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Abstract: The introduction of direct-acting antiviral agents (DAAs) into clinical practice has rev-
olutionized the therapeutic approach to patients with chronic hepatitis C virus (HCV) infection.
According to the most recent guidelines, the first line of treatment for HCV infection involves the
use of one of three pan-genotypic DAA combinations, sofosbuvir/velpatasvir (SOF/VEL), glecapre-
vir/pibrentasvir (GLE/PIB), and sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX). These drugs
have been shown to be effective and safe in numerous clinical trials and real-world studies, but
special populations have been neglected. Among the special populations to be treated are elderly
patients, whose numbers are increasing in clinical practice. The management of these patients can
be challenging, in particular due to multiple comorbidities, polypharmacotherapy, and potential
drug–drug interactions. This narrative review aims to summarize the current scientific evidence on
the efficacy and safety of DAAs in the elderly population, both in clinical trials and in real-life settings.
Although there is still a paucity of real-world data and no clinical trials have yet been conducted in
the population aged ≥ 75 years old, some considerations about the efficacy and safety of DAAs in the
elderly can be made based on the results of these studies. The pan-genotypic associations of DAAs
appear to be as efficacious and safe in the elderly population as in the general population; this is both
in terms of similar sustained virologic response (SVR) rates and similar frequencies of adverse events
(AEs). However, further studies specifically involving this patient population would be necessary to
confirm this evidence.

Keywords: HCV; antiviral therapy; elderly; drug–drug interactions; special populations

1. Introduction

The global prevalence of hepatitis C virus (HCV) infection is estimated to be about 0.7%
of the world’s population, corresponding to 56.8 million infections, with new serosurveillance
and treatment helping to reduce the burden of the disease [1]. However, HCV infection
remains a leading cause of cirrhosis, hepatocellular carcinoma (HCC), liver transplantation,
and liver-related mortality, with many people unaware of their status [2]. Another important
feature of HCV infection is extra-hepatic manifestations, such as non-Hodgkin’s lymphoma,
cardiovascular disease, mixed cryoglobulinemia, and neurological and psychiatric disor-
ders [3]. HCV infection disproportionately affects different generations, with an important
peak among people born between 1945 and 1965 (the “baby boomer” generation), who are
now entering their seventh and eighth decades of life [4]. Older patients are more likely to
be infected with genotype 1b than younger patients, where the predominant genotypes are
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1a and 3. Interestingly, in the “baby boomer” generation, older cohort members (1946–1955)
have a higher probability of HCV genotype 1b infection, while younger ones have a higher
likelihood of genotypes 1a and 3 [5]. In terms of liver damage, HCV infection is commonly
associated with a regular progression of fibrosis. Factors associated with accelerated fibro-
sis include alcohol consumption, male sex, and increasing age. No strong association with
viral genotypes has been described [6–8]. Before the era of direct-acting antivirals (DAAs),
the treatment of HCV infection was based on the use of pegylated interferon (PegIFN) and
ribavirin (RBV). PegIFN is associated with many adverse effects, which are even more rel-
evant and severe in elderly patients. In addition, the increased number of comorbidities in
these patients often prevented them from receiving this therapy [9]. Consequently, age is an
important contraindication to IFN-based regimens, because it is also associated with higher
rates of drug discontinuation and reduced sustained virological response (SVR) rates [10].
The approval of DAAs has radically changed the management of HCV, making it possible to
treat the vast majority of patients and achieve SVR rates of over 90%, even in difficult-to-treat
populations [11]. Today, the most commonly used DAAs in clinical practice are the first-line
combinations sofosbuvir/velpatasvir (SOF/VEL) and glecaprevir/pibrentasvir (GLE/PIB),
and the second-line combination sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX), all
of which are pan-genotypic [12]. The first combination consists of a non-structural protein
5B (NS5B) inhibitor (sofosbuvir) and an NS5A inhibitor (velpatasvir); the second consists of
an NS3/4A protease inhibitor (glecaprevir) and an NS5A inhibitor (pibrentasvir); the last
combines sofosbuvir and velpatasvir with the protease inhibitor voxilaprevir [13–15]. DAAs
are associated with several potential drug–drug interactions (DDIs), which may result in either
decreased DAA concentrations and a consequent loss of efficacy, or increased levels of both
DAAs and co-medications, which may lead to drug toxicity. Older patients have higher rates
of polypharmacy, making the management of HCV infection in this subgroup of patients more
challenging. It is therefore imperative to conduct a thorough risk assessment for DDIs prior to
initiating therapy for HCV infection [16]. Statins and antipsychotics are the most commonly
prescribed co-medications that present DDIs with DAAs, and this is often managed through
dose adjustments or temporary discontinuation. Interestingly, the overall higher pill burden
does not appear to affect the achievement of SVR [17,18]. Moreover, considering the World
Health Organization’s current goal of HCV elimination by 2030, towards which only a few
countries are actually on course, the treatment of C virus infection in elderly patients is a key
issue [1]. In this review, we discuss the use of DAAs in elderly patients, focusing on the cur-
rently available data from both clinical trials and real-world studies, evaluating their efficacy
in achieving SVR, their safety profile, and the benefits of treating this specific population.

2. Methods

A literature search was conducted on PubMed for articles published in the last two
decades, from 1 January 2003 to 1 June 2023, using the keywords HCV, hepatitis C virus, antivi-
ral therapy, direct-acting antivirals, elderly, geriatric, sofosbuvir/velpatasvir (SOF/VEL), gle-
caprevir/pibrentasvir (GLE/PIB), and sofosbuvir/velpatasvir/voxilaprevir (SOF/VEL/VOX).

3. Efficacy and Safety

There are no clinical trials specifically evaluating the use of DAAs in the elderly popula-
tion, and most data are based on a real-world studies with small and heterogeneous cohorts
(Table 1). A study evaluating the safety and efficacy of DAAs in 170 HCV-infected patients
aged 80 years or older (mean age 82.3 years, range 80–90), reported an SVR rate of 98.8%
(168/170), with no difference in efficacy between the different DAA regimens used (sofosbuvir-
based regimens used in 55.9% of patients, GLE/PIB in 25.3%, elbasvir/grazoprevir (EBR/GZR)
in 14.1%, ombitasvir/paritaprevir/ritonavir (OMB/PAR/RTV) ± dasabuvir (DAS) in 4.7%).
DAA-based regimens were also shown to be safe, with 45 patients (26.5%) reporting mild
adverse events (AEs) and only two patients reporting serious non-treatment-related AEs [19].
Similar data were reported in another study evaluating the efficacy and safety of DAA-based
regimens in 138 patients aged 70 years or older (mean age 77 years, range 70–95). Sofosbuvir-
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based regimens were used in 49.4% of patients, EBR/GZR in 25.3%, GLE/PIB in 24.6%, and
OMB/PAR/RTV + DAS in 0.7%. Although more common than in the previous study, reported
by 37% of patients, the AEs were mostly mild, the most common being nausea (11%) and
asthenia (16%), with only two patients experiencing severe AEs due to DDIs. An overall SVR
of 94.2% (130/138) and 98.4% (130/132) was observed in the ITT and PP analyses, respectively.
Five patients did not achieve SVR: one patient discontinued treatment due to a serious AE (a
76-year-old cirrhotic man with diverticular bleeding), three patients died during follow-up,
and only one patient had a virological relapse, a 74-year-old cirrhotic man. A subsequent
sub-analysis of the compared patients aged ≥ 80 years and patients aged < 80 years found no
statistically significant difference in either their baseline characteristics or treatment outcome,
with no differences in the incidence of AEs (p = 0.60) or treatment efficacy (p = 0.20) [20]. With
the advent of pan-genotypic DAAs, international guidelines have recommended their use for
the treatment of all HCV-infected patients [12,21]. SOF/VEL, GLE/PIB, and SOF/VEL/VOX
are the main drug combinations currently used worldwide because they have few DDIs, do
not require treatment monitoring, and are effective in inducing SVR across all HCV genotypes.
Numerous clinical trials have demonstrated their efficacy in the vast majority of patients,
and these data have been confirmed in real-world observational studies. However, there is
currently a paucity of data on the use of these regimens in specific subpopulations, including
elderly patients.

4. Clinical Trials

To our knowledge, no clinical trials have focused on patients aged ≥ 75 years, and
the elderly population was usually under-represented in most trials, although old age was
never an exclusion criterion.

