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Abstract
About 130-170 million people, is estimated to be 
infected with the hepatitis C virus (HCV). Chronic 
HCV infection is one of the leading causes of liver-
related death and in many countries it is the primary 

reason for having a liver transplant. The main aim of 
antiviral treatment is to eradicate the virus. Until a few 
years ago the only treatment strategy was based on 
the combination of pegylated interferon and ribavirin 
(PEG/RBV). However, in genotypes 1 and 4 the rates 
of viral response did not surpass 50%, reaching up to 
80% in the rest. In 2011 approval was given for the 
first direct acting antiviral agents (DAA), boceprevir and 
telaprevir, for treatment of genotype 1, in combination 
with traditional dual therapy. This strategy managed 
to increase the rates of sustained viral response (SVR) 
in both naive patients and in retreated patients, but 
with greater toxicity, interactions and cost, as well as 
being less safe in patients with advanced disease, in 
whom this treatment can trigger decompensation or 
even death. The recent, accelerated incorporation since 
2013 of new more effective DAA, with pan-genomic 
properties and excellent tolerance, besides increasing 
the rates of SVR (even up to 100%), has also created 
a new scenario: shorter therapies, less toxicity and 
regimens free of PEG/RBV. This has enabled their 
almost generalised applicability in all patients. However, 
it should be noted that most of the scientific evidence 
available is based on expert opinion, case-control 
series, cohort studies and phase 2 and 3 trials, some 
with a reduced number of patients and select groups. 
Few data are currently available about the use of these 
drugs in daily clinical practice, particularly in relation 
to the appearance of side effects and interactions 
with other drugs, or their use in special populations 
or persons with the less common genotypes. This 
situation suggests the need for the generalised 
implementation of registries of patients receiving 
antiviral therapy. The main inconvenience of these new 
drugs is their high cost. This necessitates selection and 
prioritization of candidate patients to receive them, via 
strategies established by the various national organs, 
in accordance with the recommendations of scientific 
societies.
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Core tip: About 130-170 million people, is estimated to 
be infected with the hepatitis C virus. Chronic hepatitis 
C is one of the leading causes of liver-related death 
and in many countries it is the primary reason for 
having a liver transplant. Until a few years ago the only 
treatment strategy was based on the combination of 
pegylated interferon and ribavirin (RBV). Since 2011 
the accelerated incorporation of direct acting antiviral 
agents has created a new scenario: increasing the 
rates of sustained viral response, shorter therapies, less 
toxicity and regimens free of interferon and/or RBV and 
can even modify the natural history of the disease.
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INTRODUCTION
About 3% of the world population, some 130-170 
million people, is estimated to be infected with 
the hepatitis C virus (HCV). Of these, 55%-85% 
will develop chronic hepatitis, 30% will later have 
cirrhosis, and 2% will have hepatocarcinoma[1]. 
Chronic HCV infection is one of the leading causes 
of liver- related death and in many countries it is the 
primary reason for having a liver transplant.

The main aim of antiviral treatment is to eradicate 
the virus, defined as a viralRNA that is undetectable 
by highly sensitive methods (lower detection limit of 15 
IU/mL). There is considered to be a sustained viral 
response (SVR) if this RNA remains undetectable 12 
wk after ceasing treatment (SVR12).

Until a few years ago the only treatment strategy 
was based on the combination of pegylated interferon 
and ribavirin (PEG/RBV) for 24 or 48 wk depending on 
the genotype. However, in genotypes 1 and 4 the rates 
of viral response did not surpass 50%, and were only 
slightly higher in the other genotypes.

Better understanding of the replication cycle of 
HCV has led to the identification of new therapeutic 
targets. In 2011 approval was given for the first 
direct acting antiviral agents (DAA), boceprevir 
and telaprevir, for treatment of genotype 1, in 
combination with traditional dual therapy[2,3]. This 
strategy managed to increase the rates of SVR in 
both naive patients and in retreated patients, but 
with greater toxicity, interactions and cost, as well 
as being less safe in patients with advanced disease, 
in whom this treatment can trigger decompensation 
or even death[4].

The recent, accelerated incorporation since 
2013 of new more effective DAA, with pan-genomic 
properties and excellent tolerance, besides 
increasing the rates of SVR (even up to 100%), 
has also created a new scenario: shorter therapies, 
less toxicity and regimens free of interferon and/
or RBV. This has enabled their almost generalised 
applicability in all patients[5].

However, it should be noted that most of the 
scientific evidence available is based on expert 
opinion, case-control series, cohort studies and 
phase 2 and 3 trials, some with a reduced number 
of patients and select groups. Few data are currently 
available about the use of these drugs in daily clinical 
practice, particularly in relation to the appearance 
of side effects and interactions with other drugs, or 
their use in special populations or persons with the 
less common genotypes[6]. This situation suggests 
the need for the generalised implementation of 
registries of patients receiving antiviral therapy.

