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Abstract

antiviral

The first direct-acting antiviral (DAA) medications were approved for the treatment of chronic hepatitis C virus (HCV)
in 2011. Later, the appearance of novel DAAs had revolutionized the landscape of HCV treatment whose early treat-
ment options were limited to interferon (IFN) either alone or in combinations. This review discusses the paradigm shift
in legibility for treating different groups of patients with HCV after the introduction of DAAs, along with the conse-
guent changes in treatment guidelines. IFN-based therapy was the firstly used for treating chronic HCV. Unfortunately,
it exhibited many pitfalls, such as low efficacy in some patients and unsuitability for usage in lots of patients with
some specific conditions, which could be comorbidities such as autoimmune thyroiditis, or liver related as in decom-
pensated cirrhosis. Furthermore, IFN failed to treat all the extrahepatic manifestations of HCV. Nowadays, the break-
throughs brought by DAAs have benefited the patients and enabled the treatment of those who could not be treated
or did not usually respond well to IFN. DAAs achieve a high success rate of HCV eradication in addition to avoiding
unfavorable harms and, sometimes, adverse effects related to the previously used PEGylated IFN regimens.
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Introduction
Hepatitis C virus infection is expected to affect roughly
130-150 million people worldwide [1]. HCV infection is
one of the most common causes of chronic liver disease
(CLD) globally. CLD spectrum includes chronic hepatitis
and cirrhosis which comprise compensated and decom-
pensated cirrhosis ending with hepatocellular carcinoma
(HCC). A common indication of liver transplantation
(LT) is HCV-related liver disease. Furthermore, 40—74%
of HCV infected patients may experience at least one
extrahepatic symptom during the course of the disease
[2].

Since the 1990s and for the following 20 years, the
standard anti-HCV therapy was the administration of
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interferon (IFN)-based agents, with various restrictions
and high failure rates limiting their use in many patients
[3, 4].

Many patients with HCV were ineligible for IFN ther-
apy because of the coexistence of contraindications.
PEGylated IFN/ribavirin (RBV) regimen was contrain-
dicated in many neuropsychiatric conditions and it may
cause severe adverse effects in patients with chronic dis-
eases, such as cardiovascular diseases and autoimmune
diseases, in addition to the parenteral route that being a
limitation of IFN along with the injection-related adverse
effects. Therefore, it was estimated that around 20% of
patients with HCV were not able to receive IFN, which
left a big burden of untreated patients [5].

The development of direct-acting antivirals (DAAs),
which directly attack the viral replicative cycle at sev-
eral points, had revolutionized the treatment of chronic
HCV. These drugs have achieved a sustained virological
response (SVR) of more than 95% [6]. These medications
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show a high safety profile and are administered for short
periods. These factors allowed the treatment of special
patient population, which were previously known to be
difficult to treat [7]. In this review, we will discuss the
paradigm shift in legibility for treating different groups of
patients with HCV after the introduction of DAAs and
the consequent changes in treatment guidelines.

Patients with HCV in special situations

Acute HCV

In the period of IFN-based therapy, treatment of individ-
uals with acute HCV infection had a good outcome with
a high SVR, and studies with PEG-IFN alpha-2b alone in
intent-to-treat analyses found SVRs of 71-96% [3, 8, 9]. A
meta-analysis of 22 studies with1057 patients using INF-
based monotherapy for acute HCV showed an overall
SVR rate of 78% [8]. The SVRs observed with IFN-based
therapy of acute HCV are significantly higher than the
SVRs observed with IFN or PEG-IFN-based treatment of
chronic HCV. So, it was recommended to treat patients
in the acute settings particularly within 12 weeks follow-
ing diagnosis [9, 10].

The treatment of patients with acute HCV infection
in the new era of DAAs therapy showed improvement
in clinical outcomes and high cost-effectiveness as com-
pared with the earlier practice of postponing therapy
until the infection chronic phase [11]. In individuals
infected with genotype 1 with varying SVRs, three clini-
cal studies with sofosbuvir (SOF)/ledipasvir (fixed-dose
combination) were conducted. After 4 weeks of treat-
ment, SVRs in intravenous drug users were 93 % [12],
after 6 weeks 77% in HIV coinfected individuals [13], and
100% in HIV-negative, non-injection drug users after 6
weeks [14].