4.1. Sofosbuvir/Velpatasvir

The ASTRAL-1, ASTRAL-2, and ASTRAL-3 pivotal trials demonstrated an excellent
clinical response to SOF/VEL treatment, with an overall SVR ≥ 95% in the ITT analysis
(99% (618/624), 99% (133/134), and 95% (264/277) in ASTRAL-1, ASTRAL-2, and ASTRAL-
3, respectively). Although patients aged ≥ 75 were under-represented, it is important to
note that no patient older than 70 years failed to achieve SVR. The safety data were also
reassuring, as the most common adverse events were mild (fatigue, headache, nasopharyn-
gitis, and nausea) and led to the premature discontinuation of treatment in only one patient
in ASTRAL-1 (a 52-year-old man who experienced an anxiety attack), and one patient in
ASTRAL-2 (a 57-year-old man who experienced an anxiety attack after receiving a dose
of the study drug). More importantly, in ASTRAL-1, there was no significant difference
found in the AE rates between the SOF/VEL and the placebo groups (78% and 77%, re-
spectively) [22,23], and treatment with SOF/VEL was associated with an improvement in
quality of life in all patients, including the elderly [24,25]. These data have been confirmed
in subsequent studies. An African single-arm prospective study evaluated the response to
12 weeks of SOF/VEL in a predominately GT4-infected African population. The median
age was 64 years (IQR 51–74). SVR was achieved in 59 of 61 patients, with an SVR of 97%
(95%, CI 89–99) in the ITT analysis. Only two patients did not achieve SVR: a 46-year-old
non-cirrhotic woman infected with GT4r with three NS5A resistance-associated substi-
tutions and one NS5B resistance-associated substitution, and a 51-year-old non-cirrhotic
man infected with GT4 with two NS5A resistance-associated substitutions. In the study,
59 (97%) patients reported at least one mild AE, the most common being hypertension
(39%), headache (30%), dizziness (20%), abdominal pain (18%), and arthralgia (16%), while
18 (30%) patients reported moderate to severe AEs, although none of the severe AEs were
related to the study drug [26]. More clinical trials are available in the literature, but few
tend to include older patients. For example, no patients older than 75 years were enrolled in
ASTRAL-4 or ASTRAL-5 [27], and in an Indian study evaluating the efficacy of SOF/VEL,
only 7 (5%) of 129 patients were aged ≥ 65 years [28].
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4.2. Sofosbuvir/Velpatasvir/Voxilaprevir

POLARIS-1, POLARIS-2, POLARIS-3, and POLARIS-4, the pivotal studies for
SOF/VEL/VOX, all included patients aged ≥ 75 years. In POLARIS-1, SOF/VEL/VOX
was administered for 12 weeks and the SVR rate was compared to a matched placebo
group consisting of GT1-infected patients previously treated with a regimen containing an
NS5A inhibitor. The mean age of the treatment arm was 58 years (range 27–84). Overall,
the SVR rate in the treatment arm was 96% (253/263) in the ITT analysis, and of the ten
patients who did not achieve SVR, none were ≥ 70 years of age. In POLARIS-4, which
compared SOF/VEL/VOX with SOF/VEL in patients with GT1, GT2, and GT3 infection
previously treated with a DAA regimen but not an NS5A inhibitor, an overall SVR of 98%
(178/182) was observed in the SOF/VEL/VOX arm, with only one virologic failure, a
62-year-old cirrhotic man with GT2 infection. Interestingly, a subgroup analysis showed
a slightly higher SVR in patients aged ≥ 65, although the difference was not statistically
significant [29]. Similar results were reported in POLARIS-2 and POLARIS-3, with an SVR
in the ITT analysis of 95% (477/501) in a population with a mean age of 53 years (range
18–78) and an SVR of 96% (106/110) in a population with a mean age of 54 years (range
25–75), respectively. As in POLARIS-1 and POLARIS-4, the SVR rates in POLARIS-3 were
higher in patients aged ≥ 65, though were still not statistically significant [30]. Regarding
safety, 78% of patients receiving SOF/VEL/VOX in POLARIS-1 experienced an AE com-
pared to 70% of patients receiving the placebo. The most common AEs in the treatment
arm were headache (25%), fatigue (21%), diarrhoea (18%), and nausea (14%), the same as in
the placebo group. One patient who received SOF/VEL/VOX in POLARIS-1, a 59-year-old
woman, and three patients in the placebo group discontinued treatment prematurely due
to AEs. No patient receiving SOF/VEL/VOX in POLARIS-2, POLARIS-3, or POLARIS-4
discontinued treatment due to AEs. Despite the large number of studies evaluating the
efficacy and safety of SOF/VEL/VOX in addition to the POLARIS trials, the majority of the
study populations did not exceed 75 years of age [31–33].

4.3. Glecaprevir/Pibrentasvir

In the ENDURANCE-1 study, GT1-infected non-cirrhotic patients were divided into
two arms and treated with GLE/PIB for 8 and 12 weeks. The median age of the first arm
was 53 years (range 19–84), while the median age of the second arm was 52 years (range
21–77). The SVR rate in the ITT analysis was 99.1% (348/351) in the 8-week arm and 99.7%
(351/352) in the 12-week arm, while the SVR rate in the PP analysis was 100% regardless of
the treatment duration. The safety profile of GLE/PIB was similar in patients treated for 8 or
12 weeks, with the most common AEs (occurring in at least 10% of patients) being headache,
pruritus, and fatigue. Serious AEs were reported in 1% to 2% of patients in each treatment
group; none were considered to be related to the study drug [34]. These promising data
were further underscored in the CERTAIN-1 study, a multicentre, open-label, phase 3 study
evaluating the safety and efficacy of GLE/PIB in GT1-infected Japanese patients with and
without cirrhosis. The median age was 64 years (range 21–86) in the non-cirrhotic arm
treated with 8 weeks of GLE/PIB, and 73 years (range 48–85) for the cirrhotic arm treated
with 12 weeks of GLE/PIB; interestingly, the elderly population was well represented,
with patients ≥ 75 years of age accounting for 20% (26/129) and 42% (16/38) of the study
population in the non-cirrhotic and cirrhotic arms, respectively. All patients in both arms
achieved SVR, with only one patient in the 8-week arm lost to follow-up after achieving
SVR at 4 weeks after the end of treatment. In both arms, 60% of patients experienced
AEs, with 23% and 18% of AEs in the non-cirrhotic and cirrhotic arms, respectively, being
considered drug-related. Despite this, no serious AEs were reported and no patients
discontinued treatment prematurely due to AEs [35]. The high SVR rates achieved with
GLE/PIB in GT1-infected patients have also been confirmed in other genotypes. For
example, in CERTAIN-2, GT2-infected non-cirrhotic Japanese patients achieved SVRs of
97.8% (88/90) and 100% in the ITT and PP analyses, respectively, with one patient lost
to follow-up and one patient discontinuing treatment due to nausea and vomiting. The
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median age of the population was 57 years (range 26–83), with 10 patients (11%) over
the age of 75 [36]. In EXPEDITION-1, GT1-, GT2-, GT4-, GT5-, and GT6-infected patients
with compensated cirrhosis and a mean age of 60 years (range 26–88) achieved an SVR of
99% (145/146), with only one relapse on post-treatment, a GT1a-infected patient with a
history of non-response to pegylated IFN plus ribavirin [37]. These data are reassuring, but
although there are numerous clinical trials validating the efficacy and safety of GLE/PIB,
older patients remain an under-represented category, as they are usually a clear minority
or not included in the study at all [38–41].

5. Real-World Data

Real-world data are critical to understanding treatment efficacy and safety in everyday
clinical practice, particularly in patient populations that may be excluded from or under-
represented in clinical trials, such as older patients.

5.1. Sofosbuvir/Velpatasvir

In the real world, sofosbuvir-based regimens have been shown to be effective and
safe in the elderly [19,20]. A Taiwanese observational study evaluated the safety and
efficacy of SOF/VEL and GLE/PIB, which were examined in a population of 1356 patients
(614 treated with SOF/VEL and 742 with GLE/PIB) with a mean age of 63.31 ± 14.24 years
for the SOF/VEL arm and 62.12 ± 12.95 years for the GLE/PIB arm. The SVR rates of the
GLE/PIB and SOF/VEL arms were 98.9% (710/718) and 99.5% (581/584), respectively, in
the PP analysis, and 95.7% (710/742) and 94.6% (581/614), respectively, in the ITT analysis.
All patients older than 70 years achieved SVR (215/215) in the SOF/VEL arm, while the
SVR rate in the GLE/PIB arm was 99.1% (210/212). In terms of safety, the vast majority of
AEs were mild to moderate, with the most common in the GLE/PIB and SOF/VEL groups
being pruritus (17.4% vs. 2.9%), abdominal discomfort (5.8% vs. 4.4%), dizziness (4.2%
vs. 2%), fatigue (3.1% vs. 2.9%), and elevation of total bilirubin to 1.5–3 × ULN (5.3% vs.
2.9%) [42]. SOF/VEL was also effective in patients with decompensated cirrhosis (defined
as a Child–Pugh score grade B or C): a Japanese study evaluating SVR in patients with
decompensated cirrhosis showed an SVR of 92.2% (59/64) with a 95% CI of 82.7–97.4 via
PP analysis, and a subgroup analysis showed no significant difference between SVR rates
in patients younger than 75 years and patients ≥ 75 years of age (p = 0.341), with SVRs of
95.1% (39/41) and 87.0% (20/23), respectively [43], while another study, with a population
equally divided between younger and older patients (mean age of 68 years, range 40–87)
with decompensated cirrhosis, showed an SVR of 90.2% (74/82) in an ITT analysis [44].