The main inconvenience of these new drugs is their 
high cost. This necessitates selection and prioritization 
of candidate patients to receive them, via strategies 
established by the various national organizations, in 
accordance with the recommendations of scientific 
societies.

The purpose of this article is to review the drugs 
currently available for the treatment of hepatitis C 
and update the recommendations according to the 
genotype.

DIRECT ACTING ANTIVIRAL AGENTS
DAA currently available
The United States Food and Drug Administration (FDA) 
has approved the following, currently commercialised 
DAA:

Sofosbuvir (Sovaldi): a nucleotide NS5B polymerase 
inhibitor, essential for viral replication. The dose is 
400 mg (one pill) per day. This is a prodrug that 
undergoes intracellular metabolism to form its active 
metabolite. In 2013 the FDA approved its use for 
the treatment of HCV. Although its action is pan- 
genotypic, it is approved for genotypes 1, 2, 3 and 
4 but always in combination with other DAA or with 
PEG/RBV, never in monotherapy[7].

Simeprevir (Olysio): a pan-genotypic NS3/4a pro
tease inhibitor that intervenes in the HCV life cycle. 
The dose is 150 mg (one capsule) per day. The FDA 
approved it in 2014 for the treatment of genotype 1 
HCV, in combined therapy. In genotype 1a patients, 
the presence of the Q80K polymorphism is associated 
with a significant reduction in SVR12 in patients treated 
with simeprevir+PEG/RBV. In these cases, therefore, 
alternative treatment is recommended[8].
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Daclatasvir (Daklinza): non-structural NS5A protein 
inhibitor that forms part of the viral replication complex. 
It also inhibits virion assembly. The dose is 60 mg (two 
pills) once a day. The FDA approved its use in 2014 for 
HCV genotypes 1, 3 and 4[9].

Sofosbuvir + ledipasvir (Harvoni): combination 
of sofosbuvir (400 mg) plus ledipasvir (90 mg), 
potent NS5A inhibitor, in a single pill taken once per 
day. Approved by the FDA for treatment of genotype 
1[10], with trials in genotype 3.

Ombitasvir-Paritaprevir/Ritonavir and dasabuvir 
(Viekirax): Oral regimen combining four drugs 
(12.5-75-250-50 mg). Ombitasvir is a pan- genotypic 
NS5A inhibitor, paritaprevir inhibits NS3/4A protease, 
and dasabuvir is a non-nucleoside NS5B polymerase 
inhibitor. Ritonavir is a potent CYP3A4 enzyme inhibitor 
that, given with the other drugs, can increase the 
plasma concentration, mainly of paritaprevir. The 
FDA approved it in 2014 for genotype 1, but only in 
combination therapy. The individual use of each drug is 
not approved[11].

Future DAA
Drugs pending commercialization in the near future 
are combinations of various antivirals.

MSD (Merck Sharp and Dohme) combo: Grazoprevir 
(MK-5172), 100 mg, a second generation protease 
inhibitor, + Elbasvir (MK-8742), 50 mg, a second 
generation NS5A inhibitor[12].

BMS (Bristol-Myers Squibb) combo: Asunaprevir+
daclatasvir+beclabuvir: a combination of daclatasvir, 
asunaprevir (NS3 protease inhibitor), and beclabuvir 
(a non-nucleoside NS5B polymerase inhibitor) with 
activity in genotypes 1, 2, 3, 4 and 5; and variable 
activity in genotype 6[13].

SELECTION OF CANDIDATE PATIENTS 
FOR ANTIVIRAL TREATMENT
All patients with chronic hepatitis C, whether 
monoinfected or coinfected with HIV, are candidates 
for antiviral therapy, both naive and those who 
have failed to respond to previous treatment, 
independently of the regimen received.

To select the suitable therapeutic regimen the 
patients must be classified as naive, or if they have 
been treated previously, as non-responders or 
relapsers.

Clinically, it is necessary to evaluate the severity 
of the liver disease, measuring the degree of fibrosis, 
using elastography or fibrotest, and in certain 
cases take a liver biopsy. In cases of cirrhosis, it is 
necessary to discriminate between compensated 
and decompensated disease. It is also necessary to 

identify the presence of extrahepatic manifestations 
of HCV.

Virologically, it is necessary to know the genotype 
and its subtype, as well as the viral load, for which 
the use of sensitive (detection limit of 10-15 IU/mL) 
and easily available methods is recommended. In 
some cases it is advisable to determine the IL28B 
polymorphism or Q80K mutation.

