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ABSTRACT

Introduction: In Italy, hepatitis C virus (HCV)
elimination is achievable; however, barriers
remain to achieving the World Health Organi-
zation'’s elimination targets, and have become
more pronounced with the spread of COVID-
19. Glecaprevir/pibrentasvir (G/P) is a direct-
acting antiviral therapy for HCV, approved for
8-week treatment in patients without cirrhosis,
and with compensated cirrhosis (CC). Previ-
ously, 12 weeks of therapy was recommended
for patients with CC. Shortened treatment may
reduce the burden on healthcare resources,
allowing more patients to be treated. This study
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presents the benefits that 8-week vs 12-week
treatment with G/P may have in Italy.
Methods: A multicohort Markov model was
used to assess the collective number of health-
care visits and time on treatment with 8-week vs
12-week G/P in the HCV-infected population of
[taly from 2019 to 2030, using healthcare
resource data from post-marketing observa-
tional studies of G/P. Increased treatment
capacity and downstream clinical and eco-
nomic benefits were also assessed assuming the
reallocation of saved healthcare visits to treat
more patients.

Results: Modeled outcomes showed that by
2030, 8-week treatment saved 27,006 years on
therapy compared with 12-week treatment,
with 21,065 fewer hepatologist visits.
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Reallocating these resources to treat more
patients could increase capacity to treat 5064
(1.4%) more patients with 8 weeks of G/P, all
with CC. This increased treatment capacity
would further avoid 2257 cases of end-stage
liver disease, 893 liver-related deaths, and pro-
vide net savings to the healthcare system of
nearly €70 million.

Conclusion: The modeled comparisons
between 8- and 12-week treatment with G/P
show that shorter treatment duration can lead
to greater time and resource savings, both in
terms of healthcare visits and downstream
costs. These benefits have the potential to
enable the treatment of more patients to over-
come elimination barriers in Italy through
programs aimed to engage and treat targeted
HCV populations.

Keywords: Elimination; Glecaprevir/pibrentas-
vir; Hepatitis C virus; Italy; Treatment duration

Why carry out this study?

The elimination of HCV infection in Italy
is a possibility; however, barriers remain
to achieving the WHO HCV elimination
goal of 2030, as well as the expected
disruption to elimination efforts due to
COVID-19.

A shorter, 8-week treatment duration of
G/P may help reduce the burden on
healthcare resources and allow
reallocation to increase treatment
capacity for HCV.

This study presents the benefits to
healthcare resources that 8-week vs
12-week treatment with glecaprevir/
pibrentasvir (G/P) may have in Italy.

What was learned from the study?

The resources saved through shortened
G/P treatment would increase the capacity
to treat by 5064 (1.4%) more patients,
avoid 2257 cases of end-stage liver disease,
893 liver-related deaths, and provide a net
savings to the healthcare system of nearly
€70 million.

Shorter treatment duration can lead to
greater resource savings which has the
potential to enable treatment of more
patients and overcome elimination
barriers in Italy.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13655654.

INTRODUCTION

Approximately 71 million people worldwide are
chronically infected with hepatitis C virus
(HCV) [1]. HCV is one of the leading causes of
chronic liver disease worldwide, which can lead
to life-threatening complications such as hep-
atic decompensation and hepatocellular carci-
noma (HCC) [1, 2]. Since the availability of
interferon (IFN)-free direct-acting antivirals
(DAAs) in 2014, treatment options for hepati-
tis C have reduced in duration and become
better tolerated and more effective (sustained
virologic response [SVR] rates of greater than
95%) than the previously available IFN-based
therapies [3]. Glecaprevir/pibrentasvir (G/P) is a
fixed dose, once-daily, all-oral combination
DAA therapy approved to treat chronic HCV in
patients without cirrhosis or with compensated
cirrhosis [4, 5]. Previously, 12-week treatment
with G/P was recommended for treatment-
naive patients with compensated cirrhosis and
8-week treatment was recommended for
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treatment-naive patients without cirrhosis
[4, 5]. As a result of the data reported in the
phase IIIb EXPEDITION-8 trial, which showed
8-week G/P treatment to be highly efficacious
(with an SVR at post-treatment week 12 rate of
99.7%) and well tolerated in patients with
compensated cirrhosis, G/P has recently been
approved in both the USA and Europe for
8-week treatment of all treatment-naive
patients, including those with compensated
cirrhosis [4-6].