The combination of ritonavir-boosted paritaprevir,
ombitasvir, and dasabuvir administered for eight weeks
had shown a SVR rate of 97% (29/30) in acute HCV
infected patients in TARGET-3D study [15]. Based on
these trials, the European Association for the Study of
the Liver (EASL) in its latest guidelines in 2018 stated
that patients with acute HCV infection should be treated
with DAAs combinations for 8 weeks [16].

On the other side, the American Association for the
Study of Liver Disease (AASLD) in its latest guidelines
in 2019 affirmed that there are insufficient evidence for
patients with acute HCV to support a specific treatment
regimen or duration, hence treatment as stated is rec-
ommended until more conclusive data become available
[17].

Chronic HCV with decompensated cirrhosis
The treatment of patients with HCV and decompen-
sated cirrhosis in the era of IFN-based therapy was very
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difficult with low SVRs and primarily unsafe with many
complications such as severe anemia, thrombocytopenia,
bacterial sepsis, and the deterioration of liver functions.
Because of this, it was not recommended to treat these
groups of patients with IFN-based regimens and to defer
their treatment after LT [18].

Recently, AASLD-Infectious Disease Society of Amer-
ica (IDSA) 2019 guidelines based on many randomized
controlled trials have recommended the treatment of
patients with decompensated cirrhosis under the super-
vision of an expert medical practitioner. Ideally, this
process should be conducted in an LT center with many
different options of DAAs regimens based on the HCV
genotype, tolerability to RBV, and previous experience to
antiviral drugs. It was proven that DAAs apart from pro-
tease inhibitors were safe and effective in these group of
patients [17].

« Patient with decompensated cirrhosis: only genotype
1, 4, 5, or 6 only: daily fixed-dosage combination of
ledipasvir (90 mg)/sofosbuvir (400 mg) with low ini-
tial dose of ribavirin (600 mg, increase as tolerated to
weight-based dose) for 12 weeks is a recommended
regimen -Genotypes 1-6: daily fixed-dose combina-
tion of sofosbuvir (400 mg)/velpatasvir (100 mg) with
weight-based ribavirin for 12 weeks is also a recom-
mended regimen.

+ In patients who cannot tolerate or ineligible for riba-
virin, extending the treatment up to 24 weeks is rec-
ommended.

+ In patients with prior sofosbuvir-based treatment
failure: genotype 1, 4, 5, or 6 only: daily fixed-dose
combination of ledipasvir (90 mg)/sofosbuvir (400
mg) with low initial dose of ribavirin (600 mg;
increase as tolerated) for 24 weeks is a recommended
regimen—genotypes 1-6: daily fixed-dose combina-
tion of sofosbuvir (400 mg)/velpatasvir (100 mg) with
weight-based ribavirin for 24 weeks is also a pre-
ferred regimen [17].

HCV with coinfection
Chronic HBV
The cornerstone in the management of HCV/HBV
coinfection is to determine, which is the common viral
infection that must be primarily eliminated. A careful
follow-up of viremia through the measurement of serum
HBV DNA and HCV RNA levels is essential before
the diagnosis of the viral dominance [19]. The therapy
options for coinfected patients will be influenced by these
viral interactions.

Subsequently, Liu et al. carried out a multicenter study
using PEG-IFN and RBV in patients coinfected with
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HCV/HBV. Such regimen is equally proven effective in
patients with HCV alone or chronic HCV/HBV coinfec-
tion [20].

Patients prepared to receive DAAs for chronic HCV
should be tested for hepatitis B surface antigen (HBsAg),
anti-hepatitis core antibodies (anti-HBc), and anti-HBs
antibodies. If HBsAg is present, then the concomitant
administration of HBV nucleoside/nucleotide analog
is recommended. In antigen-negative HBs, anti-HBc
antibody-positive patients, the serum alanine transami-
nase (ALT) levels must be monitored. Additionally, both
HBsAg and HBV DNA should be tested if ALT levels fail
to normalize or rise during or after anti-HCV therapy.
The follow-up of serum ALT levels is preferred in anti-
HBs and anti-HBc antibody-positive patients [21].

