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ABSTRACT

The infection with hepatitis C virus has drawn attention to researchers from 1970. Nowadays, hepatitis C
virus infection is a global public health issue, affecting approximately 3% of the global population. Experi-
mental models provided vital data on the understanding of viral replication. Chronic infection with hepatitis C
virus is generally a progressive lent disease characterized by the persistence of inflammation in the liver and
correlated with the cirrhosis in about 20% of patients after 20-30 years of infection. Hepatitis C virus is still a
public health threat, but progress in monitoring and treatment of infected patients is truly noticeable and has
remarkably improved the prospects for this disease.
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HALT-C: The Hepatitis C Antiviral Long-term Treatment against Cirrhosis

Historical perspective and current concept of
infection with hepatitis C virus

The infection with hepatitis C virus has drawn
attention to researchers from 1970, when Harvey J.
Alter (the director of the transfusion department of
the USA) noticed that transfused patients acquired
a form of hepatitis whose virus is different and un-
known and falls within the non-A, non-B hepatitis
group (1,2). In 1988, after years of research, Alter
confirmed the new virus illustrating his presence in
a group of specimens of non-A, non-B hepatitis (2).
In April 1989, the first article about hepatitis C vi-
rus was published in ,,Science magazine, entitled
,Detection of antibody to hepatitis C virus in pro-

spectively followed transfusion recipients with
acute and chronic non-A, non-B hepatitis* (2).
Nowadays, hepatitis C virus infection is still a
global public health issue, affecting approximately
3% of the global population (1,2).

Experimental models provided vital data on the
understanding of viral replication. Thus, it was
found that the virion hacked into cell after interact-
ing with surface receptors such as CD81, LDL re-
ceptor, EGF receptor, human scavenger receptor
SR-B1, CLDNI1, OCLN2 (2). After attachment and
penetration, by conformational changes in the en-
dosome membrane, the RNA is released in the cy-
toplasm (2,3). Direct viral translation occurs in
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combination with rough endoplasmic reticulum
(RER) (3). It takes place the synthesis of structural
and nonstructural proteins, assembling the replica-
tive and terminal complex of viral RNA, the syn-
thesis of the positive copies of RNA, the assembly
of the viral particle in the RER and the Golgi ap-
paratus and release the virus from hepatocytes (3).

The structure of hepatitis C virus

Understanding the viral replication mechanisms
enabled the development of current interferon-free
therapies, based on direct-acting antivirals (DAA)
(2,3).

The genome of hepatitis C virus is extremely
unstable, thus resulting in permanent errors, corre-
lated with genetic heterogeneity and the occurrence
of the quasispecies in the same infected person
(3.4).

The HVR variable region, located at the end of
the N-terminal of the E2 protein is responsible for
the occurrence of mutations (3,4). Variations in
HVR-1 and HVR-2 are generated very quickly and
can provide adaptive advantages with regard to vi-
ral tropism, virulence or resistance to treatment
(3,4). Mutations in non-structural proteins, such as
NS5A, provide sensitivity to interferon treatment
(IFN) (4). The responsible region is located in the
C-terminal portion of the NS5A protein and is
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called the interferon-sensitive region (ISDR) (4,5).

Chronic infection with hepatitis C virus is gen-
erally a progressive lent disease characterized by
the persistence of inflammation in the liver and
correlated with the cirrhosis in about 20% of pa-
tients after 20-30 years of infection (progression
rate vary between 2% and 51% after 22 years of
persistent infection) (5).

Natural evolution of virus C infection

Once the cirrhosis established, evolution is hard
to anticipate and may vary differently to each pa-
tient: can remain insolent, perhaps evolving to
hepatocellular carcinoma (HCC) may cause de-
compensated cirrhosis or even death. Thein et al.
analyzed 111 reviews, summing 33,000 patients,
and highlighted that, once installed cirrhosis, there
is an annual risk between 1 and 5% to develop
HCC, an annual risk between 3 and 6% for decom-
pensated cirrhosis and after decompensation an an-
nual risk between 15 to 20% of death (5). HCC in-
cidence among chronic infection is 1-3% to 30
years (5). Once installed cirrhosis, risk is between 1
and 4% per year, with a higher rate in patients who
have acquired the virus following contaminated
blood products. Negative prognostic factors are
similar to those incriminated in raising the rate of
progression of cirrhosis (5). The data obtained from

FIGURE 1. Natural evolution of virus C
infection

(Adapted from “Mandell, Douglas and Bennett’s
Principles and Practice of Infectious Diseases,
8" Edition”, 2015)
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the HALT-C study showed that the HCC develop-
ment rate in patients with cirrhosis was 7% after
4.8 years (5).

