR was measured by the homeostasis 
model assessment-IR (HOMA-IR), found significant IR 
even in the sub-group of 121 patients with only stage 
0 or 1 of hepatic fibrosis. However, although IR was 
detected even in subjects with minimal or no fibrosis, 

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

Knobler H et al . Insulin resistance and chronic HCV



more advanced fibrosis was associated with increased 
HOMA-IR[19]. Other studies confirmed these findings 
and showed a correlation between the degree of fibrosis 
and IR[20,22]. By using the gold standard measurement 
of IR, the hyperinsulinemic - euglycemic clamp it was 
shown that IR occurred mainly in the periphery, i.e., in 
muscles and not in the liver and was related to viral load 
but not to liver fat content[23]. The notion that HCV has a 
direct effect on insulin sensitivity that is not mediated by 
virus-induced steatosis is also supported by a transgenic 
mice model which expresses the HCV core protein in 
the liver. IR was detected as early as 1 mo of age while 
hepatic steatosis developed after 3 mo[24]. In a landmark 
study, Aytug et al[25] evaluated liver specimens obtained 
from non-obese non-diabetic HCV patients compared 
to controls and their data not only confirmed the exis­
tence of HCV-induced IR but also revealed a specific 
impairment of insulin - stimulated IRS-1/PI3 kinase 
signaling pathway in HCV patients, a pathway that is 
responsible for insulin metabolic effects.

IR and HCV genotypes
The relationship between IR and HCV genotype is still 
controversial. In a study of Hui et al[19] patients with 
genotype 3 had significantly lower HOMA-IR compared 
with other genotypes and this association remained 
significant even after adjusting for other variables. In 
another large study of 275 non-diabetic treatment-
naïve HCV patients, HOMA-IR was significantly higher 
in non-3 genotype compared with genotype 3. However 
in non-obese patients with minimal fibrosis, using a cut-
off level of HOMA > 3 as indicating IR, there was no 
significant effect of genotypes[26]. In another smaller 
study of 44 patients that used a cut-off level of HOMA 
≥ 2 as indicating IR, the prevalence of IR was similarly 
high, 65% and 57% in genotype 1 and genotype 3, 
respectively[27]. However it is important to emphasize 
that the usage of these HOMA-IR criteria to define IR is 
problematic since there are no acceptable absolute cut-
off levels. 

The underlying mechanisms for HCV-induced IR
Tumor necrosis factor alpha: The role of the cytokine 
tumor necrosis factor alpha (TNF-α) in HCV-induced IR 
is supported by several studies (for review[28]). TNF-α 
producing cells, the majority of which are derived 
from macrophage/Kupfer cell lineage, are increased 
in HCV infection; and TNF-α activation was found 
to be significantly associated with the inflammatory 
process[29]. TNF-α also has an important inhibitory role 
on the insulin signaling pathway and the mechanism 
is mediated by activating serine/threonine (Ser/Thr) 
kinases that phosphorylate the insulin receptor substrate 
(IRS) protein, and uncoupling it from both upstream 
and downstream effectors[30]. TNF-α induces IR also by 
indirect mechanisms such as increasing lipolysis leading 
to increased serum free fatty acids and regulating 
expression of several adipocyte genes that modulate 
insulin sensitivity[31]. TNF-α binds to two distinct cell 

surface receptors, TNFR-1 and TNFR-2 that undergo 
proteolytic cleavage producing soluble receptors sTNFR1 
and sTNFR2. Serum levels of TNF-α and sTNFR were 
increased in HCV-infected patients compared with 
controls[32]. When serum sTNFR were measured in 
non-cirrhotic HCV patients with and without diabetes, 
non-HCV patients with type 2 diabetes and controls, 
a marked increase of sTNFR was found in the HCV-
diabetes+ group compared to HCV patients without 
diabetes, and non-HCV patients with type 2 DM[33]. A 
significant correlation was found between the degree 
of liver inflammation and sTNFR[29]. The role of TNF-α 
in HCV-induced IR is supported by the finding that anti 
TNF-α antibody administration restored insulin sensitivity 
in a transgenic mice model that specifically expressed 
the HCV core protein in the liver[24]. 

However, increased levels of TNF-α are also present 
in other chronic liver diseases and thus cannot fully 
account for the unique association between HCV and 
IR. Therefore direct effects of HCV proteins on insulin 
signaling have been also considered.

Direct effects of HCV proteins on insulin signaling
In human hepatoma cells, HCV core protein up-regulates 
suppressor cytokine signaling (SOCS)-3, which is known 
to inhibit insulin signaling by causing ubiquitination of 
IRS1 and IRS2 proteins[34]. These defects were not 
detected in SOCS3-/- mouse embryonic fibroblasts 
cells or in the presence of an inhibitor of proteosomal 
proteolysis[34]. We have reported several impairments of 
the insulin signaling cascade linked to the proteasomal 
degradation of IRS-1 protein[35]. Additionally we found 
that the core protein impaired insulin ability to inhibit 
the expression of the target gene insulin growth factor 
binding protein-1. 

HCV can also inhibit insulin signaling by depho
sphorylation of AKT involving the endoplasmic reticulum 
stress signal inducing over-expression of protein 
phosphatase 2A[36]. Taken together these data imply 
a direct effect of HCV core protein in inhibiting insulin 
signaling pathway. 