The World Health Organization (WHO) has
set a goal to eliminate HCV as a major public
health threat by 2030 [1]. This includes diag-
nosing 90% of individuals with HCV and initi-
ating treatment in 80% of eligible patients [1].
However, many countries are not on track to
meet this target [7]. The availability of
pangenotypic, IFN-free DAA regimens for HCV
treatment means HCV elimination is a realistic
goal, but the estimated prevalence of HCV and
number of undiagnosed patients remains high,
often owing to a lack of screening and treat-
ment, with only approximately 13% of patients
thought to be aware of their HCV status and
receiving treatment. The estimated year of HCV
elimination in Italy is 2029 [8]; however, as a
result of the impact of COVID-19, delays to
achieving HCV elimination are expected, with
models estimating increases in liver-related
deaths and cancers [9]. In addition, Italy saw a
loss of progress before the pandemic, with a
35% reduction in the annual number of
patients who initiated treatment in 2019 com-
pared to 2018 [10].

In Italy, prevalence of HCV is estimated to be
1% in total, with rates differing between age
groups [11]. The national health service in Italy
(Servizio Sanitario Nazionale, SSN) provides
universal coverage to citizens and residents and
allows unrestricted access to DAAs for individ-
uals with HCV [12, 13]. HCV management is a
significant burden on the SSN in Italy, with
healthcare resource utilization (HCRU) increas-
ing with advanced disease states, such as
decompensated cirrhosis and HCC [14]. In
patients who do not receive HCV treatment, the
rate of disease progression is known to be higher
compared with those who are treated, with
untreated patients with HCV requiring extra

healthcare resources, in particular hospitaliza-
tions [14]. A cost analysis of HCV management
showed that in Italy, the mean healthcare cost
associated with HCV infection was €6022.7 per
patient [14]. Costs associated with patients with
HCC and those who require liver transplants are
estimated to be €50 million and €48 million
annually, respectively [13].

A shorter 8-week treatment duration may
reduce burden on healthcare resources and
allow reallocation of these resources to treat
additional patients. This is of increased impor-
tance given the recent impact of COVID-19 on
healthcare resources and potential deprioritiza-
tion of clinical resources and budget allocation
for HCV therapy in patients with less advanced
disease. This study aims to use real-world data
in a Markov model to assess the potential clin-
ical and economic benefits of 8-week vs 12-week
G/P treatment of individuals with HCV in Italy.

METHODS

Study Model

A previously published open multicohort Mar-
kov model was updated to assess the clinical
and economic outcomes of treating the non-
cirrhotic and compensated cirrhotic HCV pop-
ulation in Italy with G/P for 8 vs 12 weeks from
2019 onwards with a screening program that
diagnosed 90% of HCV infections by 2030 [15].

The data for the Italian population came
from post-marketing observational studies
(PMOS) of G/P [16-20]. Eligible patients were
followed from treatment initiation until
12 weeks after the end of treatment (EOT) or
until premature discontinuation. Patients were
aged at least 18 years with HCV GT1-6 infection
and received G/P at the treating physician’s
discretion according to local label, national or
international recommendations, and/or local
clinical practice. The PMOS studies were per-
formed in accordance with the Helsinki Decla-
ration of 1964, and its later amendments, and
all patients provided informed consent to par-
ticipate. HCRU and patient-reported outcomes
were pooled and analyzed, with data collected
from 18 January 2018 to 7 January 2019. HCRU
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was assessed using the total number of study
visits with a healthcare provider per patient.
Patients with HCV infection were eligible for
the PMOS if they were receiving G/P according
to local label, national or international recom-
mendations, and/or local clinical practice. The
HCRU and SVR analyses were performed on the
core population with sufficient follow-up
(CPSFU), defined as patients from the core
population, excluding those who did not have
an HCV RNA evaluation after post-treatment
day 70 due to reasons not related to effective-
ness or safety (lost to follow-up or unavailable
HCV RNA data). Patients included in the CPSFU
had one of the following: HCV RNA data after
post-treatment day 70 (not included if the drug
end date was unknown), virologic failure (on-

Treatment

treatment virologic failure or post-treatment
relapse), discontinued the study because of an
adverse event (AE), and had HCV RNA less than
50 IU/mL at the last measurement.

