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Abstract

Daclatasvir (Daklinza™), a new oral direct-acting antiviral, is an inhibitor of hepatitis C virus
NS5A protein and has recently been approved in the United States, Europe and Japan in
chronic hepatitis C. It shows potent pangenotypic activity and moderately high genetic barrier
to resistance improving the sustained virological response (SVR) rates. In COMMAND phase
2 trials, daclatasvir demonstrated high SVR rates in HCV genotype 1-4 chronically infected
patients treated with peginterferon-a(pegIFNα) plus ribavirin (RBV). Furthermore, it produced
even higher response rates in all-oral combination with sofosbuvir, an interferon-free regimen,
with or without ribavirin, in patients with advanced liver disease, HCV/HIV coinfection, liver
transplantation in ALLY studies and other real-world studies. This narrative review provides
information on the pharmacological properties, role, efficacy and safety of daclatasvir-containing
regimens in chronic hepatitis C patients. Daclatasvir administered once-daily in combination
with sofosbuvir is an effective 12-week treatment in adult patients with chronic hepatitis C and is
generally safe and well tolerated.
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Introduction
Hepatitis C: antiviral treatment history

Hepatitis C virus (HCV), member of the Flaviviridae family,
is a single-stranded RNA virus [1] with high genetic diversity
classifying it into seven major genotypes [2]. It is estimated
that 46% of all HCV cases are genotype 1, 30% are genotype 3,
23% are genotypes 2, 4 and 6, and less than 1% of all HCV
cases are genotype 5. HCV genotype 7 is very rare and so far it
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has been isolated only in one patient from Central Africa [3].
Genotype distribution of HCV shows geographic variations
which are attributed to differences in mode of transmission
and ethnic variability. Before the 1990s the main route of HCV
transmission was through blood transfusion. However, the
introduction of serological and virological tests, such as antiHCV and serum HCV RNA [4], almost completely eliminated
transmission of HCV parenterally. Today, the most significant
risk factor for acquiring HCV is drug use when sharing of
blood-contaminated needles and syringes occurs. However,
in developing countries, unsafe medical procedures remain a
major mode of acquiring HCV [5]. It has been estimated that
almost 2 million people, or 2.8% of the human population,
had anti-HCV antibodies. Of these people, 150 million were
chronically infected and 15-30% of those were likely to develop
cirrhosis within 20 years [6]. In Greece, it was estimated,
using a telephone survey and modifying the prevalence rates
for age and high-risk individuals, that for Greek adults the
‘true’ prevalence for anti-HCV is 1.87%, with only 20% of the
patients tested for anti-HCV and almost 50% of the patients
with chronic HCV infection ever been treated [7]. However,
chronic hepatitis C is the only chronic viral disease that can
be cured.
Treatment of chronic hepatitis C has evolved over the
years. Up to 2011, combination of weekly pegIFNα and daily
doses of RBV in a 24- or 48-week course was the standard-ofcare (SOC) treatment for chronic hepatitis C [8]. However,
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the SOC treatment was often discontinued due to several
important adverse events (AEs) such as anemia, depression
and nausea [9]. The goal of chronic hepatitis C treatment
is to achieve SVR, defined by undetectable HCV-RNA at
24 weeks (SVR24) or recently at 12 weeks (SVR12) after
the end of therapy. This is assessed by a sensitive molecular
method with a lower limit of detection <15 IU/mL [10,11].
SVR rates are affected by the HCV genotypes; SVR rates
are 70-90% for genotypes 2, 3, 5 and 6, but almost 50% for
genotypes 1 and 4 [11]. Furthermore, a single nucleotide
polymorphism of interleukin-28B (IL28B) affects HCV
response to pegIFNα-based therapy [12,13]. Patients with
the IL28B CC genotype, are 2-3 times more likely to respond
to HCV clearance with pegIFNα plus RBV dual therapy
than those with the CT or TT genotypes [12,13]. However
in 2011, protease inhibitors (PIs), the first-generation direct
acting agents (DAAs) have emerged as a third component of
the SOC and have profoundly changed the landscape of HCV
therapy and SVR rates.
DAAs target viral polyprotein processing a key step of
viral replication. The PIs that were first indicated in HCV
treatment were telaprevir (Incivek, Vertex) and boceprevir
(Victrelis, Merck). Both agents act by forming a reversible
but covalent complex with the HCV NS3/4A serine protease
catalytic site [14]. This triple therapy, NS3/4A plus pegIFNα/
RBV therapy increased SVR rates up to 75% in treatmentnaïve patients and up to 64% for previous non-responders to
SOC [8]. However, the unfavorable pharmacokinetic profile,
the significant number of drug-drug interactions, AEs such
as severe skin rashes/pruritus, anemia, and dysgeusia, the risk
of fatal complications in patients with advanced liver disease
and finally the restriction of this therapeutic option to patients
with HCV genotype 1 chronic infection lead to a reduction
in effectiveness and safety of both agents [15]. The secondgeneration PIs, improved pharmacokinetic profiles and safety
and were recommended as a part of SOC therapy for chronic
hepatitis C. In 2013, simeprevir (Olysio, Janssen), a secondgeneration PI, once daily, was approved in combination with
SOC therapy increasing SVR rates up to 82-100% in treatmentnaïve HCV genotype 1 infected patients. Moreover, there
was no worsening of the known AEs associated with SOC
therapy [16,17].
Later, in 2014, the first nucleotide NS5B polymerase
inhibitor sofosbuvir (SOF, Sovaldi, Gilead Sciences) was
approved [18]. SOF was considered safe and well-tolerated
with pangenotypic activity and a high barrier to resistance.
The combination of SOF with SOC therapy showed even better
SVR rates up to 82-100% in naïve patients with HCV genotypes
1, 4, 5 or 6 treated for 12 weeks [19].
Recently, daclatasvir (DCV, Daklinza™; Bristol-Myers
Squibb), an inhibitor of the HCV phosphoprotein NS5A
directly acting in HCV replication, has been approved in the
United States, Europe and Japan for use in the treatment of
adult patients with chronic hepatitis C in combination with
other drugs [20,21]. In particular, DCV is being used with SOF
in various combinations with RBV with or without pegIFNα to
treat chronic hepatitis C. However, emphasis is given on IFNfree, all-oral regimens [22].
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Another inhibitor of the HCV NS5A protein is ledipasvir.
The combination of ledipasvir and SOF in a single-tablet
regimen (Harvoni, Gilead Sciences), once a day, achieved
high SVR rates 93-99% of both naïve patients with HCV
genotype 1 infection and of patients with a history of treatment
failure to SOC therapy. So, this combination was approved
for the treatment of chronically infected patients with HCV
genotype 1 in October 2014 [23,24]. Furthermore, the so-called
3D combination regimens of the PI paritaprevir with ritonavir
(ABT-450/r, AbbVie), the NS5A inhibitor ombitasvir (ABT267, AbbVie) and the nonnucleoside polymerase inhibitor
dasabuvir (ABT-333, AbbVie) also showed high SVR rates and
was approved in 2015 [25]. Other combinations containing the
regimens grazoprevir (MK-5172, Merck), a second-generation
PI and the NS5A inhibitor elbasvir (MK-8742, Merck) in a
single tablet and one dose daily [26-28] achieved high SVR
rates and are expected for regulatory approval soon.
Finally, the combination of SOF and DCV once daily
in patients with chronic HCV genotype 1, 2 or 3 infection
achieved SVR rates up to 89-100% in treatment-experienced
or -naïve patients [29] and has also been approved for marketing
authorization. Finally, for the combination of DCV and the
NS3/NS4A PI asunaprevir (Sunvepra, Bristol-Myers Squibb)
high SVR rates (>90%) have also been revealed [30,31]. Clinical
studies and real-world data in specific patient populations like
decompensated cirrhosis, HIV coinfection and pre- and posttransplantation have also been presented.
In summary, the new class of DAAs has evolved the therapy
of chronic hepatitis C by producing high SVR rates in almost
all patient groups. This article provides information on the
pharmacology, safety and efficacy of oral DCV in combination
with other antiviral agents in the treatment of chronic HCV
hepatitis in adults and special populations.
Pharmacodynamic properties