Does eradication of HCV 
ameliorate IR?
A recent study of 8 normoglycemic men with chronic 
HCV infection that used the hyperinsulinemic-euglycemic 
clamp that provides a direct measurement of peripheral 
insulin sensitivity, showed that viral clearance led 
to improvement in glycemic control and to insulin 
sensitivity that become comparable to 15 matched 
HCV-negative controls[37]. A larger earlier study, using 
the surrogate marker HOMA-IR also showed that in 
HCV patients who were sustained responders HOMA-IR 
decreased while in it did not change in nonresponders 
and relapsers[38]. However, another study showed 
that HCV therapy improved IR regardless of virologic 
response but the repose was greatly influenced by BMI 
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and IR as compared to other published reports. These 
studies have used HOMA to assess insulin sensitivity, a 
surrogate measure of IR although this technique is less 
precise than more direct measurements such as the 
insulin suppression test[58]. Furthermore IR can change 
over time with in patients with chronic HCV infection[59]. 
When IR was directly assessed by means of an insulin 
suppression test in a cohort of 50 non-cirrhotic, non-
diabetic patients with chronic HCV infection, SVR was 
not associated with insulin sensitivity[39] The steady 
state plasma glucose level decreased during anti-viral 
therapy but was not statistically significant between 
those patients achieving SVR and those not achieving 
SVR during and after treatment[39]. IR often progresses 
to diabetes but in a study that evaluated SVR and the 
development of diabetes or impaired glucose tolerance, 
no such correlation was found during a median follow 
up of 8 years[60]. In 2011, two meta-analyses were 
published that examined the effect of IR on SVR including 
fourteen studies with more than 2700 patients[61,62]. The 
studies that did not find an association between IR and 
SVR had a baseline HOMA value of less than 3 and a low 
prevalence of advanced fibrosis. This suggests that the 
HOMA value may be predictive of response to antiviral 
treatment in those patients with advanced liver disease. 
These inconsistent data may be partly due the interplay 
between the baseline characteristics of the patients and 
the effect of the HCV virus on insulin sensitivity. Notably, 
about 25%-30% of the United States population have 
metabolic features of HCV-independent IR[63].

TARGETING IR AS PART OF HCV 
TREATMENT
In view of the link between IR and the progression 
of HCV hepatitis and the possible influence of IR on 
treatment, attention has been drawn to improving the 
metabolic factors related to IR before or during anti-viral 
treatment. 

Lifestyle modification
A 24 wk lifestyle and dietary intervention was shown to 
reduce BMI and HOMA in obese patients with chronic 
HCV hepatitis[64]. A 3-mo trial of a low calorie diet before 
starting anti-viral therapy has been shown to result in 
a higher end-of- treatment viral response in patients 
with type 1 chronic HCV hepatitis together with an 
improvement in IR. 

Metformin
Metformin is an insulin sensitizer that mainly decreases 
hepatic glucose production. An attempt to add metfor
min to treatment with peg-interferon-2a and ribavirin 
led to decreased HOMA-IR and viral load, together 
with an improvement in the SVR, but this effect was 
observed only in females[65]. In another study metformin 
administration led to an increase in SVR in both male 
and female HCV patients with genotype 1 treated by 

changes and interferon use making data interpretation 
difficult[39].

The effect of IR and DIABETES on 
the clinical outcome of HCV
The link between HCV infection and IR and diabetes 
is complex. IR appears at an early stage of chronic 
HCV infection as discussed above and results in an 
increased rate of progression of hepatic fibrosis and 
the complications of cirrhosis including hepatocellular 
carcinoma (HCC)[40].

IR is also related to obesity and type 2 diabetes and 
both of these conditions are known to be risk factors for 
HCC leading to about 2-fold increased prevalence[41,42]. 
The rise in HCV infection and HCV-induced IR together 
with increased obesity-induced IR may partly explain 
the marked increase in HCC in the last decades[43].

The compensatory hyperinsulinemia that occurs in 
IR can lead to fibrogenesis. In human hepatic stellate 
cells (HSC), incubation with insulin and insulin growth 
factor (IGF)-1 led to increased HSC proliferation and 
type 1 collagen gene expression[44]. The increased 
IGF-1 levels that occur in the IR state is also one of 
the mechanisms for IR-associated malignancy and 
particularly HCC and changes in the expression pattern 
of IGF system components were found in human 
hepatoma cell lines and in animal models[45]. 

In a recent systemic review of 14 studies including 
3695 participants with HCV infection, the relative risk for 
fibrosis was 2.26 (95%CI: 1.52-3.06) for genotype 1, 
but the association was not significant for genotype 3[46]. 
HCV is also intimately related to hepatic steatosis[47,48] 
and steatosis is much more common in patients infected 
with HCV than in other liver diseases. This association is 
most marked for genotype 3[49]. Steatosis is also linked 
to HCC and in two lines of transgenic mice expressing 
the HCV core protein, HCC developed within fat-con
taining adenomas[50]. 

The effect of IR and diabetes on 
the response to therapy
It has been shown that patients with high IR have 
a slower rate of decline in the viral load of HCV RNA 
compared to patients with low IR, even in the first 24 
h of treatment[51]. In addition, there is an association 
between a high degree of IR and a low rate of rapid viral 
response in genotypes 1[52], 3[53] and 4[54]. Several studies 
have shown that IR is associated with a higher likelihood 
of not achieving sustained virological response (SVR)[52-56]. 
A study from Spain of 159 patients with chronic HCV 
hepatitis found that those with a SVR had lower baseline 
HOMA scores compared to those patients who did not 
achieve a SVR[57]. The Virahep-C study which included 
both Caucasian and African-Americans found that IR and 
interferon dose were negatively associated with SVR[56]. 
The patients in this study had a high degree of obesity 
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pegylated interferon and ribavirin[66].