The model showed the progression of the
diagnosed HCV population from 2019 to 2030,
adding a cohort of newly diagnosed patients
annually (Fig. 1). Data inputs included HCV
natural history, treatment efficacy, epidemio-
logic data, and cost inputs (Table 1). Cost inputs
were obtained from published literature and
included healthcare costs associated with liver-
related complications (such as liver-related
deaths, liver transplant, HCC, decompensated
cirrhosis, and extrahepatic manifestations). The
model calculated the collective number of
healthcare visits and years on treatment for the

[ [
efficacy 99.0% 99.0%

Fibrosis stage
distribution

Fig. 1 Study design for model. Sources: *Marcellusi
PharmacoEconomics. 2019;37:255-266 (base case = 2017
years); "Rein et al. Clin Infect Dis. 2015;15:61:157-68.
*Annual transition probability after the first year. D death,

I 1
99.0% 99.0% 99.0%

0.0302

0.1002 0.0082

0.2002
0.031%*

0.150*
0.0572*

0.430°
0.430*

DCC decompensated cirrhosis, F fibrosis, HCC hepato-
cellular carcinoma, LrD liver-related death, LT liver
transplant, SVR12 sustained virologic response at post-
treatment week 12
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Table 1 Data inputs®

Data input Base Source

Prevalence 2019

Prevalent cases in

2019
Fraction diagnosed ~ 60% Assumption
Average age (years) 55.9 Bayesian model

Annual incidence

Annual incident 3604

cases

Bayesian model

Average age (years)  55.9 Bayesian model
Costs

Screening (cost per €9

410,775 Kondili et al. Hepatology 2019;70(S1):P520

Cicchetti PharmacoEconomics—2011 Cicchetti et al. PharmacoEconomics—Italian

Cicchetti et al. PharmacoEconomics—Italian Research Article 2011;13(2):81-99
Cicchetti et al. PharmacoEconomics—Italian Research Article 2011;13(2):81-99

patient) Research Article 2011;13(2):81-99
Treatment €6000  Regione Emilia-Romagna Aggiornamento Luglio 2019
(8 weeks)
Medical (annual costs)
SVR FO-F3 €56
SVR F4 €56
FO €100

2014;15(3):61-70

Ruggeri et al. Farmeconomia. Health Economics and Therapeutic Pathways

F fibrosis, SVR sustained virologic response

* The inputs for this table were based on the following sources and assumptions: Kondili et al. Hepatology
2019;70(S1):328A; Bayesian model, Cicchetti et al. PharmacoEconomics—Italian Research Article 2011;13(2):81-99;
Regione Emilia-Romagna Aggiornamento Luglio 2019; Ruggeri et al. Farmeconomia. Health Economics and Therapeutic
Pathways 2014;15(3):61-70; Dieguez et al. Hepatology 2016;64(S1):P59; Cacoub et al. Alimentary Pharmacology and
Therapeutics 2018;47(1):123-128; Capri et al. Therapeutic Innovation and Regulatory Science 35(1):189-201; Kondili

et al. Hepatology 2017;66:1814-1825

HCV population treated with 8 vs 12 weeks of
G/P, assuming a fixed annual treatment budget
of €210 million. This budget assumption was
made so that 35,000 patients with HCV were
treated annually in Italy, consistent with the
projections from the Polaris Observatory [21].
The model also calculated any downstream
health and economic benefits of expanding
treatment capacity assuming all saved health-
care visits would be reallocated to treat more
patients. This expansion in treatment capacity

was calculated by dividing the total number of
healthcare visits saved by the average number of
healthcare visits for patients treated with
8 weeks of G/P.

Outcomes

The outcomes measured in this analysis were
years on treatment, number of hepatologist
visits, the difference in healthcare costs related
to years on treatment and hepatologist visits
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between 12- and 8-week treatment with G/P,
and any change in treatment capacity. In addi-
tion, this analysis also investigated outcomes
associated with an increased treatment capac-
ity. This included the number of cases of end-
stage liver disease (ESLD), liver-related death
and HCC, treatment costs, costs for hepatic and
extrahepatic  complications, and overall
healthcare costs.

Analyses

Clinical and economic outcomes with different
treatment strategies were assessed under the
same screening policy and healthcare budget.
For patients without cirrhosis and with com-
pensated cirrhosis, two strategies were com-
pared: 12 weeks of treatment with G/P and
8 weeks of treatment with G/P.

RESULTS

Patients treated with 12 weeks of G/P collec-
tively spent 81,019 years on treatment com-
pared with 54,013 years in patients treated with
8 weeks of G/P. Shorter treatment duration thus
results in a reduction of 27,006 (33.3%) years
the patient population remains on treatment
(Fig. 2a). The 8-week vs 12-week G/P treatment
also resulted in 21,065 fewer hepatologist visits,
corresponding to savings of €386,215, as
patients had a total of 1,481,573 and 1,460,508
hepatologist visits on the 12- and 8-week G/P
treatments, respectively (Fig. 2b). The resources
saved, in terms of visits, would increase the
capacity to treat 5064 (1.4%) additional patients
with 8 weeks of G/P, all with CC.