Once the patient has been categorised clinically 
and virologically, treatment should be prioritised in 
cases of advanced fibrosis (F2-F4), in patients on 
the active liver transplant waiting list, liver transplant 
patients with recurrence of the infection, non-liver 
transplant patients with HCV hepatitis (independently 
of the degree of fibrosis), non-responders to triple 
therapy, or patients with extrahepatic manifestations 
of HCV. In addition, and independently of the disease 
status, treatment should also be considered for 
patients at high risk of transmission or women of 
child-bearing age. Treatment in patients with mild 
degrees of fibrosis (F0, F1) can be deferred, though 
these patients should be assessed individually[14,15].

Interferon-free regimens should be considered 
the choice.

TREATMENT IN GENOTYPE 1 PATIENTS
Sofosbuvir + Pegylated interferon + Ribavirin 
Efficacy data on the combination of bitherapy with 
sofosbuvir (SOF) are based on the NEUTRINO 
registry, which includes naive patients treated with 
SOF + PEG/RBV (1000-1200 mg per day) for 12 wk. 
This regimen obtained SVR12 rates in genotype 
1% of 90% (somewhat greater in genotype 1a vs 
genotype 1b), falling to 80% in cirrhotic patients, 
though this was just a small group (17%)[16]. 
The secondary effects were those expected with 
bitherapy.

In naive genotype 1 patients with no contraindication 
for interferon the regimen SOF + PEG + RBV obtained a 
SVR of around 90% in the non-cirrhotic and 80% in the 
cirrhotic patients.

SOF + RBV
The results of the phase 2 studies QUANTUM and 
ELECTRON, with low rates of SVR in genotype 1 
patients treated for 12 wk with SOF + RBV, particularly 
in the retreated patients, show this to be a suboptimal 
option, even when prolonged for 24 wk[17]. The adverse 
effects were those associated with the use of RBV.

SOF + RBV in genotype 1 is considered a suboptimal 
therapy.

SOF + Simeprevir
The phase 2 study COSMOS included a cohort of 
patients who were null responders to treatment 
with interferon and RBV with F0-F2 and another 
cohort of naive and null responder patients with 
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RBV was added.
The importance of these results concerns the 

SVR achieved with SOF + DCV at 24 wk in patients 
who had failed using triple therapy with PI[22]. The 
most common adverse effects were headache, 
nausea and fatigue.

SOF and DCV for 12 wk is a good treatment 
option in patients with genotype 1a/1b, with or 
without RBV, as well as being a good alternative (24 
wk) in patients with failure after triple therapy.

SOF + Ledipasvir
This combination was analysed in the ION-1 study, 
which included naive genotype 1 patients, 16% of 
them cirrhotic, treated with SOF/Ledipasvir (LDV) 
randomised to 12 or 24 wk, with or without RBV. 
No statistically significant differences were found in 
SVR between 12 and 24 wk of treatment (99% vs 
98%), nor were there significant differences when 
RBV was added to the treatment[23].

The ION-2 study included patients previously 
treated with bitherapy or triple therapy with first 
generation PI, including 20% of cirrhotic patients, 
treated for 12 and 24 wk, with or without RBV. The 
results were again similar, with a similar SVR (96%) 
after 12 and 24 wk of treatment, with or without 
RBV. Nevertheless, in the group of cirrhotic patients 
previously treated with PI, the option of SOF + 
LDV + RBV for 12 wk or SOF + LDV for 24 wk did 
increase significantly the rate of SVR, as opposed to 
the option SOF + LDV for 12 wk (99% vs 94%)[24].

The ION-3 study, which aimed to evaluate the 
possibility of shortening treatment, included naive, 
non-cirrhotic genotype 1 patients randomised to 8 
or 12 wk of treatment with SOF/LDV, with or without 
RBV. The percentage of SVR12 was similar in those 
treated for 8 and for 12 wk; the addition of RBV 
provided no extra benefit. However, a subgroup 
of patients, those with a viral load above 6 million 
IU/mL, had a greater risk of recurrence if they just 
received treatment for 8 wk. Cases of resistance 
to LDV, but not to SOF, were seen but this was not 
shown to impact on treatment response or the risk 
of recurrence[25].

Finally, the SOLAR-1 study analysed the efficacy 
of SOF/LDV in decompensated cirrhotic patients (Child 
B and C, but with bilirubin < 10 mg/dL, haemoglobin 
> 10 g/dL and platelets > 30000) who had been 
excluded from previous studies, treated for 12 and 
24 wk, all with RBV. The SVR12 was almost 90% in 
both groups: Child stages B and C, similar with 12 or 
24 wk of treatment[26]. However, there were notable 
secondary effects and even deaths, mainly due to 
septic complications.

