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Abstract

The objective of this work is the evaluation of the impact of new direct acting
antivirals for Hepatitis C as a case of disruptive healthcare innovation that
challenged healthcare systems. Two systematic reviews address cost-utility
analyses of new therapies and productivity costs of Hepatitis C. Then we present
an assessment of clinical guidelines update at a European level from 2016 to 2018
and the method addresses methodological issues identified as lacking in previous
works. Specifically, the Markov model included productivity cost measurement and
real drug acquisition costs. The results confirm that European update on Hepatitis
C treatment recommendations was efficient as it yielded health gains and savings
on the cost side. Economic evaluation can be useful not only to assess healthcare

innovations, but also as an efficiency test of clinical decisions.

Resum

L’objectiu d’aquest treball és l'avaluacié de l'impacte de nous antivirals d’accio
directa per a I'hepatitis C com a innovacié sanitaria disruptiva que va desafiar els
sistemes sanitaris. Dues revisions sistematiques analitzen els estudis de cost-
utilitat de les noves terapies i els costos de productivitat de I'hepatitis C. A
continuacioé s’avalua I'actualitzacié de les recomanacions cliniques a nivell europeu
entre el 2016 i el 2018 i el métode inclou questions metodoldogiques que s’han
identificat com a mancances en treballs anteriors. En concret, el model Markov
incorpora els costos de productivitat i els costos reals d’adquisicio dels
medicaments. Els resultats confirmen que [I'actualitzaci6 europea sobre les
recomanacions de tractament contra I'hepatitis C va ser eficag, ja que va generar
guanys en salut i estalvis en costos. L’avaluaciéo econdmica pot ser util no nomeés
per avaluar les innovacions sanitaries, sin0 també com a test d’eficiéncia de les

decisions cliniques.
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Introduction

1.1 The revolution of Hepatitis C therapies

Hepatitis C virus (HCV) infection affects the liver and leads to chronic disease
which can end in cirrhosis, end-stage liver disease and hepatocellular carcinoma in
a slow decade-lasting progress. Chronic hepatitis C (CHC) is a global health
problem affecting more than 70 million representing 1% of the world population?.
Once a patient is diagnosed of HCV infection, genotype, level of fibrosis and
cirrhosis status condition disease progression. Virus infection is classified by
genotype (1 to 8) being the most common genotypes (GT) 1 and 3, which account
for almost 70% of cases. Levels of fibrosis are measured in the METAVIR score
from FO to F4, where FO corresponds to no fibrosis in the liver and F4 to cirrhosis.
Cirrhosis is classified as compensated or decompensated. Related mortality
represented more than 400,000 deaths in 2015'. Epidemiology varies across
regions, with higher prevalence in Central and Eastern Europe (3%) than in
Western Europe (1%)32.

The objective of CHC treatment is to cure the infection, which is attained when
reaching sustained virological response (SVR). SVR is defined with undetectable
HCV RNA or at least 24 weeks after treatment is completed. SVR is generally
associated with resolution of liver disease in patients without cirrhosis. Patients
with cirrhosis remain at risk of complications, as hepatocellular carcinoma can
occur after eradication of the viral infection, and they may finally require a liver

transplant.

Before the approval of new direct acting antivirals (DAASs), the current treatment
consisted in a combination of peg-interferon (PEG-IFN) and ribavirin (RBV), which
lead to a SVR of 40% to 50%. However, treatment options were ineffective due to

the limited efficacy of treatment in various genotypes, treatment-related adverse

vii



effects that limited adherence to treatment®. Adverse effects were the first cause of
non-treatment initiation and discontinuation as they could affect any patient and
comprised a number of intolerable adverse effects, such as haemolytic anaemia,
flu-like symptoms, and psychiatric disturbances*®.

New DAAs replaced previous standard of care with dual (PEG-IFN+RBV) and triple
therapy (adding first-generation DAAs boceprevir (BOC) or telaprevir (TVR) to
PEG-INF+RBYV). Second-generation DAAs appeared in 2013 and rapidly replaced
previous therapies. Sofosbuvir (SOF) was the first second-generation DAAs and it
was followed by multiple alternatives and combinations with higher efficacy rates
that allowed Hepatitis C to become a curable disease, even for difficult-to-treat
patients®. After 2015, new DAAs for hepatitis C reached almost 100% efficacy,
halved treatment durations to as little as 12 weeks, and avoided almost all side
effects, which could impair patients' quality of life and lead to treatment

discontinuation.

New DAAs appearing since 2013 have been one of the most relevant examples of
new pharmaceuticals changing the management of a chronic and prevalent
disease in the world. Notably, they enabled a global strategy by the World Health
Organization for hepatitis C eradication by 2030".

1.2 New DAAs for Hepatitis C: challenging access

The case for new DAAs of Hepatitis C is an example of a health breakthrough
posing great challenges to healthcare budgets. Their additional therapeutic value
was not questioned, as they were a vast are a vast improvement on the previously
available ones. However, high prices together with hepatitis C prevalence rates
made new DAAs unaffordable for healthcare systems after their market launch.
Even at initially published list prices around 100,000 USD per treatment®
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sofosbuvir-based regimens were proven to be efficient compared to previous

therapies®.

In this context payers addressed the access and affordability issues by negotiating
private discounts and rebates directly with manufacturers® while simultaneously
designing strategic plans to a progressively expand population coverage. Macro-
level (policy) healthcare decision-makers designed plans to progressively
incorporate these new drugs as they all became available in a short period of

time10.11,

Compared to other pharmaceutical innovations, the efficacy of new DAAs was not
questioned but in less than two years new competitors entered the market (some
of them improved combinations of SOF). At this point, Hepatitis C turned into a
public health priority in Europe and cost-effectiveness assessment became crucial
to increase evidence to distinguish which treatments could offer best value for
money to the health care systems. In theory, when analysing value for money
societies seek to understand how health inputs (resources) yield health outcomes
(valuable health improvements) and then choose among those input combinations

that provide greater health benefits.

In the last decades health care innovations have improved health outcomes and
contributed to a rise in healthcare budgets at the same time'?. Increasing
healthcare expenditure might not always be a guarantee for better health even if
efficacy of the new technology has been confirmed. There might be important
differences between efficacy under ideal conditions and effectiveness under real
ones and the efficiency of the innovation will depend on its incremental health to

costs ratio compared to a relevant comparator.

At the same time there has been an increase in new drugs entering the market

bearing high prices (mostly in oncology and rare diseases)!3. However, the benefits



of new pharmaceuticals on patients’ health and quality of life vary widely'4 and they
may be considered insufficient with regards to their price. The evaluation of
effective yet expensive new treatments is essential for HTA agencies under the
new DAAs for HCV context.

1.3 Economic evaluation of health interventions

Economic evaluation (EE) is a method used to assess health technology
innovations as a part of the broad appraisal process known as health technology
assessment (HTA). HTA is aimed at ensuring sustainability of health systems?!? by
contributing to better resource allocation and decision making in health in a context
of increasing needs (and technologies) and limited resources. Health care
technologies understood in a broad sense comprise not only new drugs or devices
but also new interventions, programs, and procedures. Unfortunately, innovations
in health cannot be always considered breakthrough, meaning they provide
“substantial improvement over available therapy on a clinically significant

endpoint”. Even if they do, costs might challenge access.

In EE value of new interventions is more important than price. Although value has
not been uniformly defined in healthcare!®>, EE define value in terms of the
comparative cost-benefit ratios of competing therapies. Cost-effectiveness
analyses (CEA) consider both costs and benefits of a health care intervention in
comparison with a relevant alternative and provide evidence for optimal spending
with regards to efficiency (health-benefit to cost ratio)®. The term CEA commonly
includes cost-utility analyses where the measure of health impact changes from
natural units (effectiveness) to quality-adjusted life years (QALY). The efficiency of
a new treatment is defined in terms of its incremental cost per QALY compared to

the alternative?l’.