DCV is a highly selective nonstructural protein 5A
(NS5A) replication complex inhibitor with high potency and
pangenotypic coverage.
Mechanism of action

DCV is an HCV NS5A replication complex inhibitor. This
NS5A viral protein has enzymatic activity that is essential for
HCV RNA replication and assembly. In replication it appears
to play a role in the formation of a membranous web along
with viral protein NS4B, and this web provides a platform for
replication.
The NS5A protein is composed of 3 domains;
domains I and II are essential for HCV replication while
the domain III seems to help the virion assembly [32,33]. In
addition, NS5A contains phosphorylation sites, which act
as regulators balancing RNA replication and downstream
events [34]. The NS5A inhibitors have high antiviral potency
but lower barrier to resistance development [35]. DCV acts
as an NS5A inhibitor by binding within the first 100 amino
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acids of the amino terminus (i.e. domain 1) of the protein [36].
DCV results rapidly in serum HCV RNA drop by 2 logs within
the first 6 h of administration, followed by a slower phase of
decline, suggesting that it blocks virion assembly and release as
well as viral RNA synthesis [37].
Antiviral activity

DCV showed potent antiviral activity against all HCV
genotypes [20,21]. The half-maximal effective concentration
(EC5O) values of DCV against HCV genotypes 1a, lb, 2a,3a, 4a
and 5a were 50, 9, 71-103, 146, 12 and 33 pmol/L, respectively,
in replicon assays [36]. Also, DCV showed synergistic
antiviral activity in combination with SOC, NS3/4A inhibitors
(danoprevir or asunaprevir) or NS5B inhibitors [EMS-791325
(beclabuvir) or NM-107] [36,38].
In cell culture, DCV inhibited JFH-l genotype 2a replication
with an EC50 of 28 pmoUL [36]. DCV was specific for HCV as
shown by the lower potency (EC50 of 9-12 nmol/L) against the
related flavivirus bovine viral diarrhea virus [36].

cirrhosis. DCV with SOF can also be taken without RBV
in patients with genotypes 1-6 and compensated cirrhosis
if treatment duration is extended to 24 weeks. In patients
with HCV genotype 3 infection and compensated cirrhosis,
the recommended regimen is DCV with SOF plus RBV for
24 weeks. DCV should be administered at 60 mg/day or at
30 mg/day when a reduced dose is warranted. Finally, dosage
Table 2 European medicines agency-approved regimens for
daclatasvir in patients with hepatitis C virus infection
Population

Regimen

Genotype 1 or 4
without cirrhosis

DCV+SOF

12 wks*

Genotype 1 or 4 with DCV+SOF
compensated cirrhosis

24 wks†

Genotype 3 with
DCV+SOF+RBV
compensated cirrhosis
and/or treatment
experience

24 wks

Genotype 4

Dosage and administration

In healthy adult subjects and in subjects with chronic
hepatitis C infection the pharmacokinetic properties of DCV
were studied [20]. Several oral doses of DCV, once a day, in
combination with SOC were given in patients with chronic
HCV hepatitis. The geometric mean (CV%) DCV Cmax was
1534 (58) ng/mL, AUC0-24h was 14122 (70) ng•h/mL, and
Cmin was 232 (83) ng/mL.
DCV is given as a 60 mg oral dose once per day with or
without food. DCV should only be used in combination with
other DAA regimens (Tables 1, 2). Recently, the European
Association for the Study of the Liver published guidelines for
the HCV treatment and included the use of DCV with SOF
in patients with HCV genotypes 1-6 (EASL Management
Guidelines), (Table 3) [22]. DCV with SOF is recommended
for 12 weeks without RBV in non-cirrhotic patients with HCV
genotypes 1-6, and with RBV for 12 weeks with compensated
Table 1 Daclatasvir: dosing and administration

Treatment duration

DCV+pegIFNα/RBV

24 wks DCV+
24-48 wks pegIFNα/
RBV‡

*Consider 24 weeks in patients with previous use of an NS3/4A protease
inhibitor, †Consider 12 weeks for previously untreated patients with
positive prognostic factors. Consider adding ribavirin in patients with very
advanced liver disease or other negative prognostic factors, ‡Continue all
3 components for a total duration of 24 weeks in patients with undetectable
HCV RNA at weeks 4 and 12 of treatment. Patients with undetectable HCV
RNA that is then detectable at weeks 4 and 12 should receive 24 weeks of
DCV with 48 weeks of pegIFNα/RBV
DCV, Daclatasvir; SOF, Sofosbuvir; peg-IFNα, pegylated interferon-α;
RBV, ribavirin; wk, week

Table 3 European association for the study of the liver (EASL)
guidelines for DCV use in the treatment of HCV
• Genotype 1: DCV (60 mg)+SOF (400 mg) once a day, for 12 wks
for naïve or 24 wks for treatment-experienced patients
• Genotype 1b: DCV (60 mg) once a day+pegIFNα once a wk plus
daily weight-based RBV (1000 or 1200 mg in patients <75 kg or
≥75 kg, respectively) for 24 wks
If at wk 4 HCV RNA level <25 IU/mL and at wk 10 undetectable,
DCV may be stopped after wk 12 followed by a tail of 12 weeks with
pegIFNα/RBV

Characteristic

Daclatasvir

Dose

60 mg/day orally

• Genotype 2: DCV (60 mg)+SOF (400 mg) once a day for 12 wks

Formulation

30-mg tablet or 60-mg tablet

Dose reductions

According to package insert

• Genotype 3: DCV (60 mg)+SOF (400 mg) for 12 weeks for naïve
or 24 wks for treatment-experienced patients

Pills per day

1×60-mg tablet or 2×30-mg tablet

With food

No food restrictions

Peg-IFNα

Use pegIFNα in genotype 4 HCV

RBV

Required in genotype 3 and 4 HCV

Major adverse
effects

With SOF: fatigue, headache, nausea
With pegIFNα/RBV: similar to that
seen with pegIFNα/RBV alone

SOF, Sofosbuvir; peg-IFNα, pegylated interferon-α; RBV, ribavirin;
HCV, hepatitis C virus

• Genotype 4: DCV (60 mg) once a day+pegIFNα plus once a
wk+daily weight-based RBV (1000 or 1200 mg in patients <75 kg
or ≥75 kg, respectively) for 24 wks
If at wk 4 HCV RNA level <25 IU/mL at wk 4 and at wk
10 undetectable, DCV may be stopped after wk 12 followed by a tail
of 12 wks with pegIFNα/RBV
or DCV (60 mg)+SOF (400 mg) once a day for 12 wks for naïve
patients or 24 wks for treatment-experienced patients
DCV, Daclatasvir; SOF, Sofosbuvir; peg-IFNα, pegylated interferon-α;
RBV, ribavirin; wk, week
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modification is not required in patients with liver failure ChildPugh (CP) B or C, in the elderly or in patients with renal or
hepatic impairment [20].
Regarding renal impairment, DCV requires no dose
adjustment with any degree of renal impairment, but has
been studied in subjects with a creatinine clearance (CrCl)
≥15 mL/min [20]. RBV does require dose adjustment for
patients with renal failure [20]. The starting dose should
be determined after assessing the CrCl and then adjusted
appropriately according the anemia or potential complications.
SOF is not currently recommended in severe renal impairment,
thus a DCV+SOF combination should be avoided in this subset
of patients [11]. Furthermore, DCV is also approved in Japan
in combination with asunaprevir for patients infected with
HCV genotype 1 who are ineligible for or have failed on IFNbased therapy. Finally, the US Food and Drug administration
approved DCV for use with SOF to treat HCV genotype 1 and
3 infection (Table 4) [20].
Drug interactions