Numerous studies and meta-analyses illustrated
that the elimination of virus C infection with direct-
acting antivirals therapy reduces the risk of HCC in
patients with chronic infection, independent of fi-
brosis stage. The attainment of the sustained viro-
logic response (SVR) in patients with cirrhosis pro-
vides a 20% reduction in HCC, and in patients with
advanced liver disease, SVR has determined the
reduction of HCC development risk from 17.8% to
4.2% with a reduction in incidence from 3.3% per
year to 1.05% per year (4,)5.

The infection with hepatitis C virus is no longer
considered a local disease, but is regarded as a sys-
temic disease, which can also affects many organs
and tissues, not just liver (5,6). Around 30-40%
from the patients with persistent infection develop
extrahepatic manifestations, such as: lymphoma,
cryoglobulinemia, glomerulonephritis, porphyria
diabetes,
Sjogren’s syndrome, vascular disease (cardiovas-

cutanea tarda, insulin-resistance,

cular, cerebrovascular) (5,6).

Global distribution of hepatitis C virus genotypes

Hepatitis C virus has spread irregularly around
the world, there are low prevalence zones but also
,ourden® zones with incidence and prevalence in-
creased (1). The genotypes are distributed differ-
ently across the world: in Europe and North Amer-
ica genotype 1 (49.1% of cases) is dominant (1,7).
This genotype is divided into two subclasses: la
and 1b, the latter being identified both in Europe
(more than 68% of cases) and in Romania (over
99.6% of cases) (1,7). Genotype 3 is the second
most widely spread on the globe with a 17.9% and
25.5% percent in Europe (7). Genotype 4 is com-
monly encountered in North Africa and Middle
East, particularly in Egypt (following the injection
treatment used for schistosomiasis that infected
millions of people with hepatitis C virus). Geno-
type 5 is preponderant in South Africa (1,7).

Treatment with DAA - a new therapeutic era

The therapeutic target of the DAA molecules is
the non-structural proteins (NS3/4A, NS5B, NS5A)
of the viral genome (7,8). In 2011, two protease in-
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hibitors NS3A (boceprevir and telaprevir) were au-
thorized. Thus, the SVR increased from 40% in
patients treated with interferon-only therapy to
75% at the first generation of DAA (7,8,9). Practi-
cally since 2011, when these molecules were intro-
duced in the treatment of patients with C virus, the
whole world witnessed in real time a medical and
therapeutic revolution in the fight against hepatitis
C with virus (10,11,12). In 2013, the second gen-
eration of DAA (sofosbuvir) is introduced in com-
bination with ribavirin and peg-interferon in order
to improve SVR (3,13). In 2014-2015, the Food
and Drug Administration (FDA) approved the com-
bination of ombitasvir/paritaprevir/ritonavir/dasa-
buvir to treat patients with genotype 1 and the com-
bination of ombitasvir/paritaprevir/ritonavir in a
single tablet in combination with ribavirin for the
treatment of patients with genotype 4 (12,13). In
2016, pangenotypic combination sofosbuvir/vel-
patasvir was approved in combination or not with
ribavirin to treat adult patients regardless of geno-
type (13).

Thus, various studies have drawn conclusions or
are still ongoing in order to identify the long-term
risks of these treatments (13,14). A study conduct-
ed in France (published in ,,The Lancet* in Febru-
ary 2019) on a cohort of 10,000 patients, in the pe-
riod 2012-2015,
mortality and morbidity, the risk of hepatocellular

evaluated the incidence of

carcinoma and decompensated cirrhosis in the
DAA-treated population compared to the untreated
(14). After adjusting all age variables, gender, gen-
otype, fibrosis degree, comorbidities it was con-
cluded that the treatment with DAA decreased the
risk of mortality and morbidity by 95% in those
treated compared to untreated (14). In 2018, FDA
approved the combination of sofosbuvir/ledipasvir
or sofosbuvir plus ribavirin in the population aged
12 to 17 years (14).

Future strategies

Hepatitis C virus is still a public health threat,
but progress in monitoring and treatment of infect-
ed patients is truly noticeable and has remarkably
improved the prospects for this disease (15). In
2016, World Health Assembly adopted ,,The Glob-
al Health Sector Strategy on Viral Hepatitis 2016-
2030, where World Health Organization (WHO)
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members aimed to reach hepatitis elimination by
2030 decreasing the incidence by 90%, reducing
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