Efficiency assessment of new health technologies can lead the way on managing
conflicting objectives such as population access to new treatments and public
health expenditure control on the short run and the promotion of innovation in the
long run. However, EE has developed at different speeds. Some countries (i.e.
United Kingdom, Sweden, Australia, Canada) have CEA as a well-stablished
criterion and compulsory requirement to prioritize investments and portfolio of
services in their health systems?®. Others like Spain are still on their way towards
such an explicit and evidence-based scheme in health priority setting®-2°,

The increasing impact of EE of health interventions has been accompanied by a
growing set of methodological standards aimed at providing a reference case when
conducting CEA. Current state of the art recommendations on best practices
recommended that all CEA apply a societal perspective so that all costs, not only
direct medical costs, are included. EE need to consider absenteeism, productivity
loses, and earnings lost due to illness, provided they may have a greater
significance in total burden of illness. Apart from using a societal perspective,
methodological standards consider that CEA should always use prices of health
resources which reflect their true social opportunity cost and use preferences of the
general population?®.

1.4 An efficiency test for clinical decisions

Traditionally, CEA has been applied to compare treatments or drugs and it is still
unusual in evaluating clinical decisions made at a macro level. After drug
authorizations considering risk to benefit issues, clinical guidelines define the use
of a health technology in the real healthcare settings, which may condition
effectiveness. Physicians act as the agents of patients as they can understand the
likely health impacts of available therapies, but they are recognized as managers

of scarce resources by society.
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Although clinical recommendations might not be mandatory to follow, they can
shape the range of acceptable treatment alternatives on a particular health
problem. Notably, some of them, including those for HCV treatment by the
European Association for the Study of the Liver (EASL), have explicitly integrated
cost-effectiveness in their assessment frameworks?>-24, Clinical guidelines can
incorporate cost and cost-effectiveness considerations which are usually based on

single treatment CEA, but they are rarely evaluated as an intervention.

This thesis assesses the EASL guidelines for HCV treatment in the context of EE
of healthcare interventions. In the race towards HCV eradication, this work
contributes to improve the cost-effectiveness evaluation tools that can be applied
to clinical recommendations regarded as an intervention. Although eradication is
still on the agenda?>?, this case can be easily repeated in the future of health
innovations and it is important that stakeholders use already available tools in any
decision making process to test the efficiency of decisions that shape the impact of
new technologies in the healthcare context.

The first chapter allows us to explore the available evidence on the true social cost
of HCV by analysing the impact of non-healthcare costs, including mainly the costs
of reduced productivity at work (absenteeism and presenteeism) and productivity

losses due to premature deaths.

The second chapter assesses published cost-utility analyses of second-generation
DAAs with a focus on modelling characteristics, included costs and cost-
effectiveness ratios. This work identifies the strengths of Markov models used in
CEA of HCV therapies and outlines main areas of improvement, mainly the

inclusion of non-healthcare costs and the use of real drug acquisition prices.

The third chapter focuses on analysing EASL update on HCV treatment

recommendations from 2016 to 2018, when multiple second-generation DAAs
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were rapidly introduced. An enhanced Markov model considering the social cost of
HCV and real drug acquisition allows us to conclude that EASL guidelines in 2018
were efficient compared to those from 2016 as they enabled a gain in QALY and

savings in costs.
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ABSTRACT

Intreduction: There is an increasing interest in the indirect (or non-healthcare] costs of hepatitis C virus
(HOV).

Areas covered: Systematic review of original studies on the non-healthcare costs of HOV published in
English or Spanish betwean January 2000 and March 2017. 19 studies addressing non-healthcare cost of
HCW were included in the analysis. All studies but one contain treatments with monotherapy or dual
therapy prior to the recent introduction of innowvative and highly effective direct acting antivirals
(¥ As). Five studies estimate the incremental non-healthcare cost of HCV with a control group, which
is regarded as high-quality methodology. The incremental annual non-healthcare costs of HOV in
untreated patients compared with non-HOV patients are €4,209 in the US, and taking data from 5
Eurcpean countries costs range from €280 in the UK to €659 in France.

Expert commentary: Available studies may be underestimating the true burden of non-healthcare
costs for HOW as they are all partial studies, mainly induding absenteeism and premature mortality
estimates. Moreover, there is a need for studies addressing non-healthcare costs of HOV in settings
where new treatments with DAAs have been implemented, as they are probably changing the current
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and future burden of the disease.

1. Introduction

Hepatitis C virus (HOV) infection is the word's leading cause of
liver disease. After infection, it is estimated that 15-45% of
patients will clear the virus spontanecusly but 55-85% will
progress to chronic hepatitis C (CHC) [1]. CHC progresses to
cirrhosis, hepatocellular cardnoma (HCC), and end-stage liver
disease where the only treatment option is a liver transplant. It
is estimated that around 142 million people in the world were
affected by HCV in 2015, which represents a 18% increase from
2005 [2). HCV is characterized by its haterogeneity in genoty pes
and it dis proportionately affects males [3]. Globally, HOV-related
diseases are responsible for 492,000 deaths per year [4].

Until 2011, dual therapy with peg-intefercn and ribavirin
was the standard of care in HCV treatment. In 2011, first-gen-
eration direct-acting antivirals [ DAAs) were launched (bocepre-
vir and tela previr) which substantially improved SVR rates [5]. In
2014, second-generation DAAs allowed a significant shift in
HCW treatment effiacy (>95%) and widened patient eligibility,
tharks to reduced toxidty and adverse events [6].

The main goal of new treatments with DAAS is to cure HOV.
This translates in achieving SVR, which stops disease progres-
sion and brings health improvements [7-12]. In 2016, the
Warld Health Organization estimated that more than a millien
patients had been already treated with DAAs, specially in high-
income countries [13]

Healthcare costs have merited prior attention in the ecnomic
burden of HCV literature, especially in recent years [14-29]. In

addition to healthare costs, social costs also include productivity
losses due to premature deaths and work absenteeism or pre-
senteeism (reduced productivity without absence from work),
costs of formal or informal care and other non-healthcre costs
[30]. There is no doubt an the paramount importance of produc-
tivity losses and premature mortality attributable to HOW. The
exclusion of productivity costs may substantially affect total costs
[or savings) of any HCV-related intervertion [31].

To date, we found only one published systematic review of
the non-healthare costs of HOW which considers the perod
1985-2010 [32]. This review is limited to the USA and finds only
four studies published after the year 2000 [33-36]. Authors do
not report information on methodology in order to understand
variation in results. Even so, they conclude that in most studies
the non-healthcanre cost was greater than the estimates of
healthcare costs. In an earlier nonsystematic review of the
ecmnomic burden of HOV [37] three studies induding non-
healthcare costs are found [343839). These studies find that
around two-thirds of HOV costs can be attributed to indirect or
prod uctivity costs. A systematic review on the economic burden
of chronic liver disease for the period 2004-2013 [40] identified
three studies estimating non-healtheare costs (two for the USA
and one for a group of European countries). Despite reporting
incomplete non-healthcare costs, premature mortality was the
main contributor to the social burden of HOV.

An analysis of the systematic reviews mentioned above
reveals a notable gap in our knowledge of the true social
cost of HCV. This work seeks to update more exhaustively
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and extensively the available knowledge on non-healthcare
costs of HOV with more recent cost-of-illness studies and
economic evaluations. We present an up-to-date systematic
review at an international level and analyze the methods used
in these studies.

2. Methods

This systematic review on the non-healthcare costs of HOV
covers the period from January 2000 to March 2017, The
following databases werne searched: PubMed, York CRD data-
base, Cochrane Library, EconLit, Index Medicus Espanal (IME)
and Indice Bibliogrifico Espafol en Ciencias de la Salud
(IBECS). References in previous published reviews were also
reviewed, as well as Google Scholar. The search strategy in
PubMed used the following keyword combinatiorn: cost* OR
resource® OR economic* OR expenditure* OR informal care* OR
sodal cost* OR indirect cost* OR presenteeism® OR absenteeism*
OR productivity loss* AND hepatitis C. The same structune was
adapted to search the remaining databases,

We included cost-of-illness studies and economic evalua-
tions published in English or Spanish, without any geographi-
cal restrictions. We reviewed titles and abstracts to exclude
artickes published before 2000, nonhuman studies, those pub-
lished in languages other than English and Spanish, non-ori-
ginal articles (review articles, editorials and opinion pieces or
letters, and papers on methodological aspects and texts not
published in scientific journals) and those not directly related
to HCV. A second exdusion was made by reviewing full texts
by two of the authors to exdude artides that did not consti-
tute a cost-of-illness study or an economic evaluation of HOV,
and cost-of-illness studies and economic evaluations that did
not calculate non-healthcare costs.