SOF + LDV obtained SVR rates nearly 100%, 
but in cirrhotic patients with failure to previous 
therapy or decompensated cirrhotic patients it is 
necessary to add RBV if treatment is for 12 wk or 
else prolong treatment for 24 wk if it is not possible 

F3-F4 (compensated cirrhosis). They received SOF+ 
Simeprevir (SIM) + RBV for 12 wk or 24 wk. The rate 
of SVR12 was above 90%, similar in both groups (mild 
fibrosis vs advanced fibrosis). There were no differences 
in SVR12 according to the duration of the treatment 
(12 wk vs 24 wk), nor did it change with the addition 
of RBV, even in F4 patients. Nor were differences 
found between the naive patients and those treated 
previously[18]. The presence of the Q80K polymorphism, 
which is associated with a reduction in the activity 
of simeprevir in genotype 1a patients when used in 
combination with PEG and RBV[19], had no impact on 
the rates of SVR.

The secondary effects were generally mild, mainly 
headache, fatigue and nauseas. Only 2% presented 
serious adverse events.

Observational studies provide data from real 
clinical practice. The TARGET cohort included over 
2300 patients grouped in four arms: SOF + PEG + 
RBV, SOF + RBV, SOF/SIM, and SOF + SIM + RBV. 
The efficacy of SOF/SIM was very high, around 
90%, in both genotype 1a and 1b patients, and 
similar in cirrhotic and non-cirrhotic patients. The 
addition of RBV did not increase the rates of SVR[20]. 
The factor predicting a lower response was failure 
with previous treatment. The adverse effects were 
those seen in the clinical trials.

The TRI cohort randomised 1211 patients to receive 
SOF + PEG + RBV, SOF + RBV, or SOF + SIM + RBV. 
One third was cirrhotic. A total of 42% received 
SOF + SIM + RBV with a SVR of 82% (90% per 
protocol) in genotype 1; 3% discontinued treatment 
due to adverse effects or lack of treatment 
adherence. Overall in this study cirrhosis was found 
to be a predictor of less response, mainly to triple 
therapy[21].

SOF + SIM for 12 wk in genotype 1 (1a, 1b) 
showed a SVR of 90%, in both non- cirrhotic patients 
and in compensated cirrhotic patients (slightly lower), 
whether or not they were naive or had received 
previous therapy. The addition of RBV or prolonging 
the treatment did not influence the SVR. It is not 
advised in Child C and may be suboptimal in cirrhotic 
patients who have failed to respond to previous 
treatment. The Q80K mutation has a lower impact 
on the SVR when SIM is combined with SOF.

SOF + Daclatasvir
The combination of SOF + Daclatasvir (DCV) was 
assessed in an open-label phase Ⅲ trial, which 
included patients with different genotypes. One 
naive genotype 1 group, treated for 12 wk with 
or without RBV, and another genotype 1 group 
previously treated with triple therapy with protease 
inhibitors (PI), in whom treatment with SOF + 
DCV was prolonged to week 24. 98% of the naive 
patients and the retreated patients had SVR12 with 
this regimen. The results were similar for genotypes 
1a and 1b, and remained unchanged whether or not 
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to treat with RBV.
In non-cirrhotic naive patients with a basal viral 

load less than 6 × 106 IU/mL treatment can be 
shortened to 8 wk.

3D Abbvie: Paritaprevir + Ombitasvir + Dasabuvir + RBV
Phase 3 studies have analysed the results of this 
combination plus RBV in naive non-cirrhotic genotype 1 
patients, SAPHIRE Ⅰ, and previously treated, SAPHIRE 
Ⅱ. In both studies the SVR12 was 96%, with no 
differences between genotype 1a/1b[27].

The phase 3 study TURQUOISE Ⅱ included com
pensated cirrhotic genotype 1 patients, both naive 
and pretreated with this combination from Abbvie plus 
RBV for 12 or 24 wk. The percentages of SVR12 were 
similar[28].

The impact of RBV on the SVR was analysed in 
the PEARL study, which showed that the SVR was 
higher when RBV was added in the cirrhotic genotype 
1a and 1b patients. However, RBV had little effect on 
the SVR in non- cirrhotic genotype 1b patients[29]. 

Paritaprevir + Ombitasvir + Dasabuvir given for 
12 wk is efficient in naive and retreated patients, 
though it is necessary to add RBV in cirrhotic 
patients and in genotype 1a patients (whether 
cirrhotic or not). Consideration should be given to 
prolonging treatment to 24 wk if RBV cannot 
be added in these cases, and always in retreated 
cirrhotic genotype 1a patients.