Thiazolidinediones
Thiazolidinediones produce an increase in insulin 
sensitivity via activation of the peroxisome proliferator-
activated receptor-γ in adipocytes and skeletal 
muscle[67]. Pioglitazone has been shown to produce 
an increase in SVR in patients with genotype 4 and 
IR but not in patients with genotype 1[68]. Another 
study of pioglitazone added to pegylated interferon-2a 
and ribavirin in non-diabetic HCV patients who previ
ously did not respond to this treatment and who had 
HOMA > 2, was terminated after none of the first five 
patients achieved a 12 wk viral response, despite an 
improvement in IR in some of them[69].

In a recent small study of patients with HCC, in a 
sub-group analysis of diabetic over-weight patients, the 
addition of pioglitazone to curative treatment resulted in 
reduced HCC recurrence[70].

THE EFFECT OF DIABETES ON THE 
RESPONSE TO THE DIRECT-ACTING 
ANTI-VIRAL TREATMENTS 
The recently approved sofosbuvir, simeprevir, ledipasvir, 
and the combination of paritaprevir, ombitasvir and 
dasabuvir have ushered in the era of interferon-free 
therapy for HCV hepatitis. These direct-acting anti-viral 
treatments (DAA) achieve SVRs of more than 90% 
for most treatment groups[71]. With such an effective 
treatment available it is likely that the effect of IR will 
be less evident. However, a recent preliminary report 
suggests that metabolic factors such as diabetes and 
hyperlipidemia still compromise the effect of DAA 
treatment. This was based on the results of a recent 
study that examined SVR at 12-wk in 54 non-Caucasian 
populations in the United States, 65% of whom were 
Hispanic and 24% had diabetes. SVR in this study was 
81% which is lower than the rate reported in previous 
studies. A pre-treatment glucose level of less than 
126 mg/dL was shown to be linked to a higher rate of 
SVR[72]. Further studies are needed to evaluate the effect 
of IR and diabetes on the response to DAA treatment.

Although the future of treatment of HCV hepatitis 
will undoubtedly be oral, once-daily pangenotypic 
therapy with a nearly 100% SVR, in 2015 there is still 
a place for treatment of HCV hepatitis with interferon-
containing regimens. 

For patients with genotypes 2-6 peginterferon and 
ribavirin is still effective treatment. For patients with 
genotype 2, 24 wk of treatment is sufficient and an 
SVR of 85%-90% is achieved[73]. Interferon has an 
important role in the treatment of genotype 3, including 
a regimen with sofosbuvir[74], and in the treatment of  
genotype 4 with an SVR of 43%-70% and 60%-85% 
SVR for genotype 6[75].

In addition for many economically-constrained 
health services and patients who are self-funding, the 

cost of the DAAs is prohibitive, and treatment with 
interferon will remain an option for the near future[76]. 

CONCLUSION
IR is intimately related to HCV infection based on numer
ous studies in animal models and humans resulting in 
increased prevalence of type 2 diabetes in HCV patients. 
The underlying mechanisms are only partly understood 
and recent data suggest a direct inhibitory effect of the 
virus on insulin signaling pathway. IR was shown by 
several, but not all studies, to have a deleterious effect 
on the clinical course of chronic HCV infection and the 
inconsistency maybe explained by differences in the 
baseline characteristics of the patients. Small studies 
suggest that life-style intervention and metformin may 
increase SVR rate but further studies are needed to 
confirm these findings. The effect of IR in the DAA drugs 
era is still unclear.

REFERENCES
1	 Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton 

M. Isolation of a cDNA clone derived from a blood-borne non-A, 
non-B viral hepatitis genome. Science 1989; 244: 359-362 [PMID: 
2523562]

2	 Ansaldi F, Orsi A, Sticchi L, Bruzzone B, Icardi G. Hepatitis C 
virus in the new era: perspectives in epidemiology, prevention, 
diagnostics and predictors of response to therapy. World J Gastro­
enterol 2014; 20: 9633-9652 [PMID: 25110404 DOI: 10.3748/wjg.
v20.i29.9633]

3	 Cacoub P, Renou C, Rosenthal E, Cohen P, Loury I, Loustaud-Ratti 
V, Yamamoto AM, Camproux AC, Hausfater P, Musset L, Veyssier 
P, Raguin G, Piette JC. Extrahepatic manifestations associated with 
hepatitis C virus infection. A prospective multicenter study of 321 
patients. The GERMIVIC. Groupe d’Etude et de Recherche en 
Medecine Interne et Maladies Infectieuses sur le Virus de l’Hepatite 
C. Medicine (Baltimore) 2000; 79: 47-56 [PMID: 10670409]

4	 Allison ME, Wreghitt T, Palmer CR, Alexander GJ. Evidence for 
a link between hepatitis C virus infection and diabetes mellitus 
in a cirrhotic population. J Hepatol 1994; 21: 1135-1139 [PMID: 
7699240]

5	 Knobler H, Stagnaro-Green A, Wallenstein S, Schwartz M, Roman 
SH. Higher incidence of diabetes in liver transplant recipients with 
hepatitis C. J Clin Gastroenterol 1998; 26: 30-33 [PMID: 9492860 
DOI: 10.1097/00004836-199801000-00009]

