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Hepatitis C virus (HCV) infection is a major cause of chronic liver disease, with ∼71 million
chronically infected individuals worldwide. Treatment of patients with HCV-related liver
disease has advanced considerably thanks to the development of new direct-acting antiviral
drugs that are now administered as highly potent, safe, and well-tolerated combinations with
a high barrier to resistance. International organizations, such as the European Association for
the Studyof the Liver, theAmericanAssociation for the Studyof LiverDiseases jointlywith the
Infectious Diseases Society of America, or the World Health Organization have published
detailed treatment guidelines. With these therapies becoming more and more widely avail-
able, elimination of hepatitis C as a public health threat by 2030 can now be envisaged in
several countries. In other regions, better screening, diagnosis, and linkage to care will be
necessary to achieve this ambitious goal.

Chronic hepatitis C virus (HCV) infection
affects ∼71 million people worldwide (Eu-

ropean Union HCV Collaborators 2017; Polaris
Observatory HCV Collaborators 2017). In pa-
tients with chronic hepatitis C, the hepatic in-
jury ranges from minimal lesions to extensive
fibrosis, cirrhosis, and/or hepatocellular carci-
noma (HCC). Chronic HCV infection is also
associated with a number of extrahepatic man-
ifestations. Worldwide mortality related to the
complications of chronic hepatitis C has been
estimated to be 580,000 in 2017 (Roth et al.
2017).

HCV infection is curable by antiviral thera-
py. Cure of HCV infection is characterized by
the sustained virological response (SVR), that is,
undetectable HCV RNA 12 weeks (SVR12) or

24 weeks (SVR24) after the end of antiviral
therapy. The chance of late post-SVR relapse is
very low.HCV infection cure results in improve-
ment or disappearance of liver necroinflamma-
tion and fibrosis in patients who do not have
cirrhosis. Hepatic fibrosis may also regress in
patients with cirrhosis. Recent data have shown
that the cumulative incidence of HCC and liver-
related mortality are significantly reduced in
patients who clear HCV, as compared with
untreated patients, especially in those with cir-
rhosis (Nahon et al. 2017; Carrat et al. 2019).
Viral elimination also induces reversal of
most HCV-induced extrahepatic manifesta-
tions (Negro 2018).

Anti-HCV therapy has advanced dramati-
cally during the last two decades. The interferon
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(IFN)-α era was associated with injectable
drugs, long duration of therapy, the requirement
for ribavirin, complex treatment algorithms, fre-
quent on-treatment monitoring, high rates of
sometimes severe adverse events, and subopti-
mal SVR rates in most patient populations.
Treatment of HCV infection is now based on
the use of highly efficacious, well-tolerated
fixed-dose pangenotypic direct-acting antiviral
(DAA) combinations. Improvements include
shorter duration (8–12 weeks in most in-
stances), very high SVR rates (>95%), and rare,
modest side effects.

This review summarizes current knowledge
and treatment recommendations for patients
with chronic hepatitis C.

GOALOF HCV THERAPY

As stated by the European Association for the
Studyof the Liver (EASL) in its 2018 recommen-
dations, the goal of therapy is to cure HCV
infection to (1) prevent the complications of
HCV-related liver and extrahepatic diseases, in-
cluding hepatic necroinflammation, fibrosis,
cirrhosis, decompensation of cirrhosis, HCC,
severe extrahepatic manifestations, and death;
(2) improve qualityof life and remove stigma; and
(3) prevent onward transmission of HCV (Euro-
pean Association for the Study of the Liver 2018).

The end point of therapy is the SVR. It is
recommended to use a sensitive molecular
method with a lower limit of detection ≤15 in-
ternational units (IUs)/mL to assess the SVR12
or the SVR24. However, a qualitative assay with
a lower limit of detection≤1000 IU/mL (3.0 Log
IU/mL) or the HCV core antigen assay can also
be used to assess the virological response 24
weeks after the end of therapy (European Asso-
ciation for the Study of the Liver 2018). In
patients with advanced fibrosis and cirrhosis,
surveillance for HCC must be continued (Euro-
pean Association for the Study of the Liver 2018).