In a cohort of HBsAg-positive Egyptians with chronic
HCV infection treated with DAAs, the risk of HBV reac-
tivation was 28.6% (95%CI 15.6—-46.4%) and the risk of
hepatitis was 10.0% (0.9-57.8%) in those who experi-
enced reactivation in the absence of concomitant HBV
treatment. Additionally, this systematic analysis included
the Egyptian data, which showed that the pooled reac-
tivation risk in HBsAg-positive individuals was 18.2%
(95%CI 7.9-30.7%) and the risk of hepatitis in those who
had reactivation was 12.6% (95%CI 0.0-34.7%). Among
this investigation, the pooled reactivation risk in HBsAg-
negative anti-HBc-positive patients was low regardless of
the presence of anti-HBs [22].

Chronic HIV

Until 2011, the combination therapy of PEG-IEN+ RBYV,
despite being the therapy of choice for chronic HCV, it
is rarely used in patients with HIV or HCV coinfection
due to its low efficacy and high rate of significant adverse
effects in these patients. In the APRICOT study, patients
with HCV/HIV coinfection were treated with PEG-IFN
a-2a and a fixed-dose of RBV (800 mg/day) for 48 weeks,
and only 40% of patients achieved SVR [23].

After the introduction of DAAs, patients with HCV/
HIV coinfection treated with DAAs HCV regimens
can obtain SVR at the rates comparable to patients not
infected with HCV [24-26]. In 2015, Naggie et al., con-
ducted a study that included 335 patients with HCV/HIV
coinfection and found that overall of 322 patients (96%)
had achieved a sustained virological response 12 weeks
after the end of treatment [27].

The switch between various antiretroviral drugs can be
done to make DAA compatibility possible and to both
treat HCV infection and maintain HIV suppression with-
out compromising future events. The factors that need to
be considered are previous treatment history, antiretrovi-
ral treatment response(s), resistance profiles, and medi-
cation tolerance [28].
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An important issue in such special situation is that
both regimens must be cognizant of drug—drug interac-
tions to minimize negative effects and reduced efficacy.
Many HIV antiretroviral (ARV) medicines, such as efa-
virenz, etravirine, and nevirapine, are not suggested to be
used with DAAs (e.g., simeprevir, following fixed combi-
nation VEL/SOF, 3D, and EBR/GZR). Many antiretrovi-
ral medications used to treat HCV/HIV coinfections can
be safely used with sofosbuvir and the fixed combination
LDV/SOF [29].

HCV resistance to DAAs
Despite the high SVR implemented using DAAs, the
emergence of hepatitis C resistant variants, resulting
from mutations due to amino acid substitutions in the
viral target protein, remains challenging [30]. Drug-
resistant variants of hepatitis C exist naturally prior
contact to DAAs. Hepatitis C virus (HCV) attains high
replication capacity, which is estimated by ability of pro-
duction and clearance of 10 10-1012 virions/day and has
a short virion half-life of just 2—3 h together with prob-
able errors in the replication mechanism, predisposing to
the constant emergence of a great number of genetically
diverse variants that can be resistant to DAAs [31].
Resistance-associated variants (RAVs) are usually
detected in patients’ experienced virological break-
through. Meanwhile, they can vary from 53 to 91% in
patients with viral recurrence according to the treatment
regimen, the DAA used, and the duration of treatment
[32]. Clinically, short-term or ribavirin-free regimens and
poor adherence to treatment are risk factors for failure of
DAAs therapy [30]. In conclusion, using combination of
antiviral drugs with different mechanisms of action, high
genetic barrier to resistance, and without cross resistance
are the most effective method for preventing the emer-
gence of resistant variations [30].

HCV recurrence after liver transplantation (LT)

Treatment strategies for patients with HCV who under-
went LT were put on the waiting list to clear the virus
before LT to prevent the recurrent infection of the graft
after LT. Alternatively, the more commonly used strategy
that was to treat patients after LT who already had pro-
gressive or severe liver disease, hence aiming to achieve
the required SVR that was difficult to accomplish with
a dual therapy of PEG-IEN and RBV in both situations
because of a long duration of therapy, poor tolerability,
and low efficacy [33].

Previously, the IFN-based antiviral therapy was the
standard of care; this treatment showed higher serum
viral response rates at 12, 24, 48, and 72 weeks after the
initiation of treatment. Additionally, PEG-IFN plus RBV
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was more effective than PEG-IEN alone following OLT
[34].