5.2. Sofosbuvir/Velpatasvir/Voxilaprevir

Few real-world studies evaluating the response to SOF/VEL/VOX are currently
available [45,46], and few data are available in the elderly population. A retrospective,
longitudinal, multicentric, real-life study evaluated SVR rates in 179 patients treated with
SOF/VEL/VOX for 12 weeks; the median age was 57 years (range 18–88). In the ITT
analysis, 162/179 patients (91%) achieved SVR, with no statistically significant difference
(p = 0.78) between the age of the group that did not achieve SVR (seven patients, median
age 55 years (range 50–73)) and the group that did (162 patients, median age 57 years
(range 18–88)). Although not statistically significant, it is interesting to note that all patients
aged ≥ 75 years of age achieved SVR. Overall, SOF/VEL/VOX was also safe, with 28 pa-
tients (16%) experiencing drug-related AEs of mild to moderate severity, the most common
of which were fatigue (6%), hyperbilirubinemia (6%), and anaemia (3%). Eleven (6%)
serious AEs occurred in eight patients, none of which were considered drug-related [13].
Another study evaluated the efficacy of SOF/VEL/VOX in treatment-experienced patients,
including 490 with GT1 (219 (44.7%) ≥ 65 years), 20 with GT2 (10 (50%) ≥ 65 years),
51 with GT3 (10 (19.6%) ≥ 65 years), and 12 with GT4 (five (41.7%) ≥ 65 years). Patients
aged ≥ 65 years of age achieved an SVR of 90.0% (190/211) and 94.8% (184/194) in the
GT1 group, 90.0% (9/10) and 88.9% (8/9) in the GT2 group, 100.0% (7/7) and 100.0% (7/7)
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in the GT3 group, and 100.0% (5/5) and 100.0% (5/5) in the GT4 group in the ITT and PP
analyses, respectively, with no significant difference between the 55–66 years group and
the <55 years group [47]. Further studies are needed to confirm the efficacy and safety of
SOF/VEL/VOX in the population aged ≥ 75 years.

5.3. Glecaprevir/Pibrentasvir

Real-world data confirmed the high SVR rates and overall safety of GLE/PIB observed
in clinical trials [48]. The MARS post-marketing observational study evaluated GLE/PIB in
a large population of Italian patients (337 at baseline, 321 with SVR available at study end).
The SVR rate was 99.4% (319/321), with a 77-year-old cirrhotic man with a relapsing GT3
infection and an 84-year-old non-cirrhotic woman who discontinued therapy early due to
nausea being the only patients who did not achieve SVR. Similar results were reported in
the elderly subpopulations, with an SVR rate of 98.1% in patients aged ≥ 65 years. In terms
of safety, 18/337 patients (5.3%) had AEs that were reasonably related to the study drug,
of which two (both < 75 years) had AEs of grade ≥ 3 severity (0.6%) [49]. Only one study
identified age at treatment (p = 0.031) as a baseline clinical factor discriminating between
treatment success and treatment failure; specifically, older patients appear to have a greater
chance of benefiting from GLE/PIB treatment [50]. This was not confirmed in subsequent
studies, where SVR rates were not statistically correlated with age at treatment [15,51].
Few specifically designed studies have reported the efficacy and safety of GLE/PIB in the
elderly population, mainly from Europe and Asia. A multicentric, retrospective study from
Japan [52] evaluated the virological response and safety of GLE/PIB in younger (<75 years)
and older (≥75 years) patients infected with GT 1 and GT2 (only one patient aged < 75 years
had GT 3). Patients with decompensated liver cirrhosis and active hepatocellular carcinoma
(HCC) were excluded from the study. The study showed no significant difference in
response between the two groups, with SVR rates of 95.8% and 98.6% in the older group
and of 92% and 98.9% in the younger group, respectively, based on ITT and PP analyses. Of
the three patients who did not achieve SVR, only one was in the older group, a 75-year-old
woman with GT2a infection who had a virologic relapse. There were no severe AEs, but four
patients discontinued treatment due to AEs; all of them were in the younger group. These
data were a further confirmation of the results of two previous Japanese studies [53,54]. In
both studies, the response to treatment was evaluated in younger (<75 years) and older
(≥75 years) patients and no significant differences were found: in particular, in the first
study, the SVR rates were 96.8% (241/249) and 99.6% (237/238) in the younger group and
98.3% (56/59) and 100% (56/56) in the older group in the ITT and PP analyses, respectively.
Moreover, even when taking into account parameters such as the presence of compensated
cirrhosis (SVR 94% in the younger group vs. 94.4% in the older group in the ITT analysis),
different genotypes (SVR 96.6% and 96.9% in the younger group vs. 100% and 96.6% in
the older group in the ITT analysis for GT1 and GT2, respectively), prior DAA treatment
(SVR 94.4% in the younger group vs. 100% in the older group in the ITT analysis), or severe
chronic kidney disease (SVR 100% in the younger group vs. 100% in the older group in the
ITT analysis), a difference could not be found. Regarding safety, although the incidence
of pruritus was lower in the younger group, the rates of grade ≥ 3 adverse events and
other adverse events were not significantly different between the two groups. Outside
Asia, a recent multicentric Italian study retrospectively evaluated the efficacy and safety of
GLE/PIB in a population aged ≥ 75 years [55]. Treatment with GLE/PIB achieved SVR
rates of 97.9% (558/570) and 99.6% (558/560) in the ITT and PP analyses, respectively. In
addition, there were no safety concerns, with only 10 (2%) patients discontinuing treatment
prematurely and 48 (8%) patients experiencing AEs. In addition, SVR rates were not
significantly influenced by gender, treatment duration, prior IFN-based therapy, or the
presence of liver cirrhosis. Similar results were reported in another recent study that showed
no significant difference between the older (≥65 years) and the younger group treated with
GLE/PIB, with SVR rates of 97.3% and 97.9% in the ITT analysis, respectively [56].
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Table 1. Summary table of the main studies reported in this review. GT, genotype; SVR, sustained virologic response; ITT, intention to treat; PP, per protocol;
AE/SAE, adverse events/severe adverse events; CI, confidence interval; SOF/VEL, sofosbuvir/velpatasvir; SOF/VEL/VOX, sofosbuvir/velpatasvir/voxilaprevir;
GLE/PIB, glecaprevir/pibrentasvir. * failure was reported only in patients < 75 years old.

Drug Study GT Number of Patients Mean Age
Number of

Patients
≥ 75 Years

SVR by ITT SVR in Patients
≥ 75 Years

Discontinuation
Due to AE/SAE

Clinical trials

SOF/VEL

ASTRAL-1 [22] 1, 2, 4, 5, 6 624 54 years
(range 18–82) Not available 99% (618/624) 100% * 1 (52 year old)

ASTRAL-2 [22] 2 134 57 years
(range 26–81) Not available 99% (133/134) 100% * 1 (57 year old)

ASTRAL-3 [23] 3 277 49 years
(range 21–76) Not available 95% (264/277) 100% * 0

SHARED-3 [26] 4 61 64 years
(range 51–74) Not available 97% (59/61) 100% * 2 (46 year old and

51 year old)

SOF/VEL/VOX

POLARIS-1 [29] 1, 2, 3, 4, 5, 6 263 58 years
(range 27–84) Not available 96% (253/263) 100% * 1 (59 year old)

POLARIS-2 [30] 1, 2, 3, 4, 5, 6 501 53 years
(range 18–78) Not available 95% (477/501) 100% * 0

POLARIS-3 [30] 3 110 54 years
(range 25–75) Not available 96% (106/110) 100% * 0

POLARIS-4 [29] 1, 2, 3, 4 182 57 years
(range 24–85) Not available 98% (178/182) 100% * 0

GLE/PIB

ENDURANCE-1 [34] 1

351—8-week arm 53 years
(range 19–84)

Not available
99.1% (348/351)

Age not available
1 (age not

available)—
12-week arm352—12-week arm 52 years

(range 21–77) 99.7% (351/352)

CERTAIN-1 [35] 1

129—non-cirrhotic
arm treated for

8 weeks

64 years
(range 21–86) 20% (26/129 99% (128/129) 100% * 0

38—cirrhotic arm
treated for 12 weeks

73 years
(range 48–85) 42% (16/38) 100% 100% * 1 (age not

available)
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Table 1. Cont.