Grazoprevir (MK-5172) + Elbasvir (MK8742)
Grazoprevir 100 mg per day plus elbasvir 50 mg 
per day: This MSD combo will soon be available. 
It was analysed in the c-WORTHY study[30], which 
examined this combination, with and without RBV, 
in naive, non-cirrhotic genotype 1 monoinfected 
and HIV coinfected patients. The genotypes 1a/1b 
monoinfected patients were randomised to one 
of three arms: combo plus RBV for 8 wk, combo 
plus RBV for 12 wk, and combo without RBV for 12 
wk. The 8-wk regimen proved insufficient (80% 
SVR), but treatment for 12 wk achieved 98% SVR, 
independently of whether RBV was or was not added.

This combo was used in cirrhotic patients and 
patients with treatment failure, null responders, with 
and without RBV, for 12 and 18 wk[31]. The results 
showed that naive cirrhotic patients treated for 12 
wk without RBV reached 97% SVR, and the null 
responders with or without cirrhosis treated for 
12 wk without RBV had a SVR of 98%. Thus, RBV 
did not change the rates of SVR, nor were there 
significant changes when prolonging the treatment 
18 wk.

MSD combo for 12 wk, SVR of 98% whether 
genotype 1a/1b, naive or pretreated, cirrhotic or non-
cirrhotic. RBV did not change the SVR.

These drugs have also been combined with 
sofosbuvir in naive patients with and without 

cirrhosis, as well as assessing the possibility of short-
term treatment, 4 or 8 wk, in the C-SWIFT study[32]. 
Although at some time during the study or after 
ending it, all the patients were negative for the virus, 
in those treated for 4 wk there were many cases of 
recurrence (19 out of 31). The patients treated for 8 
wk, even the cirrhotic patients, had 94% SVR, with 
just one recurrence. 

Asunaprevir + DCV + BMS-791325
This BMS combo, soon to be commercialised, ana
lysed non-cirrhotic naive and retreated patients 
in the UNITY-1 study. A SVR of around 90% was 
achieved, slightly lower in the genotype 1a patients, 
but similar in both naive and pretreated patients[33]. 
The cirrhotic patients were analysed in the UNITY-2 
study, receiving this combination with or without 
RBV. In this group of cirrhotic patients RBV increased 
the rates of SVR in both naive and pretreated 
patients[34].

The BMS combo obtained a SVR in 90% of cases, 
but cirrhotic patients require the addition of RBV.

The current recommendations for therapy in 
patients with genotype 1 HCV are summarised in 
Tables 1 and 2.

TREATMENT IN GENOTYPE 2 PATIENTS
SOF + PEG + RBV
The combination of SOF plus pegylated interferon 
and RBV for 12 wk in genotype 2 patients was 
analysed in the LONESTAR-2 study, a phase Ⅱ 
trial that included previously treated patients, even 
cirrhotic, with a SVR of 96%[35].

SOF + RBV
In the FISSION study[36] sofosbuvir was administered 
in combination with RBV for 12 wk to naive genotype 
2 (and 3) patients, analysing the response (compared 
with standard therapy) according to the degree of 
fibrosis, although only 20% had cirrhosis. The SVR12 
was 91% in the cirrhotic patients and 98% in the 
non-cirrhotic patients.

Another trial (POSITRON) also included naive 
patients treated with SOF + RBV, obtaining a SVR 
of about 90%, in both cirrhotic and non-cirrhotic 
patients[37].

Previously treated genotype 2 patients were 
assessed in the phase 3 FUSION study, which 
also analysed their degree of fibrosis. A response 
was obtained in 96% of the non-cirrhotic patients 
treated with SOF + RBV for 12 wk, but inonly 
60% of the cirrhotic patients, though this could be 
increased to 76% when the treatment was prolonged 
to 16 wk[38].

The VALENCE study included naive and retreated 
patients and found similar results, with a lower 
response in the cirrhotic patients[37].

Thus, the only current interferon-free regimen 
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recommended for genotype 2 patients is SOF + RBV 
for 12 wk, in both naive and pretreated patients, 
advising it be extended to 16 wk in cirrhotic patients.

In the absence of a contraindication for interferon, 
SOF + PEG + RBV for 12 wk is a better alternative.

TREATMENT IN GENOTYPE 3 PATIENTS
SOF + RBV + PEG
The genotype 3 patients retreated with SOF + PEG 
+ RBV for 12 wk, also included in the LONESTAR-2 
study, presented a SVR12 of 83%, both the cirrhotic 
and the non-cirrhotic patients[35]. This percentage 

increased if the patient was naive. If there is no 
contraindication to interferon, this is one of the best 
alternatives in genotype 3 patients.

SOF + RBV
The analysis in the FISSION study of the genotype 
3 patients, treated with SOF + RBV for 12 wk, 
showed low rates of SVR12, around 60% in the non- 
cirrhotic and 30% in the cirrhotic patients[7,16].