Post-transplant treatment of HCV recurrence is cur-
rently centered on DAA agents; however, treatment
should be attempted only at centers with considerable
experience in the management of post-OLT patients.
Because of the significant drug—drug interactions with
paritaprevir/ritonavir/ombitasvir and dasabuvir regimen
and calcineurin inhibitors (cyclosporine and tacrolimus)
requiring dose reduction of the calcineurin inhibitor and
frequent monitoring, this regimen is reserved for patients
with genotype 1 recurrent HCV who need an alternative
to a fixed-dose of SOF and ledipasvir along with RBV [35,
36]. Treatment with DAAs offers a new hope for a large
category of patients, as they improve the outcomes and
decrease the chances of recurrence.

HCV in pregnant and lactating women

The prevalence of HCV among pregnant women ranged
from 0.1 to 8% in different countries and settings [37, 38].
Before the appearance of DAAs, the two cornerstones of
treatment were the IFN and RBV that showed teratogenic
and abortifacient side effects, which prevent their use in
the setting of pregnant and breastfeeding patients [39].
After the appearance of DAAs, the treatment of these
groups of patients were not recommended as there were
no large-scale clinical trials assessing the safety of DAAs
during pregnancy.

HCV in children

In the past, IFN-based regimens gave limited success
rates either in adults or children with genotype 1 or 4
infections. IFN and RBYV, in general, have specific toxic
effect on children (growth impairment) that are not
reported with DAA regimens [40].

Recently, DAA regimens are available for adolescents
who are 12 years and older. SVR was achieved by 98% of
patients in a multicenter open-label study of 100 adoles-
cents with persistent genotype 1 infection treated for 12
weeks with the adult formulation of ledipasvir—SOF. In
this population, the treatment regimen was safe and well-
tolerated, and the adult dose formulation produced phar-
macokinetic findings similar to those seen in adults [40].

Once daily dose of sofosbuvir/velpatasvir for 12 weeks
was studied for treatment of 173 pediatric patients aged
> 6 years with various genotypes, and in presence or
absence of cirrhosis, an overall SVR12 of > 92% was
achieved across genotypes [41]. This combination was
approved by the FDA for children aged > 6 years in
March 2020. Being pangenotypic, safe, and effective,
sofosbuvir/velpatasvir becomes the first choice for HCV
treatment in pediatric at least 6 years of age [35].
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HCV patients with tumors

HCC

During the era of IEN in the treatment of HCV, many
studies have found that SVR after IFN treatment had
decreased the incidence of HCC with increased survival
rates and reduced the recurrence risk of HCC after cura-
tive intervention [42]. The antitumor effect of IFN with
direct immunostimulatory effect could lower the risk of
HCC development after IFN treatment [43]. Following
HCC ablation or resection, IFN has been demonstrated
to enhance outcomes. Some studies have recommended
the use of IFN after the curative intervention of HCC
after 3—-6 months of HCC treatment. This intervention
could decrease the incidence and recurrence of new
HCC following IFN treatment [44]. DAAs are seen as a
crucial and difficult step in the management of HCC in
this modern era. Antiviral medication should be started
as soon as possible in individuals with HCC who are can-
didates for LT [45, 46]. Antiviral treatment can be started
before transplantation to prevent infection recurrence,
or it can be postponed until after transplantation, with a
higher chance of achieving a high SVR [47]. The timing
of starting DA As after intervention also remains debated.
However, there are some recommendations to wait for
6—12 months post-HCC interventions to start treatment
with DA As [48]. In contrast, multiple centers reported an
increased the HCC recurrence risk following the treat-
ment of HCV infection by DAAs regimen.

Others reported a reduction in the recurrence rate
significantly as compared to untreated persons. Never-
theless, the data about HCC recurrence after DAAs treat-
ment still present conflicting results [49].

Lymphoma

There is a strong association between HCV infection and
some types of B cell non-Hodgkin lymphomas (NHL),
mainly marginal zone lymphoma and aggressive diffuse
large B cell lymphoma (DLBCL) [50].

Antiviral treatment is effective for low-grade lympho-
mas. Early studies used IFN-a, but later studies used
PEGylated IFN with and without RBV for the treatment
of specific types of HCV-related lymphomas with excel-
lent results. An Italian study followed 704 HCV-posi-
tive patients with B-NHL between 1993 and 2009 at 39
centers. In total, 100 patients received either IFN-a or
PEGylated IEN alone or with RBV as the first-line ther-
apy. About 80% of patients achieved a clearance for HCV,
whereas 44% and 33% achieved complete and partial
remissions of B-NHL, respectively [51].