The cost of treating these additional 5064
patients would result in a cumulative pharma-
ceutical cost of €26,624,706 by 2030. However,
this increased capacity to treat would also avoid
a total of 893 liver-related deaths, 2257 cases of
ESLD, and 1150 cases of HCC (Fig. 3).
Accounting for the associated medical costs,
8-week treatment would result in savings of
€56,910,575 and €39,312,021 related to hepatic
and extrahepatic complications, respectively.
Overall, there would be a reduction in total
healthcare costs of €69,597,891 with the

Cumulative years of treatment
a (2019-2030)

100,000 ~

~27,006 (=33.3%)

90.000 o

80.000 A

70,000 A

60.000 -

Years

50.000 A

40.000

30.000 o

20.000 -

10,000 -+

0 -

12-week G/P 8-week G/P

b Cumulative number of visits
(2019-2030)

Extended treatment

capacity of 5.064

more patients (all
—21,065 (—1.4%) with CC)

1481573

2.000.000 ~
1.800.000 -
1,600,000 -
1,400,000

1,460,508

1.200.000 A

Visits (n)

1.000.000 A

800.000 A

600,000 -

400,000 ~

200.000 A

0 -

12-week G/P

8-week G/P

Fig. 2 a Cumulative years of treatment and b cumulative
number of hepatologist visits from 2019 to 2030. CC
compensated cirrhosis, G/P glecaprevir/pibrentasvir

shorter-duration treatment taking into account
increased treatment capacity, reduced hepatol-
ogist visits, and reduced hepatic and extrahep-
atic complications. The cumulative healthcare
costs by treatment duration are shown in Fig. 4.
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Cumulative number of cases

3.000
=2,257

2.500 A

2,000 A

Cases (n)

1.500 A

1.000 A

500 4

0 -

ESLD
Fig. 3 Cumulative number of cases of end-stage liver
disease, liver-related deaths and HCC after increasing
treatment capacity; 8-week G/P treatment would increase
treatment capacity by 5064 patients compared to 12-week

DISCUSSION

The results of this analysis show that for Italy,
8-week treatment with G/P resulted in less time
on treatment and fewer hepatologist visits,
leading to an increase in the number of patients
who could be treated and an overall decrease in
healthcare costs compared with the 12-week
G/P duration. This suggests that 8-week G/P
treatment could lead to a simplified treatment
pathway that provides greater benefits to
patients and the healthcare system, as well as
saving costs through reduced hepatic and
extrahepatic complications.

Increasing the capacity to treat can reduce
the number of patients with HCV progressing to
more advanced liver disease and developing
both hepatic and extrahepatic complications
[22, 23]. The country-specific model described
in this study showed that for Italy, the increased
treatment capacity of 5064 patients related to
8-week treatment with G/P resulted in a reduc-
tion in cases of ESLD, liver-related deaths, and

(2019-2030)

u 12-week G/P
m 8-week G/P

LD HCC

G/P treatment. ESLD end-stage liver disecase, G/P
glecaprevir/pibrentasvir, HCC hepatocellular carcinoma,
LrD liver-related death, 72 number

HCC. In turn, the lower numbers of cases led to
cost savings related to hepatic and extrahepatic
complications of €96,222,596. In addition, the
benefits of a shorter treatment duration may
lead to further healthcare savings through
reduced management of adverse events and
concomitant medications, which were not
quantified in the present analysis. Similar
results were observed in other analyses showing
that shorter-duration treatment can increase
the number of patients who can be treated and
decrease future healthcare expenditures related
to HCV complications [22, 24]. In this study,
the increased treatment capacity led to an
increase in treatment costs; however, the results
also suggest that the savings made by reducing
the number of HCV-related complications can
be higher than the additional treatment costs,
resulting in overall cost savings of €69,597,891.
It is important to note that the majority of the
economic benefits of treating HCV are not
immediate; in order to project the real benefits
of expanding HCV treatment, a long-term per-
spective must be taken [25, 26].