Since DCV is primarily metabolized through CYP3A
metabolism it should not be given with strong inducers of
the enzyme (Table 5) [20]. Thus, co-administration of DCV is
not recommended with rifampin, phenytoin, carbamazepine,
and St. John’s wort or with strong CYP3A inhibitors (such
as ritonavir-boosted atazanavir, some azole agents, and
clarithromycin). In this case, DCV reduction to 30 mg once
a day is recommended [19,39]. However, when DCV is used
with moderate CYP3A inducers (such as efavirenz, etravirine,
dexamethasone, and nafcillin) a dose increase to 90 mg once
daily is recommended.
Furthermore, DCV is an inhibitor of P-glycoprotein
transporter (P-gp), organic anion transporting polypeptide
(OATP) 1B1 and 1B3, and breast cancer resistance protein
(BCRP). Thus, dose adjustments of digoxin may be warranted
when used with DCV [20]. Also, special caution is required
when DCV is used together with drugs such as dabigatran
etexilate, digoxin and HMG-CoA reductase inhibitors (statins)
because they are substrates of these transporters (Table 5).
Table 4 Food and drug administration-approved regimens for DCV
in patients with hepatitis C virus infection
Regimen

Patient population

Daklinza+sofosbuvir
12 weeks

Genotype 1 or Genotype 3
without cirrhosis
Genotype 1 with compensated
cirrhosis (Child-Pugh A)

Daklinza+sofosbuvir+
ribavirin 12 weeks

Genotype 3 with compensated
cirrhosis (Child-Pugh A)
Genotype 1 or Genotype 3
with decompensated cirrhosis
(Child-Pugh B and C)
Genotype 1 or Genotype 3
post-transplant

DCV, Daclatasvir; SOF, Sofosbuvir; wk, week
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Interactions with SOF should also be considered when
DCV is used in combination with SOF [40]. Moreover, DAA
interactions in the HIV/HCV co-infected patients are largely
extrapolated from drug-drug interaction studies when DAAs
used with antiretrovirals. CYP450 enzyme induction or
inhibition is the major cause for many of the pharmacokinetic
interactions between HCV DAA and HIV antiretrovirals.
However, there is an increase in the number of transportermediated interactions (Table 4). Physicians should always
consider the recently reported drug-drug interactions
from HCV DAA clinical trials [41]. If DCV and opioids coadministered, this combination was well tolerated suggesting
no need for dose adjustments [42].
AEs and management strategies (tolerability)

The most commonly reported AEs were (≥5%): headache
(14%), fatigue (14%), nausea (8%), and diarrhea (5%) [18].
From the DCV+ pegIFNα/RBV combination, the safety profile
was similar to that of pegIFNα/RBV. AEs were most likely to
arise from pegIFNα/RBV such as fatigue, headache, pruritus,
insomnia, influenza-like illness, dry skin, nausea, decreased
appetite, alopecia, rash, asthenia, irritability, myalgia, anemia,
pyrexia, cough, neutropenia, diarrhea and arthralgia. In the
largest, dose ranging, phase 2b command I study of DCV
20 mg or 60 mg +PEG-RBV vs. PEG-RBV (n=395), the rates
of serious AEs recorded were 7.5% (12/159), 8.2% (13/158),
and 7.7% (6/78), respectively. In COMMAND-1 study the AEs
recorded were dry skin, influenza-like illness and nausea being
>10% more common in the DCV+pegIFNα/RBV versus the
pegIFNα/RBV group [43]. Furthermore, grade 3-4 laboratory
abnormalities did not show any significant difference among
the treatment groups [43]. Smaller phase 2 studies are also
consistent with the above larger studies [44].
For the combination of DCV+SOF (n=211), the most
frequently reported AEs were fatigue, headache and nausea [45].
The most common grade 3 or 4 laboratory abnormalities were
low phosphorous and high glucose. Also, hemoglobin did not
significantly decrease in patients not also receiving RBV [45].
In the pivotal Phase III open-label ALLY-3 there were no
treatment-related serious AEs and no discontinuations due
to AEs. The most common treatment-related AEs recorded,
at a frequency of ≥5%, were headache (14%), fatigue (14%),
nausea (8%), and diarrhea (5%) [46]. More recently, Landis
et al presented an integrated safety analysis of DCV 60 mg +
SOF 400 mg with or without RBV in a large number of patients
from 4 studies. A total of 679 patients were analyzed including
patients with advanced disease, post-transplantation and coinfection. The addition of RBV seems to increase the number
of serious AEs (2.7 vs. 7.9%) and the rate of discontinuations
(0.2 vs. 7.9%, respectively) mainly due to anemia. The presence
of cirrhosis and the duration of treatment period did not show
to have an effect on AEs [47].
Moreover, in a recent study by Shallow et al [48], the
authors compared the efficacy and tolerability of 12 weeks of
DCV + SOF versus both 24 weeks of SOF + RBV and 24 weeks
of pegIFNα and RBV in HCV genotype 3 patients across

Safety and efficacy of daclatasvir 5

Table 5 Established daclatasvir interactions and dose recommendations with other drugs
Drugs class

Interaction

Recommendations

Antivirals, HCV
NS5B Nucleotide inhibitor and daclatasvir 60 mg once
daily
Sofosbuvir 400 mg once daily

No dose adjustment for both regimens

NS3/NS4A Protease inhibitors and daclatasvir 60 mg
once daily
Simeprevir 150 mg once daily
Telaprevir 500 mg q12 h or 750 mg q8 h plus
daclatasvir 20 mg once daily

No dose modification of both regimens
↑ Daclatasvir
CYP3A4 inhibition by telaprevir

Reduce daclatasvir dose to 30 mg once
daily

Grazoprevir (MK-5172)

Dose adjustments
are not required

Asunaprevir 200 mg q12 h

Dose adjustments
are not required

SOC and daclatasvir 60 mg once daily
Pegylated interferon-α 180 μg once weekly and
ribavirin 1000 mg or 1200 mg/day

No dose modification of drugs

Antiretrovirals
Protease inhibitors
Atazanavir 300 mg/ritonavir 100 mg once daily plus
daclatasvir 20 mg once daily

↑ Daclatasvir
CYP3A4 inhibition by ritonavir

Reduce daclatasvir dose to 30 mg once
daily

Darunavir 800 mg/ritonavir 100 mg once daily plus
daclatasvir 30 mg once daily

No dose adjustment of drugs

Lopinavir 400 mg/ritonavir 100 mg twice daily plus
daclatasvir 30 mg once daily

No dose adjustment of drugs

Nucleoside/nucleotide reverse transcriptase
inhibitors and daclatasvir 60 mg once daily
Tenofovir disoproxil fumarate 300 mg once daily

No dose adjustment of daclatasvir or
tenofovir is required

Non-nucleoside reverse transcriptase inhibitors
Efavirenz 600 mg once daily
plus daclatasvir 60 mg/120 mg once daily

↓ Daclatasvir
Induction of CYP3A4 by efavirenz

Increase dose of Daclatasvir to 90 mg
once daily

Nerivapine

Lack of data

Co-administration not recommended

Rilpivirine

No dose modification of drugs

Integrase inhibitors and daclatasvir 60 mg once daily
Dolutegravir 50 mg once daily