6	 Fraser GM, Harman I, Meller N, Niv Y, Porath A. Diabetes 
mellitus is associated with chronic hepatitis C but not chronic 
hepatitis B infection. Isr J Med Sci 1996; 32: 526-530 [PMID: 
8756978]

7	 Ozyilkan E, Arslan M. Increased prevalence of diabetes mellitus 
in patients with chronic hepatitis C virus infection. Am J Gastro­
enterol 1996; 91: 1480-1481 [PMID: 8678039]

8	 Grimbert S, Valensi P, Lévy-Marchal C, Perret G, Richardet JP, 
Raffoux C, Trinchet JC, Beaugrand M. High prevalence of diabetes 
mellitus in patients with chronic hepatitis C. A case-control study. 
Gastroenterol Clin Biol 1996; 20: 544-548 [PMID: 8881566]

9	 Kruszynska YT, Home PD, McIntyre N. Relationship between 
insulin sensitivity, insulin secretion and glucose tolerance in 
cirrhosis. Hepatology 1991; 14: 103-111 [PMID: 2066059]

10	 Nolte W, Hartmann H, Ramadori G. Glucose metabolism and liver 
cirrhosis. Exp Clin Endocrinol Diabetes 1995; 103: 63-74 [PMID: 
7553077 DOI: 10.1055/s-0029-1211331]

11	 Knobler H, Schihmanter R, Zifroni A, Fenakel G, Schattner A. 
Increased risk of type 2 diabetes in noncirrhotic patients with 
chronic hepatitis C virus infection. Mayo Clin Proc 2000; 75: 

Knobler H et al . Insulin resistance and chronic HCV



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

355-359 [PMID: 10761489 DOI: 10.4065/75.4.355]
12	 Mehta SH, Brancati FL, Sulkowski MS, Strathdee SA, Szklo M, 

Thomas DL. Prevalence of type 2 diabetes mellitus among persons 
with hepatitis C virus infection in the United States. Ann Intern 
Med 2000; 133: 592-599 [PMID: 11033586 DOI: 10.7326/0003-48
19-133-8-200010170-00009]

13	 Lecube A, Hernández C, Genescà J, Esteban JI, Jardí R, Simó R. 
High prevalence of glucose abnormalities in patients with hepatitis 
C virus infection: a multivariate analysis considering the liver 
injury. Diabetes Care 2004; 27: 1171-1175 [PMID: 15111540 DOI: 
10.2337/diacare.27.5.1171]

14	 Mehta SH, Brancati FL, Strathdee SA, Pankow JS, Netski D, 
Coresh J, Szklo M, Thomas DL. Hepatitis C virus infection and 
incident type 2 diabetes. Hepatology 2003; 38: 50-56 [PMID: 
12829986 DOI: 10.1053/jhep.2003.50291]

15	 Naing C, Mak JW, Ahmed SI, Maung M. Relationship between 
hepatitis C virus infection and type 2 diabetes mellitus: meta-
analysis. World J Gastroenterol 2012; 18: 1642-1651 [PMID: 
22529694 DOI: 10.3748/wjg.v18.i14.1642]

16	 White DL, Ratziu V, El-Serag HB. Hepatitis C infection and risk 
of diabetes: a systematic review and meta-analysis. J Hepatol 2008; 
49: 831-844 [PMID: 18814931 DOI: 10.1016/j.jhep.2008.08.006]

17	 Ruhl CE, Menke A, Cowie CC, Everhart JE. Relationship of 
hepatitis C virus infection with diabetes in the U.S. population. 
Hepatology 2014; 60: 1139-1149 [PMID: 24500979 DOI: 10.1002/
hep.27047]

18	 Zornitzki T, Malnick S, Lysyy L, Knobler H. Interferon 
therapy in hepatitis C leading to chronic type 1 diabetes. World J 
Gastroenterol 2015; 21: 233-239 [PMID: 25574096 DOI: 10.3748/
wjg.v21.i1.233]

19	 Hui JM, Sud A, Farrell GC, Bandara P, Byth K, Kench JG, 
McCaughan GW, George J. Insulin resistance is associated 
with chronic hepatitis C virus infection and fibrosis progression 
[corrected]. Gastroenterology 2003; 125: 1695-1704 [PMID: 
14724822 DOI: 10.1053/j.gastro.2003.08.032]

20	 Petit JM, Bour JB, Galland-Jos C, Minello A, Verges B, Guiguet M, 
Brun JM, Hillon P. Risk factors for diabetes mellitus and early insulin 
resistance in chronic hepatitis C. J Hepatol 2001; 35: 279-283 [PMID: 
11580152 DOI: 10.1016/S0168-8278(01)00143-X]

21	 Sougleri M, Labropoulou-Karatza C, Paraskevopoulou P, Fra
gopanagou H, Alexandrides T. Chronic hepatitis C virus infection 
without cirrhosis induces insulin resistance in patients with alpha-
thalassaemia major. Eur J Gastroenterol Hepatol 2001; 13: 
1195-1199 [PMID: 11711776 DOI: 10.1097/00042737-200110000
-00012]

22	 Hickman IJ, Powell EE, Prins JB, Clouston AD, Ash S, Purdie 
DM, Jonsson JR. In overweight patients with chronic hepatitis C, 
circulating insulin is associated with hepatic fibrosis: implications 
for therapy. J Hepatol 2003; 39: 1042-1048 [PMID: 14642624 
DOI: 10.1016/S0168-8278(03)00463-X]

