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Abstract

Hepatitis C virus (HCV) infection has been a global
health problem for decades, due to the high number
of infected people and to the lack of effective and well-
tolerated therapies. In the last 3 years, the approval of
new direct acting antivirals characterized by high rates
of virological clearance and excellent tolerability has
dramatically improved HCV infection curability, especially
for patients with advanced liver disease and for liver
transplant recipients. Long-term data about the impact
of the new direct acting antivirals on liver fibrosis and
liver disease-related outcomes are not yet available,
due to their recent introduction. However, previously
published data deriving from the use of pegylated-
interferon and ribavirin lead to hypothesizing that we are
going to observe, in the future, a reduction in mortality
and in the incidence of hepatocellular carcinoma, as
well as a regression of fibrosis for people previously
affected by hepatitis C. In the liver transplant setting,
clinical improvement has already been described after
treatment with the new direct acting antivirals, which
has often led to patients delisting. In the future, this may
hopefully reduce the gap between liver organ request
and availability, probably expanding liver transplant
indications to other clinical conditions. Therefore, these
new drugs are going to change the natural history of
HCV-related liver disease and the epidemiology of HCV
infection worldwide. However, the global consequences
will depend on treatment accessibility and on the number
of countries that could afford the use of the new direct
acting antivirals.
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Core tip: The approval of new direct acting antivirals
with high rates of virological clearance and excellent
tolerability has dramatically improved hepatitis C virus
(HCV) infection curability, especially for patients with
advanced liver disease and for liver transplant recipients.
The aim of this review is to draw the possible future
scenery in HCV-related liver disease, focusing our
attention on the impact of second generation direct
acting antivirals on liver fibrosis, hepatocellular carcinoma
and liver transplantation.
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INTRODUCTION

Since its discovery, hepatitis C virus (HCV) has been a
constant burden for global health, with 3 to 4 million new
infections each year and an overall number of 130-170
million infected people in the world™. The prevalence
of HCV infection has a large geographical variability,
ranging from less than 1% to more than 10% in different
regions'*?. In particular, 2.3 million of the chronically
infected subjects have been estimated to reside in the
United States, 1.5 in Japan and 11.5-19 in Europe™.
HCV infection becomes chronic in up to 50%-80% of
cases, establishing a damage that may lead to cirrhosis
and its complications [e.g., hepatocellular carcinoma
(HCCQ), portal hypertension, liver decompensation and
insufficiency] in approximately 10%-20% of patients™®.,
Nevertheless, chronic HCV infection may be associated
with extrahepatic manifestations, such as cryoglobulinemia
and non-Hodgkin lymphoma, mainly caused by the
continuous stimulation of the immune system®,
Non-pegylated interferon (IFN) or pegylated IFN
(PEG-IFN) in combination with ribavirin (RBV) have been
the main pharmacological agents for the treatment of
HCV infection. However, only 30%-40% of subjects
with genotype 1 HCV and 70%-90% of those with
genotype 2 and 3 treated with PEG-IFN in association
with RBV were able to reach a sustained virological
response (SVR), defined as the absence of detectable
levels of HCV-RNA 24 wk after the end of treatment®™.
In 2011 the association of the first-generation direct
acting antivirals (DAAs) boceprevir and telaprevir with
PEG-IFN and RBV increased the overall SVR rates to
68%-75% for naive patients and to 59%-88% for
treatment-experienced patients, even if these regimens
were dedicated just to the treatment of genotype 1
HCV infection!*>****!, However, the suboptimal response
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rates, the long duration of treatment (24-48 wk) and the
scarce tolerability of boceprevir and telaprevir, especially
by cirrhotic patients, has heavily affected their clinical use
and has led to search for new drugs™®.