I\ Adis



Infect Dis Ther (2021) 10:763-774

770
Cumulative costs
(2019-2030)
m Extrahepatic complications
m Hepatic complications
® Treatment
Total costs: —-€69.597.891
140.000.000 A |
4.163.
120,000,000 - clfslennl
100.000.000 A
L 80.000,000 -
@
S
60.000.000 - €44.565.141
40.000.000 -
65,865,960
20.000.000 -

12-week G/P

8-week G/P

Fig. 4 Cumulative costs associated with an increased
treatment capacity; 8-week G/P treatment would increase
treatment capacity by 5064 patients compared to 12-week
G/P treatment. G/P glecaprevir/pibrentasvir

Many countries, such as Italy, have fixed
healthcare budgets within which there are
specific budgets allocated to the treatment of
HCV [27]. The reduction in HCRU as well as the
cost savings observed with 8-week G/P treat-
ment in this analysis suggest that shorter-dura-
tion treatment has the potential to increase the
capacity to treat more patients. The ability to
increase treatment capacity is often restricted by
countries’ budget constraints or the availability
of specialists to treat patients, which can lead to
treatment being provided to only the sickest
patients [22]. However, restricting the number
of patients treated limits disease reduction and
consequently elimination [22, 24]. To accelerate
HCV elimination, treatment capacity must be
increased [22]. It is also possible that the costs
and healthcare resources saved with a shorter-
duration treatment could be used to overcome
the barriers to HCV elimination targets in Italy
by initiating new, tailored programs aimed to
engage and treat high-risk populations to
increase HCV screening and linkage to care.

Shorter treatment duration could be partic-
ularly important given the restrictions placed
on healthcare resources due to COVID-19, such
as the availability of screening, diagnosis, and
clinical care, as well as the economic impact of
the pandemic, which will likely reduce access to
care [28, 29]; additionally, fewer healthcare
visits as a result of a shorter treatment may be
associated with less exposure to COVID-19 and
other diseases, a benefit not quantified in the
current study. Furthermore, the loss of progress
towards HCV elimination in Italy before
COVID-19 led to the implementation of a law
enacted by the Italian Government in February
2020 to conduct graduated birth cohort
screening for hepatitis; however, as a result of
COVID-19 this has been delayed as of May 2020
[10]. Additionally, the average weekly treatment
starts have reduced by more than 88% com-
pared with 2018 [10]. This illustrates the already
strained plans for HCV elimination, and the
detrimental impact that further delays due to
COVID-19 will likely have [10]. One model
predicts that the downstream consequences
from a 1-year delay in HCV elimination pro-
grams could result in 72,300 extra liver-related
deaths and 44,800 extra liver cancer cases
globally over the next 10 years [10]. This is
supported by another model that shows that in
Italy there is a progressive increase in the
number of advanced liver disease cases and
deaths as HCV treatment delays increase [29].

Currently, there are active projects in Italy
that aim to help reach the HCV elimination
goal, such as The HCV Network Sicily, a web-
based model that includes physicians who
manage and treat HCV, monitors patients’ data,
and shares optimized strategies with the goal of
helping HCV elimination [12]. However, epi-
demiologic data for people who inject drugs
(PWIDs), prisoners, migrants, and patients with
human immunodeficiency virus/HCV coinfec-
tions are needed in order to find high-risk
patients and provide tailored treatment pro-
grams [30]. It will become increasingly more
difficult to find remaining untreated patients
with HCV because of the asymptomatic nature
of the early stages of disease and marginaliza-
tion of high-risk populations [31]. The health-
care resources saved with a shorter-treatment
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duration could be used to find and treat these
patient populations. Furthermore, a shorter-
treatment duration may bring greater value
during and post COVID-19, through the saving
of healthcare resources which are likely scarcer
during the pandemic.

There are a few limitations of this study. The
transition probabilities and costs were obtained
from estimates in the literature, and actual val-
ues for these may differ across other settings and
patient subgroups; the model did not account
for HCV transmission, reinfection, treatment
compliance, re-treatment, or additional factors
related to chronic HCV infection; and results
are projected and may differ from those
observed in the real world. Also, the differences
in healthcare visits between 8- and 12-week
treatment with G/P may vary across regions and
real-world treatment practices. PMOS data were
used in this study to infer this difference; how-
ever, further studies are needed to confirm this.

CONCLUSION

Comparisons between 8- and 12-week G/P
treatment show that 8-week treatment can lead
to greater patient benefits and reduced HCRU.
The resource savings, in terms of healthcare
visits, with 8-week G/P treatment have the
potential to increase treatment capacity within
a given treatment budget and lead to down-
stream health benefits and cost savings. In
addition, the 8-week G/P treatment duration
could lead to a simplified treatment path for
nonspecialist treatment, in turn increasing the
number of patients treated. Given these bene-
fits, 8-week G/P treatment can further support
current efforts to achieve HCV elimination tar-
gets in Italy.
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