Both the first and the second revision of articles were
reviewed by two of the authors independently and discrepan-
cies were addressed with a fulltext revision and resolved by
discussion.

All cost figures from the selected studies were adjusted and
converted to 2015 Euros by applying the GDP deflator [41]
and currency exchange rates [£2]. When data for several
countries were reported, we computed the average of their
GDP deflators.

3. Results

The initial search vielded a total of 6077 articles and after 1001
duplicates 5076 titles and abstracts were reviewed. The first
exclusion yvielded 1719 articles that underwent an independent
examination by two of the authors using full texts. Inthis second
revision, 1700 artiches were excluded for not being a cost-of-
iliress study or not including non-healthare osts, leaving 19
articles that were finally induded in our analysis (Figure 1).

3.1. Synthesis of the literature

The main characteristics regarding context, population, method,
and non-healthcare costs in the 19 selected studies ane summar-
ized in Table 1. We found ten studies from the USA [34-36,39 43
48], two from a group of five European Union countries (France,
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Figure 1. Flow dagram of the literatume seanch.

Germany, ltaly, Spain. and the UK 49500, and the rest from
Australia [51], lran [52], kaly [53], South Korea [54], Spain [55],
Switzerland [38], and the UK [55]. Six of them were published
between 2000 and 2009 [343538,3945,51), five between 2010
and 2014 [36,43 44,49,56], and the remaining eight were pub-
lished between 2015 and March 2017 [46-48,50,52-55].

Eight studies only include adult populations [34,43 44 46—
49,51], seven more include adults and  minors
[38.39,45,50,5254,56], and four studies do not specify the
age of the population included [35,36,53,55). With regard to
the labor market participation of the population, only in ten
studies the working labor force is included [36,43 46-51,55,56],
in five both the active and the inactive population are
included [3839.4452,53] and in the remaining studies the
employment status is not specified [34,35,45,54]

The societal perspective is used in 16 studies, two studies
restrict the perspective to that of the employer [43.48] and
another uses that of a private payer [47]. The prevalence
epidemiological approach used to estimate the non-health-
care costs of HOV is applied in 17 studies, while the studies for
Australia [51] and Raly [53] use the incidence approach.

The selected studies can also be distinguished depending
on the type of cost measurement they use: six studies (32%)
do not estimate the cost attributable solely to HOV, but rather
the total non-healthcare cost of HOV patients [43 46,50 52-54].
This means they may indude non-healthcare costs that cannot
always be attributed directly to HCOV but rather to other dis-
eases or health problems suffered by patients with HOV.
Neither of these studies includes a contrel group with an
HCV-free population to estimate the incremental cost of the
ilmess. The other 13 studies estimate the incremental oost
attributable to HOV. Of these 11 studies, B estimate the incre-
mental cost of HOV directly without a contrel group
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[34,35,38,39,45,51,55,56). This is done by attributing the mea-
sure of each of the resources used by the patients to the
disease (sum of resources considered as being spedfic to a
diagnosis of HCVL. The authors rule out the consumption of
resources that, according to some aiterion, are considered not
to correspond to this disease. The five remaining studies (26%)
estimate the incremental cost of HOV on the basis of resource
consumption comesponding to a group of HCV patients and a
control group comprising patients without this disease
[3644 47-49]. The cost-of-illness studies that use a control
group are of two types: those that employ a regression
madel to estimate the incremental effect of HCV and those
that calculate the mean difference between a group with HOV
and another peer group (matched mntrol) without the disease
[57]. Studies that use regression models can either identify
patients with a diagnosis of HOV and then use the coefficients
estimated in the regression to estimate the incremental cost of
HCOV or else build a matched control and then estimate the
individual coefficients for HCV. The latter method is consid-
ered the gold standard [57] among cost-of<illness studies.

Two studies [4749] employ the matched control method,
estimating the incremental cost of hepatitis C as the mean differ-
ence between the two groups. The other three studies [36,44 48]
are from the USA and combine the identification of a matched
cohort with the regression and get the best estimate of the
incre me ntal cost of HOV.

Mon-healthcare costs due to absenteeism (labor losses
caused by absence from work) are included in all the
selected studies except one [55), whilke only sic studies
[34,44.4649,50,56] include presenteeisme-related costs
(lower productivity without absence from work) and only
two studies [34,45] include the valuation of lost leisure time.
Eight studies [34,38,39,4551,54-56] include the cost of pre-
mature deaths. Two studies include formal care costs [54,58)
and one of them also includes informal care costs [54].
Three studies include disability costs [47-49]. Other non-
healthcare costs [missed school days, private transport,
etc) are not included in any of the selected studies. The
human capital approach for assessing productivity losses
was used in all studies.
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In the following sections, the results of the selected studies
are discussed separately per non-healthcare HOV cost nesult
type: per-patient or aggregate (national/population) estimates,

3.2. Non-healthcare costs per patient

Table 2 summarizes the characteristics of 11 studies in this
review that estimate the total non-healthcare cost and/or the
incremental non-healthcare cost of HOV per patient for a
treated or untreated population with HCV [3643.44 45—
50,53,54,58]. They all estimate absenteeism costs using the
human capital method, but three of them quantify the trans-
fers or subsidies due to absenteeism borne by the employer or
insurer [43474B). Four studies [44,46,49,50] estimate the
impact of presenteeism, one includes premature mortality
costs and formalfinformal care [54]. Informal care is also
included in another study [58] and disability costs are included
in three of them [3647 48]. Thus, the selected literature on the
costs per patient does not include complete estimates of the
true non-healthcare costs of HOV. Only absenteeism is
included in these studies.

For untreated HCV patients, the annual cost per patient
considering studies which include both absenteeism and pre-
senteeism estimates ranges from €4570 [46] to €10,052 [44]
Of these costs, the cost due to absenteeism is estimated to
range from €1151 [46] to €2053 [£4] per year in the USA and is
€1151 in a study for five European countries [49]. The csts of
presenteeism range from €3419 [46] to €7999 [44] in the USA,
and are €5398 in EU countries [49]. To calculate presenteeism
costs, the Work Productivity and Activity Impairment question-
naire [59] s mostly used and the method presented by
Lofland et al. [60], assuming that the value of the weekly
productivity loss for presenteeism is a percentage of lost
work when work was attended, is applied. For this type of
patient [untreated), three studies calculate the incremental
cost of HOV, and are therefore considered to be of higher
quality. They estimate a total cost ranging from €280 to
€2922 in European countries [49,50] and of €723 for the
USA [24]. In these studies, the same pattern as in the non-
incremental type of studies is found, with presenteeism costs
more than deubling the costs of absentesism.

For treated HOV patients, no available study considers the
incremental non-healthcare st per patient. Three studies report
a total st per HOV patient of €1739 [43] in the USA (only
includes absenteeism), €7 34 [54] in South Korea (includes absen-
teeism, premature mortality and caregiver costs), and €5616 [58]
in Iran (includes absenteeism and caregiver costs).

Studies which do not differentiate between treated and
untreated patients, total cost per HOV patient is found to be
€1443 in the USA [36], €7940 in selected EU countries [49] and
between €2678 and €27,083 in Kaly (this study calculates
indirect costs per disease stage: CHC, cirhosis, HCC and
death). One of them differentiates between absenteeism
(E2149) and presenteeism (ES791) costs [49]. The incremental
per patient costs of HOV range from €396 (including absentee-
ism and disability costs) and €497 [36] (including only absen-
teeism) in the USA to €116 (including absenteeism and
presenteeism) for 5 EU countries [49] and €3316 (including
absenteeism and disability) in the USA [48]. Only one of them

distinguishes between costs arising from absenteeism and
presenteeism: €814 and €2277, respectively [49]. These esti-
mates point to the pattern seen in other studies, whereby the
costs of presenteeism more than double those of absenteeism.