SECOND-GENERATION DAAs

The second-generation DAAs are characterized by ele-
vated SVR rates, good safety profiles, and more com-
fortable types of administration. They can be used or not
in combination with RBV, depending on virological and
disease-associated characteristics™”). Sofosbuvir (SOF)
has been the first new agent approved by the Food and
Drug Administration (FDA) in December 2013 (Table 1
and Figure 1)"8,

SOF targets HCV-RNA replication with a pangeno-
typic efficacy since it blocks the nucleotide polymerase
NS5B, which is highly preserved among different HCV
genotypes'®, Treatment with SOF, either in combination
with PEG-IFN plus RBV or with RBV alone has shown SVR
rates above 85% at 12 wk after the end of treatment
(SVR12)™, Successively, new DAAs for the treatment
of HCV infection in association with SOF have been
approved: Simeprevir (SMV, a NS3/4A protease inhibitor)
and ledipasvir (LDV, a NS5A inhibitor) for genotype 1,
and dadlatasvir (DCV, a NS5A inhibitor) for genotype 3,
reporting SVR12 rates > 90%""*", More recently, the
pangenotypic NS5A inhibitor velpatasvir has also been
approved for HCV treatment in combination with SOF%>?%,

The first antiviral regimen SOF-free was approved
in July 2015 and includes paritaprevir (a NS3/4A pro-
tease inhibitor), ritonavir (a CYP3A inhibitor, used as a
pharmacologic booster) and ombitasvir (@ NS5A inhibitor),
in association with dasabuvir (a non-nucleoside NS5B
polymerase inhibitor), and is indicated for the treatment
of genotype 1 (with dasabuvir) and 4 (without dasabuvir)
HCV infection”®, Successively, the FDA has approved
another SOF-free antiviral regimen including elbasvir and
grazoprevir®, and new drugs with pangenotypic efficacy
are in final phase of study and will soon be available™”.

The main advantage of the new DAAs-based antiviral
regimens is the achievement of high SVR rates for all
HCV genotypes within a short treatment period, together
with the infrequent occurrence of side effects, usually of
mild grade. Resistance-associated variants (RAVs) of the
virus may exist prior to treatment, may persist for years
after treatment and affect most frequently the NS3/5A
viral protein; RAVs are associated with (but do not in-
evitably result in) treatment failure, which may occur in
about 10%-15% of patientst**2,

The most ambitious result we might expect from the
use of DAAs would be the reduction of liver cirrhosis-
related complications, such as HCC development, and in
the long-term period a decreased progression towards
end-stage liver disease and a decreased need for liver
transplant (LT), as well as the prevention of post-LT
HCV infection recurrence™, Indeed, according to the
latest data published by the World Health Organization
in 2013, 5%-7% of infected subjects died from a
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Figure 1 Second-generation direct acting antivirals molecules.

disease related to HCV*, with an estimated risk of liver
failure of 10.4% and 26.5% in patients with F3 and F4
fibrosis, respectively™. HCV-associated liver disease
represents the most common indication for LT and, in
developed countries, is the most common etiological factor
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of HCC, which is the third leading cause of cancer death
worldwide™**”,

However, due to the relatively recent introduction of
these new drugs, data about their impact on liver disease
progression, complications and liver-related mortality are
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Table 1 Main features of antiviral targets and clinical indications of second-generation direct acting antivirals''”
Molecule Class Target Genotype Associations
Sofosbuvir Nucleotide polymerase NS5B RNA-dependent RNA Pangenotypic Ledipasvir
inhibitor polymerase Daclatasvir
Simeprevir
Velpatasvir
Dasabuvir Non-nucleoside polymerase ~ NS5B RNA-dependent RNA Genotype 1 Ombitasvir + paritaprevir + ritonavir
inhibitor polymerase
Ombitasvir NS5A Genotype 1, 4 Paritaprevir + ritonavir with or without dasabuvir
Daclatasvir NS5A Genotype 1, 2,3 Sofosbuvir
Ledipasvir NS5A Genotype 1, 4 Sofosbuvir
Velpatasvir NS5A Pangenotypic Sofosbuvir
Elbasvir NS5A Genotype 1, 4 Grazoprevir
Paritaprevir NS3/4A protease Genotype 1, 4 Ombitasvir + ritonavir with or without dasabuvir
Simeprevir NS3/4A protease Genotype 1, 4 Sofosbuvir
Grazoprevir NS3/4A protease Genotype 1, 4 Elbasvir

scarce. Therefore, previously published data about the
impact of SVR achieved with PEG-IFN-based regimens
are the only available reference to evaluate the future
positive effects that DAAs might produce on liver disease
outcomes.