23	 Milner KL, van der Poorten D, Trenell M, Jenkins AB, Xu A, 
Smythe G, Dore GJ, Zekry A, Weltman M, Fragomeli V, George 
J, Chisholm DJ. Chronic hepatitis C is associated with peripheral 
rather than hepatic insulin resistance. Gastroenterology 2010; 138: 
932-941.e1-3 [PMID: 19962985 DOI: 10.1053/j.gastro.2009.11.050]

24	 Shintani Y, Fujie H, Miyoshi H, Tsutsumi T, Tsukamoto K, 
Kimura S, Moriya K, Koike K. Hepatitis C virus infection and 
diabetes: direct involvement of the virus in the development of 
insulin resistance. Gastroenterology 2004; 126: 840-848 [PMID: 
14988838 DOI: 10.1053/j.gastro.2003.11.056]

25	 Aytug S, Reich D, Sapiro LE, Bernstein D, Begum N. Impaired 
IRS-1/PI3-kinase signaling in patients with HCV: a mechanism 
for increased prevalence of type 2 diabetes. Hepatology 2003; 38: 
1384-1392 [PMID: 14647049 DOI: 10.1016/j.hep.2003.09.012]

26	 Tsochatzis E, Manolakopoulos S, Papatheodoridis GV, Hadzi
yannis E, Triantos C, Zisimopoulos K, Goulis I, Tzourmakliotis 
D, Akriviadis E, Manesis EK, Archimandritis AJ. Serum HCV 
RNA levels and HCV genotype do not affect insulin resistance in 
nondiabetic patients with chronic hepatitis C: a multicentre study. 
Aliment Pharmacol Ther 2009; 30: 947-954 [PMID: 19604179 

DOI: 10.1111/j.1365-2036.2009.04094.x]
27	 Péres DP, Cheinquer H, Wolf FH, Cheinquer N, Falavigna M, 

Péres LD. Prevalence of insulin resistance in chronic hepatitis C 
genotype 1 and 3 patients. Ann Hepatol 2013; 12: 871-875 [PMID: 
24114816]

28	 Knobler H, Schattner A. TNF-{alpha}, chronic hepatitis C and 
diabetes: a novel triad. QJM 2005; 98: 1-6 [PMID: 15625348 DOI: 
10.1093/qjmed/hci001]

29	 Zylberberg H, Rimaniol AC, Pol S, Masson A, De Groote 
D, Berthelot P, Bach JF, Bréchot C, Zavala F. Soluble tumor 
necrosis factor receptors in chronic hepatitis C: a correlation with 
histological fibrosis and activity. J Hepatol 1999; 30: 185-191 
[PMID: 10068094 DOI: 10.1016/S0168-8278(99)80060-9]

30	 Zick Y. Uncoupling insulin signalling by serine/threonine 
phosphorylation: a molecular basis for insulin resistance. Biochem 
Soc Trans 2004; 32: 812-816 [PMID: 15494022 DOI: 10.1042/
BST0320812]

31	 Ruan H, Hacohen N, Golub TR, Van Parijs L, Lodish HF. Tumor 
necrosis factor-alpha suppresses adipocyte-specific genes and 
activates expression of preadipocyte genes in 3T3-L1 adipocytes: 
nuclear factor-kappaB activation by TNF-alpha is obligatory. 
Diabetes 2002; 51: 1319-1336 [PMID: 11978627 DOI: 10.2337/
diabetes.51.5.1319]

32	 Itoh Y, Okanoue T, Ohnishi N, Sakamoto M, Nishioji K, 
Nakagawa Y, Minami M, Murakami Y, Kashima K. Serum levels 
of soluble tumor necrosis factor receptors and effects of interferon 
therapy in patients with chronic hepatitis C virus infection. Am 
J Gastroenterol 1999; 94: 1332-1340 [PMID: 10235215 DOI: 
10.1111/j.1572-0241.1999.01083.x]

33	 Knobler H, Zhornicky T, Sandler A, Haran N, Ashur Y, Schattner 
A. Tumor necrosis factor-alpha-induced insulin resistance 
may mediate the hepatitis C virus-diabetes association. Am J 
Gastroenterol 2003; 98: 2751-2756 [PMID: 14687828 DOI: 10.1111/
j.1572-0241.2003.08728.x]

34	 Kawaguchi T, Yoshida T, Harada M, Hisamoto T, Nagao Y, Ide 
T, Taniguchi E, Kumemura H, Hanada S, Maeyama M, Baba S, 
Koga H, Kumashiro R, Ueno T, Ogata H, Yoshimura A, Sata M. 
Hepatitis C virus down-regulates insulin receptor substrates 1 and 
2 through up-regulation of suppressor of cytokine signaling 3. Am 
J Pathol 2004; 165: 1499-1508 [PMID: 15509521 DOI: 10.1016/
S0002-9440(10)63408-6]

35	 Alberstein M, Zornitzki T, Zick Y, Knobler H. Hepatitis C core 
protein impairs insulin downstream signalling and regulatory role 
of IGFBP-1 expression. J Viral Hepat 2012; 19: 65-71 [PMID: 
22187946 DOI: 10.1111/j.1365-2893.2011.01447.x]

36	 Bernsmeier C, Duong FH, Christen V, Pugnale P, Negro F, 
Terracciano L, Heim MH. Virus-induced over-expression of protein 
phosphatase 2A inhibits insulin signalling in chronic hepatitis C. 
J Hepatol 2008; 49: 429-440 [PMID: 18486982 DOI: 10.1016/
j.jhep.2008.04.007]