The studies that show cost results per patient and those
that present the incremental cost are alike in having highly
diverse results regarding the relative importance of non-
healthcare costs wersus healthcare costs. The eight studies
that calculate both types of costs [36,44,47-49,52-54)] indicate
that non-healthcare costs can be 003 [48] to 6.87 [49] times
healthcare costs. Howewer, the type of costs induded in each
ratio's numerator (non-healthcare msts) and denominator
(healthcare costs) influences its interpretation. The studies by
Su et al. [36], Bl Khoury et al. [#4], Shen et al. [54], Tandon et al.
[47], and Baran et al. [48] present much lower estimates of
non-healthcare costs than for healthcare costs for the USA and
South Korea. Su et al. [36] include absenteeism in non-health-
care costs and healthcare and prescription drug costs as direct
costs, The study by El Khoury et al [44] includes the cost of
presenteeism within the non-healthcare costs and the totality
of the healthcare costs (hospitalizations, emergency visits,
doctor visits), although it only refers to patients who have
been diagnosed with HOV but have not yet been treated.
Shon et al. [54] include all direct medical costs and absentee-
ism, caregiver and premature mortality in the non-healthcare
costs. Tandon et al. [47] and Baran et al. [48] include all direct
medical costs and absentesism and disability as non-health-
care costs. On the contrary, Vietr et al. [49] report non-health-
care cost as being several times higher than that of healthcare
cost, both for diagnosed patients who have not yet started
treatment and for patients receiving treatment This may be
explained by the fact that drug csts are not included in
healthcare costs {only physidan visits, emergency room visits,
and hospitalizations) and also that they do include presentee-
ism costs in the non-healthcare costs.

Variation in non-healthcane costs per patient has only been
addressed in five studies. These costs are greater for the work-
ing-age male population [54]. Disease severity is the most
studied varable for assessing non-healthcare costsvariation
[47,48,52,53], but the results of these studies are not compar-
able since they use different classifications of sewerity.
MNonetheless, these studies share that non-healthcare costs
are increasing in disease severity and that this incease is not
as pronounced as with healthcare costs.

3.3. Population non-healthcare costs

Table 3 summarizes the characteristics of the eleven studies
estimating the total population cost [34,3538,39,45,50,51,53-
56]. Eight of them provide a general estimate of the incre-
mental non-healthcare cost of HOV for a country (or region)
without a control group and three of them report the total
non-healthcare costs for patients with HCV [50,53,54]. Thesa
studies mainly include the csts arising from work absentee-
ism and premature deaths.

Total non-healthcare costs of patients with HOV range from
€26.6 million to €190.5 million in a study for five EUJ countries
[500 (it includes absenteeism and presenteeism costs). Total
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costs of €852 million are estimated in South Korea [54]
(including absenteeism, premature mortality and caregiver
costs) and the highest estimate of 852.8 millien is found for
Italy [53],

When estimating the aggregate incremental cost (without a
! ! control group), seven studies [34,35,38,394551,56] include
the costs resulting from absenteeism. Another seven studies
[34,38,39,45,51,55,56] consider in some way the indirect costs
of premature mortality. Only two [34.45] consider the st of
lost leisure time.

The annual incremental non-healthcare costs are €150
million (E38.9 million without applying a discount rate) in
Australia [51], of which €1.8 millien is due to absenteeism
and €13.5 millien (€35.1 million without applying a discount
rate} are attributed to premature mortality. The study for Spain
[55] only estimates the st of premature deaths to be €245.0
millien in 2007 and €178.8 million in 2011. In the USA, the

Sengtivity analyss Observations
Eamings
Eaming

[ 4T
heahH CVare
s

Man-
healtH CVare

£ estimates range from €19739 million [45] to €93005 million
i EH . [39]. Of these costs, between 853.8 million [35] and €3969.9
g E‘S T e million [34] are attributed to absentesism, between €1B656
% EE a o million [45] and €6675.7 milion [39] to premature mortality,
E | E= a E and €657 4 million [34] is the only estimate for lost leisure

"g' - time. In the UK, costs amount to an annual total of €242.8
E é million in 1995, of which €21246 million are attributed to

absenteeism plus presenteeism and €303 million is due to
premature deaths. In 2015, the estimate rises to a total incre-
mental €380.3 millien, of which €271.8 millien are attributed
to absenteeism plus presenteeism, and €108.4 million to pre-
mature deaths. In a study for Switzedand [38], only differen-
tiated data for the incremental non-healthcare cost of HOV
i i associated with absenteeism, is reported and stands at €256
millicn.

The premature mortality attributable to HOV cannot be
calculated directly from records of cause of death, as HCV is
usually recorded as the cause of death only in deaths due to
[ [ CHC. Even so, a fraction of deaths due to cirthosis, HCC and
HIV are attributable to HOV [61], so it is essential to perform
estimates of the attributable fraction. The nine studies that
estimate the cost of premature mortality [34,38,39,4551,53-
56] present major differences in the selection of HOV-related
causes of death and do not always report in the risks attribu-
table to HCV (see Table 4). Only three studies [34,39,55] pro-
vide information on the fraction of deaths attributable to each
of the causes associated with HOV.

Within this group of studies, four studies also calculate
healthcare costs. Two for the USA [34.45] indicate that non-
healthcare csts are between 167 [45] and 203 [34] times
higher than healthcare costs. In Italy [53), this figure is lower
(1.54) and the study for South Korea reports a lower weight for
non-healthcare costs than for healthcare costs (0.72) [54).

Estimates of HCV-related mortality and morbidity at popu-
lation level face notoriously high uncertainty, which affects the
cost-of-illness estimation. Even so, only six studies take into
account this variability by means of sensitivity analysis (see
Table 3). The most complete studies consider variations in the
attributable fraction, the discount rate and the productivity
growth rate [55] or the impact of uncertainty in incidence,
eamings, percentage of the population under treatment and
discount rate [34,53,55.56).
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Talsle 4. Anributable risk fracdions 3] in the estimation of premature monality due to HOW

Swudy Country/study periad Clirrhosis Hepatocellular @rcinoma HIV/AIDS Orther liver diseases
Dliva-Momno & al (2015 5 pain/2007-11 40 35-50] &0 {50-70] 15 (10-20) &0 (50-70)
Leigh et al {2001) usnag97 30 30 - 100

‘Wong et al (2000) UE2010-19 3642 33 - 36-41

Only showing studies reparting them.

4. Condusion

This review found a growing improvement in the number and
quality of the studies addressing the non-healthcare cost of
HCV. This systematic review has found 19 studies published in
2000-2017 which estimate the non-healthcare cost of HOV. In
spite of the heterogeneity of the estimates and the criteria
used in the wvarious studies, there are some notable coinci-
dences with regard to the relative and absolute importance of
the non-healthcare cost of HCV.

The incremental non-healthcare cost of HOV in untreated
patients compared to HOV-free individuals exceeds €4000 per
patient for US estimates and stands between €280 and almost
E3000 for European estimates. In all the studies estimating the
cost per patient of presenteeism (the cost due to productivity
loss without absence from wark), it more than doubles that of
absentegism. Premature mortality due to HOV may constitute
its main non-healthcare cost, at least when the costs of pre-
senteeism are not taken into account When the costs of
presenteeism are induded alongside those of absenteeism,
the relative importance of the cost of premature mortality
within non-healthcare costs may decrease. It is noteworthy
to note that in the period reviewed, no estimate of the com-
plete non-healthcare cost of HOV has been published to date.
Evidence of high methodological quality for the incremental
non-healthcare cost of HOV remains limited.

5. Expert commen tary

The present articke updates and expands the only systematic
literature review of the non-healthcare cost of HOV published
during the last decade, which only included the USA and
covened the pericd up to 2010 [32]. Despite the progressive
increase in the number of artides published, this analysis
found some limitations arising from the methodology and
design of these studies.

First, different population characteristics are found: age and
work status, level of severity, treatment of HOV, and length of
observation perod. We found five studies reporting non-
healthcare costs by disease severty, age or gender
[#748,52-54]. Studies on HCV healthcare costs have found
age, disease severity, body mass index, gender, SVR achieve-
ment, and METAVIR score to be good predictors of these costs
[17.2562-64]. Work impairment has also been found to be
most affected by both patient reported outcomes (energy,
well-being, worry) and clinical aspects (cirthosis, anxiety,
depression, fatigue) [65]. Therefore, in order to understand
the different estimates of non-healthcare costs, ome must
control for the population-of-study characteristics.