Drug Study GT Number of Patients Mean Age
Number of

Patients
≥ 75 Years

SVR by ITT SVR in Patients
≥ 75 Years

Discontinuation
Due to AE/SAE

GLE/PIB
CERTAIN-2 [36] 2

90—non-cirrhotic
arm treated for

8 weeks

57 years
(range 26–83) 11% (10/90) 97.8% (88/90) 100 * 1 (age not

available)

18—cirrhotic arm
treated for 12 weeks

70 years
(range 49–85) 33% (6/18) 100% 100 * 1 (age not

available)

EXPEDITION-1 [37] 1, 2, 4, 5, 6 146 60 years
(range 26–88) Not available SVR 99%

(145/146) 100 * 0

Real world data

SOF/VEL

Chang et al. [42] 1, 2, 3, 6 614 63.31 ± 14.24
years

35% (215, ≥ 70
years old) 94.6% (581/614) 100% 0

Tada et al. [43] 1, 2 65 69 years old
(range 60–79) 35.9% (23) 92.2% (59/64)

(PP analysis) 87.0% (20/23) 0

SOF/VEL/VOX Degasperi et al. [13] 1, 2, 3, 4 179 57 years
(range 18–88) Not available 91% (162/179) 100% * 0

GLE/PIB

Chang et al. [42] 1, 2, 3, 6 742 62.12 ± 12.95 28.6% (212,
≥70 years old) 95.7% (710/742) 99.1% (210/212) 5 (age not

available)

MARS
post-marketing

trial [49]
1, 2, 3, 4, 5, 6 334 56 years

(range 19–87)
32.3% (108,

≥ 65 years old)
99.4% (319/321)

(PP analysis)
98.1% (105/108)

(PP analysis) 1 (84 year old)

Komaki et al. [52] 1, 2, 3 271 65 years
(range 26–88) 26.5% (72) 92% 95.8% 4 (all 4 patients

< 75 years old)

Watanabe et al. [53] 1, 2, 3 308 65 years
(range 26–96) 19.6% (59) 96.8% (241/249) 98.3% (56/59) 10 (3 patients

< 75 years old)

Pugliese et al. [55] 1, 2, 3, 4, 5, 6 570 80 years
(range 75–97) 100% (570) - 97.9% (558/570) 10
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6. Prognostic Benefit of SVR

Achieving SVR is the main goal of HCV treatment. In patients with mild to moderate
fibrosis, HCV eradication stops the progression of liver damage and prevents the risk of
HCV transmission, allowing the patient to be discharged from further follow-up [57]. In
patients with advanced liver fibrosis or cirrhosis, the risk of HCC, liver decompensation,
and all-cause mortality is lower with HCV eradication therapy compared to with no treat-
ment [57,58]. However, in patients who achieve SVR and have advanced liver disease,
the risk of death is independently associated with the severity of the liver disease. This
association explains why, in this subgroup of patients, SVR appears to have less impact on
liver-related death than in patients with mild or moderate fibrosis [59]. Achieving SVR is
associated with significant improvements in liver function tests and transaminases. The
improvement in liver function is mainly achieved in the first two years after SVR. Decreases
in alpha-fetoprotein levels, as well as increased platelet counts and albumin levels, are also
well described after eradication therapy [57,60,61]. Re-evaluation with transient elastog-
raphy one year after achieving SVR shows a significant reduction in liver stiffness (LS),
which is even greater in cirrhotic patients. However, subsequent assessments at longer time
intervals do not show further improvements in cirrhotic patients. A possible explanation
for this lack of improvement over time may be that the eradication of HCV determines an
immediate reduction in liver inflammation [62]. In patients with clinically significant portal
hypertension (CSPH), HCV eradication has been shown to contribute to a reduction in the
hepatic venous pressure gradient (HVPG), probably due to the architectural remodelling
that occurs after virus clearance. This important outcome is observed in most patients with
CSPH 48 weeks after achieving SVR, and it is predictive of both a reduced risk of hepatic
decompensation and a prolonged survival [63]. HCC is the most common liver-related
event following SVR [64]. According to scientific society guidelines, patients with advanced
fibrosis or cirrhosis should be surveyed for HCC every six months, because SVR reduces
but does not eliminate the risk of HCC [12]. Patients who develop HCC after SVR have
better liver function and a lower tumour stage at presentation, which could also be due to a
better surveillance. These favourable characteristics determine a better survival in patients
with SVR, if compared to viraemic patients. HCV treatment after HCC diagnosis has also
been shown to improve survival [65]. Some factors have been associated with progression
to HCC after HCV treatment, such as diabetes, metabolic dysfunction-associated steatotic
liver disease (MASLD), and alcohol consumption [66]. Regarding liver steatosis, HCV is
known to contribute to lipogenesis, lipoprotein synthesis, and fatty acid oxidation, so its
eradication can improve steatotic liver disease [67]. Other factors that have been described
as associated with HCC development include age, male sex, genotype 1 infection, history of
HCC, and pre-treatment alpha-fetoprotein levels [58,68]. The eradication of HCV infection
has also been shown to be associated with a significant reduction in the risk of cardiovas-
cular and all-cause mortality [59,61,69]. Moreover, the current literature is also showing
an improvement in brain bioelectrical activity and neurocognitive functions after HCV
eradication [70,71]. Life years gained is another important outcome that has been evaluated
in many studies, and they show a greater benefit in younger patients and those with more
advanced liver fibrosis, with a progressive reduction with increasing age. In the elderly,
the most significant effect in life-year gain is achieved in patients with significant fibrosis,
together with a sensitive improvement in quality of life [72]. Of course, cost-effectiveness
analyses have been performed to determine the real impact of HCV treatment in the elderly
in order to guide public health decisions. According to these analyses, the decision on
whether or not to offer treatment to elderly patients should be based on their frailty, from a
holistic point of view, and not just on their age or liver disease burden [73].

7. Conclusions

The advent of DAAs has radically changed the management of HCV, making it possible
to treat almost all infected patients. Currently, DAAs are considered the standard of care,
but data on their efficacy and safety in certain subgroups of the HCV-infected population
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are still limited. This is of particular concern in the elderly population, which is growing
and difficult to manage. In addition, they are often receiving polypharmacotherapy with
potential DDIs, and they tend to present with a more severe stage of liver disease. The data
currently available, from both clinical trials and real-world studies, are limited, but all agree
on the safety and efficacy of DAAs in the elderly population. The achievement of SVR
appears to be comparable to that in the general population, and no significant difference in
AEs and treatment discontinuation has been demonstrated.

Author Contributions: Conceptualization, N.P., A.A., I.A. and D.P.; methodology, N.P. and A.A.;
investigation, I.A. and D.P.; writing—original draft preparation, N.P., I.A. and D.P.; writing—review
and editing, A.A., S.D.N., C.M., F.C., R.C., M.O. and A.L.; supervision, A.A. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. The Polaris Observatory HCV Collaborators Global Change in Hepatitis C Virus Prevalence and Cascade of Care between 2015

and 2020: A Modelling Study. Lancet Gastroenterol. Hepatol. 2022, 7, 396–415. [CrossRef] [PubMed]
2. Rabaan, A.A.; Al-Ahmed, S.H.; Bazzi, A.M.; Alfouzan, W.A.; Alsuliman, S.A.; Aldrazi, F.A.; Haque, S. Overview of Hepatitis C

Infection, Molecular Biology, and New Treatment. J. Infect. Public. Health 2020, 13, 773–783. [CrossRef] [PubMed]
3. Mazzaro, C.; Quartuccio, L.; Adinolfi, L.E.; Roccatello, D.; Pozzato, G.; Nevola, R.; Tonizzo, M.; Gitto, S.; Andreone, P.; Gattei, V. A

Review on Extrahepatic Manifestations of Chronic Hepatitis c Virus Infection and the Impact of Direct-Acting Antiviral Therapy.
Viruses 2021, 13, 2249. [CrossRef]

4. Qureshi, K.; Petersen, T.; Andres, J. Hepatitis C Treatment Differences in Elderly Patients: Single-Center Retrospective Study. Ann.
Pharmacother. 2020, 54, 113–121. [CrossRef] [PubMed]

5. Gordon, S.C.; Trudeau, S.; Li, J.; Zhou, Y.; Rupp, L.B.; Nerenz, D.R.; Lamerato, L.; Akkerman, N.; Zhang, T.; Wu, K.H.; et al.
Race, Age, and Geography Impact Hepatitis C Genotype Distribution in the United States. J. Clin. Gastroenterol. 2019, 53, 40–50.
[CrossRef] [PubMed]

6. Poynard, T.; Ratziu, V.; Charlotte, F.; Goodman, Z.; McHutchison, J.; Albrecht, J. Rates and risk factors of liver fibrosis progression
in patients with chronic hepatitis c. J. Hepatol. 2001, 34, 730–739. [CrossRef] [PubMed]