No dose modification of drugs

Raltegravir

No dose modification of drugs

Elvitegravir/cobicistat

Reduce daclatasvir dose to 30 mg once
daily

CCR5 receptor antagonist
Maraviroc

Interaction not studied
Consider ↔ Daclatasvir
↔ Maraviroc

No dose modification of drugs required

Other drugs
Acid reducing agents and daclatasvir 60 mg once a day

Contd...
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Table 5 Continued...
Drugs class

Interaction

Recommendations

Famotidine 40 mg single dose

↔ Daclatasvir
Increase in gastric pH

No dose modification of drugs required

Omeprazole 40 mg once daily

↔ Daclatasvir
Increase in gastric pH

No dose modification of drugs required

Benzodiazepines
Alprazolam, other benzodiazepines or other
CYP3A4 substrates

No dose modification of drugs required

Antibacterials
Clarithromycin
Telithromycin

Consider ↑ Daclatasvir
CYP3A4 inhibition by the
antibacterials

Azithromycin

Reduce daclatasvir to 30 mg once daily
with clarithromycin, telithromycin or
other strong CYP3A4 inhibitors
No dose modification of drugs

Anticoagulants
Dabigatran etexilate

Lack of study
Consider ↑ Dabigatran etexilate
inhibition of P-gp by daclatasvir

Safety monitoring is advised

Warfarin

Lack of study
Consider ↔ Daclatasvir
↔ Warfarin

No dose modification of drugs

Lack of data
Consider ↓ Daclatasvir
CYP3A4 induction by the
anticonvulsant

Contraindicated

Anticonvulsants
Carbamazepine
Oxcarbazepine
Phenobarbital
Phenytoin
Antidepressants
Escitalopram 10 mg once daily
(daclatasvir 60 mg once daily)

No dose adjustment of drugs

Zolpidem

No dose adjustment of drugs

Antifungals
Ketoconazole 400 mg once daily and daclatasvir
10 mg once daily

↑ Daclatasvir
CYP3A4 inhibition by ketoconazole

Reduce daclatasvir to 30 mg once
daily with ketoconazole, itraconazole,
posaconazole and voriconazole

Fluconazole

Consider modest increase of
daclatasvir
↔ Fluconazole
CYP3A4 inhibition by the antifungal

No dose modification of drugs

Rifampicin 600 mg once daily
(daclatasvir 60 mg single dose)

↓ Daclatasvir
CYP3A4 induction by rifampicin

Contraindicated

Rifabutin
Rifapentine

Lack of data
Consider ↓ Daclatasvir
CYP3A4 induction by the
antimycobacterial

Antimycobacterials

Cardiovascular agents
Antiarrhythmics and daclatasvir 60 mg once daily
Digoxin 0.125 mg once daily

↑ Digoxin
P-gp substrates inhibition by
daclatasvir

Use combination with caution; initiate
digoxin at lowest dose, serum digoxin
levels should be monitored and titrated
to the desired clinical effect

Contd...
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Table 5 Continued...
Drugs class

Interaction

Recommendations

Amiodarone

If amiodarone therapy is needed,
in-patient cardiac monitoring for
the first 48 h of co-administration
is recommended, followed by daily
outpatient or self-monitoring of
heart rate for at least the first 2 wks of
treatment

Calcium channel blockers
Amlodipine
Diltiazem
Nifedipine
Verapamil

Lack of data
Consider ↑ Daclatasvir
CYP3A4 inhibition by the calcium
channel blocker

Use combination with caution

Lack of data
Consider ↓ Daclatasvir
CYP3A4 induction by dexamethasone

Contraindicated

Lack of data
Consider ↓ Daclatasvir
CYP3A4 induction by St. John’s wort

Contraindicated

Corticosteroids
Dexamethasone

Herbal supplements
St. John’s wort (Hypericum perforatum)

Oral contraceptives and daclatasvir 60 mg once daily
Ethinylestradiol 35 μg once daily for 21 days+
norgestimate 0.180/0.215/0.250 mg once daily for
7/7/7 days

No loss in contraceptive efficacy is
expected

Immunosuppressants and daclatasvir 60 mg once daily
Cyclosporine 400 mg single dose
Tacrolimus 5 mg single dose
Sirolimus
Mycophenolate mofetil

No dose modification of drugs required

Lipid lowering agents
HMG-CoA reductase inhibitors and daclatasvir
60 mg once daily
Rosuvastatin 10 mg single dose

↑ Rosuvastatin
Inhibition of OATP 1B1 and BCRP by
daclatasvir

Atorvastatin
Lovastatin
Simvastatin
Pravastatin

Interaction not studied.
Consider ↑ Concentration of statin
inhibition of OATP 1B1 and/or BCRP
by daclatasvir

Use combination with caution

Opioids plus daclatasvir 60 mg once daily
Buprenorphine/naloxone, 8/2 mg to 24/6 mg once
daily individualized dose

No dose modification of drugs required

Methadone, 40-120 mg once daily individualized dose

No dose modification of drugs required

SOC, standard of care; P-gp, P-glycoprotein transporter; OATP, organic anion transporting polypeptide; BCRP, breast cancer resistance protein
This Table summarizes some of the major drug interactions with daclatasvir based on current available data. Oher drug interactions may be published recently
shown at the site HYPERLINK “http://www.hep-druginteractions.org” www.hep-druginteractions.org. No clinically significant interactions of daclatasvir
are expected when co-adminstered with any of the following: regimens of the angiotensin II receptor antagonist class (e.g. losartan, irbesartan, olmesartan,
candesartan, valsartan), disopyramide, propafenone, flecainide, mexilitine, quinidine or antacids, PDE-5 inhibitors and regimens of the ACE inhibitor class
(e.g. enalapril)

balanced trial populations. Indeed, no patients in ALLY-3
discontinued due to AEs compared to 4.3% of patients in the
pegIFNα-RBV trials and this difference became significant

after weighing. However, there have been reported cases of
symptomatic bradycardia and of pacemaker intervention when
amiodarone is co-administered with SOF in combination
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with DCV [20]. Drug interactions of SOF and amiodarone
are a risk of serious symptomatic bradycardia. A fatal cardiac
arrest was reported also with ledipasvir/SOF. Subsequently,
co-administration of amiodarone with DCV in combination
with SOF is not recommended unless the patient undergoes
cardiac monitoring [20]. Patients on β-blockers or those
with underlying cardiac comorbidities and/or advanced liver
disease may be at increased risk for developing symptomatic
bradycardia with co-administration of amiodarone.
Bradycardia will resolve after the end of HCV treatment.
Regarding toxicology studies, although dogs experienced
bone marrow hypocellularity at 9-fold above the clinical AUC
exposure these results have not been reported in humans. Also,
mice or rats showed no mutagenesis at 8- or 4-fold above the
clinical AUC exposure and no in vitro mutagenesis. Moreover,
DCV does affect female fertility in rats up to 18-fold the clinical
AUC exposure. However, DCV is embryotoxic and teratogenic
at or above 4-fold (rat) and 16-fold (rabbit) the clinical AUC
exposure [19]. Additional eight clinical studies were carried
out and data emerged from 798 patients with chronic HCV
infection treated with DCV 60 mg once a day and pegIFNα
plus RBV combination or IFN-free regimens (e.g. SOF+DCV)
have shown that DCV is safe and tolerable [20].
There is lack of data with DCV in pregnant women [20].
Animal studies have shown maternal and embryo-fetal
toxicity if DCV exposure is above the recommended human
dose. Moreover, although DCV was excreted into the milk of
lactating rats it is unknown if DCV is excreted into human
milk. Therefore, one should be cautious and weigh the benefits
and risks of DCV to the pregnant woman, the mother and the
infant when breastfeeding.
Drug resistance