Differences in study design (counterfactual choice, epide-
miclogical focus), identifiation approach, and resource

assessment (non-healthcare costs included, and method of
assessing non-healthcare resources) were also identified. On
the one hand, the level of detail when reporting non-health-
care costs could be improved, although this preblem does not
only affect HOV cost-of-illness studies [31]. On the other hand,
the counterfactual of the study determines whether the final
result is the total cost of the HOV patients - induding any non-
healthcare cost regardless of its relation to HCV - or the cost
of the HCV itself (incemental cost of the disease) [66]. In the
former, the study will not be a cost-of-illness study as such but
rather a study of the cost of the patients with this disease,
together with other health problems that may or may not be
associated with HCV. In the absence of a counterfactual (ie
there is none or it has not been made explicit), it will not be
possible to establish the incemental st of HOV in relation to
the HOV free population. In the latter, studies that use a con-
trol group with an HOV-free population as a countefactual,
estimate the incremental cost generated by the disease in
comparison with its absence, either by comparing averages
(matched control) or by means of some type of multiple
regression analysis that makes it possible to estimate the
additional or incremental contribution to the healthcare and
non-healthcane cost involved in a diagnosis of HOV.

Eight of the twelwe incremental cost studies do not expli-
citly use any control group to estimate the incremental cost
[34,35,38,39.45,51,55,56]. Instead, they only measure the dif-
ferential consumption of resources directly attributable to
HCV. This method is less precise than explicitly using two
population groups = an intervention group with HCV and a
control group without HOV. This method calls for very pre-
cise information systems enabling the researcher to appro-
priately identify the reason for each non-healthcare cost
incurred by patients. However, in these studies, a clear and
transparent criteria for attributing absenteeism and presen-
teeism to HCV was not found, which represents a notable
limitation to the validity of the estimates. Estimates of the
incremental non-healthcare cost of HOV are more precise
when they come from studies with a control group, which
afford the possibility of using statistial significance tests
and confidence intervals of the estimates of incremental
costs per person. In this review we found five studies of
this type, all of them published after 2013 four from the
USA [3644.47,48] and only one of them for EU countries
[49]. This fact may indicate a temporal trend toward a
methodological improvement in the quality of evidence on
the cost of HOV.

In some of the studies of the cost of HOV per patient, the
number of individuals induded in the control group is small
[44,49]. This threatens the validity of the results, which may
vary substantially depending on the social and healthcare
characteristics of the patients selected. With regard to studies
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on the general cost of HOV, in most studies the absence of a
suitable sensitivity analysis providing an insight into the
impact of uncertainty about the morbidity and mortality of
HCV patients and the valuation of their paid and unpaid time
on the basecase estimates represents an even mone serfious
limitation.

Last, it is essential to highlight the limitation imposed by
the fact that all of the studies but one correspond to a time
prior to the market entry of innovative, highly effective, high-
cost drugs (DDAs) which may cause substantial changes in
both healthcare and non-healthcare costs. Yet, studies
induded in this review may give an idea on the potential of
DAAs in reducing non-healthcare costs of HOV. In fact, cost
estimation before new DAAs represents the maximum indirect
benefit than could be expected from DAAs and ako the
excluded potential benefits when, as is usual indirect costs
are not included in their cost-effectiveness analyses,

6. Five-year view

The analysis of the studies included in this review highlights
the need for studies of the cost of HOV to include both
comprehensive healthcare costs and in particular non-health-
care costs (productivity losses due to absenteeism but also
presenteeism in the ase of working age individuals; cost of
formal and informal care; and missed school days in the case
of children) if their results are to be useful for healthcare and
public policymakers. These studies should include a suffi-
ciently large and representative population of HOV patients,
without giving undue weight to patients in advanced stages
of the disease or with major complications. They should also
estimate the incremental cost attributable to HOV, preferably
by means of a control group without HOV, combining a
matched control with the group with HCV and the estimation
of costs attributable to HCV by means of regression models.

Key issues

* The non-healthcare costs attributable to HOV infection are
composed of productivity losses due to absenteeism or
presenteeism, lost leisure time, premature mortality and
caregiver care due to the disease.

® The 19 studies discussed in this review partially estimate
the non-healthare costs, but evidence of a high methodo-
logical quality for the incremental non-healthcare cost of
HOV is still limited.

* The annual incremental healthcare cost of HOY for
untreated patients in comparison with HOY-free individuals
is estimated to be over €4,000 per patient in the US and
between €280 and around €3,000 in Eurcpe.

* The costs arising from presenteeism maore than double
those arising from absenteeism as a consequence of the
disease.

® Prior to the recent introduction of innovative, highly effec-
tive DAAs, it is observed that the estimated non-healthcare
costs of HCV at a general or population level tend to be
considerably higher than the healthcare costs, the main
non-healthcare cost of HOV being attributable to premature
mortality.

* Future studies should focus in assessing incremental non-
healthcare costs of HOV using a control group with data for
rvew DAAS,
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ABSTRACT

Introduction: High prices of second-generation direct-acting antivirals (DAAs) in the treatment of
chronic hepatitis C wirus (HOW) patients led to reimbursement decisions based on cost per quality-
adjusted life year (QALY).

Areas covered: We performed a systematic review of costatility analyses (CUA) comparing interven-
tions with second-generation D& A therapies with no treatment, and with previous therapies for chronic
HCW patients until July 2017. A total of 36 studies were induded 30 studies from the perspective of the
healthcare payer, 3 from the sodetal perspective, and 2 did not report the perspective. For genotype 1,
the highest number of KZER comparison comesponds to sofosbuvir (SOF) triple therapy and SOF-based
combinations which reported a cost per QALY systematically ranging from negative to lower than US
5100,000 when compared with no treatment or dual therapy or Simeprevir triple therapy.

Expert commentary: Selected studies may be owverestimating the true cost per QALY of second-
generation DAAs in the treatment of HOW, mainly because of neglecting non-healthcare costs, using
official list prices which are higher than actual transaction prices and not adopting the long run drug
price in a dynamic approach. In addition, the impact of important price reductions of several DAAS in
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recent years on cost per QALY should be corsiderad

1. Introduction

Hepatitis C virus [HCV) infection is the main cause of liver
disease in the world. After infection, it is estimated that
15-45% of patients will clear the virus spontanecusly but
55-85% will progress to chronic hepatitis € (CHC) [1]. CHC
progresses to cirhosis, hepatocellular carcinoma, and to
end-stage liver disease where the only treatment option is
liver transplant It is estimated that around 158 million peo-
ple in the world were affected by HCOV in 2016 [2]. HOV is
found all over the wordd, it is characterized by its hetero-
geneity in genotypes (GT) and by disproportionately affect-
ing more males than females. HOV is associated with an
important morbidity, mortality, and economic burden.
Globally, HOV-related diseases are responsible for 489,000
deaths per year [3]

Until 20011 dual therapy with pegylated interferon [PEG)
ard ribavirin (RBV) was the standard of care in HOV treatment.
In 2011, first-generation direct-acting antivirals (DAAs) were
launched, boceprevir (BOC) and telaprevir (TEL), which sub-
stantially improved sustained virological response (SVR) rates.
Triple therapy (BOC or TEL with PEG + RBY) importantly
improved SVR rates for treatment-naive (TN} or treatrment-
experienced (TE) GT 1 patients but treatment remained sub-
optimal for many patients. Since 2014, second-generation
DAAs dualtriple therapies and alloral DAA therapies have
allowed a significant shift in the HOV treatment efficacy,

starting with simeprevir (SMV), and sofosbuvir (SOF) and fol
lowed by, or in some cases combined with, daclatasvir (DCV),
dasabuvir (DSV), ledipasvir (LDV) and paritaprevir-ombitasvir-
ritonavir (POR). These innovations have reduced the duration
of treatment and widened patient eligibility thanks to reduced
toxicity and adverse events. The main goal of new treatments
with DAAs is to cure HCV infection, which translates into
achieving SVR, as it stops disease progression and brings
health improvements [4,5]. However, the high price and
heawvy budget impact of new 2nd generation DAA for chronic
HCV infection is the main factor limiting their use in many
health systems, even in high-income countries.