7. Minola, E.; Prati, D.; Suter, F.; Maggiolo, F.; Caprioli, F.; Sonzogni, A.; Fraquelli, M.; Paggi, S.; Conte, D. Age at Infection Affects
the Long-Term Outcome of Transfusion-Associated Chronic Hepatitis C. Transfus. Med. 2002, 99, 4588–4591. [CrossRef]

8. Lee, M.H.; Yang, H.I.; Yuan, Y.; L’Italien, G.; Chen, C.J. Epidemiology and Natural History of Hepatitis C Virus Infection. World J.
Gastroenterol. 2014, 20, 9270–9280. [CrossRef]

9. Saab, S.; Rheem, J.; Sundaram, V. Hepatitis C Infection in the Elderly. Dig. Dis. Sci. 2015, 60, 3170–3180. [CrossRef]
10. Mücke, M.M.; Herrmann, E.; Mücke, V.T.; Graf, C.; Zeuzem, S.; Vermehren, J. Efficacy and Safety of Direct-Acting Antivirals for

Hepatitis C in the Elderly: A Systematic Review and Meta-Analysis. Liver Int. 2019, 39, 1652–1660. [CrossRef]
11. Piecha, F.; Gänßler, J.M.; Ozga, A.K.; Wehmeyer, M.H.; Dietz, J.; Kluwe, J.; Laschtowitz, A.; von Felden, J.; Sterneck, M.; Jordan, S.;

et al. Treatment and Re-Treatment Results of HCV Patients in the DAA Era. PLoS ONE 2020, 15. [CrossRef] [PubMed]
12. Pawlotsky, J.M.; Negro, F.; Aghemo, A.; Berenguer, M.; Dalgard, O.; Dusheiko, G.; Marra, F.; Puoti, M.; Wedemeyer, H. EASL

Recommendations on Treatment of Hepatitis C: Final Update of the Series

Trop. Med. Infect. Dis. 2023, 8, x FOR PEER REVIEW 12 of 16 
 

 

Author Contributions: Conceptualization, N.P., A.A., I.A.; and D.P.; methodology, N.P. and A.A.; 
investigation, I.A. and D.P.; writing—original draft preparation, N.P., I.A., and D.P.; writing—
review and editing, A.A., S.D.N., C.M., F.C., R.C., M.O., and A.L.; supervision, A.A. All authors have 
read and agreed to the published version of the manuscript. 

Funding: This research received no external funding. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 
1. The Polaris Observatory HCV Collaborators Global Change in Hepatitis C Virus Prevalence and Cascade of Care between 

2015 and 2020: A Modelling Study. Lancet Gastroenterol Hepatol 2022, 7, 396–415, doi:10.1016/S2468-1253(21)00472-6. 
2. Rabaan, A.A.; Al-Ahmed, S.H.; Bazzi, A.M.; Alfouzan, W.A.; Alsuliman, S.A.; Aldrazi, F.A.; Haque, S. Overview of 

Hepatitis C Infection, Molecular Biology, and New Treatment. J Infect Public Health 2020, 13, 773–783, 
doi:10.1016/j.jiph.2019.11.015. 

3. Mazzaro, C.; Quartuccio, L.; Adinolfi, L.E.; Roccatello, D.; Pozzato, G.; Nevola, R.; Tonizzo, M.; Gitto, S.; Andreone, P.; 
Gattei, V. A Review on Extrahepatic Manifestations of Chronic Hepatitis c Virus Infection and the Impact of Direct-Acting 
Antiviral Therapy. Viruses 2021, 13. 

4. Qureshi, K.; Petersen, T.; Andres, J. Hepatitis C Treatment Differences in Elderly Patients: Single-Center Retrospective 
Study. Annals of Pharmacotherapy 2020, 54, 113–121, doi:10.1177/1060028019871352. 

5. Gordon, S.C.; Trudeau, S.; Li, J.; Zhou, Y.; Rupp, L.B.; Nerenz, D.R.; Lamerato, L.; Akkerman, N.; Zhang, T.; Wu, K.H.; et 
al. Race, Age, and Geography Impact Hepatitis C Genotype Distribution in the United States. J Clin Gastroenterol 2019, 53, 
40–50, doi:10.1097/MCG.0000000000000872. 

6. Poynard, T., Ratziu, V., Charlotte, F., Goodman, Z., McHutchison, J., & Albrecht, J. (2001). Rates and risk factors of liver 
fibrosis progression in patients with chronic hepatitis c. Journal of hepatology, 34(5), 730–739. https://doi.org/10.1016/s0168-
8278(00)00097-0 

7. Minola, E.; Prati, D.; Suter, F.; Maggiolo, F.; Caprioli, F.; Sonzogni, A.; Fraquelli, M.; Paggi, S.; Conte, D. Age at Infection 
Affects the Long-Term Outcome of Transfusion-Associated Chronic Hepatitis C. TRANSFUSION MEDICINE 2002, 
doi:10.1182/blood-2001. 

8. Lee, M.H.; Yang, H.I.; Yuan, Y.; L’Italien, G.; Chen, C.J. Epidemiology and Natural History of Hepatitis C Virus Infection. 
World J Gastroenterol 2014, 20, 9270–9280, doi:10.3748/wjg.v20.i28.9270. 

9. Saab, S.; Rheem, J.; Sundaram, V. Hepatitis C Infection in the Elderly. Dig Dis Sci 2015, 60, 3170–3180. 
10. Mücke, M.M.; Herrmann, E.; Mücke, V.T.; Graf, C.; Zeuzem, S.; Vermehren, J. Efficacy and Safety of Direct-Acting 

Antivirals for Hepatitis C in the Elderly: A Systematic Review and Meta-Analysis. Liver International 2019, 39, 1652–1660, 
doi:10.1111/liv.14126. 

11. Piecha, F.; Gänßler, J.M.; Ozga, A.K.; Wehmeyer, M.H.; Dietz, J.; Kluwe, J.; Laschtowitz, A.; von Felden, J.; Sterneck, M.; 
Jordan, S.; et al. Treatment and Re-Treatment Results of HCV Patients in the DAA Era. PLoS One 2020, 15, 
doi:10.1371/journal.pone.0232773. 

12. Pawlotsky, J.M.; Negro, F.; Aghemo, A.; Berenguer, M.; Dalgard, O.; Dusheiko, G.; Marra, F.; Puoti, M.; Wedemeyer, H. 
EASL Recommendations on Treatment of Hepatitis C: Final Update of the Series ☆. J Hepatol 2020, 73, 1170–1218, 
doi:10.1016/j.jhep.2020.08.018. 

13. Degasperi, E.; Spinetti, A.; Lombardi, A.; Landonio, S.; Rossi, M.C.; Pasulo, L.; Pozzoni, P.; Giorgini, A.; Fabris, P.; Romano, 
A.; et al. Real-Life Effectiveness and Safety of Sofosbuvir/Velpatasvir/Voxilaprevir in Hepatitis C Patients with Previous 
DAA Failure. J Hepatol 2019, 71, 1106–1115, doi:10.1016/j.jhep.2019.07.020. 

14. Mangia, A.; Piazzolla, V.; Giannelli, A.; Visaggi, E.; Minerva, N.; Palmieri, V.; Carraturo, I.; Potenza, D.; Napoli, N.; Lauletta, 
G.; et al. SVR12 Rates Higher than 99% after Sofosbuvir/ Velpatasvir Combination in HCV Infected Patients with F0-F1 
Fibrosis Stage: A Real World Experience. PLoS One 2019, 14, doi:10.1371/journal.pone.0215783. 

15. D’Ambrosio, R.; Pasulo, L.; Puoti, M.; Vinci, M.; Schiavini, M.; Lazzaroni, S.; Soria, A.; Gatti, F.; Menzaghi, B.; Aghemo, A.; 
et al. Real-World Effectiveness and Safety of Glecaprevir/Pibrentasvir in 723 Patients with Chronic Hepatitis C. J Hepatol 
2019, 70, 379–387, doi:10.1016/j.jhep.2018.11.011. 

16. Mangia, A.; Scaglione, F.; Toniutto, P.; Pirisi, M.; Coppola, N.; Di Perri, G.; Nieto, G.A.; Calabrese, S.; Hernandez, C.; 
Perrone, V.; et al. Drug–Drug Interactions in Italian Patients with Chronic Hepatitis C Treated with Pangenotypic Direct 
Acting Agents: Insights from a Real-World Study. Int J Environ Res Public Health 2021, 18, doi:10.3390/ijerph18137144. 

17. Hui, V.W.K.; Au, C.L.; Lam, A.S.M.; Yip, T.C.F.; Tse, Y.K.; Lai, J.C.T.; Chan, H.L.Y.; Wong, V.W.S.; Wong, G.L.H. Drug–
Drug Interactions between Direct-Acting Antivirals and Co-Medications: A Territory-Wide Cohort Study. Hepatol Int 2022, 
doi:10.1007/s12072-022-10402-y. 