PRETREATMENT ASSESSMENT

Classical Pretreatment Assessment

Other causes of chronic liver disease and factors
likely to affect the natural history or progression

of liver disease should be investigated. They
include other blood-borne viruses (hepatitis B
virus and human immunodeficiency virus),
alcohol consumption, renal impairment, and
signs of a metabolic syndrome. Liver disease se-
verity must be assessed before therapy by means
of noninvasive methods such as liver stiffness
measurement or blood biomarkers (European
Association for Study of the Liver, Asociacion
Latinoamericana para el Estudio del Higado.
2015), to identify patients with advanced fibro-
sis (METAVIR score F3) or cirrhosis (METAVIR
score F4) who need posttreatment surveillance
for HCC every 6 months.

Treatment is indicated in the presence of
HCV RNA or HCV core antigen. Measuring
their amounts has no use, because the level of
replication does not influence treatment
choices. In contrast, determining the HCV ge-
notype and subtype remains useful to tailor the
treatment regimen and its duration. Indeed,
with pangenotypic DAA regimens, patients
with cirrhosis and genotype 3 infection need
to adapt their treatment. Also, rare subtypes
of frequent genotypes have been isolated in pa-
tients from African or Asian origin and poorly
respond to current HCV treatment regimens
because of the presence in their genomes of
natural polymorphisms conferring reduced
susceptibility to HCV DAAs (Krishnan et al.
2018; Fourati et al. 2019; Smith et al. 2019).
However, these subtypes are generally not rec-
ognized by widely used HCV genotyping as-
says. Because access to reliable HCV resistance
testing is limited and highly efficacious treat-
ments are available for patients with detectable
preexisting resistance-associated substitutions
(RASs) at baseline, systematic testing for HCV
resistance before treatment is not recommend-
ed (Pawlotsky 2016).

Careful assessment of possible interactions
of HCV DAAs with drugs taken by the patients
must be performed before therapy and the
necessary adaptations must be made. The web-
site developed by the University of Liverpool
(see hep-druginteractions.org) provides an in-
valuable comprehensive resource for the pre-
therapeutic assessment of potential drug–drug
interactions and decision-making.

J.-M. Pawlotsky
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Simplified Pretreatment Assessment

Pretreatment assessment of patients with chron-
ic hepatitis C can be simplified to ensure better
linkage to care. Simplified assessment includes
the presence of HCV replication (HCV RNA or
HCV core antigen testing) and drug–drug inter-
actions. Checking for the presence of advanced
fibrosis (F3) or cirrhosis (F4) is useful only if
treatment for HCC is available. A simple non-
invasive marker score, such as FIB-4 or APRI,
can be used.

TREATMENT INDICATIONS

All treatment-naive and -experienced patients
with HCV infection, who arewilling to be treated
andwhohave no contraindications for treatment,
should be treated (European Association for the
Study of the Liver 2018) (also, see who.int/hepa-
titis/publications/global-hepatitis-report2017/en
and hcvguidelines.org). This includes adoles-
cents aged 12 years and above. In children youn-
ger than 12 years, treatment should be deferred
until DAAs, including pangenotypic regimens,
are approved for this age group (European As-
sociation for the Study of the Liver 2018).

Treatment must be considered without de-
lay in patients with significant fibrosis (META-

VIR score F2 or F3) or cirrhosis (METAVIR
score F4), including decompensated cirrhosis,
patients with clinically significant extrahepatic
manifestations, patients with HCV recurrence
after liver transplantation, patients at risk of a
rapid evolution of liver disease because of con-
current comorbidities, and individuals at high
risk of transmitting HCV (European Associa-
tion for the Study of the Liver 2018).

AVAILABLE HCV DAA DRUGS AND
COMBINATIONS

The HCV DAAs available in 2020 and recom-
mended for use by international guidelines are
listed in Table 1.

TREATMENT OF PATIENTS WITHOUT
CIRRHOSIS AND PATIENTS WITH
COMPENSATED (CHILD–PUGH A)
CIRRHOSIS

Only IFN-free, DAA-based regimens must be
used to treat HCV-infected patients. Whenever
possible, combination regimens comprising two
drugs are preferred to triple combination regi-
mens, to minimize the risk of side-effects and
drug–drug interactions (European Association
for the Study of the Liver 2018). Treatment in-

Table 1. Hepatitis C virus (HCV) direct-acting antivirals (DAAs) approved in Europe and the United States