In the era of DAAs, many studies have demon-
strated highly encouraging results regarding lymphoma
regression after HCV clearance with DAAs. A recent
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international multicenter study involving 46 patients
with indolent NHL or chronic lymphocytic leukemia and
HCYV infection reported a higher efficacy of DAAs in that
setting. Most patients (n=39) were treated with a SOF-
based therapy, whereas seven patients received other reg-
imens with an excellent safety profile. SVR was achieved
in 98% of cases with lymphoproliferative disease response
(LDR) in 67% of cases [52]. Concurrent DAAs and rituxi-
mab, cyclophosphamide, doxorubicin, vincristine, and
prednisone treatment resulted in a feasible outcome
and may prevent the hepatic toxicity of immune-chem-
otherapy. Therefore, in indolent HCV-associated NHL,
DAAs, therapy may achieve a high LDR rate and should
be considered as the first-line therapy in patients with-
out the need for urgent treatment. In DLBCL-associated
HCV, the immediate delivery of DAAs may be recom-
mended in patients achieving a complete response after
first-line immunochemotherapy. However, in some cases,
especially those with severe hepatic toxicity, the use of
concurrent DAAs with immunochemotherapy may be
adopted [53].

Other extrahepatic tumors

Studies of anti-HCV therapy typically exclude patients
with cancer; therefore, the data available on HCV treat-
ment in patients with cancer are limited. DAA therapy
can be administered in patients with cancer alongside
bone marrow suppression without dose adjustments or
discontinuation, unlike IFN-based treatments. DAAs
should be offered for patients with HCV and cancer
unless there are contraindications such as uncontrolled
cancer, a life expectancy of fewer than 12 months, antici-
pated major drug—drug interaction, and/or known hyper-
sensitivity or intolerance to DAAs [54].

HCV in patients with comorbidities

Cardiovascular disease

HCYV eradication have been proven to exhibit favorable
cardiovascular outcomes by modifying the metabolic
risk factors. However, when IFN was the only available
treatment for HCV, many patients were ineligible for
treatment because of cardiac side effects. Cardiovas-
cular complications were reported in 18% of 194 Egyp-
tian patients with chronic HCV without pre-existing
cardiovascular disorders who were followed up for 6
months after being treated with PEGylated IFN/ribavi-
rin, wherein the left ventricular dysfunction and reduced
ejection fraction were the commonest adverse events
[55].

Given that the high safety and efficacy of DAAs encour-
age that chronic HCV and cardiac comorbidity should be
offered antiviral therapy expect those with a shorter life
expectancy [56]. Although data are still inadequate to
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assess the real-life outcomes of DAAs treatment in those
patients, a study reported a good safety profile of DAAs
on the right and left ventricular functions [57].

DAAs treatment in patients with cardiac diseases
requires special precautions to avoid drug—drug interac-
tions with antiarrhythmic drugs and statins. For example,
amiodarone is contraindicated if co-administered with
SOF for the risk of bradycardia [56].

As a result, the emergence of DAAs has provided sev-
eral advantages, such as short treatment duration, high
safety profile, and high rate of SVR (> 90%), to patients.
Additionally, DAAs were proved to be more efficient than
PEGylated IFN and RBV in lowering the incidence rates
of cardiovascular disease events [58, 59].

Renal diseases
The renal affection rests on the top of the list of extrahe-
patic HCV manifestations [60].

HCV-associated nephropathies

The commonest form of HCV-related nephropathy is
membranoproliferative glomerulonephritis, which is
commonly linked to essential mixed cryoglobulinemia
[60]. When PEGylated IFN/RBV was the standard-of-
care therapy, great problems had arisen because of the
serious side effects of IFN and the low SVR rates. The
advent of the new DAAs therapy has opened a new gate
of hope for this difficult-to-treat group of patients as this
treatment is very well-tolerated and associated with very
high rates of viral clearance. IFN- and RBV-free DAAs
regimens are recommended for the treatment of cryoglo-
bulinemia, according to the recent guidelines. A careful
monitoring of adverse events is mandatory [61].