18. Andres, J.; Noval, M.; Mauriello, C.; Peiffer, D.; Zhao, H. Influential Factors of Successful Hepatitis C Treatment in Elderly 
Patients. Innov Pharm 2019, 10, 14, doi:10.24926/iip.v10i3.2144. 

. J. Hepatol. 2020, 73, 1170–1218. [CrossRef]
13. Degasperi, E.; Spinetti, A.; Lombardi, A.; Landonio, S.; Rossi, M.C.; Pasulo, L.; Pozzoni, P.; Giorgini, A.; Fabris, P.; Romano, A.;

et al. Real-Life Effectiveness and Safety of Sofosbuvir/Velpatasvir/Voxilaprevir in Hepatitis C Patients with Previous DAA
Failure. J. Hepatol. 2019, 71, 1106–1115. [CrossRef]

14. Mangia, A.; Piazzolla, V.; Giannelli, A.; Visaggi, E.; Minerva, N.; Palmieri, V.; Carraturo, I.; Potenza, D.; Napoli, N.; Lauletta, G.;
et al. SVR12 Rates Higher than 99% after Sofosbuvir/Velpatasvir Combination in HCV Infected Patients with F0-F1 Fibrosis
Stage: A Real World Experience. PLoS ONE 2019, 14, e0215783. [CrossRef]

15. D’Ambrosio, R.; Pasulo, L.; Puoti, M.; Vinci, M.; Schiavini, M.; Lazzaroni, S.; Soria, A.; Gatti, F.; Menzaghi, B.; Aghemo, A.; et al.
Real-World Effectiveness and Safety of Glecaprevir/Pibrentasvir in 723 Patients with Chronic Hepatitis C. J. Hepatol. 2019, 70,
379–387. [CrossRef]

16. Mangia, A.; Scaglione, F.; Toniutto, P.; Pirisi, M.; Coppola, N.; Di Perri, G.; Nieto, G.A.; Calabrese, S.; Hernandez, C.; Perrone,
V.; et al. Drug–Drug Interactions in Italian Patients with Chronic Hepatitis C Treated with Pangenotypic Direct Acting Agents:
Insights from a Real-World Study. Int. J. Environ. Res. Public. Health 2021, 18, 7144. [CrossRef]

17. Hui, V.W.K.; Au, C.L.; Lam, A.S.M.; Yip, T.C.F.; Tse, Y.K.; Lai, J.C.T.; Chan, H.L.Y.; Wong, V.W.S.; Wong, G.L.H. Drug–Drug
Interactions between Direct-Acting Antivirals and Co-Medications: A Territory-Wide Cohort Study. Hepatol. Int. 2022, 16,
1318–1329. [CrossRef]

https://doi.org/10.1016/S2468-1253(21)00472-6
https://www.ncbi.nlm.nih.gov/pubmed/35180382
https://doi.org/10.1016/j.jiph.2019.11.015
https://www.ncbi.nlm.nih.gov/pubmed/31870632
https://doi.org/10.3390/v13112249
https://doi.org/10.1177/1060028019871352
https://www.ncbi.nlm.nih.gov/pubmed/31452381
https://doi.org/10.1097/MCG.0000000000000872
https://www.ncbi.nlm.nih.gov/pubmed/28737649
https://doi.org/10.1016/S0168-8278(00)00097-0
https://www.ncbi.nlm.nih.gov/pubmed/11434620
https://doi.org/10.1182/blood-2001-12-0192
https://doi.org/10.3748/wjg.v20.i28.9270
https://doi.org/10.1007/s10620-015-3717-6
https://doi.org/10.1111/liv.14126
https://doi.org/10.1371/journal.pone.0232773
https://www.ncbi.nlm.nih.gov/pubmed/32369527
https://doi.org/10.1016/j.jhep.2020.08.018
https://doi.org/10.1016/j.jhep.2019.07.020
https://doi.org/10.1371/journal.pone.0215783
https://doi.org/10.1016/j.jhep.2018.11.011
https://doi.org/10.3390/ijerph18137144
https://doi.org/10.1007/s12072-022-10402-y


Trop. Med. Infect. Dis. 2023, 8, 502 11 of 13

18. Andres, J.; Noval, M.; Mauriello, C.; Peiffer, D.; Zhao, H. Influential Factors of Successful Hepatitis C Treatment in Elderly Patients.
Innov. Pharm. 2019, 10, 14. [CrossRef] [PubMed]

19. Pugliese, N.; Giorgini, A.; Maggi, D.; Capogreco, A.; Dibenedetto, C.; Lubrano Lobianco, F.; Dal Buono, A.; Monico, S.; Meli, R.;
Battezzati, P.M.; et al. Directly Acting Antivirals Are Safe and Effective in HCV Positive Patients Aged 80 Years and Older: A
Multicenter Real-Life Study. Expert. Opin. Drug Saf. 2021, 20, 839–843. [CrossRef]

20. De Santis, A.; Maggi, D.; Lubrano Lobianco, F. Safety and Efficacy of Directly-Acting Antiviral Therapy for Chronic Hepatitis C
Virus in Elderly People. Aging Med. 2021, 4, 304–316. [CrossRef] [PubMed]

21. Chung, R.T.; Ghany, M.G.; Kim, A.Y.; Marks, K.M.; Naggie, S.; Vargas, H.E.; Aronsohn, A.I.; Bhattacharya, D.; Broder, T.;
Falade-Nwulia, O.O.; et al. Hepatitis C Guidance 2018 Update: Aasld-Idsa Recommendations for Testing, Managing, and Treating
Hepatitis C Virus Infection. Clin. Infect. Dis. 2018, 67, 1477–1492. [CrossRef]

22. Feld, J.J.; Jacobson, I.M.; Hézode, C.; Asselah, T.; Ruane, P.J.; Gruener, N.; Abergel, A.; Mangia, A.; Lai, C.-L.; Chan, H.L.Y.;
et al. Sofosbuvir and Velpatasvir for HCV Genotype 1, 2, 4, 5, and 6 Infection. N. Engl. J. Med. 2015, 373, 2599–2607. [CrossRef]
[PubMed]

23. Foster, G.R.; Afdhal, N.; Roberts, S.K.; Bräu, N.; Gane, E.J.; Pianko, S.; Lawitz, E.; Thompson, A.; Shiffman, M.L.; Cooper, C.; et al.
Sofosbuvir and Velpatasvir for HCV Genotype 2 and 3 Infection. N. Engl. J. Med. 2015, 373, 2608–2617. [CrossRef] [PubMed]

24. Younossi, Z.M.; Stepanova, M.; Feld, J.; Zeuzem, S.; Jacobson, I.; Agarwal, K.; Hezode, C.; Nader, F.; Henry, L.; Hunt, S.
Sofosbuvir/Velpatasvir Improves Patient-Reported Outcomes in HCV Patients: Results from ASTRAL-1 Placebo-Controlled Trial.
J. Hepatol. 2016, 65, 33–39. [CrossRef] [PubMed]

25. Younossi, Z.M.; Stepanova, M.; Sulkowski, M.; Foster, G.R.; Reau, N.; Mangia, A.; Patel, K.; Bräu, N.; Roberts, S.K.; Afdhal, N.; et al.
Ribavirin-Free Regimen with Sofosbuvir and Velpatasvir Is Associated with High Efficacy and Improvement of Patient-Reported
Outcomes in Patients with Genotypes 2 and 3 Chronic Hepatitis C: Results from Astral-2 and -3 Clinical Trials. Clin. Infect. Dis.
2016, 63, 1042–1048. [CrossRef]

26. Kateera, F.; Shumbusho, F.; Manirambona, L.; Kabihizi, J.; Murangwa, A.; Serumondo, J.; Makuza, J.D.; Nsanzimana, S.; Muvunyi,
C.M.; Kabakambira, J.D.; et al. Safety and Efficacy of Sofosbuvir-Velpatasvir to Treat Chronic Hepatitis C Virus Infection in
Treatment-Naive Patients in Rwanda (SHARED-3): A Single-Arm Trial. Lancet Gastroenterol. Hepatol. 2022, 7, 533–541. [CrossRef]

27. Curry, M.P.; O’Leary, J.G.; Bzowej, N.; Muir, A.J.; Korenblat, K.M.; Fenkel, J.M.; Reddy, K.R.; Lawitz, E.; Flamm, S.L.; Schiano,
T.; et al. Sofosbuvir and Velpatasvir for HCV in Patients with Decompensated Cirrhosis. N. Engl. J. Med. 2015, 373, 2618–2628.
[CrossRef]

28. Sood, A.; Duseja, A.; Kabrawala, M.; Amrose, P.; Goswami, B.; Chowdhury, A.; Sarin, S.K.; Koshy, A.; Hyland, R.H.; Lu, S.; et al.
Sofosbuvir–Velpatasvir Single-Tablet Regimen Administered for 12 Weeks in a Phase 3 Study with Minimal Monitoring in India.
Hepatol. Int. 2019, 13, 173–179. [CrossRef]