Product Presentation Posology

Pangenotypic drugs or drug combinations
Sofosbuvir Tablets containing 400 mg of sofosbuvir One tablet once daily
Sofosbuvir/velpatasvir Tablets containing 400 mg of sofosbuvir and 100

mg of velpatasvir
One tablet once daily

Sofosbuvir/velpatasvir/
voxilaprevir

Tablets containing 400 mg of sofosbuvir, 100 mg of
velpatasvir and 100 mg of voxilaprevir

One tablet once daily

Glecaprevir/
pibrentasvir

Tablets containing 100 mg of glecaprevir and 40
mg of pibrentasvir

Three tablets once daily

Genotype-specific drugs or drug combinations
Sofosbuvir/ledipasvir Tablets containing 400 mg of sofosbuvir and 90 mg

of ledipasvir
One tablet once daily

Paritaprevir/
ombitasvir/ritonavir

Tablets containing 75 mg of paritaprevir, 12.5 mg
of ombitasvir and 50 mg of ritonavir

Two tablets once daily

Dasabuvir Tablets containing 250 mg of dasabuvir One tablet twice daily
(morning and evening)

Grazoprevir/elbasvir Tablets containing 100 mg of grazoprevir and 50
mg of elbasvir

One tablet once daily

Interferon-Free HCV Therapy
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dications depend on the HCV genotype/sub-
type, the severity of liver disease, and/or prior
therapy.

Tables 2 and 3 show current EASL recom-
mendations and American Association for the
Study of Liver Diseases and the Infectious Dis-
eases Society of America (AASLD/IDSA) guid-
ance, respectively, for treatment of patients
without cirrhosis or with compensated cirrho-
sis, including “treatment-naive” patients (i.e.,
patients who have never been treated for their
HCV infection) and “treatment-experienced”
patients (i.e., patients previously treated with
pegylated IFN-α and ribavirin; pegylated IFN-α,
ribavirin and sofosbuvir; or sofosbuvir and ri-
bavirin). These recommendations are based on a
large numberof phase II and III trial data, as well
as on real-world experience.

Importantly, licensed generic drugs and
drugs in agreement with the Medicines Patent
Pool have been shown to generate similar re-
sults to the original compounds (Freeman and
Hill 2016). The presence of the drug at the ap-
propriate dosage must be verified by the provid-
er and guaranteed to the prescriber and patient.
Effective and safe generics are a crucial resource
in resource-limited countries.

TREATMENT OF PATIENTS WITH SEVERE
LIVER DISEASE AND PATIENTS IN THE
POSTLIVER TRANSPLANT SETTING

Patients with Decompensated Cirrhosis

The use of protease inhibitors is contraindi-
cated in patients with Child–Pugh B and C
decompensated cirrhosis and in patients with
compensated cirrhosis and a history of prior
decompensation, because of higher drug expo-
sure and risk of toxicities. Thus, treatment of
patients with decompensated cirrhosis should
be based on the combination of sofosbuvir and
an NS5A inhibitor (sofosbuvir/velpatasvir, so-
fosbuvir/ledipasvir, or sofosbuvir plus daclatas-
vir if these regimens are not available).

Patients with decompensated cirrhosis with-
out HCC awaiting liver transplantation with a
MELD score ≥18–20 should be transplanted
first without antiviral treatment, provided that

the waiting time on the transplant list is below
6 months, and their HCV infection should be
treated after liver transplantation (European
Association for the Study of the Liver 2018).

Patients with decompensated cirrhosis
without HCC awaiting liver transplantation
with a MELD score <18–20 should be treated
before liver transplantation. The treatment reg-
imen should be sofosbuvir and velpatasvir with
ribavirin for 12 weeks (all genotypes) or sofos-
buvir and ledipasvir for 12 weeks with ribavi-
rin (genotypes 1, 4, 5, and 6). In these patients
who may not tolerate ribavirin very well,
ribavirin can be started at 600 mg daily and
subsequently adjusted. Treatment can be ad-
ministered for 24 weeks if ribavirin is contra-
indicated (European Association for the Study
of the Liver 2018).

Patients with decompensated cirrhosis not
on the waiting list for liver transplantation
should be treated urgently with the same regi-
mens as patients with an indication for liver
transplantation (sofosbuvir/velpatasvir or so-
fosbuvir/ledipasvir for 12 weeks with ribavirin
or for 24 weeks without ribavirin) to improve
their liver function and survival (European As-
sociation for the Study of the Liver 2018).