Likewise the genotype 3 patients in the FUSION 
study showed a low SVR with SOF + RBV for 12 
wk, though a 60% response rate was achieved if 
they were treated for 16 wk, both cirrhotic and non-

1426 January 28, 2016|Volume 22|Issue 4|WJG|www.wjgnet.com

Table 1  Recommendations for therapy in patients with genotype 1a

Patient characterization Recommended Duration (wk) Scientific evidence Real-world evidence

Genotype 1a naive noncirrhotic SOF + LDV 12 ION-1
SOF + LDV (CV < 6 × 106 UI/mL) 8 ION-3

OBV + PTVR + DSV + RBV 12 SAPHIRE I PEARL
SOF + SIM 12 COSMOS TARGET TRIO
SOF + DCV 12

SOF + PEG + RBV 12 NEUTRINO
Genotype 1a
naive cirrhotic

SOF + LDV 12 ION-1
OBV + PTVR + DSV + RBV 12 TURQUOISE-Ⅱ PEARL

SOF + SIM 12 COSMOS
SOF + DCV 12 

SOF + PEG + RBV 12 NEUTRINO
Genotype 1a retretated noncirrhotic SOF + LDV 12 ION-2

OBV + PTVR + DSV + RBV 12 SAPHIRE-Ⅱ
SOF + SIM 12 COSMOS
SOF + DCV 12/24 

Genotipo 1a retreated cirrhotic SOF + LDV + RBV 12 ION-2
SOF + LDV 24 ION-2

OBV + PTVR + DSV + RBV 12/24 TURQUOISE-Ⅱ PEARL
SOF + SIM 12 COSMOS
SOF + DVC 24 

Table 2  Recommendations for therapy in patients with genotype 1b

Patient characterization Recommended Duration Scientific evidence Real-world evidence

Genotype 1b naive noncirrhotic SOF + LDV 12 ION-1
SOF + LDV (CV < 6 × 106 UI/mL) 8 ION-3

OBV + PTVR + DSV 12 SAPHIRE I PEARL
SOF + SIM 12 COSMOS TARGET TRIO
SOF + DCV 12 

SOF + PEG + RBV 12 NEUTRINO
Genotype 1b naive cirrhotic SOF + LDV 12 ION-1

OBV + PTVR + DSV + RBV 12 TURQUOISE-Ⅱ PEARL
SOF + SIM 12 COSMOS
SOF + DCV 12 

SOF + PEG + RBV 12 NEUTRINO
Genotype 1b retreated noncirrhotic SOF + LDV 12 ION-2

OBV + PTVR + DSV 12 SAPHIRE-Ⅱ
SOF + SIM 12 COSMOS
SOF + DCV 12/24 

Genotype 1b retreated cirrhotic SOF + LDV + RBV 12 ION-2
SOF + LDV 24 ION-2

OBV + PTVR + DSV + RBV 12 TURQUOISE-Ⅱ PEARL
SOF + SIM 12 COSMOS
SOF + DVC 24 
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cirrhotic patients.
However, the genotype 3 patients in the VALENCE 

study (naive and retreated), who received SOF + 
RBV for 24 wk, attained a SVR of 94% in the naive 
patients (cirrhotic and non-cirrhotic) and 60% in the 
retreated cirrhotic patients[39].

In general terms SOF + RBV for 24 wk may 
be an option in genotype 3 patients, except in 
retreated cirrhotic patients where it is considered 
suboptimal.

SOF + DCV
The ALLY-3 study included naive and retreated 
genotype 3 patients who received SOF plus DCV 
for 12 wk. The non-cirrhotic patients had a SVR12 
of 97% if they were naive and 94% if they were 
retreated. However, the cirrhotic patients had a 
suboptimal response, 58% SVR in naive and 69% in 
retreated patients[40].

SOF + DCV is considered suboptimal in cirrhotic 
genotype 3 patients.

SOF + LDV
The ELECTRON-2 trail[41] randomised naive genotype 
3 patients to receive SOF + LDV or SOF + LDV 
+ RBV. Only 15% had cirrhosis. In the group 
treated with RBV the SVR12 was 100%, versus 64% 
in the arm without RBV. Later, previously treated 
patients were included, even if they were cirrhotic, 
resulting in 89% SVR12 with SOF + LDV + RBV. 
Nevertheless, in vitro, LDV has a limited activity in 
genotype 3 patients[42], so that, although it can be 
considered a possible alternative, further studies and 
data are necessary before it can be recommended as 
a first choice option.

If treatment is with SOF + LDV it is advisable to 
add RBV.

The treatment options for genotypes 2 and 3 
patients are summarised in Table 3.

TREATMENT IN GENOTYPES 4, 5 and 6 
PATIENTS
The lower frequency of these genotypes means their 
analysis in phase 2 and 3 trials is skewed by the 
reduced number of patients.