Thee very high prices of new DAA treatments for HCV have
attracted a high public concemn and controversy on access and
pricritization, in parallel with an increasing role of reimburse-
ment decisions stermming from public and private insurers
based on the added value of health gains [6]. Cost-utility
analysis (CUA) appropriately measures the value of incemen-
tal innovation in the treatment of chronic HCV by estimating
the incremental cost per quality-adjusted life yvear (QALY) [7].

To date, five relevant systermnatic reviews of cost-effective-
ness in the treatment of chronic HOV with second-generation
DAAs has been published between 2015 and 2017 [48-11)
These reviews only include studies published until August [4]
or September 2015 [9,10], or Avgust 2016 excluding GT 1 [11],
or are limited to US studies [10l. As a result, except for
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Chhatwal et al. [10], they include null or very limited evidence
on second-generation DAAs other than SOF, and null evidence
on alkoral DAA therapies; also, only one of them focuses
merely on methodological approaches [4]. Comparisons
induded in these surveys are limited to interventions with
seconnd-generation DAAs versus no treatment, dual therapy
or 1st generation triple therapies. To fill these gaps, we per-
formed a systematic review of CUA studies published until July
2017 comparing interventions with dual/triple second-genera-
tion DAAs (SOF, SMV, POR) and SOF-based all-oral combina-
tions of DAAs versus no treatment, dual therapy (PEG + RBY),
first-generation triple therapy (BOC/TEL + PEG+ RBV), and
other second-generation DAA therapies in chronic HOV
patients. This review focused on the CUA and modeling fea-
tures, costs and incremental cost per QALY

2. Methods

Thee research question {in PICO format: Population, Intervention,
Comparison, Outcome), as well as the inclusion and exdusion
criteria are reported in Table 1.

2.1 Search strategy

Published CUA studies on second-generation DAAs for HOV
treatrment were searched in the electronic databases Medline
(Cwid), EBM Reviews-MHS Economic Evaluation Database (Owid),
Embase (Ovid), Pubmed, Cochrane Library, York CRD Database,
and EconLit from January 2011 until July 2017, References in the
selected studies and previously published reviews were screened
by hand. Records and full-texts were independently screened by
at least two of the reviewers (LP-C, LP, M5) and disagreements
were addressed with a full-text revision and solved by discussion
by a fourth and fifth reviewers (JP-J, NP-A). Four authors
extracted the data (NP-A, LP-C, LP, MS), another author (JP-J)
checked the completeness and corectness of the data, and
disagreements wene mesolved by discussion. In the search

Talde 1. PKD question and indusion/exd usion cfteria.

PICO queston

P Defined target group of HOV patients of the general population

| HCV teeatments with at beast 3 2nd generation DAA

C All HOV teatnent combination

0 Incremental cost-utility ratio joost per QALY gained)

Inclusion oriteria
Defined mmet group of HOV patiens of the geneml populaton
Interventions indude at bleast a 2nd generation DAA
Decision anakytic model (mathematical model]) evaluating both costs and
health consequences
Outcome exwessed a5 e per QALY
Original CUA published in English of Spanish
Published studies in full text

Exclusion eriteria
Purely descriptive studies
Reviews of mar-effectiveness analyses
Treatment of HOV in seleaed populations jeq. incarcerated, HV co-
infected patents, childen and younger peaple only, oider than 65 years
only, immigrants onlyl)
QUA studies on & specific disease phase jeg tEnsplntaton, drfotic patients)

P population; b intervention; C: domparison; O: outcome; CUA: ast-utlity
analysis; DAA: direct-acting antiviral: HOV: hepatitis C wing HV: human
immunodeficiency vins; QALY: quality-adjusted life year.

strategy, terms ‘hepatitis C, ‘hepacivirus, ‘guality-adjusted life
years), ‘galy’ wene combined in the search codes.

2.2 Inclugon and exclusion criteria

Table 1 lists the inclusion and exclusion criteria used to assess
studies that evaluate chronic HOV treatments with new DAAs.
We induded complete CUA studies published in English and
Spanish without any geographical restriction for HOV treat-
ment strategies including second-generation DAAs for a
defined target group of HOV patients of the general popula-
tion, being TM and/or TE patients. We excluded CUA studies
only including treatment of HCV in selected populations (eq.
incarcerated or HIV co-infected patients) and those only
including patients in a specific disease phase (e.g. only cirtho-
tic or post-liver transplantation). We reviewed titles and
abstracts to exclude those studies which are not orginal
research, those with content not addressed (phamaological
drugs, population or treatments addressed in this systematic
review), those with population not addressed, and those with
no abstract or fulltext availability. A second exclusion was
made by reviewing full texts to exclude articles that did not
constitute a full CUA, reviews, those not including second-
generation DAAs, those not reporting the study population,
and those not written in English or Spanish.

2.3 Information extraction process

Relevant information on the selected studies was included in
evidence tables covering main CUA features fcountry, perspective,
target population, interentionfcomparator, time horzon, dis-
counting rates, currency/vear, and funding sources), modeling
features (modeling approach, owcle length, within oycle correction,
uncerainty/sensitivity analysis, and model validation) resources
and costs included (categories of health care costs and non-health
care costs, types of drug prices, sources of information for health-
care use and drug prices), and base-case ICERs classified by HOV
GT and TN wersus TE as the main outcome of each selected
comparison. All ICERs from induded studies were extracted and
included in the analysis except those comparisons: (i) reporting
results for anly cirthotic groups; (i) those only reporting aggregate
results for mixed GT; (i) comparisons of SOF-based all-oral com-
binations versus other SOF-based combinations; and, (iv) interven-
tiorns with all-oral combinations second-generation DAAs not
based on SOF, SMV, ar POR.

Interventions were classified as second-generation DAA
dual and triple therapies or alloral DAA combination thera-
pies. Information on five second-generation DDA dualiriple
interventions was  extracted: POR-based, SMV-based
(SMV 4+ DCV), SOF-based dual (SOF + RBV) and SOF-based
triple (SOF 4+ PEG + RBV) therapies. Alloral DAA combination
therapies were classified as SOF-based (SOF + LDV/DCOV/SMVY),
SMV-based (SMV + DCV), POR-based, and other combination
therapies. Comparators of those second-generation DAA treat-
ments were classified as: no treatment dual therapy
(PEG + RBV), tripke therapies with firstgeneration DAAs
[BOC 4 PEG + RBEV and TEL 4 PEG + RBV), dual/triple therapies
with second-generation DAAs, and all-oral DAA combination
therapies (SOF-based and others).
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Medeling approaches were classified as cohort state-transi-
tion models (STM), individual 5TM, and discrete event simula-
tion models (DES). Uncerainty/sensitivity analyses were
classified as being deterministic (D5A) and probabilistic sensi-
tivity analysis [P5A). Conducting both DSA and PSA is recom-
mended by the ISPOR-SMDM Modeling Good Research
Practices Task Force [12]. Also, regarding model validation,
four categories were considered: internal validation, face vali-
dation, cross-validation, and extemnal validation. All cost fig-
ures from the selected studies were adjusted and converted to
2016 US dollars by applying GDP deflator [13] and currency
exchange rates [14. When data for several countries was
reported, we computed the average of their GDP deflators.

3. Results
3.1 Owverview of studies

The flow diagram of the search process is shown in Figure 1. A
total of 1731 records were obtained from the systematic litera-
ture search and 1542 records were screened after duplicates

EXPEAT REVIEW OF GASTROENTEROLOGY & HEPATOLOGY @ 3

were remowved. The first exclusion yielded 138articles that under-
went an independent examination by the authors using full
texts. In this second revision, 102 articles were exduded for not
being second-generation DAA studies, not being a CUA evalua-
tion, DAA treatments not addressed, being reviews or not being
written in English or Spanish. A total of 36 studies we re ultimatehy
induded in the systematic review [15-50].