37	 Milner KL, Jenkins AB, Trenell M, Tid-Ang J, Samocha-Bonet D, 
Weltman M, Xu A, George J, Chisholm DJ. Eradicating hepatitis 
C virus ameliorates insulin resistance without change in adipose 
depots. J Viral Hepat 2014; 21: 325-332 [PMID: 24716635 DOI: 
10.1111/jvh.12143]

38	 Kawaguchi T, Ide T, Taniguchi E, Hirano E, Itou M, Sumie S, 
Nagao Y, Yanagimoto C, Hanada S, Koga H, Sata M. Clearance 
of HCV improves insulin resistance, beta-cell function, and 
hepatic expression of insulin receptor substrate 1 and 2. Am 
J Gastroenterol 2007; 102: 570-576 [PMID: 17222321 DOI: 
10.1111/j.1572-0241.2006.01038.x]

39	 Brandman D, Bacchetti P, Ayala CE, Maher JJ, Khalili M. Impact 
of insulin resistance on HCV treatment response and impact of 
HCV treatment on insulin sensitivity using direct measurements 
of insulin action. Diabetes Care 2012; 35: 1090-1094 [PMID: 
22399695 DOI: 10.2337/dc11-1837]

40	 Mangia A, Ripoli M. Insulin resistance, steatosis and hepatitis C 
virus. Hepatol Int 2013; 7 Suppl 2: 782-789 [PMID: 24587848 
DOI: 10.1007/s12072-013-9460-1]

41	 Hassan MM, Abdel-Wahab R, Kaseb A, Shalaby A, Phan AT, El-

Knobler H et al . Insulin resistance and chronic HCV



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

Serag HB, Hawk E, Morris J, Singh Raghav KP, Lee JS, Vauthey 
JN, Bortus G, Torres HA, Amos CI, Wolff RA, Li D. Obesity Early 
in Adulthood Increases Risk but Does Not Affect Outcomes of 
Hepatocellular Carcinoma. Gastroenterology 2015; 149: 119-129 
[PMID: 25836985 DOI: 10.1053/j.gastro.2015.03.044]

42	 El-Serag HB, Tran T, Everhart JE. Diabetes increases the risk 
of chronic liver disease and hepatocellular carcinoma. Gastro­
enterology 2004; 126: 460-468 [PMID: 14762783 DOI: 10.1053/
j.gastro.2003.10.065]

43	 El-Serag HB. Hepatocellular carcinoma: recent trends in the 
United States. Gastroenterology 2004; 127: S27-S34 [PMID: 
15508094 DOI: 10.1053/j.gastro.2004.09.013]

44	 Svegliati-Baroni G, Ridolfi F, Di Sario A, Casini A, Marucci 
L, Gaggiotti G, Orlandoni P, Macarri G, Perego L, Benedetti 
A, Folli F. Insulin and insulin-like growth factor-1 stimulate 
proliferation and type I collagen accumulation by human hepatic 
stellate cells: differential effects on signal transduction pathways. 
Hepatology 1999; 29: 1743-1751 [PMID: 10347117 DOI: 10.1002/
hep.510290632]

45	 Alexia C, Fallot G, Lasfer M, Schweizer-Groyer G, Groyer A. An 
evaluation of the role of insulin-like growth factors (IGF) and of 
type-I IGF receptor signalling in hepatocarcinogenesis and in the 
resistance of hepatocarcinoma cells against drug-induced apoptosis. 
Biochem Pharmacol 2004; 68: 1003-1015 [PMID: 15313394 DOI: 
10.1016/j.bcp.2004.05.029]

46	 Patel S, Jinjuvadia R, Patel R, Liangpunsakul S. Insulin Resistance 
is Associated With Significant Liver Fibrosis in Chronic Hepatitis C 
Patients: A Systemic Review and Meta-Analysis. J Clin Gastroenterol 
2016; 50: 80-84 [PMID: 26302498 DOI: 10.1097/MCG.0000000000
000400]

47	 Dev A, Patel K, McHutchison JG. Hepatitis C and steatosis. Clin 
Liver Dis 2004; 8: 881-892, ix [PMID: 15464660 DOI: 10.1016/
j.cld.2004.06.007]

48	 Abenavoli L, Masarone M, Peta V, Milic N, Kobyliak N, Rouabhia 
S, Persico M. Insulin resistance and liver steatosis in chronic 
hepatitis C infection genotype 3. World J Gastroenterol 2014; 20: 
15233-15240 [PMID: 25386071 DOI: 10.3748/wjg.v20.i41.15233]

49	 Lonardo A, Adinolfi LE, Loria P, Carulli N, Ruggiero G, Day 
CP. Steatosis and hepatitis C virus: mechanisms and significance 
for hepatic and extrahepatic disease. Gastroenterology 2004; 126: 
586-597 [PMID: 14762795 DOI: 10.1053/j.gastro.2003.11.020]

50	 Moriya K, Fujie H, Shintani Y, Yotsuyanagi H, Tsutsumi T, 
Ishibashi K, Matsuura Y, Kimura S, Miyamura T, Koike K. The 
core protein of hepatitis C virus induces hepatocellular carcinoma 
in transgenic mice. Nat Med 1998; 4: 1065-1067 [PMID: 9734402 
DOI: 10.1038/2053]