HCV and kidney diseases

The incidence of HCV among patients with end stage
kidney disease ranges from 6 to 50% in developing coun-
tries [62]. Patients with HCV and chronic kidney disease
should be evaluated for DAAs therapy, and treatment
should be tailored according to the viral genotype, the
extent of liver disease, and the glomerular filtration rate
[63]. Patients with mild to moderate renal dysfunction
are treated according to the general recommendations
without any dose modifications. In patients with severe
renal dysfunction whose glomerular filtration rate is less
than 30 ml/min, SOF-containing regimens are unsafe as
its main route of excretion is via the kidneys; however,
some studies recently demonstrate the safe use of small
dose of sofosbuvir in patients with HCV-related severe
renal dysfunction [64]. Different SOF-free regimens are
recommended for this group of patients, for example
ritonavir-boosted paritaprevir/dasabuvir/ombitasvir for
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12 weeks , glecaprevir /pibrentasvir for 8—12 weeks or
elbasvir/grazoprevir for 12 weeks [65].

HCV and renal transplantation

HCV infection is associated with significant morbid-
ity and mortality in renal transplant recipients, which is
attributed to its hepatic and extrahepatic complications
[63]. The HCV-related hepatic injury may be increased
by immunosuppressive therapy. Therefore, it is rec-
ommended to treat all the patients undergoing renal
dialysis who are the candidates for renal transplanta-
tion to prevent graft dysfunction following interferon
therapy; moreover, it was proven that HCV eradication
prior transplant improves the post-transplant clinical
outcomes. Following introduction of DAAs therapy, it
became possible to treat HCV after renal transplantation
taking in consideration drug—drug interactions in the
post-transplant period [66].

In treatment-Naive with or without compensated
cirrhosis in all genotypes, it is recommended by the
AASLD-IDSA HCV guidelines to give 12-week course
of Sofosbuvir—velpatasvir, Sofosbuvir-ledipasvir, or
glecaprevir—pibrentasvir; however, in treatment-expe-
rienced patients, a 12-week regimen of Sofosbuvir—
voxilaprevir—velpatasvir with or without ribavirin is
recommended [67].

Pulmonary diseases

Previously, PEGylated IFN and RBV combination was the
only available treatment for HCV and its related compli-
cations; however, it was associated with the deleterious
pulmonary side effects such as interstitial pneumonitis
and consequently pulmonary hypertension; therefore,
IFN-a was declared by the European Society of Cardiol-
ogy (ESC) to be a probable cause of pulmonary hyper-
tension. The effects of DAAs therapy on pulmonary
hypertension are still unknown; however, some reports
showed that DA As therapy is neither associated with pul-
monary hypertension nor with right ventricular dysfunc-
tion [68]. Moreover, alveolar lavage in patients who had
completed DAAs therapy showed a marked reduction of
the inflammatory activity [69].

There are not sufficient research addressing the effect
of DAAs therapy on the pulmonary extrahepatic mani-
festations of HCV. Recently, in a study performed on a
number of patients receiving sofosbuvir—simeprevir—rib-
avirin regimen, they noticed that some of these patients
suffered from dyspnea and reported a single death owing
to the presence of extensive alveolar damage [70].

HCV in patients with diabetes
Studies conducted during the era of IFN therapy for
chronic HCV indicated a significant decline in fasting
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glucose and glycated hemoglobin (HbA1C) levels when
patients obtained SVR. Patients with persistent HCV
relapse did not experience this decline [71, 72]. IFN was
previously used in the HCV infection treatment with
a significant reduction of IR during the follow-up after
achieving SVR, which subsequently led to a decrease in
the frequency of DM in those patients [73].

In the era of DAAs, comparable improvements in
glycemic indices were achieved [74]. Multiple studies
revealed a reduction in the frequency of IR and DM after
the administration of DAAs [58, 73]. It is still debatable
if this good effect will last for a long period. To establish
the permanence of such a link, large prospective cohort
studies with an appropriate investigation of relevant con-
founding factors are still required.

Patients with extrahepatic manifestations of HCV
Neuropsychiatric manifestations

Chronic fatigue syndrome and depression are by far the
most commonly encountered neuropsychiatric manifesta-
tions of HCV. They significantly affect the patient’s qual-
ity of life. Furthermore, anti-HCV therapy is sometimes
associated with side effects affecting the patient’s qual-
ity of life and consequently, negative depressive feelings.
This observation was evident in the era of IFN therapy as
depression and suicidal attempts were very well-known
side effects of IFN. Thus, it is recommended to check
the patient’s mental health before treatment initiation
[75]. The novel DAAs have altered HCV treatment land-
scapes by ensuring higher success rates and by diminish-
ing the deleterious adverse events related to PEGylated
IEN regimens. Thus, it appears to be a promising and safe
treatment option for patients with neuropsychiatric mani-
festations, yet, the effect of treatment differs according to
the pattern of neurological involvement [75].