29. Bourlière, M.; Gordon, S.C.; Flamm, S.L.; Cooper, C.L.; Ramji, A.; Tong, M.; Ravendhran, N.; Vierling, J.M.; Tran, T.T.; Pianko,
S.; et al. Sofosbuvir, Velpatasvir, and Voxilaprevir for Previously Treated HCV Infection. N. Engl. J. Med. 2017, 376, 2134–2146.
[CrossRef]

30. Jacobson, I.M.; Lawitz, E.; Gane, E.J.; Willems, B.E.; Ruane, P.J.; Nahass, R.G.; Borgia, S.M.; Shafran, S.D.; Workowski, K.A.;
Pearlman, B.; et al. Efficacy of 8 Weeks of Sofosbuvir, Velpatasvir, and Voxilaprevir in Patients With Chronic HCV Infection: 2
Phase 3 Randomized Trials. Gastroenterology 2017, 153, 113–122. [CrossRef]

31. Gane, E.J.; Schwabe, C.; Hyland, R.H.; Yang, Y.; Svarovskaia, E.; Stamm, L.M.; Brainard, D.M.; McHutchison, J.G.; Stedman,
C.A. Efficacy of the Combination of Sofosbuvir, Velpatasvir, and the NS3/4A Protease Inhibitor GS-9857 in Treatment-Naïve or
Previously Treated Patients With Hepatitis C Virus Genotype 1 or 3 Infections. Gastroenterology 2016, 151, 448–456.e1. [CrossRef]

32. Gupta, N.; Manirambona, L.; Shumbusho, F.; Kabihizi, J.; Murangwa, A.; Serumondo, J.; Makuza, J.D.; Nsanzimana, S.; Muvunyi,
C.M.; Mukabatsinda, C.; et al. Safety and Efficacy of Sofosbuvir–Velpatasvir–Voxilaprevir for Re-Treatment of Chronic Hepatitis
C Virus Infection in Patients with Previous Direct-Acting Antiviral Treatment Failure in Rwanda (SHARED-3): A Single-Arm
Trial. Lancet Gastroenterol. Hepatol. 2022, 7, 542–551. [CrossRef]

33. Bourlière, M.; Gordon, S.C.; Schiff, E.R.; Tran, T.T.; Ravendhran, N.; Landis, C.S.; Hyland, R.H.; Stamm, L.M.; Zhang, J.; Dvory-
Sobol, H.; et al. Deferred Treatment with Sofosbuvir–Velpatasvir–Voxilaprevir for Patients with Chronic Hepatitis C Virus Who
Were Previously Treated with an NS5A Inhibitor: An Open-Label Substudy of POLARIS-1. Lancet Gastroenterol. Hepatol. 2018, 3,
559–565. [CrossRef] [PubMed]

34. Zeuzem, S.; Foster, G.R.; Wang, S.; Asatryan, A.; Gane, E.; Feld, J.J.; Asselah, T.; Bourlière, M.; Ruane, P.J.; Wedemeyer, H.; et al.
Glecaprevir–Pibrentasvir for 8 or 12 Weeks in HCV Genotype 1 or 3 Infection. N. Engl. J. Med. 2018, 378, 354–369. [CrossRef]
[PubMed]

35. Chayama, K.; Suzuki, F.; Karino, Y.; Kawakami, Y.; Sato, K.; Atarashi, T.; Naganuma, A.; Watanabe, T.; Eguchi, Y.; Yoshiji, H.; et al.
Efficacy and Safety of Glecaprevir/Pibrentasvir in Japanese Patients with Chronic Genotype 1 Hepatitis C Virus Infection with
and without Cirrhosis. J. Gastroenterol. 2018, 53, 557–565. [CrossRef] [PubMed]

36. Toyoda, H.; Chayama, K.; Suzuki, F.; Sato, K.; Atarashi, T.; Watanabe, T.; Atsukawa, M.; Naganuma, A.; Notsumata, K.; Osaki, Y.;
et al. Efficacy and Safety of Glecaprevir/Pibrentasvir in Japanese Patients With Chronic Genotype 2 Hepatitis C Virus Infection.
Hepatology 2017, 67, 505–513. [CrossRef] [PubMed]

https://doi.org/10.24926/iip.v10i3.2144
https://www.ncbi.nlm.nih.gov/pubmed/34007577
https://doi.org/10.1080/14740338.2021.1921144
https://doi.org/10.1002/agm2.12190
https://www.ncbi.nlm.nih.gov/pubmed/34964012
https://doi.org/10.1093/cid/ciy585
https://doi.org/10.1056/NEJMoa1512610
https://www.ncbi.nlm.nih.gov/pubmed/26571066
https://doi.org/10.1056/NEJMoa1512612
https://www.ncbi.nlm.nih.gov/pubmed/26575258
https://doi.org/10.1016/j.jhep.2016.02.042
https://www.ncbi.nlm.nih.gov/pubmed/26956698
https://doi.org/10.1093/cid/ciw496
https://doi.org/10.1016/S2468-1253(21)00398-8
https://doi.org/10.1056/NEJMoa1512614
https://doi.org/10.1007/s12072-019-09927-6
https://doi.org/10.1056/NEJMoa1613512
https://doi.org/10.1053/j.gastro.2017.03.047
https://doi.org/10.1053/j.gastro.2016.05.021
https://doi.org/10.1016/S2468-1253(21)00399-X
https://doi.org/10.1016/S2468-1253(18)30118-3
https://www.ncbi.nlm.nih.gov/pubmed/29859740
https://doi.org/10.1056/NEJMoa1702417
https://www.ncbi.nlm.nih.gov/pubmed/29365309
https://doi.org/10.1007/s00535-017-1391-5
https://www.ncbi.nlm.nih.gov/pubmed/28948366
https://doi.org/10.1002/hep.29510
https://www.ncbi.nlm.nih.gov/pubmed/28865152


Trop. Med. Infect. Dis. 2023, 8, 502 12 of 13

37. Forns, X.; Lee, S.S.; Valdes, J.; Lens, S.; Ghalib, R.; Aguilar, H.; Felizarta, F.; Hassanein, T.; Hinrichsen, H.; Rincon, D.; et al.
Glecaprevir plus Pibrentasvir for Chronic Hepatitis C Virus Genotype 1, 2, 4, 5, or 6 Infection in Adults with Compensated
Cirrhosis (EXPEDITION-1): A Single-Arm, Open-Label, Multicentre Phase 3 Trial. Lancet Infect. Dis. 2017, 17, 1062–1068.
[CrossRef] [PubMed]

38. Poordad, F.; Pol, S.; Asatryan, A.; Buti, M.; Shaw, D.; Ezode, C.H.; Felizarta, F.; Reindollar, R.W.; Gordon, S.C.; Pianko, S.; et al.
Glecaprevir/pibrentasvir in patients with hepatitis C virus genotype 1 or 4 and past direct-acting antiviral treatment failure.
Hepatology 2018, 67. [CrossRef]

39. Rockstroh, J.K.; Lacombe, K.; Viani, R.M.; Orkin, C.; Wyles, D.; Luetkemeyer, A.F.; Soto-Malave, R.; Flisiak, R.; Bhagani, S.;
Sherman, K.E.; et al. Efficacy and Safety of Glecaprevir/Pibrentasvir in Patients Coinfected with Hepatitis C Virus and Human
Immunodeficiency Virus Type 1: The EXPEDITION-2 Study. Clin. Infect. Dis. 2018, 67, 1010–1017. [CrossRef]

40. Wei, L.; Wang, G.; Alami, N.N.; Xie, W.; Heo, J.; Xie, Q.; Zhang, M.; Kim, Y.J.; Lim, S.G.; Fredrick, L.M.; et al. Glecaprevir–
Pibrentasvir to Treat Chronic Hepatitis C Virus Infection in Asia: Two Multicentre, Phase 3 Studies—A Randomised, Double-Blind
Study (VOYAGE-1) and an Open-Label, Single-Arm Study (VOYAGE-2). Lancet Gastroenterol. Hepatol. 2020, 5, 839–849. [CrossRef]

41. Brown, R.S.; Buti, M.; Rodrigues, L.; Chulanov, V.; Chuang, W.-L.; Aguilar, H.; Horváth, G.; Zuckerman, E.; Carrion, B.R.;
Rodriguez-Perez, F.; et al. Glecaprevir/Pibrentasvir for 8 Weeks in Treatment-Naïve Patients with Chronic HCV Genotypes 1-6
and Compensated Cirrhosis: The EXPEDITION-8 Trial. J. Hepatol. 2020, 72, 441–449. [CrossRef]