51	 Bortoletto G, Scribano L, Realdon S, Marcolongo M, Mirandola 
S, Franceschini L, Bonisegna S, Noventa F, Plebani M, Martines D, 
Alberti A. Hyperinsulinaemia reduces the 24-h virological response 
to PEG-interferon therapy in patients with chronic hepatitis C 
and insulin resistance. J Viral Hepat 2010; 17: 475-480 [PMID: 
19878535 DOI: 10.1111/j.1365-2893.2009.01204.x]

52	 Grasso A, Malfatti F, De Leo P, Martines H, Fabris P, Toscanini F, 
Anselmo M, Menardo G. Insulin resistance predicts rapid virological 
response in non-diabetic, non-cirrhotic genotype 1 HCV patients 
treated with peginterferon alpha-2b plus ribavirin. J Hepatol 2009; 
51: 984-990 [PMID: 19695729 DOI: 10.1016/j.jhep.2009.07.008]

53	 Fattovich G, Covolo L, Pasino M, Perini E, Rossi L, Brocco G, 
Guido M, Cristofori C, Belotti C, Puoti M, Gaeta GB, Santantonio 
T, Raimondo G, Bruno R, Minola E, Negro F, Donato F. The 
homeostasis model assessment of the insulin resistance score is not 
predictive of a sustained virological response in chronic hepatitis 
C patients. Liver Int 2011; 31: 66-74 [PMID: 20840397 DOI: 
10.1111/j.1478-3231.2010.02343.x]

54	 Khattab M, Eslam M, Sharwae MA, Shatat M, Ali A, Hamdy L. 
Insulin resistance predicts rapid virologic response to peginterferon/
ribavirin combination therapy in hepatitis C genotype 4 patients. 
Am J Gastroenterol 2010; 105: 1970-1977 [PMID: 20234345 DOI: 
10.1038/ajg.2010.110]

55	 Moucari R, Ripault MP, Martinot-Peignoux M, Voitot H, Cardoso 

AC, Stern C, Boyer N, Maylin S, Nicolas-Chanoine MH, Vidaud 
M, Valla D, Bedossa P, Marcellin P. Insulin resistance and 
geographical origin: major predictors of liver fibrosis and response 
to peginterferon and ribavirin in HCV-4. Gut 2009; 58: 1662-1669 
[PMID: 19671541 DOI: 10.1136/gut.2009.185074]

56	 Conjeevaram HS, Kleiner DE, Everhart JE, Hoofnagle JH, Zacks 
S, Afdhal NH, Wahed AS. Race, insulin resistance and hepatic 
steatosis in chronic hepatitis C. Hepatology 2007; 45: 80-87 [PMID: 
17187406 DOI: 10.1002/hep.21455]

57	 Romero-Gómez M, Del Mar Viloria M, Andrade RJ, Salmerón J, 
Diago M, Fernández-Rodríguez CM, Corpas R, Cruz M, Grande 
L, Vázquez L, Muñoz-De-Rueda P, López-Serrano P, Gila A, 
Gutiérrez ML, Pérez C, Ruiz-Extremera A, Suárez E, Castillo J. 
Insulin resistance impairs sustained response rate to peginterferon 
plus ribavirin in chronic hepatitis C patients. Gastroenterology 
2005; 128: 636-641 [PMID: 15765399 DOI: 10.1053/j.gas
tro.2004.12.049]

58	 Lam KD, Bacchetti P, Abbasi F, Ayala CE, Loeb SM, Shah V, Wen 
MJ, Reaven GM, Maher JJ, Khalili M. Comparison of surrogate 
and direct measurement of insulin resistance in chronic hepatitis C 
virus infection: impact of obesity and ethnicity. Hepatology 2010; 
52: 38-46 [PMID: 20578127 DOI: 10.1002/hep.23670]

59	 Park SK, Cho YK, Park JH, Kim HJ, Park DI, Sohn CI, Jeon WK, 
Kim BI. Change of insulin sensitivity in hepatitis C patients with 
normal insulin sensitivity: a 5-year prospective follow-up study 
variation of insulin sensitivity in HCV patients. Intern Med J 2010; 
40: 503-511 [PMID: 19712201 DOI: 10.1111/j.1445-5994.2009.02
042.x]

60	 Giordanino C, Bugianesi E, Smedile A, Ciancio A, Abate ML, 
Olivero A, Pellicano R, Cassader M, Gambino R, Bo S, Ciccone 
G, Rizzetto M, Saracco G. Incidence of type 2 diabetes mellitus 
and glucose abnormalities in patients with chronic hepatitis C 
infection by response to treatment: results of a cohort study. Am 
J Gastroenterol 2008; 103: 2481-2487 [PMID: 18702647 DOI: 
10.1111/j.1572-0241.2008.02002.x]

61	 Eslam M, Aparcero R, Kawaguchi T, Del Campo JA, Sata M, 
Khattab MA, Romero-Gomez M. Meta-analysis: insulin resistance 
and sustained virological response in hepatitis C. Aliment Pharmacol 
Ther 2011; 34: 297-305 [PMID: 21623851 DOI: 10.1111/j.1365-203
6.2011.04716.x]

62	 Deltenre P, Louvet A, Lemoine M, Mourad A, Fartoux L, Moreno 
C, Henrion J, Mathurin P, Serfaty L. Impact of insulin resistance 
on sustained response in HCV patients treated with pegylated 
interferon and ribavirin: a meta-analysis. J Hepatol 2011; 55: 
1187-1194 [PMID: 21703195 DOI: 10.1016/j.jhep.2011.03.010]