IMPACT OF VIRAL ERADICATION
ON LIVER CIRRHOSIS-ASSOCIATED
MORBIDITY AND MORTALITY

Published data have demonstrated a correlation between
the achievement of SVR and the reduction of HCV-
related complications, liver disease severity and mortality
(Table 2).

Veldt et al**"! reported that among 286 subjects who
achieved SVR and were followed-up for 5 years, only 1%
experienced liver failure, with a survival similar to that
of the general population. Another study including 721
patients with chronic hepatitis C reported a significantly
lower annual mortality rate in subjects who had previously
achieved SVR after IFN therapy compared to those who
had not (0.44%/year, 1.98%/year and 3.19%/year for
SVR, non-SVR and untreated patients, respectively; P
< 0.0001). The study also showed that viral clearance
was able to reduce the hazard ratio for total deaths by
0.173%%,

A meta-analysis including 129 trials for a total amount
of 15067 patients has demonstrated that SVR achieve-
ment reduces the risk of LT requirement by 90%, and the
risk of death by 60%-84%""*!, Nevertheless, viral clearance
leads to a lower incidence of liver-related morbidity and
death (0.62 and 0.61 among SVR patients, respectively,
and 4.16 and 3.76 among non-SVR patients, respectively;
P< 0.001)". Recent data further confirmed that HCV
infection resolution allows reduction in the incidence of liver
decompensation*”, all-cause mortality™***” and annual
deaths rate (8.9% in SVR patients vs 26.0% in non-SVR
patients; P < 0.001)"¥. This evidence was confirmed by
an extensive review by Szabo et af*"'; moreover, survival
rates comparable to general population have been
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reported after the achievement of SVR even in patients
with well-compensated cirrhosis'*®. Although useful to
figure out the long-term benefits expected from DAAs,
the interpretation of data emerging from the use of IFN-
or PEG-IFN-based regimens is limited by the selection
of patients, since those affected by comorbidities
were usually not suitable for treatment and were not
included in outcomes analyses; moreover, the lack of
homogeneous design and patients’ stratification make it
difficult to deduce general conclusions.

IMPACT OF VIRAL ERADICATION ON
LIVER FIBROSIS

Despite the positive impact of HCV infection eradication
on patients’ prognosis, few data about liver cirrhosis/
fibrosis regression are available.

Regression of liver fibrosis as a result of viral clea-
rance is supported by the reduction of inflammatory
mediators that leads to apoptosis of myofibroblasts,
and occurs by the inactivation of stellate cells. The down-
regulation of inflammation, as well as microvascular
remodelling, degradation of extracellular matrix and
hepatocyte repopulation leads to the generation of new
hepatic tissue®™"!,

Cirrhosis regression has been reported in about
61% of cases after a median time of 3 years from the
achievement of SVR (Table 2)*2. Mallet et at** observed
the evolution of liver fibrosis in 96 patients treated with
IFN or PEG-IFN with or without RBV, for a median follow-
up of 118 mo. Although statistical significance was not
reached, 18 subjects obtained a regression of fibrosis
from METAVIR stage 4 to stage < 2. In another study,
among 153 cirrhotic patients treated with IFN or PEG-IFN
in combination or not with RBV for 24 or 48 wk, 75 (49%)
had a regression of fibrosis after a mean time of 21 + 4
mo. In addition to SVR, factors independently associated
with histology improvement were age < 40 years (P <
0.001) and body mass index < 27 kg/m? (P < 0.001)"",

Other small studies reported variable rates of fib-
rosis regression after different time periods from viral
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types I and II IFN in liver tissue and an increase of
IFN-alpha2 have been observed”. Conversely, other
authors have reported a loss of intrahepatic immune
activation by IFN-gamma, associated with normalization
of the natural killer cells phenotype and function,
consequent to DAAs treatment””®. How these findings
may be associated with DAAs treatment outcome still
needs to be further elucidated.