SOF + PEG + RBV
The phase 2 ATOMIC study, although designed to 
analyse genotype 1 patients, also included a small 
group of genotypes 4 and 6 patients treated for 
24 wk. A SVR12 of 82% was obtained in the 
genotype 4 patients and 100% in the genotype 
6 patients[43]. The NEUTRINO trial[16] also included a 
few genotypes 4, 5 and 6 patients, with a SVR12 of 
96%-100%.

SOF + LDV
A small group of naive and retreated genotype 4 
patients was evaluated in the SYNERGY study. Those 
treated with SOF + LDV had a SVR of 95% (33% 
were cirrhotic)[44].

Around 20 genotype 6 patients were included in 
the ELECTRON-2 study[41], most retreated and 8% 
cirrhotic, with a SVR of 96%.

Although this combination shows in vitro efficacy 
in genotype 5 patients, no study yet exists to 
support its recommendation.

SOF + RBV
The Egyptian ancestry study grouped genotype 
4 patients, 50% retreated and 17% cirrhotic, 
treated with SOF + RBV for 12 or 24 wk. The non-
cirrhotic patients treated for 12 wk had a similar SVR 
to those treated for 4 wk (around 90%), but the 
cirrhotic patients treated for just 12 wk had a worse 
response[45].

Paritaprevir + ombitasvir
Use of this combination, with or without RBV, in 
genotype 4 patients was analysed in the PEARL-1 
study, which did not include any cirrhotic patients. 
The SVR12 was 95% in the naive patients and 100% 
in the retreated patients, provided RBV was added; 
otherwise the response was lower in both groups[29]. 
The treatment options recommended for genotypes 4, 
5 and 6 patients are summarised in Table 4.

TREATMENT IN SPECIAL POPULATIONS
Patients on the active liver transplant waiting list
Patients on the active liver transplant waiting list 
are a difficult group to treat, particularly those 
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Table 3  Recommedation for therapy in patients with genotypes 2 and 3

Patient characterization Recommended Duration (wk) Scientific evidence

Genotype 2 naive noncirrhotic/cirrhotic SOF + RBV 12 Fission positron
SOF + PEG + RBV 12 Lonestar-2

Genotype 2 retretated noncirrhotic SOF + RBV 12 Fussion valence
SOF + PEG + RBV 12 Lonestar-2

Genotype 2 retreated cirrhotic SOF + PEG + RBV 12 Lonestar-2
SOF + RBV 16 Fussion valence

Genotype 3 naive and retreated noncirrhotic/cirrhotic SOF + RBV 24 Valence
SOF + PEG + RBV 12 Lonestar-2
SOF + LDV + RBV 12 Electron-2

SOF + DVC (No en cirróticos) 12 Ally-3
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who have advanced cirrhosis. Even so, antiviral 
therapy is indicated in all wait list patients, as it can 
prevent the recurrence of post-transplant disease, 
a situation associated with worse graft and patient 
survival. Negativization of the HCV-RNA before 
transplantation reduces the risk of recurrence[46].

Except for those patients on the waiting list 
due to hepatocarcinoma, with good liver function, 
in whom interferon-based therapy could have 
some indication. Interferon-free regimens are the 
treatment of choice

The combination of SOF + RBV for 48 wk has 
been evaluated in patients on the wait list due to 
hepatocarcinoma, the vast majority with Child A 
status[47]. At the time of transplantation 92% had a 
negative viral load, with 69% having a SVR12. The 
main predictor of SVR12 was the duration of an 
undetectable viral load prior to transplantation. Only 
one patient whose HCV-RNA was negative for 28 d 
before transplantation experienced recurrence.

However, most patients on the liver transplant 
waiting list have advanced disease, and the option 
of SOF + RBV in these patients has been shown to 
be suboptimal. The recommendations referring to 
the general population should be applied to these 
patients, considering that data are available related 
to real clinical practice using SOF + SIM[20,21] and 
that SOF + LDV has been used in decompensated 
cirrhotic patients[26], whilst few data are available 
concerning the use of DAA in patients with Child C or 
MELD > 20.

Patients with post-transplant relapse
Recurrence of HCV reduces both graft and patient 
survival. Historically, treatment of recurrence was 
based on interferon strategies, with low response 
rates and a high risk of adverse events and/or 
severe rejection[48]. However, the appearance of new 
DAA has changed the panorama. If treatment is not 
possible before transplantation, it is recommended 
in all patients who experience post- transplant 
recurrence.

Again the recommendations can be extrapolated 
from studies in the general population. Possible 
interactions between DAA and immunosuppressive 
drugs should be considered. Simeprevir can interact 

with cyclosporine and paritaprevir with cyclosporine 
and tacrolimus, but it is not generally necessary 
to adjust the dose of any of these drugs[49]. The 
combination of SOF + RBV for 24 wk can give a 
SVR of 70%. Although there were no episodes of 
rejection, side effects associated with RBV were 
noted[50].