Mutations associated with failure to DCV mono- or
combination-therapy are often similar to those selected in
the HCV replicon system or with the infectious clone [41].
In particular, NS5A amino acid substitutions that have been
associated with resistance to DCV in cell-based replicon
systems include M28T, Q30E/H/R, L31V, and Y93C/H/N for
HCV genotype 1a and L31V and Y93H for HCV genotype 1b
[49-51]. These amino acid substitutions most frequently
map to the N-terminus of NS5A. In contrast to genotype 1b,
genotype 1a appears to have lower levels of resistance [42].
Q30, L31 and Y93 mutations seem to confer the highest levels
of resistance in both subtypes. Furthermore, L31V and Y93H
mutations of genotype 1b individually show 24- and 28-fold
resistance to DCV respectively. This increases to approximately
15,000-fold for the L31V-Y93H double mutation, a synergistic
effect.
The above resistance pattern also leads to decreased
susceptibility to DCV in the other HCV genotypes. In a
recently published study, of 16 HCV genotype 3 infected
patients who experienced post-treatment relapse [46], nine
had treatment-emergent Y93H substitutions (another six had
Y93H at baseline) and one had a treatment-emergent L31I
substitution [48]. In addition, replicon assays have shown that
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HCV genotype 1b has the highest relative barrier to NS5ADCV resistance and genotype 2a has the least, with the rank
order being: 1b>4a >5a> 6a>1a>2a JFH>3a>2a >M31 [50].
However, resistance patterns from clinical samples may differ
in complexity [49]. Adaptive and linked substitutions, which
do not directly contribute to resistance, could co-emerge.
Resistance-associated variants (RAVs) are a major issue to
consider in NS5A inhibitors. NS5A inhibitor RAVs tend to
be fit, allowing them to persist long-term after failed NS5A
inhibitor therapy. These RAVs occur spontaneously in 15-20%
of treatment-naïve patients with HCV genotype 1 and at higher
rates in patients infected with other genotypes [52]. NS5A
inhibitors are almost part of all approved IFN-free regimens
with the exception of the combination of SOF plus simeprevir
regimen and probably all new regimens in development.
Therefore, NS5A inhibitor resistance is important and is
coming under scrutiny as more data emerge.
DCV shows a moderate high genetic barrier to resistance
in clinical trials. Virological breakthrough reflects the
development of resistant mutations and usually occurs in up
to 10% of patients treated with DCV and pegIFNα/RBV [18].
Variants usually showed cross-resistance to the other NS5A
inhibitors, but they remain fully sensitive to other DAA classes
and host targeting antivirals [49,53-55]. However, when an
NS5A inhibitor is combined with another DAA having a low
barrier to resistance, baseline resistance seems to play a role.
In particular, in the HALLMARK DUAL trial, patients with
HCV genotype 1b were treated with DCV and asunaprevir. The
SVR12 rate went down to just 40% in the 15% of patients who
had baseline NS5A inhibitor RAVs compared to 90% in the
overall population [56]. However, when an NS5A inhibitor is
combined with other DAA having a high barrier to resistance
such as SOF, the problem of NS5A inhibitor resistance can
be eliminated. For instance, in the ALLY-3 trial of DCV in
combination with SOF, resistance mutations did emerge in
some HCV genotype 3 infected patients. Notably, in this study
many of these patients were cirrhotic, traditionally harder to
cure.
In selected phase 2/3 trials analysis by Christophe
Sarrazin [57], in which cirrhotic patients have been treated
with ledipasvir/SOF ± RBV, only 86% of the 13% of patients
with HCV genotype 1a having baseline NS5A inhibitor RAVs
achieved SVR12. In contrast, patients with no detectable
RAVs achieved a higher SVR12 rate of 98%. The lower SVR12
rate among treatment-experienced was primarily due to the
existence of high-level (>100-fold) NS5A RAVs. The SVR12
rate was only 67% in this subset of patients. In the C-EDGE
TE trial [58], in which treatment-experienced patients received
the second-generation PI/NS5A inhibitor combination of
grazoprevir/elbasvir, SVR12 rates fell to 52% in those harboring
baseline NS5A variants associated with >5-fold change in
elbasvir susceptibility. However, with the combination of
ledipasvir/SOF and grazoprevir/elbasvir, the effect of NS5A
inhibitor resistance was largely overcome by extending therapy
and/or adding RBV.
The clinical significance of RAVs is unclear, they have
been found at baseline and posttreatment in clinical trials and

Safety and efficacy of daclatasvir 9

baseline RAVs may persist for 96 weeks [59]. They have also
been associated with reduced efficacy and DDA treatment
failure. However, 90% of people with these baseline RAVs
achieved SVR, although post treatment NS5A RAVs were
found in most people who were not cured. Until the lifetime
and significance of DAA drug resistance are well understood,
avoiding treatment with DDAs from the same class is the
preferred strategy. Data is needed for retreatment outcomes.
In conclusion, baseline or following treatment RAVs do not
preclude SVR but may be an issue in a small number of difficult
to treat patients such as those with cirrhosis. Strategies to
overcome the problem of RAVs include a careful assessment of
patients history, disease severity, viral genotype/subtype which
helps in the selection of the more efficient drug combination
and the optimal duration of treatment.

The role of DCV in the management of chronic
hepatitis C infection
DCV has shown a favorable efficacy and safety profile
while it has pangenotypic potential activity with a number of
different combinations.

DCV in combination with PegIFNα and RBV

Two phase 3 trials assessing the efficacy of DCV in
combination with pegIFNα/RBV have been published [60,61].
The COMMAND 3 trial [60] evaluated DCV with telaprevir,
each in combination with pegIFNα/RBV, in HCV genotype 1
infected patients (eventually restricted to genotype 1b
patients) a noninferiority study, and the placebo-controlled
COMMAND-4 trial [61] evaluated DCV and pegIFNα/RBV
with pegIFNα/RBV alone in HCV genotype 4 infected patients.
In COMMAND 3, a noninferiority trial, compared DCV
plus pegIFNα/RBV with telaprevir plus pegIFNα/RBV
in patients with HCV genotype lb infection. The SVR 12
difference was 4.3% (95% CI -3.3 to 11.9). Moreover, although
noninferiority was not formally tested in HCV genotype 1a
infected patients, these patients achieved undetectable HCV
RNA at 4 and 12 weeks of treatment in 75% for DCV recipients
and in 73% for telaprevir recipients. Finally, post-treatment
relapse occurred in 5% of DCV-treated patients compared with
15% of telaprevir treated patients. Breakthrough infections
occurred in 4% of DCV-treated patients [60].
COMMAND-4 study was a Phase 3 randomized placebocontrolled trial of DCV with pegIFNα/RBV in treatmentnaïve patients with chronic HCV genotype 4. Patients were
randomized to receive either DCV+pegIFNα/RBV (n=82)
or placebo+ pegIFNα/RBV (n=42) for 24 weeks. SVR12 was
achieved in 82% vs. 42% of patients on DCV+PEG-RBV vs.
placebo+ pegIFNα/RBV [51]. In the DCV and placebo groups
eRVR was achieved by 79% and 12% of patients, respectively.
Post-treatment relapse occurred in 3% of patients receiving
DCV plus pegIFNα/RBV compared with 30% of those receiving