Although the risk of HCC development is significantly
reduced by viral clearance it is not completely eliminated,
especially in cases of persistence of other cofactors
promoting carcinogenesis. Toyoda et al’”’ reported that
18/522 patients who achieved SVR after IFN treatment
developed HCC after a median follow-up of about 7.2
years (1.0-22.9 years), with an incidence of 1.2% and
4.3% at 5 years and 10 years, respectively. In the
analysis, the presence of diabetes mellitus and advanced
fibrosis (FIB-4 index = 2) at 24 wk after SVR were
correlated to an increased risk of developing HCC. Other
data identified type 2 diabetes mellitus and total alcohol
intake as independent risk factors for HCC development
(HR = 2.77, 95%CI: 2.13-3.60, P < 0.001 and HR=
2.13, 95%CI: 1.74-2.61, P < 0.001, respectively)’®.
In another study, among 232 SVR patients who un-
derwent liver biopsy between 1992 and 2009, the
development of HCC was definitively lower in the group
with low-intermediate grade fibrosis (FO-F2 according to
Metavir) than in that with F3-F4 grade (1.6% and 8%,
respectively)”®.

Data about the impact of DAAs treatment on HCC
recurrence in previously treated patients and on the
development of new HCC nodules have been recently
published. It seems to be clear that these new antivirals
are not able to modify the natural history of HCC in
cirrhotic patients, and it has also been postulated that
they may act as promoters, although other studies
have not supported this hypothesis®®®”\. Probably, an
investigation focused on the immunologic changes and
the microenvironmental hepatic tissue alterations conse-
quent to DAAs treatment may be worthwhile to quell this
debate™.

DAAs AND LT

HCV infection-associated cirrhosis and HCC account
for 40% of all cases on the LT waiting list in the United
States and for about 1/3 of LTs in cirrhotic patients?*?,
HCV infection recurrence of the graft is universal and
leads to cirrhosis in up to 20%-30% of recipients,
being one of the most important causes of death and
retransplantation®*®”, The time course of post-LT HCV
reinfection is faster than among immunocompetent
individuals; cirrhosis can be histologically documented
within 5 years after LT, and from that point on the first
episode of decompensation may occur within less than 1
year®™",

After HCV infection eradication, a 62%-84% decrease
in 5-year mortality as well as a reduction by 90% of
the risk of receiving LT have been reported™®. This im-
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provement in survival was observed in both sustained
virological responders and relapsers”®”. The new available
DAAs account for response rates higher than 90%
and are better tolerated than either IFN and PEG-IFN,
allowing for treatment of patients for whom the previous
antivirals were contraindicated and who had low chances
of response due to unfavourable virological or clinical
conditions™ ., As patients who achieve SVR have a
reduced risk of progression to cirrhosis and of developing
its complications, the widespread use of the new DAAs
will probably change the scenario of LT, potentially
reducing the need for liver organs.

DAAs treatment before LT

The aim of antiviral treatment in patients on the waiting
list is to prevent the recurrence of HCV infection after LT.
To reduce the risk of post-LT recurrence, the achievement
of at least 30 d of HCV-RNA negativity before LT has
been suggested®*®*!. However, whether it is necessary
to continue antiviral therapy after LT in patients who
received a very short course of therapy before transplan-
tation is not yet clear™®,

Furthermore, achieving SVR in waiting-list patients may
directly impact the severity of liver disease, with possible
delisting after treatment. A recent real-life multicentre
study™” including 103 decompensated cirrhotic patients
listed for LT and treated with second-generation DAAs
reported HCV eradication rates of 16% at 24 wk and of
35% at 48 wk after the beginning of treatment (Table 3).
This was associated with delisting of 20% of patients
at 48 wk from the end of treatment. The evidence of
a significant improvement of liver function also comes
from the SOLAR-1 study cohort A®®, including cirrhotic
patients with decompensated disease treated with LDV
and SOF plus RBV. For this study, similar SVR rates (from
86% to 89%) were reported for Child-Pugh class B and
C patients regardless of treatment duration, and this was
associated with the improvement of model for end-stage
liver disease (MELD) and Child-Pugh scores.