The main characteristics regarding context, population,
research questionfobjective, method, and funding in the
36 selected studies are summarized in Table 2. Table 3
gives detail on the main chamcteristics of the 36 studies
included in this review: 13 (36.19%) are from the United
States, 4 are from the United Kingdom, 3 are from Japan
and Spain, 2 are from Italy, Germany, and Canada; the
remaining 7 studies comrespond to single one-off studies
in different countries. Most of the studies, 28 (77.8%) out of
36, were published in 2015 and 2016,

Regarding treatment status of the target population of
these studies, TN patients were included in 32 of them
(88.9%), 20 included TE patients (55.6%), and 3 studies did
not report treatment status. Population with GT 1 was

Source: adapted from Moher et al, 2009 [59)

Figure 1. Systematic literature search depicted in PRSMA 2009 flow.
Soume: adapied fom Maber et al [51]

J—
Records identifled through Additlonal records Identified
5 Oatabase searching NMOUGN CENer SOUrCeEs
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o
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] l Records excluoed, with
3 reasors (n= 1404)
o Records seenad R
i [n=1542) ¥ orignal ressarch B0
Contant not addrassad 06
Fopuiation not addnassed B2
—
z Full-text artides excluded,
- Full-baxt articles assessed with reasons [n= 102]
= far ellgibity =
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—
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Tabde 2. Chamaeristics of he selected studies (n = 36).

Type of variable Variable Characteristic MNurmber of articles Pementage
CONTEXT Country United States of America 13 361
United Kingdam 4 111
Japan 3 a3
Spain 3 a3
Tialy 2 56
Geamany 2 56
Canada 2 56
Others 7 194
Year of pullication 2017 3 a3
2016 13 361
2015 15 41.7
2014 5 139
TARGET POPULATION Treatmeant STams Treatment nafe 32 889
Treatment experienced 20 556
Mot reported 3 a3
Genatype Gt 32 LEE]
Gar2 12 333
Gris 14 389
Gr 4 k) 250
Grs 4 111
Gré 3 a3
RESEARCH OQUESTION/OBIECTIVE Intervention Second-genembon DAA dual'triple thespy 12
12
» DCV-Dased 1 167
» POf-based 1 .
Y-based i
- & 583
» S0F-based 167
= S0F + RBV 15
= S0F +PEG + HBV 19
All-oral DAA combination therapy
= S0F-based 21
= Othat 1
Compas s Dual therapy PEG + RBV) 26 722
Firsi-gene mon thple therapy a4
500
= BOC + PEG + HEV 16 250
= TEL + PEG + RBY 18 139
28
Semnd-generation DAA dualitriple therapy E ko
Alloral DAA @mibination thempy
= SOF-based 3
= Other 1
Mo treatrment 18
METHOD Perspective Health care payer 30 834
Sodeml 3 a3
Mot reported 3 a3
Tirme horipon Lifetme 33 9145
Others 3 a3
FLUMDING Funding Government El 250
Mon-profit 2 56
Pharmaceutical industry 21 583
Pharmacy Payer 1 28
Mot provided 1 28
Mone 55

ASV: asunaprevir; BOC: boe previr; DAA: direct-aating antiviral DCV: daclatasvin PEG: pegylated-ineeron; POR pa fitaprevir-ombitas rritonavir; REV: ribaviring SMV:

simeprevir: S0F: sofoshuvir; TEL: e lapee vir

analyzed in 32 studies (BR.9%), GT 3 in 14 (38.9%), GT 2 in
12 (333%), GT 4 in 9 (25%), GT 5in4 (11.1%), and GT 6 in 3
(B.3%). The most commen analyzed interventions were SOF-
based with all-oral DAA combination therapies (n = 21),
S0F-based triple therapy (n = 19) and 50F-based dual ther-
apy (n = 15). The most common comparators of these
interventions were: dual therapy (0 = 26), no treatment
{rn = 18), TEL triple therapy (n = 18), and BOC triple therapy

(n 16). The perspective of the healthcare payer was
adopted in 30 studies (83.4%), and only 3 [25,28,34]
adopted the societal perspective (8.3%). About 33 studies
(91.6%) adopted a lifetime time horizon in the modeling
approach. Only one study did not report using a discount
rate for costs [16), 2 studies did not discount benefits in the
base case scenaric [24,35], and only one study used a
different discount rate for costs and QALYs in the base
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Talde 3. Summary of the main CUA featues

Author |year of
publizson) DEsapunt rate
R nces | Countsy Parspective Target population Tirme horizon |Costs, QALYS)  Cumency lyear) Funding
Alxvian et Al 15]  lmn Health care payer  GT1; 50 years Life e 72%, 3% US. Dollars (2014  Governament
Amhad eral 16] USA Health care payer  GT1; 50 years: TN Lifetime Nao U5, Dollars |- ) Govennment
dis counting
Chen et al [17] China Health care payer  GT1; 50 wears: TN,  Lifetime 3% U%. Dollars (2014)  Mon-profit
TE
Chharwal et al [18] U454 Health care payer  GT1-4; -: TM, TE  Lifetime 3%, 3% U5, Dollars (2014]  Government
Cure et al [19] UK Health care payer  GT1-6-:TM, TE  Lifetms 35%, 35% UK Pounds 2011) Pharmaceutical
land social Industey
servies)
Cure et al [20] Imly Health care payer  GT1-6;TH, TE Lintil 80 years 3%, 3% Eura (- ) Pharmaceutical
Industey
Feser et al [21] South Health care payer  GT5; 52 years; TN Lifetime 5%, 5% U5, Dollars (2015 MWon-profit centee and
Africa Phammn ace tical
Industsy
Gimena-Balleer Spain Health care payer  G13; 50 wears: TN Lifetime 3%, 3% [Eura {2015) Mane
et al 23]
Gimena-Halleer Lpain Health care payer  GT1; 54 years: TN Lifetime 3%, 3% [Eura (2015) Maone
e al 23]
Gissel et al |24 Germany  Health care paper GT1: —; TH: Life i 3%, 0% [Eura {2014) Pharmaceutical
Industey
Hagan et al [25] LIEAY Sodety GT1; 50 years; TN, Lifetime 3%, 3% U5, Dollars (2013)  Gowerniment
TE
Johnson et al [26] UK Health care payer  GT1; 40045 yeas;  Lifetime 35%, 35% UK Pounds (2013) Pharmaceutical
™, TE Industey
Kuwabara H et al.  lapan Health care payer  GT1; 55 years: TN Lifetime 3%, 3% lapanese Yen Pharmaceutical
271 12014) industry
Lebeu Het al [28]  Fance Sadety GI-§-;THTE  Lifetms 25%, 25%  Eura (2013) Pharmaceutical
Industey
Linas et al [29] LIEAC Health care payer  GT2-3; 48/54 years; Lifetime 3%, I U5, Dollars (2013 Government
™, TE
McEwanetal [30]  Japan Mot reported GI; TE Life T it lapanese Yen |-]  Pharmaceutical
Industry
McEwaneral[31] UK Health care payer  GT1, GT4; 50 years; Lifetime 35%, 35% UK Pounds 2013) Pharmaceutical
™, TE Indhustry
McEwanetal [32]  Japan Mot reported GT1; 70 years Life T it lapanese Yen |-]  Pharmaceutical
Industsy
Maoshyk et al [33]  Canada Health care payer  GT3; 50 years; TN,  Lifetime 5%, 5% U4, Dollars {4 Pharmaceutical
TE Industey
Majafmdeh o al JIEACY Sodety GT1-% S0 years: TN Life fime 3%, 3% US. Dollars (2014]  Pharmacy payer
4]
Olendarf et al [35 USA Health care pager  GT1-3: 60 years 20 years 3%, 0% U%. Dollars (2013)  Mon-profit
™, TE
Petta et al [36] lly Health care pager  GT1; 50 wear; TN Lifetime 3%, 3% [Eura {2013) Pharmaceutical
Industey
el et al [37] Switedand Health care payer  GT1-4 TN, TE Life irme 3%, 3% Swiss Franc (2014)  Pharmaceutical
Industey
Rein et al [38] LIEACY Health care payer  GT1-4% 20 years of  Lifefime 3%, 3% U5, Dellars (4 Governinent
alder
Saab et al [39] (15 Health care payer  GT1; 52 years; TH, 1 year and lifetime 3%, 3% U5, Dollars (2013]  Pharmaceutical
TE g uintil industey
100 years)
Saab et al [a0) LIEACY Health care pager G114 53.6 years  Lifetime 3%, 3% U%. Dollars (2015 Pharmaceutical
™: TE Industey
San Miguel et al Lpain Health care pager  GT1-3: 50 years Life i 3%, 3% [Eura {2013) Mot reported
K1 ™, TE
Smhmeyer et al Germany  Health care payer  GT1; 40 and Life irme 3%, 3% [Eura {2015 Pharmaceutical
[LF]] &5 years; TH, TE Industey
Vargas et al [43] Chile Health care payer  GT1, 54 years, TN 46 yaars 3%, 3% U5 Dollars (2014 Pharmaceutical
Industey
Wenerhout et sl UK Health care payer  GT1; 50 years TN, Lifetime 35%, 3.5% UK Pounds 2013) Pharmaceutical
a4l TE Industey
Waong et al [45] Canada Health care payer  GT1-4 50 years;  Lifetme 5%, 5% U5, Dollars (2015 Government
™, TE
Younossi et al [46] USA Health care payer  GT1; 52 years TN, Lifetime 3%, 3% U5, Dollars (2014]  Pharmaceutical
TE Industey
Younossi et al [47] USA Health care payer  GT1; 52 years: TN Lifetime 3%, 3% U5, Dollars (2015 Pharmaceutical
Industry
Younossi et al [48] USA Health care payer  GT1; 52 years: TN Lifetime 3%, 3% U5, Dollars (2015 Pharmaceutical
Industsy
Zhang 5 et al [49] USA Mot reported GT13; 52 yeas; TH  Lifetime 3%, 3% U5, Dollars (2014)  Government
Zhao et al [50] Singapos  Heahh care payer  GT1; 50 years; TN Liletime 3%, 3% U5, Dollars (2015 Government
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case [15). A total of 21 studies reported funding from the
pharmaceutical industry (58.3%), 9 from government/public
payer (25%), 2 from non-profit organizations (5.6%), and 2
reported not receiving any funding.