dual pegIFNα/RBV. Breakthrough HCV infection occurred in
7% of DCV recipients [61].
A phase 2b clinical trial (COMMAND I), randomized,
double-blind, placebo-controlled trial studied for 24 weeks of
DCV 20 mg or 60 mg daily and pegIFNα/RBV in patients with
either genotype 1 or 4, which are generally less responsive to
therapy than other genotypes. In the 20 mg and 60 mg groups,
respectively, patients had a median age of 50 and 51 years; males
comprised 67% and 65%; blacks were 9% and 13%; genotype 1a
was found in 72% and 77%; and IL28B CT or TT genotypes
were found in 63% and 65%. Of the 365 patients with HCV
genotype 1 in the study, SVR12 rates for genotype 1a were 59%,
58% and 38% for the 20 mg, 60 mg and pegIFNα/RBV groups,
respectively, and for genotype 1b 78%, 87% and 31% [43]. Of
the 30 patients with HCV genotype 4 treated with either 20 mg
or 60 mg of DCV or pegIFNα/RBV, SVR12 rates achieved were
67%, 100% and 50% respectively [43].
Furthermore, in COMMAND-2 study, 419 patients with
HCV genotype 1 and a history of prior null or partial response
to pegIFNα/RBV were treated for 24 weeks with 20 mg or
60 mg of DCV and pegIFNα/RBV. Of these patients, 17.4%
had cirrhosis; and 92.6% had either IL28B CT or TT genotypes.
The proportion of HCV genotype 1 patients with undetectable
viral load at week 12 were 30% (DCV 20 mg) and 34% (DCV
60 mg) among null responders and 44% (DCV 20 mg), 57%
(DCV 60 mg), among partial responders [40].
Finally, in the COMMAND GT2/3 trial (study AI444031) 151 treatment-naïve chronic hepatitis C patients, 71
with genotype 2 and 80 with genotype 3 were treated either
with DCV and pegIFNα/RBV for 12 or 16 weeks or standard
24 weeks of pegIFNα/RBV. Of these patients 23% of genotype 3
and 1.4% of genotype 2 patients were cirrhotic. SVR rates
achieved at week 12 or 16 with pegIFNα/RBV tail and control
group were 88%, 83% and 71%, respectively, for genotype 2
and 78%, 69% and 52%, respectively, for genotype 3 Relapse
rates were higher for genotype 3 cirrhotic patients in the 12week, but not 16-week groups [62]. However, IFN-free, all-oral
regimens are likely to replace the IFN-based combinations as
new, potent and highly effective DAA combinations have been
developed.

DCV as an option of all-oral therapy for HCV infection
DCV in combination with other DAA: non-cirrhotic HCV
genotype 1, 2 or 3 infected patients

Several studies have evaluated the all-oral DAAs
combination of DCV and SOF so far. In a phase IIb study of
non-cirrhotic patients, Sulkowski et al evaluated DCV 60 mg
and SOF 400 mg orally once a day, with or without RBV to
treat HCV genotypes 1, 2 and 3 for 12 or 24 weeks. SVR rates
achieved were 100% for treatment-naïve patients following a
24-week course of therapy and 98% for 12 weeks. Moreover, the
SVR rates achieved for treatment-experienced patients were
100% and 95% with treatment duration of 24 weeks without
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and with RBV, respectively [45]. In this study, naïve patients and
those treated with pegIFNα/RBV plus either the PI telaprevir
or boceprevir with virological breakthrough during treatment
were included. High SVR rates were achieved, 98% of 126 naïve
patients and 98% of 41 patients infected with HCV genotype 1
and treatment failure, respectively. In conclusion, it seems that
SVR rates were not significantly affected by use of RBV or not,
by the past history of treatment (treated-naïve or -experienced
patients) or by the duration of treatment (12 or 24 weeks) [46].
Furthermore, Sulkowski et al also evaluated the combination
DCV and SOF with or without RBV for 24 weeks in treatmentnaïve patients with HCV genotype 2 or 3. Overall, 92% of
26 patients with HCV genotype 2 and 89% of 18 patients with
HCV genotype 3 achieved SVR12 [45]. Asselah’s commentary
on these spectacular results of phase IIb trial of non-cirrhotic
patients underscored the high SVR rates achieved such as
100% for patients infected with HCV genotype 1, 2 or 3 for
12-week treatment duration with DCV+SOF, 88% for patients
for 7-day lead-in of SOF and then 12 weeks treatment duration
with DCV+SOF, and 86% for patients for 12 weeks treatment
duration with SOF+DCV+RBV [63].

Considerations of DCV therapeutic efficacy for “hardto-treat” patients
Although hepatitis C therapy has evolved in recent years
toward more effective and better-tolerated treatments, we can
now recognize that certain patient populations remain more
difficult to treat and will require modified therapy or new
treatment options to achieve the same efficacy as less difficultto-treat individuals. Numerous patient characteristics such as
cirrhosis status (compensated or decompensated), treatment
experience, renal status, HCV genotype 3, HCV/HIV coinfection have been associated with greater difficulty in treating
chronic hepatitis C. Clinical trials of DCV are evaluating the
best anti-viral drug combination, treatment doses and duration
for these special populations.