Immune-mediated extrahepatic manifestations

Apart from liver affection, chronic HCV infection is also
responsible for many extrahepatic implications of vari-
able etiology as shown of which a large proportion are
immune-mediated [76]. In recent years, there has been a
lot of interest in the link between systemic autoimmune
disorders and chronic HCV infection. Sjogren’s syn-
drome, rheumatoid arthritis, and systemic lupus erythe-
matosus are the most often reported diseases, accounting
for about half of all cases in the Mediterranean basin [77].
The presence of antinuclear antibodies with rheumatoid
factor and cryoglobulins were the most common immu-
nological characteristics in patients with SAD and HCV
infection [78]. For HCV-associated systemic autoim-
mune diseases, the SVR had no impact on the incidence.
Additionally, there is no conclusive evidence that antivi-
rals are beneficial to these people [79].
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Patients with dermatological manifestations

Among the extrahepatic manifestations of chronic HCYV,
dermatologic manifestations, which significantly increase
morbidity and the overall cost burden on the health care
system, are most prevalent [79]. Dermatologic adverse
events in HCV infection may result from the infection
per se or may be related to the administered medications.
Most, if not all, of the dermatologic manifestations, dis-
appear after viral clearance. However, INF-based therapy
was associated with dermatological complications. Real-
world experience with INF-free DAA regimens reported
decreased dermatological manifestations as compared to
INF-based regimens [80].

Cryoglobulinemia is the most prevalent extrahepatic
manifestations of HCV infection. Previously, the com-
bined antiviral interferon/ribavirin therapy was con-
sidered the first-line together with plasmapheresis,
immunosuppressive drugs, and/or rituximab in refrac-
tory cases [81].

In DAAs era, achieving SVR with triple therapy (inter-
feron/ribavirin/first generation DAA) was associated
with improvement in both clinical symptoms and serum
cryoglobulin measurements [3, 82]. Further studies sug-
gest that DAAs are effective therapy for cryoglobuline-
mia symptoms particularly with achievement of SVR
and should be the first-line therapy of HCV-induced
cryoglobulinemia, meanwhile plasmapheresis, immune-
suppressive drugs, and/or rituximab could be saved for
refractory patients [83].

Concerning HCV-associated mixed cryoglobulinemic
vasculitis, IFN-based therapy was found to be the most
effective when combined with rituximab. Though INF-
free DA As assure high SVR rates, the clinical data of their
efficacy in patients with HCV-associated cryoglobuline-
mic vasculitis are disappointing, possibly because of their
inability to suppress the immune-mediated process once
it has been induced [84].

Lichen Planus (LP) is one of the first dermatological
derangements associated with chronic HCV infection
[85]. Psoriasis, another chronic inflammatory skin dis-
ease, has been stated in patients with HCV, especially
with IFN-based HCV therapy [86]. However, the clini-
cal outcomes of psoriasis symptoms has been promising
after treatment with DA As [87]. The most prevalent form
of porphyria is porphyria cutanea tarda (PCT), which is
caused by a decrease in the activity of uroporphyrino-
gen decarboxylase in hepatocytes [88]. The prevalence of
HCYV RNA positivity was reported as 50% among patients
with PCT in an extensive systematic review [89]. Because
RBV is known to produce hemolytic anemia, combined
INE/RBV therapy may aggravate or generate PCT in pre-
disposed patients, increasing hepatic iron overload and
progressing to clinically evident PCT. DAAs-based HCV

Page 7 of 11

therapy, unlike INF/HBV HCV therapy, could be safe,
effective, and not associated with the onset or worsening
of PCT when associated with hepatitis C [90].

Summary

The treatment of acute HCV infection in the era of DAAs
using DAA combinations offers a shorter duration of
treatment, good tolerability and higher SVR than PEG-
INE. In HBV/HCV coinfection, HCV treatment should
be started by DAAs as soon as possible after a full-HBV
assessment for the eligibility of treatment. In addition to
a regular follow-up of the HBV was recommended after
HCV eradication to immediately start treatment when
indicated. Moreover, the rate of HCV SVR achieved by
the DAAs therapy in patients with HCV/HIV was com-
parable to patients not infected with HCV. However, we
should select the DAAs regimen and adjust the dose to
avoid drug—drug interactions with antiretroviral drugs
taken by each patient.