Other studies confirmed liver function amelioration after
viral eradication in decompensated dirrhotic patients 2.
although in cases with more advanced liver impairment
(Child-Pugh C, albumin lower than 3.5 g/dL, MELD > 20)
and in the elderly worsening of liver function has also
been reported!?*'%¢,

Delisting due to clinical improvement may therefore
become frequent in the era of DAAs, making it possible
to reserve LT only to patients who do not show signifi-
cant benefit. Munoz!'”! estimated that DAAs-induced
reduction in MELD score down to the threshold of LT
benefit may occur in 592-993 listed patients/year during
the first year after treatment, and that approximately
213-515 donated livers/year may become available for
redistribution to other patients.

The future impact of DAAs on indications for LT and
on organ allocation policy may depend not only on the
decreased number of HCV-infected recipients but also
on the potential use of anti-HCV positive donors™®!,
Indeed, DAAs might introduce a new era, in which anti-
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Table 4 Studies evaluating the effects of direct acting antivirals in liver transplant recipients

Ref. HCV genotype Fibrosis stage

Treatment

SVR12 rate Observed improvement

Cohort B
Gla: 164/229 (71.6%)
G1b: 63/229 (27.5%)
G4:2/229 (0.9%)

Charlton et
al®™, 2015

No cirrhosis: 111/229 (48.5%)
Child A: 51/229 (22.3%)
Child B: 52/229 (22.7%)

Child C:9/229 (3.9%)
FCH: 6/229 (2.6%)

Cohort B
Gla: 113/226 (50%)
G1b: 86/226 (38%)
G4:27/226 (12%)

Manns et
al™™, 2016

No cirrhosis: 101/226 (44.7%)
Child A: 71/226 (31.4%)
Child B: 40/226 (17.7%)

Child C:9/226 (4%)
FCH: 5/226 (2.2%)

FO: 6

F1:10

F2:7

F3:13

F4:16

ND:1
Cirrhosis: 97/151 (64.2%)

Poordad et
al™™, 2016

Gla: 31/53 (58.5%)
G1b: 10/53 (18.9%)
G2:0
G3:11/53 (20.7%)
G4:0
G6:1/53 (1.9%)
Gla: 87/151 (57.6%)
G1b: 42/151 (27.8%)
G1 (unspecified): 22/151
(14.6%)

Brown et
al™, 2016

LDV/SOF + RBV
12 or 24 wk

LDV/SOF + RBV
12 or 24 wk

DCV/SOF + RBV

No cirrhosis: =
12 wk 53/55 (96) 24 wk 55/56 (98)
Child A:
12 wk 25/26 (96 %)
24 wk 24/25 (96%)
Child B:
12 wk 22/26 (85%)
24 wk 23/26 (88%)
Child C:
12wk 3/5 (60%)
24wk 3/4 (75%)
FCH:
12 and 24 wk 100%
Genotype 1:
No cirrhosis: 12 wk: 42/45 (93%)
24 wk: 44/44 (100%)
Child A:
12 wk: 30/30 (100%)
24 wk: 27/28 (96%)
Child B:
12 wk: 19/20 (95%)
24 wk: 20/20 (100%)
Child C:
12 wk:1/2 (50%)
24 wk: 4/5 (80%)
FCH:
12 and 24 wk: 100%

MELD improved in 58%

Child B to A: 52%
Child C to B: 60%

Genotype 4:
No cirrhosis:
12 and 24 wk 100%
Child A:

12 wk 3/4 (75%)
24 wk 100%
Child B:

12 and 24 wk 100%
Child C:

12 wk 0%

50/53 (94%) -

12 and 24 wk

SMV/SOF + RBV

133/151 (88%) -
SMV/SOF 105/119 (88%)
SMV/SOF + RBV 28/32 (88%)

LDV: Ledipasvir; SOF: Sofosbuvir; RBV: Ribavirin; DCV: Daclatasvir; SMV: Simeprevir; RVR: Rapid virological response (HCV-RNA < 15 UI after 4 wk
of treatment); EVR: Early virological response (HCV-RNA < 15 UI after 12 wk of treatment); GRZ: Grazoprevir; ELB: Elbasvir; VEL: Velpatasvir; FCH:

Fibrosing cholestatic hepatitis; HCV: Hepatitis C virus.

recent data and projections.