Patients with Hepatocellular Carcinoma

In patients with HCC and an indication for cu-
rative liver transplantation, HCV infection can
be treated before transplantation only if it does
not interfere with the management of HCC.
Otherwise, HCV treatment should be delayed
until after transplantation. In both cases, treat-
ment should follow the above-mentioned rules
(European Association for the Study of the Liver
2018).

In patients with treated HCC without an
indication for liver transplantation, recent data
indicate that HCV infection treatment has no
impact on subsequent HCC recurrence (ANRS
Collaborative Study Group on Hepatocellular
Carcinoma 2016). These patients, who generally
have underlying cirrhosis, should be treated for
their HCV infection. They subsequently require
lifelong surveillance by means of ultrasound to
detect HCC recurrence of de novo occurrence

J.-M. Pawlotsky
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(European Association for the Study of the
Liver 2018).

HCV Infection after Liver Transplantation

Very high SVR rates have been reported inHCV-
infected patients with infection recurrence post-
liver transplantation, especially if they have been
treated before the development of cirrhosis
(Charlton et al. 2015; Manns et al. 2016; Reau
et al. 2017). Thus, these patients should be treat-
ed as early as possible after transplantation, ide-
ally when they are stabilized after ∼3 months
(European Association for the Study of the
Liver 2018).

Immunosuppressant drug levels must be
monitored during and after anti-HCV therapy
and adapted as needed. The combination of
sofosbuvir with an NS5A inhibitor (velpatasvir,
ledipasvir, or daclatasvir, according to the HCV
genotype) is preferred because of the lack of
major effect on immunosuppressant drug lev-
els. Ribavirin should be added with caution in
patients with decompensated cirrhosis. The
fixed-dose combination of glecaprevir and pi-
brentasvir will be preferred in patients with ad-
vanced chronic kidney disease (stage 4 or 5 and/
or on hemodialysis) in the posttransplant setting;
immunosuppressant drug levels may need to be
adjusted during and after this therapy (European
Association for the Study of the Liver 2018).

Organs from HCV-infected donors can
now be transplanted to HCV RNA-positive re-
cipients in many settings, provided that rapid
posttransplant antiviral therapy is guaranteed
following the rules described for liver transplant
recipients with HCV recurrence (European As-
sociation for the Study of the Liver 2018).

TREATMENT OF HCV-RELATED
EXTRAHEPATIC MANIFESTATIONS

The above-recommended HCV DAA treat-
ments have been shown to improve the clinical
manifestations of mixed cryoglobulinemia (Saa-
doun et al. 2016, 2017; Sise et al. 2016; Bonacci et
al. 2017; Comarmond et al. 2017; Emery et al.
2017; Gragnani et al. 2017). They should also be
used in patients with HCV-associated non-

Hodgkin lymphoma (European Association
for the Study of the Liver 2018).

In patients with mild-to-moderate renal im-
pairment (eGFR≥ 30 mL/min/1.73 m2), any of
the above-recommended regimens can be used.
In contrast, in patients with severe renal im-
pairment (eGFR < 30 mL/min/1.73 m2) and in
patients with end-stage renal disease on hemo-
dialysis, the fixed-dose combination of glepare-
vir and pibrentasvir should be preferred as a
first-line therapy.

RETREATMENT OF PATIENTS WHO
FAILED AFTER A PROTEASE INHIBITOR-
AND/OR NS5A INHIBITOR-CONTAINING
REGIMEN

HCV resistance testing before retreatment in
patients who failed after any of the DAA-con-
taining treatment regimens is useful to guide
retreatment by probabilities of response accord-
ing to the resistance profile (European Associa-
tion for the Study of the Liver 2018).

Two phase III trials showed the safety and
efficacy of the triple combination of sofosbuvir,
velpatasvir, and voxilaprevir for 12 weeks in pa-
tients who failed to achieve SVR after treatment
containing a protease and/or an NS5A inhibitor
(Bourlière et al. 2017). The triple combination of
sofosbuvir and the fixed-dose combination of
glecaprevir and pibrentasvir is an interesting
alternative for retreatment of difficult-to-cure
patients, including those with complex NS5A
RAS patterns and/or with advanced liver disease
(excluding decompensated cirrhosis) who have
experienced several unsuccessful courses of
treatment (Wyles et al. 2019). In particularly
difficult-to-cure patients, the addition of ribavi-
rin and/or extension of treatment duration to
16–24 weeks may be beneficial, although data
are lacking to support this recommendation.
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