On the contrary of PEG-INF-based regimens, some
DAA regimens (SOF/LED-SOF/REB) were proved to be
safe and well-tolerated in adolescent aged 12-18 years
with a high SVR rate; therefore, drugs will be available
for children aged 3-11 years. Owing to the low tolerabil-
ity and poor efficacy of PEG-INF/REB in patients with
severe progressive liver diseases that listed for LT, HCV
treatment for most patients was deferred to post-trans-
plantation. DAAs treatment provides a new hope for this
large category of patients, either by pretransplant HCV
eradication to avoid post-transplant recurrence or even
in the case of post-transplantation as it is effective and
well-tolerated. Now, it is almost clear that the eradication
of HCV by DAAs lowers the incidence of HCC, especially
in high-risk patients with cirrhosis and post-HCV, who
were difficult to be treated before and during the IFN
era. However, its role in preventing or increasing HCC
recurrence is still debatable and needs further research.
Table 1 summarizes the differences in treatment deci-
sions for some HCV special population groups between
interferon era and after DA As evolution.

The novel DAAs have altered HCV treatment land-
scapes by ensuring higher success rates and diminish-
ing the injurious adverse events related to PEGylated
IEN regimens in many special groups of patients such
as those with extrahepatic manifestations of HCV. It
also opened a new gate of hope for patients with con-
comitant comorbidities such as chronic kidney dis-
eases either with or without dialysis. Also, patients
with chronic HCV and cardiac comorbidity offers more
compliance, higher SVR, and generally better outcomes
than IFN-based therapy, but significant efforts should
be made to avoid drug—drug interactions and conduct
a close monitoring of such multi-medicated patients.
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Table 1 Summary of the treatment difference of some special groups of patients during the interferon era and after DAAs evolution

Patients’ group

Treatment during interferon era

Treatment after DAAs evolution

1 Acute HCV

2 Chronic HCV with decompensated cirrhosis
3 Chronic HCV-HBV coinfection

4 Chronic HCV-HIV coinfection

5 HCV in pregnant and lactating women
6 HCVin children

7 HCV recurrence after liver transplantation
8 HCV with hepatocellular carcinoma

9 HCV with lymphoma
10 HCV with cardiovascular diseases

11 HCV with renal diseases

12 HCV with interstitial pulmonary diseases
13 HCV with diabetes mellitus

14 Patients with extrahepatic neuropsychiatric

Recommended with reasonable cost-effective
issue.

Not recommended

Recommended with lower efficacy of HCV
and higher probability of HBV reactivation

Infrequently used with limited efficacy and
high incidence of serious adverse events

Contraindicated
Contraindicated

Usually, intolerable with low efficacy

Recommended, decreasing HCC incidence
and recurrence

Recommended with good results

Could be recommended with close co-
monitoring by Cardiologist

Not recommended

Not recommended
Recommended with good outcome

Not recommended

Recommended with more efficacy, better toler-
ability, and shorter duration.

Recommended in special LT centers with close
patients'monitoring.

Recommended with higher efficacy of HCV and
lower probability of HBV reactivation

Recommended with tailored regimen to avoid
only drug—drug interaction

Contraindicated
Available for adolescent (> 12 years old)

Recommended with better tolerability and high
efficacy

Recommended, decreasing HCC incidence but
debates on their role in HCC recurrence

Recommended with better results
Recommended with better tolerability

Recommended with good tolerability and
outcome

Data insufficient

Recommended with good outcome and better
tolerability

Recommended

manifestations of HCV

15  Patients with extrahepatic immune-mediated  Not recommended

manifestations of HCV

16  Patients with extrahepatic dermatological Not recommended

manifestations of HCV

Recommended with better tolerability and
outcome

Recommended with better tolerability and
outcome

However, patients with interstitial pulmonary fibrosis,
it was declared by ESC that INF leads to pulmonary
hypertension; however, it was not clear that DAAs may
be associated with pulmonary hypertension. Thus, it
seems to be a promising and safe treating option for
patients with immune-mediated extrahepatic, neu-
ropsychiatric as well as dermatological manifestations.
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