63	 Falkner B, Cossrow ND. Prevalence of metabolic syndrome and 
obesity-associated hypertension in the racial ethnic minorities 
of the United States. Curr Hypertens Rep 2014; 16: 449 [PMID: 
24819559 DOI: 10.1007/s11906-014-0449-5]

64	 Pattullo V, Duarte-Rojo A, Soliman W, Vargas-Vorackova F, 
Sockalingam S, Fantus IG, Allard J, Heathcote J. A 24-week 
dietary and physical activity lifestyle intervention reduces hepatic 
insulin resistance in the obese with chronic hepatitis C. Liver Int 
2013; 33: 410-419 [PMID: 23278982 DOI: 10.1111/liv.12041]

65	 Romero-Gómez M, Diago M, Andrade RJ, Calleja JL, Salmerón J, 
Fernández-Rodríguez CM, Solà R, García-Samaniego J, Herrerías 
JM, De la Mata M, Moreno-Otero R, Nuñez O, Olveira A, Durán S, 
Planas R. Treatment of insulin resistance with metformin in naïve 
genotype 1 chronic hepatitis C patients receiving peginterferon 
alfa-2a plus ribavirin. Hepatology 2009; 50: 1702-1708 [PMID: 
19845037 DOI: 10.1002/hep.23206]

66	 Yu JW, Sun LJ, Zhao YH, Kang P, Yan BZ. The effect of 
metformin on the efficacy of antiviral therapy in patients with 
genotype 1 chronic hepatitis C and insulin resistance. Int J Infect 
Dis 2012; 16: e436-e441 [PMID: 22486858 DOI: 10.1016/j.
ijid.2012.02.004]

67	 Harrison SA. Liver disease in patients with diabetes mellitus. 
J Clin Gastroenterol 2006; 40: 68-76 [PMID: 16340637 DOI: 
10.1097/01.mcg.0000190774.91875.d2]

68	 Harrison SA, Hamzeh FM, Han J, Pandya PK, Sheikh MY, 

Knobler H et al . Insulin resistance and chronic HCV



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

Vierling JM. Chronic hepatitis C genotype 1 patients with insulin 
resistance treated with pioglitazone and peginterferon alpha-2a 
plus ribavirin. Hepatology 2012; 56: 464-473 [PMID: 22334369 
DOI: 10.1002/hep.25661]

69	 Overbeck K, Genné D, Golay A, Negro F. Pioglitazone in chronic 
hepatitis C not responding to pegylated interferon-alpha and 
ribavirin. J Hepatol 2008; 49: 295-298 [PMID: 18555553 DOI: 
10.1016/j.jhep.2008.03.033]

70	 Sumie S, Kawaguchi T, Kawaguchi A, Kuromatsu R, Nakano 
M, Satani M, Yamada S, Okamura S, Yonezawa Y, Kakuma T, 
Torimura T, Sata M. Effect of pioglitazone on outcome following 
curative treatment for hepatocellular carcinoma in patients with 
hepatitis C virus infection: A prospective study. Mol Clin Oncol 
2015; 3: 115-120 [PMID: 25469280 DOI: 10.3892/mco.2014.435]

71	 Pawlotsky JM, Feld JJ, Zeuzem S, Hoofnagle JH. From non-A, 
non-B hepatitis to hepatitis C virus cure. J Hepatol 2015; 62: 
S87-S99 [PMID: 25920094 DOI: 10.1016/j.jhep.2015.02.006]

72	 Nasrollah L, Backstedt DW, Pedersen MR, Choi M, Seetharam 
AB. Tu1022 Diabetes and hyperlipidemia compromise practical 

effectiveness of direct acting antiviral HCV therapy in minority 
populations. Gastroenterology 2015; 148 (Suppl 1): S-1087 [DOI: 
10.1016/S0016-5085(15)33711-2]

73	 Webster DP, Klenerman P, Dusheiko GM. Hepatitis C. Lancet 
2015; 385: 1124-1135 [PMID: 25687730 DOI: 10.1016/S0140-673
6(14)62401-6]

74	 Gondeau C, Pageaux GP, Larrey D. Hepatitis C virus infection: 
Are there still specific problems with genotype 3? World J Gastro­
enterol 2015; 21: 12101-12113 [PMID: 26576095 DOI: 10.3748/
wjg.v21.i42.12101]

75	 Antaki N, Craxi A, Kamal S, Moucari R, Van der Merwe S, 
Haffar S, Gadano A, Zein N, Lai CL, Pawlotsky JM, Heathcote EJ, 
Dusheiko G, Marcellin P. The neglected hepatitis C virus genotypes 
4, 5 and 6: an international consensus report. Liver Int 2010; 30: 
342-355 [PMID: 20015149 DOI: 10.1111/j.1478-3231.2009.02188.
x]

76	 Lim SG. Chronic hepatitis C genotype 1 treatment roadmap for 
resource constrained settings. World J Gastroenterol 2015; 21: 
1972-1981 [PMID: 25684966 DOI: 10.3748/wjg.v21.i6.1972]

P- Reviewer: Kovacs SJ, Liang J    S- Editor: Song XX    
L- Editor: A    E- Editor: Liu SQ

Knobler H et al . Insulin resistance and chronic HCV



                                      © 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


	WJHv8i2-Cover
	World Journal of Hepatology-Editorial Board
	WJHv8i2Contents
	WJH-8-83
	WJH-8-92
	WJH-8-107
	WJH-8-117
	WJH-8-123
	WJH-8-131
	WJHv8i2-Back Cover