Decompensated cirrhotic patients infected with HCV
genotype 1, 3, or 4
In 2014, DAAs combinations have completely modified
the therapeutic approach of HCV patients with hepatic
impairment. However new questions have been raised and need
to be answered: who benefits, who deteriorates and is there a
cut-off where hepatic function cannot be improved despite the
virological response [64]. The SOC treatment in CP B patients
shows low SVR rates ranging from 7-16% in genotypes 1 or 4
and 44-75% in genotypes 2 or 3. PegIFNα/RBV combination
is contraindicated in patients with CP-B and CP-C due to
the high risk of infection and death. Finally, very few data
are available with triple therapy including first-generation
PIs. A real life study showed unfavorable risk/benefit ratio in
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compensated cirrhotic patients with albumin <3.5 g/dL and
platelets <100,000/mm3 [15]. Subsequently a small number of
decompensated cirrhotic patients received treatment with first
generation PIs triple therapy. In 2015, the DCV in combination
with other DAAs, IFN-free DAAs combinations, has shown
high SVR rates in decompensated cirrhotic patients.
In ALLY-1 phase III trial [65], 32 patients with ChildPugh B and 16 with Child-Pugh C were evaluated for the
treatment with SOF plus DCV and RBV for 12 weeks whatever
genotypes. SVR achieved was 94% (30/32) among Child-Pugh
B patients and 56% (9/16) in Child-Pugh C patients. Of those
patients with advanced cirrhosis 11 discontinued treatment,
mainly RBV (10/11), due to AEs. After 12 weeks of treatment,
all patients with Child-Pugh B who respond either improve or
did not modify their model for end-stage liver disease (MELD)
score. Of course studies are required to define the appropriate
CP-C patients for HCV therapy who will benefit from all-oral
treatment.
A small real-world single center study [66], assessed the
extent of liver function improvement in 80 cirrhotic patients
infected with HCV genotypes 1-4, including 34 patients (43%)
with CP-B/C cirrhosis and 42 patients (53%) with platelet
counts of <90.000/μL), treated with novel IFN-free therapies
(SOF/RBV, n=56; SOF/simeprevir ± RBV, n=15; and SOF/
DCV ± RBV, n=9). At week 12, MELD scores improved in 44%
of the patients but worsened in 15%. Also, 63% of the patients
achieved SVR and serum HCV RNA re-appearance led to
moderate ALT increases in 15/23 patients without hepatic
decompensation. Therefore, IFN-free treatment of hepatitis
C patients, especially those with advanced liver cirrhosis who
urgently need treatment, seems to restore liver function in the
majority of patients and subsequently to reduce the need for
liver transplantation.
In the UK early access program [67], of 441 patients with
decompensated cirrhosis, 223 infected HCV with genotype 1,
179 with HCV genotype 3 and 39 with other HCV genotypes
received regimens containing SOF ± RBV and either DCV
(172) or ledipasvir (252) for 12 weeks. In particular, 43 patients
did not receive RBV. 309 patients were Child-Pugh B and 46
Child-Pugh C. SVR rates were 80% (36/45) with SOF + DCV
and RBV and 60% without RBV among genotype 1 patients.
In genotype 3 patients, SVR rates were 70% (80/114) with
RBV. At follow-up week 4, 42% of patients showed MELD
score improvement by 2 points but 10% showed MELD score
worsening. Moreover, 14 patients died and serious AEs related
either to liver disease or therapy were reported in 21.4% of
the patients. RBV discontinuation occurred in 6.4% of the
patients and dose reduction in 19.5%. Treatment seems to be
less tolerable in patients over 65 years old and with albumin
<35 g/L.
Moreover, among patients with HCV genotype 3
infection, SVR12 rates were significantly higher with the
DCV-containing versus ledipasvir-containing regimens with
SOF ± RBV in patients with decompensated cirrhosis [67].
In the EASL guidelines, the combination of ledipasvir/
SOF is not recommended for patients infected with HCV
genotype 3, whereas SOF and DCV are recommended for these
patients [21]. Also, recently, the FDA approved DCV for HCV
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genotype 3 treatment. Regarding the response rates from the
SOF plus DCV regimen, the SVR12 rate in these patients with
decompensated cirrhosis and HCV genotype 3 is 71% with
12 weeks of treatment. This is probably better than what would
have been expected with SOF/RBV alone, but the extending
therapy for these patients, which is what the EASL guidelines
recommend, would be preferable.
In this real-world study, the safety of these regimens was
fairly good. The vast majority of patients (91%) received RBV,
and only 6% discontinued it. Approximately one third of
patients had anemia with hemoglobin levels falling <10 g/dL.
Therefore, despite the high rates of anemia due to RBV use only
a minority discontinued treatment. The main question remains
whether longer therapy without RBV would improve the SVR
rates. Moreover, fourteen deaths occurred during this study.
Although this appears to be largely related to the underlying
disease, a contribution of the study drugs to mortality cannot be
precluded with certainty. Apart from the anemia the addition
of RBV may increase the risk of infection, and therefore, needs
to be evaluated closely.
In the French real-life HEPATHER cohort [68], 35 patients
with HCV genotype 1 infection and decompensated cirrhosis
evaluated for SOF plus DCV with RBV (n=6) and without
RBV (n=29) for 12 or 24 weeks. Thirty (86%) achieved SVR.
Furthermore, sensitive analysis recommends that these patients
be treated either with RBV for 12 weeks or without RBV for
24 weeks. Finally, 22 patients, 6 of Child-Pugh B or C, were
evaluated for the same combination and 21 patients achieved
SVR with no serious AEs reported.
In the French early access program [69], 74 patients infected
with HCV genotype 3 with decompensated cirrhosis (55 ChildPugh B, 19 Child-Pugh C) were evaluated for SOF + DCV ±
RBV for 12 or 24 weeks. High SVR rates were achieved, 76% for
12 weeks and 88% for 24 weeks, respectively. Discontinuation
due to AEs events occurred in one patient but 2 patients died.
European interim findings from a compassionate use
program of DCV plus SOF with and without RBV for
patients with severe liver disease have been reported [70].
This multicenter program (AI444-237) registers adult,
chronically HCV-infected patients with a high risk of hepatic
decompensation or death within 12 months if no treatment
received and without available therapeutic options. These
patients were treated with DCV 60 mg + SOF 400 mg, once a
day, for 24 weeks, with RBV added upon physician’s preference.
At post-treatment week 12, SVR12 was achieved overall in
87% of the treated patients while the addition of RBV had
no effect in efficacy [no-RBV vs. RBV group: 42/49 (86%) vs.
29/33 (88%)]. An improvement in liver disease parameters was
observed while 6/102 patients discontinued treatment due to
serious AEs or death.
An ongoing phase 2 trial (NCT02262728) is evaluating the
efficacy of DCV 60 mg/day plus simeprevir 150 mg/day and
SOF 400 mg/day for 12 weeks for decompensated cirrhotic
patients infected with genotype 1 or 4. The 5-year follow up
will be completed in 2020 [71].
In conclusion, in a real-life clinical setting, the all-oral
combination of DCV + SOF with or without RBV achieved
high response rates. Treatment was well tolerated in all patient

groups including those with severe liver disease. Findings
confirmed other results reported in clinical trials and real-life
data. Liver transplantation could be avoided in many Child
Pugh B patients. However, in Child Pugh C patients although
the benefit remains high, manageable, safety issues should
be considered. Unfortunately, in Child Pugh C patients who
will not be listed for transplantation because of comorbidities,
DAAs combinations are the only therapeutic option. One key
question is when to treat, before or after transplant period. Data
suggest that even if SVR achieved in decompensated cirrhotic
patients it is unlikely to liver transplantation to be avoided.
Although the MELD score may improve and subsequently
delay transplantation there is still a risk of hepatocellular
carcinoma occurrence. At the time there are no guidelines for
the appropriate time of initiating treatment either pre- or posttransplant. Local transplantation rules may apply.

Cirrhotic or post-transplant HCV-infected patients
The ALLY-1 multicenter, open-label phase ΙΙΙ trial
evaluated the DCV in combination with SOF and RBV
for 12 weeks in patients with advanced cirrhosis or posttransplantation HCV recurrence. All patients received
12 weeks of DCV dosed at 60 mg once daily plus SOF 400 mg
once daily plus RBV [65]. RBV was initially dosed at 600 mg/
day and adjusted up to 1000 mg/day based on hemoglobin
levels and creatinine clearence. The data from this study are
quite encouraging. Overall, 83% of patients with advanced
cirrhosis and 94% of transplanted patients achieved SVR12.
When evaluated according to CP class, Child Pugh C patients
had a poorer SVR12 rate than Child Pugh A or Child Pugh
B patients (56% vs. 92% and 94%, respectively). This is
consistent with other studies that have shown lower SVR12
rates for Child Pugh C patients treated with SOF plus an
NS5A inhibitor [72].
It is important to highlight that 12-week regimens with
SOF plus DCV with or without RBV are suboptimal in an
advanced disease population. The only cirrhotic subpopulation
that did well with this regimen were those patients with HCV
genotype 1b, although there were small numbers in that
population, and those patients are inherently easier to treat.
Cirrhotic patients infected with HCV genotype 4 also appeared
to do well on this regimen, although there were only 4 patients
in that treatment group. When treating patients with advanced
cirrhosis, to maximize opportunity for SVR a 24-week regimen
in this population is recommended.
Two recent presentations with open label real-world data
clearly showed that SOF plus DCV regimens with or without
RBV achieved high SVR12 rates in patients with HCV
recurrence after transplantation [73,74]. These data confirmed
that SOF plus DCV is a very effective and safe strategy across
all subpopulations of patients with recurrent HCV infection
following transplantation, including patients with genotype 1a
and 1b infection and patients with cirrhosis. The SVR12 rates
seems higher among patients treated for 24 weeks. Importantly,
this regimen has a favorable drug-drug interaction profile and,
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similar to ledipasvir/SOF, dose reductions of the tacrolimus
and cyclosporine are not necessary when co-administered with
DCV plus SOF and RBV.
In another prospective cohort study aimed to evaluate the
efficacy and safety of SOF- and DCV-based regimens in 23
fibrosing cholestatic hepatitis (FCH) patients with recurrence
of HCV infection after liver transplantation, the authors
concluded that treatment of patients with recurrence of HCV
infection and FCH after liver transplantation with SOF plus
either DCV or RBV achieved high rates of SVR 12 (96%)
and subsequently major clinical improvement almost in all of
them [75].
Moving forward, clinicians will need to be aware of the issue
of NS5A resistance, particularly among patients with previous
exposure to NS5A inhibitors. In the post-transplantation
population in ALLY-1, 3 patients relapsed, all of whom had
developed NS5A resistance associated variants despite having
none at baseline. However, neither approved options have been
studied in post-transplantation patients with HCV genotypes
3 or 6.