42. Chang, K.C.; Tung, S.Y.; Wei, K.L.; Shen, C.H.; Hsieh, Y.Y.; Chen, W.M.; Chen, Y.H.; Chen, C.H.; Yen, C.W.; Xu, H.W.; et al.
Real-World Efficacy and Safety of Pangenotypic Direct-Acting Antivirals against Hepatitis C Virus Infection in Taiwan. Sci. Rep.
2021, 11, 13543. [CrossRef]

43. Tada, T.; Kurosaki, M.; Nakamura, S.; Hasebe, C.; Kojima, Y.; Furuta, K.; Kobashi, H.; Kimura, H.; Ogawa, C.; Yagisawa, H.;
et al. Real-World Clinical Outcomes of Sofosbuvir and Velpatasvir Treatment in HCV Genotype 1- and 2-Infected Patients with
Decompensated Cirrhosis: A Nationwide Multicenter Study by the Japanese Red Cross Liver Study Group. J. Med. Virol. 2021, 93,
6247–6256. [CrossRef]

44. Tahata, Y.; Hikita, H.; Mochida, S.; Kawada, N.; Enomoto, N.; Ido, A.; Yoshiji, H.; Miki, D.; Hiasa, Y.; Takikawa, Y.; et al. Sofosbuvir
plus Velpatasvir Treatment for Hepatitis C Virus in Patients with Decompensated Cirrhosis: A Japanese Real-World Multicenter
Study. J. Gastroenterol. 2021, 56, 67–77. [CrossRef]

45. Da, B.L.; Lourdusamy, V.; Kushner, T.; Dieterich, D.; Saberi, B. Efficacy of Sofosbuvir/Velpatasvir/Voxilaprevir in Direct-Acting
Antiviral Experienced Patients with Hepatitis C Virus. Eur. J. Gastroenterol. Hepatol. 2021, 33, 859–861. [CrossRef] [PubMed]

46. Papaluca, T.; Roberts, S.K.; Strasser, S.I.; Stuart, K.A.; Farrell, G.; Macquillan, G.; Dore, G.J.; Wade, A.J.; George, J.; Hazeldine,
S.; et al. Efficacy and Safety of Sofosbuvir/Velpatasvir/Voxilaprevir for Hepatitis C Virus (HCV) NS5A-Inhibitor Experienced
Patients with Difficult to Cure Characteristics. Clin. Infect. Dis. 2021, 73, E3288–E3295. [CrossRef] [PubMed]

47. Belperio, P.S.; Shahoumian, T.A.; Loomis, T.P.; Backus, L.I. Real-World Effectiveness of Sofosbuvir/Velpatasvir/Voxilaprevir in
573 Direct-Acting Antiviral Experienced Hepatitis C Patients. J. Viral Hepat. 2019, 26, 980–990. [CrossRef] [PubMed]

48. Lampertico, P.; Mauss, S.; Persico, M.; Barclay, S.T.; Marx, S.; Lohmann, K.; Bondin, M.; Zhang, Z.; Marra, F.; Belperio, P.S.; et al.
Real-World Clinical Practice Use of 8-Week Glecaprevir/Pibrentasvir in Treatment-Naïve Patients with Compensated Cirrhosis.
Adv. Ther. 2020, 37, 4033–4042. [CrossRef] [PubMed]

49. Aghemo, A.; Alberti, A.; Andreone, P.; Angelico, M.; Brunetto, M.R.; Chessa, L.; Ciancio, A.; Craxì, A.; Gaeta, G.B.; Galli, M.;
et al. Effectiveness and Safety of Glecaprevir/Pibrentasvir in Chronic Hepatitis C Patients: Results of the Italian Cohort of a
Post-Marketing Observational Study. Dig. Liver Dis. 2021, 53, 612–619. [CrossRef]

50. Persico, M.; Aglitti, A.; Milella, M.; Coppola, C.; Messina, V.; Claar, E.; Gentile, I.; Sogari, F.; Pierri, P.; Surace, L.A.; et al. Real-Life
Glecaprevir/Pibrentasvir in a Large Cohort of Patients with Hepatitis C Virus Infection: The MISTRAL Study. Liver Int. 2019, 39,
1852–1859. [CrossRef]

51. Huang, C.F.; Kuo, H.T.; Chang, T.S.; Lo, C.C.; Hung, C.H.; Huang, C.W.; Chong, L.W.; Cheng, P.N.; Yeh, M.L.; Peng, C.Y.; et al.
Nationwide Registry of Glecaprevir plus Pibrentasvir in the Treatment of HCV in Taiwan. Sci. Rep. 2021, 11, 23473. [CrossRef]

52. Komaki, Y.; Ozono, Y.; Nakamura, K.; Iwakiri, H.; Hasuike, S.; Sueta, M.; Miike, T.; Yamamoto, S.; Uto, H.; Kusumoto, K.; et al.
Efficacy and Safety of Glecaprevir and Pibrentasvir in Japanese Patients with Hepatitis C Virus Infection Aged 75 Years or Older.
BMC Gastroenterol. 2022, 22, 210. [CrossRef] [PubMed]

53. Watanabe, S.; Morimoto, N.; Miura, K.; Murohisa, T.; Tahara, T.; Sato, T.; Tano, S.; Fukaya, Y.; Kurata, H.; Okamura, Y.; et al.
Efficacy and Safety of Glecaprevir and Pibrentasvir Combination Therapy in Old-Aged Patients with Chronic Hepatitis C Virus
Infection. J. Rural. Med. 2020, 15, 139–145. [CrossRef] [PubMed]

54. Kinoshita, A.; Koike, K.; Mizuno, Y.; Ogata, I.; Kobayashi, Y.; Hasegawa, K.; Shiraishi, K.; Yoshida, H.; Nakata, R.; Yamada,
N.; et al. Efficacy and Safety of Glecaprevir/Pibrentasvir in Patients with Hepatitis C Virus Infection Aged ≥75 Years. Geriatr.
Gerontol. Int. 2020, 20, 578–583. [CrossRef] [PubMed]

55. Pugliese, N.; Calvaruso, V.; Masarone, M.; D’Ambrosio, R.; Battistella, S.; Licata, A.; Persico, M.; Anolli, M.P.; Distefano, M.; Petta,
S.; et al. Glecaprevir/Pibrentasvir Is Safe and Effective in Italian Patients with Chronic Hepatitis C Aged 75 Years or Older: A
Multicentre Study. Liver Int. 2023, 43, 1440–1445. [CrossRef]

56. Foster, G.R.; Asselah, T.; Kopecky-Bromberg, S.; Lei, Y.; Asatryan, A.; Trinh, R.; Zadeikis, N.; Mensa, F.J. Safety and Efficacy
of Glecaprevir/Pibrentasvir for the Treatment of Chronic Hepatitis C in Patients Aged 65 Years or Older. PLoS ONE 2019, 14,
e0208506. [CrossRef]

https://doi.org/10.1016/S1473-3099(17)30496-6
https://www.ncbi.nlm.nih.gov/pubmed/28818546
https://doi.org/10.1002/hep.29671
https://doi.org/10.1093/cid/ciy220
https://doi.org/10.1016/S2468-1253(20)30086-8
https://doi.org/10.1016/j.jhep.2019.10.020
https://doi.org/10.1038/s41598-021-93095-x
https://doi.org/10.1002/jmv.27157
https://doi.org/10.1007/s00535-020-01733-4
https://doi.org/10.1097/MEG.0000000000001786
https://www.ncbi.nlm.nih.gov/pubmed/32541241
https://doi.org/10.1093/cid/ciaa1318
https://www.ncbi.nlm.nih.gov/pubmed/32887983
https://doi.org/10.1111/jvh.13115
https://www.ncbi.nlm.nih.gov/pubmed/31012179
https://doi.org/10.1007/s12325-020-01449-0
https://www.ncbi.nlm.nih.gov/pubmed/32754824
https://doi.org/10.1016/j.dld.2020.08.007
https://doi.org/10.1111/liv.14170
https://doi.org/10.1038/s41598-021-03006-3
https://doi.org/10.1186/s12876-022-02284-z
https://www.ncbi.nlm.nih.gov/pubmed/35484503
https://doi.org/10.2185/jrm.2020-004
https://www.ncbi.nlm.nih.gov/pubmed/33033533
https://doi.org/10.1111/ggi.13919
https://www.ncbi.nlm.nih.gov/pubmed/32267087
https://doi.org/10.1111/liv.15599
https://doi.org/10.1371/journal.pone.0208506


Trop. Med. Infect. Dis. 2023, 8, 502 13 of 13
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K.; Inglot, M.; Żelwetro, A.; et al. Visual and Brainstem Auditory Evoked Potentials in HCV-Infected Patients before and after
Interferon-Free Therapy—A Pilot Study. Int. J. Infect. Dis. 2019, 80, 122–128. [CrossRef] [PubMed]

71. Marciniewicz, E.; Podgórski, P.; Pawłowski, T.; Małyszczak, K.; Fleischer-Stępniewska, K.; Knysz, B.; Waliszewska-Prosół, M.;
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