Sievert et af'**! recently analysed the future effects of
the increase in SVR rates in the Australian population,
taking into account three different models: Without
increasing (first scenario) or increasing (second scenario)
the number of treated patients and, finally, considering
treatment prescription restricted to patients with fibrosis
= F3 only (third scenario).

Applying the model of restricted prescription in the
time period between 2015 and 2017, an estimated
reduction by 51% of HCC development and by 56%
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and 54% of compensated and decompensated cirrhosis
could be expected in 2030, respectively, as well as a
56% decrease in mortality rates. The cumulative costs
of HCV infection were reduced by 26% from the base
case. If the time span was extended to all years, a
90% decrease in compensated and decompensated
liver cirrhotic patients was expected by 2030, with
a reduction of HCC by 84%. In absence of eligibility
restriction, chronically infected people were estimated
to reduce by 60% in 2030, with a slightly lower
decrease of cases of cirrhosis and HCC and comparable
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cumulative costs reduction.

A similar study conducted on the French population
analysed the reduction in the need for LT associated with
HCV infection treatment. Based on two main scenarios
constructed by estimating the number of LT candi-
dates between 2013-2022, the authors demonstrated
that antiviral treatments will avoid 4425 transplants,
reducing by 45% and by 88% the gap between liver
organs request and availability for patients with decom-
pensated cirrhosis and HCC, respectively. This will allow
for satisfaction of the LT demand for patients affected
by HCC within 2022, although (probably) the same
results cannot be achieved for decompensated cirrhotic
patients™*,

Finally, Kabiri et af™*! published a transition model
analysis to predict the effect of HCV therapies in the
United States. Compared to a scenario including new
therapies but with limited treatment capacities and
risk-based or birth-cohort screening, a scenario with
universal screening and absence of treatment limitations
was able to prevent 91000 cases of HCC, 128800
cases of decompensated cirrhosis, 153200 liver-related
deaths, and 13400 LT. The authors concluded that HCV
might be destined to become a rare disease within
2036.

Although the major limitation of these studies is
represented by the correct estimation of treatment
response rates, as well as by the quantification of
treatment costs, which are in constant evolution, they
may provide a useful projection of the evolution of HCV-
related health and economic burden in the near future.

CONCLUSION

The discovery of DAAs has radically changed the
world scene of hepatitis C infection and its associated
morbidity and mortality.

The current evolution and revolution of HCV antiviral
treatment has increased the number of patients achieving
viral eradication and, therefore, is going to reduce the
incidence of cirrhosis, the rate of liver decompensation
and HCC development, as well as patients’ mortality.
This will probably lead to a decrease in the need for LT,
providing an adequate supply for nearly all patients with
HCC and part of those with decompensated cirrhosis.
The future widespread use of these new antivirals might
also influence the policy of donor selection, leading to
the expansion of the pool of available liver organs, since
HCV infection may represent no more a contraindication
for the use of liver grafts.

Although DAAs have made it possible to envisage a
bright future in the fight against HCV-related liver disease,
only long-term follow-up studies will allow for accurate
quantification of the benefit obtained. The assessment
of less evident effects of the new antivirals, such as
microenvironmental and immunologic changes in the liver,
is also mandatory to predict and avoid the occurrence of
possible unexpected consequences.

Finally, the disparity in the use of DAAs throughout
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the world caused by the high costs and the restricted
availability makes it difficult to draw definitive conclusions
about the future epidemiology and evolution of HCV-
related liver disease worldwide.
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