Data are available from real clinical practice 
of SOF + SIM for 12 wk, with or without RBV (in 
genotype 1) with SVR12 above 90%, very good 
tolerance and few side effects, though there was one 
death related with possible pulmonary toxicity. Only 
a minimum adjustment of immunosuppressants was 
necessary. The addition of RBV had no impact on the 
SVR, though the degree of fibrosis did have an effect, 
with a fall in the SVR in patients with F4[51].

The CORAL-1 study included patients with post-
transplant recurrence of HCV (genotype 1a) treated 
with the Abbvie combo plus RBV for 12 and 24 wk[52]. 
An SVR of 97% was obtained in those treated for 
12 and 24 wk, though again an advanced degree of 
fibrosis reduced this percentage.

Patients with chronic kidney failure on haemodialysis
Patients with moderate chronic kidney failure (CrCl 30-80 
mL/min) can follow the general recommendations, 
bearing in mind that no dose adjustment is necessary 
for sofosbuvir, simprevir, ledipasvir or the Abbvie 
combo[53]. However, no efficacy or safety data are 
available for patients with a CrCl < 30 mL/min.

Patients on haemodialysis have a high prevalence 
of HCV infection, which suggests a possible nosocomial 
transmission, with a negative impact on quality of 
life and an increase in mortality as compared with 
haemodialysis patients without HCV[54]. Although 
these patients are considered candidates for antiviral 
therapy, particularly if they are scheduled for kidney 
transplantation, they should receive treatment free 
of interferon and RBV, though no safety data are 
available with the use of DAA.

Patients with extrahepatic manifestations of HCV
Cryoglobulinemic vasculitis is an indication for 
antiviral therapy. As interferon, although it induces 
remission, can occasionally exacerbate the symptoms, 
interferon-free regimens are recommended, using 
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Table 4  Recommendations for therapy in patients with genotypes 4, 5 and 6

Patient characterization Recommended Duration (wk) Scientific evidence

Genotype 4 SOF + PEG + RBV 12 Atomic neurino
SOF + LDV 12 Synergy
SOF + RBV 12 Egyptian

24 
(cirrhotics and nulls responders)

OBV + PTV + RBV (noncirrhotics) 12 Pearl-1
Genotype 5 SOF + PEG + RBV 12 Neutrino
Genotype 6 SOF + PEG + RBV 12 Atomic

SOF + LDV 16 Electron-2
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new DAA in conjunction with the usual measures, like 
plasmapheresis or immunosuppressors[55]. Glomerular 
disease due to deposits of immunocomplexes also 
benefits from antiviral therapy, though so far the 
previous therapies have failed to completely revert 
the disease[56]. The new DAA could have a better 
repercussion on kidney disease given the high SVR, but 
no data are yet available.

The prevalence of type 2 diabetes is increasing 
in patients with HCV, due to complex and not well 
understood mechanisms, but in relation to an increase 
in insulin resistance[57]. In fact, virus negativisation after 
antiviral treatment is associated with an improvement in 
markers of insulin resistance and a lower incidence of 
diabetes, as well as a reduction in diabetic nephropathy 
and cardiovascular complications[58]. Accordingly, the 
high effectiveness of the new DAA can again provide 
great benefits.

IMPACT OF THE NEW DAA ON THE 
NATURAL HISTORY OF HCV DISEASE
The aim of treatment with the new antivirals, as 
currently practised, is to reduce the complications 
related with the disease, such as the evolution 
to cirrhosis and its decompensations, and/or the 
appearance of hepatocarcinoma. In addition, data 
exist concerning an improved liver function after 
treatment with DAA, with a reduction in the Child and 
the MELD scores, and even the possibility of taking 
patients off the active liver transplant waiting list[26].

The impact of the use of DAA in patients with 
established hepatocarcinoma, however, is not yet clear. 
Accordingly, their indication should be individualized, 
bearing in mind the characteristics of the patient, their 
clinical situation and the particular candidate options 
available for treatment of the hepatocarcinoma. 
Nevertheless, strategic plans should be established 
to detect HCV carriers, making an early diagnosis and 
treatment.

CONCLUSION
The appearance of direct acting antiviral drugs has 
radically changed the management of patients with 
chronic hepatitis C. The high rates of SVR are related 
with the reduction of the progression to cirrhosis and 
a lower incidence of complications with established 
cirrhosis. In the setting of liver transplantation, 
treatment with DAA results in the great majority of 
patients having a negative viral load at the time of 
transplantation, thus reducing the risk of recurrence; 
and if this does occur it can be treated quickly, safely 
and effectively.

Future strategies to quickly detect, diagnose and 
treat HCV carriers could achieve the eradication of 
the disease.
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