Patients infected with HCV genotype 3
Patients with HCV genotype 3 infection have higher
prevalence of liver steatosis and seem to have a higher risk for
progression to cirrhosis and hepatocellular carcinoma [76].
The phase 3 ALLY-3 trial reported the efficacy of the all-oral
combination of DCV 60 mg+SOF 400 mg daily in patients
infected with HCV genotype 3. Noteworthy, DCV seems to
have a better in vitro antiviral profile potency than ledipasvir
in genotype 3. The ALLY-3 trial included 101 treatmentnaïve and 51 treatment-experienced patients infected with
genotype 3 treated with DCV+SOF combination without
RBV for 12 weeks. SVR12 achieved was 90% and 86% for the
treatment-naïve and -experienced patients, respectively [46].
Analyzing the cirrhotics separately, the ALLY-3 study
showed suboptimal efficacy in patients with cirrhosis. Noncirrhotic patients achieved SVR12 rates of 94% (32/34
treatment experienced) to 97% (73/75 treatment naïve)
independently of previous treatment history. Among patients
with cirrhosis (20/32), treatment-experienced patients had a
69% (9/13) SVR12, and the treatment-naïve patients had an
efficacy of just 58% (11/19). The ALLY-3+ study investigated
the combination of DCV+SOF+RBV for 12 or 16 weeks in
patients with genotype 3 and advanced fibrosis or cirrhosis.
A total of 50 patients were included 72% with compensated
cirrhosis while 74% were treatment experienced. Overall,
SVR12 was achieved in 45/50 (90%) patients; 88% of the
12-week regimen achieved SVR12, and 92% in those receiving
the 16-week regimen respectively. SVR12 was achieved in
all patients with advanced fibrosis and in 86% of those with
cirrhosis [77]. Therefore, the addition of RBV in DCV+SOF
combination seems to increase the SVR12 rates in patients with
genotype 3 infection and cirrhosis.
Indeed, recent interim findings from a French multicenter
compassionate use program of regimens containing DCV
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plus SOF, once a day, for 12 or 24 weeks with or without RBV
upon physician’s preference for patients with HCV genotype 3
chronic infections [69]. The program enrolled 601 HCV
genotype 3 patients with severe fibrosis (F3) or cirrhosis
(F4), or HCV extrahepatic manifestations or post-liver
transplant HCV recurrence or indication for liver or kidney
transplantation. Most of the patient characteristics were male
(75%) with single HCV infection (83%) and cirrhosis (77%)
and treatment experienced (73%). This preliminary results are
in agreement with previous results demonstrating high SVR4
rates after 12 weeks of DCV+SOF treatment of genotype 3,
non-cirrhotic patients. Patients with cirrhosis seemed to be
benefit from the longer duration of treatment up to 24 weeks.

HIV and HCV dually infected patients
Data on the efficacy of DCV in HIV and HCV co-infection
emerges from several studies that are either recently completed
or ongoing. Such studies are: NCT01866930, a phase 3 trial of
DCV plus pegIFNα/RBV in dually infected patients with HIV
and HCV genotype 1, 2, 3 or 4, NCT01471574, a phase 3 trial of
DCV plus pegIFNα/RBV in dually infected patients with HIV
and HCV genotype 1 and NCT02032888, a phase 3 trial of
DCV plus SOF in dually infected patients with HIV and HCV
genotypes 1-6.
The ALLY-2 trial examined the combination of SOF and
DCV in HIV/HCV co-infected patients of any genotype. The
design of ALLY-2 investigated not only a 12-week duration
in treatment-experienced and treatment-naïve individuals,
but also an 8-week regimen in treatment-naïve [79]. The
efficacy results suggested that 8 weeks of this regimen was
not sufficient, with only 76% of patients achieving SVR12. In
addition, 10 of the 12 patients who relapsed following therapy
were in the 8-week treatment arm. However, both treatmentexperienced and treatment-naïve individuals did remarkably
well with the 12-week regimen, with SVR12 rates of 96% in
the naïve and 98% in the experienced genotype 1 populations.
SVR was 100% in the naïve and 100% in the experienced nongenotype 1 populations. At the 12-week arms, SVR12 rates did
not vary significantly by baseline factors. However, there were
some numerical differences based on presence of cirrhosis.
Treatment-naïve and treatment-experienced cirrhotic patients
achieved SVR12 rates of 89% and 93%, respectively, compared
with 98% to 100% in patients without cirrhosis. However, the
lower response rates in the cirrhotic groups were driven by
very small numbers; each arm had just 1 patient who failed to
achieve SVR12.
Furthermore, in interim analysis of a French multicenter
compassionate use program, a real-world trial where physicians
were given the ability to choose either 12- or 24-week SOF plus
DCV regimens with or without RBV to treat 733 HIV-HCV coinfected patients with severe fibrosis (F3) or cirrhosis (F4), or
HCV extrahepatic manifestations or post-liver transplant HCV
recurrence or indication for liver or kidney transplantation.
RBV was added to DCV+SOF in 98 patients (13.6%) [78].
Treatment duration was 24 weeks in 573 (79.3%) and 12 weeks
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in 142 (19.6%) patients. The efficacy of DCV+SOF in HIV/
HCV co-infected patients is comparable to that in the phase
ALLY-2 study, with SVR12 rates ≥90% regardless of HCV
genotype, the duration of treatment, or RBV use. The need for
RBV and duration of treatment in cirrhotic patients remain to
be determined in the complete database. The combination with
DCV+SOF±RBV is a good therapeutic option in HIV-HCV
co-infected patients in real-life clinical setting [79].
In summary, all-oral HCV therapy has significantly
improved both tolerability and efficacy of HCV treatment,
but challenging populations do remain. Cirrhosis can impact
overall SVR rates and may require either the addition of RBV
or extending the duration of therapy to achieve SVR rates
comparable to those for non-cirrhotic patients, although
these modifications will depend on patient characteristics
and the regimen used. Patients with decompensated liver
disease awaiting liver transplantation can also achieve high
SVR rates; however, clinical improvement did not follow all
cases with virological response and therefore the prediction of
the group of patients who can achieve clinical and biological
response after SVR is a question which has to be answered
urgently.
Patients with HCV genotype 3 also remain a challenging
population without an obvious way to augment existing
treatment options, since extending treatment duration beyond
24 weeks may not increase efficacy. Multiple studies are
under way with investigational strategies to better serve this
population.
HIV co-infected individuals now see SVR rates comparable
to mono-infected individuals, but drug-drug interactions can
be challenging and need to be carefully considered before
initiating therapy. These populations are likely to remain
of interest but, as the use and duration of existing and new
therapies evolve, the hope is that these patients will become as
easy to treat as the general HCV population.

Concluding remarks
DCV is an NS5A inhibitor with high antiviral potency
which has shown a clinical efficacy across all genotypes in
phase I, II and III studies and in real-world data. DCV is
well tolerated and has an excellent safety profile while it can
be used in patients with renal and hepatic impairment and in
the transplant setting. When it was used in combination with
pegIFNα plus RBV in patients chronically infected with HCV
genotypes 1-4 achieved SVR24 rates of 60-100% against HCV
genotype 1, and 100% against genotype 4 which are higher
compared to those of the dual pegIFNα+RBV combination.
The all-oral combination of SOF (nucleoside polymerase
inhibitor) with DCV (NS5A inhibitor) can achieve a SVR
>90% of naïve patients or previously treated patients with
genotype 1 infection. The DCV/SOF dual combination has
shown an SVR rate of >90% in non-cirrhotic patients with
genotype 3, while the triple DCV/SOF+RBV combination
achieved SVR in 90% of genotype 3 with advanced fibrosis
or cirrhosis. Finally, DCV + SOF combination has excellent

efficacy in patients with decompensated liver disease and
across all subpopulations post transplantation. In conclusion,
DCV-containing regimens provide a highly effective with an
excellent safety and tolerability profile option offering cure in a
wide range of patients with HCV infection.
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