3.2 Method and modeling approach

Table 4 gives an overview of the main method and model
features of the included studies. Cohort STM was the most
common approach (n = 35k 31 used a Markov model, 2 used a
Montecarlo simulation [29,38], and 2 did not specify the STM
type [35.45]. Only one study used a DES model [34].

The most common cycle length was 1 year (n = 25), while
only two studies used one week as the cycle length [18,45].
Only 9 of the included studies reported using within cycle
comection. We found that 6 studies addressed the issue of
uncertainty by means of only a DSA [16,19,253547 48], 3
studies conducted only a PSA [1524.31], and the remaining
27 studies (75%) conducted both DSA and PSA (Table £).

About, 10 out of the 36 selected studies do not provide
evidence of any form of model validation (27 .8%), B provide
evidence of face validation (22.2%) and other Bstudies provide
evidence of internal validation (22.2%). The most common
form of model validation is cross-validation (23 out of 36,
63.9%), and the less common form is external wvalidation
(only 5 studies, 139%) [17,18,26,33,34].

3.3 Costs

All studies included in this review induded healthcare costs,
but none included the indirect or non-healthcare costs of
treating HOV (productivity losses due to premature deaths
and work absentesism and presenteeism, costs of formal and
informal care and other non-healthcare costs), even if they
cliimed to use a social perspective [25.28,34] For example,
Hagan et al. [25] stated that they use a societal perspective
but only direct costs of treatment-related drugs, medical care,
and adverse events, as well o continued CHC related medical
care for subjects who failed treatment” were considered.

The cost analysis of healthcare resources use is not com-
plete at least in one study [16]. Treatment costs calculated
in Arshad et al [16] are only drug costs The model ako
does not take into account hospital expenses, biopsies and
other lab work”. Healthcare resource use categories or cost
components other than drugs (hospitalization, outpatient
visits, lab tests, emergency visits, and other healthcare ser-
vices) accounted in base-case scenarios are either partially
or not specifically reported in a large number of studies
using summary cost data from the literature. Some of
them only report having accounted for ‘direct medical
costs” [45), and many studies report including ‘drugs, mon-
itorng and adverse effects’ or they simply report accounting
for ‘health-state specific costs”. Thirtyfive studies exclusively
used a gross-costing approach [52] to valuing average
resources used in the treatment of chronic HOV patients
for the time spent in a health-state or for certain episodes
of treatment (eg. adverse events, monitoring, etc). Only a
British study [19] reports the use of micro-costing (each
resource is estimated, and a unit cost derived for each

one [53]), a more precise approach than gross-costing, but
only for the cost of monitoring patients in the intervention
and comparator strategies. Gross-counting cost estimates
wene taken exclusively from literature in 14 studies; in
other 14 set of studies previous literature was combined
with expert opiniorn; 5 studies used previous literature plus
a local database from healthcare providers [22,23,25,41,50);
and only 2 studies fully used a local provider database
[15,17]. None of the included papers reported resource use
and unit costs separately.

Regarding drug prices used in the base-case soenarios of
these studies, 20 out of 36 (55.6%) did not explicitly report if
they used prices are exfactory, wholesale or retail prices.
About 10 studies explicitly reported having used wholesale
prices, three studies reported the use of ex-factory prices
[20,33,36), 2 studies reported the use of retail prices [18,50],
and another 1 reported the use of acquisition costs from the
perspective of the healthcare paver [15). In two cases, the
price of the new intervention drug corresponded to the
price observed in an early access program [2841]. The wide-
spread intermational use of confidential discounts on aoquisi-
tion prices of new and expensive drugs by healthcare payers
has only been taken into account in two studies [18,20]. A US
study applied an average 11% discount on ex-factory prices
[18]. An Italian study reported that according to a reimburse-
ment agreement with the Ralian reimbursement agency, we
assumed that 24 weeks of treatment with 50F had the same
price as 12 weeks of treatment’ [20]. In contrast, two Spanish
studies [2341] applied not specified ‘discounts” on official
generic or used ‘actual prices’ instead of official ones Seven
studies (19.4%) did not report the source used to obtain drug
prices employed in the CUA In two cases, the reported source
of drug prices was press news [23,24]. In one case the authors
simply reported the use of ‘real life data” [50], and two other
studies used ‘assumptions” as price source [43). The most
common source of drug prices used in these studies are
published offidal price lists (25 studies, 69.4%), such as the
Bot Al Database [22] and a Health Ministry Database [23] for
Spairn; the Lauver Taxe list for Germany [2442]; the
Firstdatabank list [18], a health insurance price list [30], and
the RedBook list [29,39,40,45-48] for the United States; the
Brtish National Formulary [26] and the index for Medical
Specialties [30,34] for United Kingdom; the Biuebook [27] and
the Drug Prce List of the Japanese National Health Insurance
[32,36] for Japan; the RAMPQ list for Canada [33); a list of
phamaceutical spedalties of the Swiss Federal Office of Public
Health for Switzedand [37), etc. In 5 out of the 25 studies (209
that reported the use of a published list, this list was not
identified in the paper [46-48].

3.4 Incremental cost-effectiveness ratios

Incremental cost-per-QALY ratios for SOF, SMV, and POR
comparisons for GTs 1, 2, 3, and 4 are summarized in
Tables 5-8. Evidence for GT 5 and GT 6 was limited and is
briefly commented. For each comparison, in Tables 5-8 we
report the number of base case ICERs retrieved from the
selected papers, and the lowest and highest base-case ICER
in 2016 US dollars for TN and TE groups of patients,
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Authar, year |of ‘Within Uncertainty

publicason], cycle sensitivity

| R s nces | Maodeling approach Cyde length comection analysis Maodel validation

Alzvian et al [15]  Cohort STM (Markov mode]]) 1 year MNa [ HR

Amhad etal 16]  Cohort STM (Markow mode]]) 1 year MNa [0 NR

Chen et al [17] Cohorn 5TM (Markow model] 1 year Na D&A and PSA  Face validation, exemal
wvalidation

Chhatwal et al [18] Cohort STM Markov model] 1 week Ha DA and PRA Cress validation, external
validation

Cure et al [19] Cohornt 5TM Markov model] 3 months for the fist 2 years,] year afer that ey D&A and PSA  Face validation, internal
validation, oros s
wvalidation

Cure et al [20] Cohort 5TM (Markov model]
Feser et al [21] Cohont 5TM Markow model]

Gimeno-Ballesier.  Cohort STM (Markow model)
22

Gimeno-Ballesier  Cohort STM (Markow model)
e al 23]

Giasel e al [24] Cohont 5TM Markow model]

Hagan et al [25]  Cohort STM (Markow model)

Johnson et al_[26] Cohort STM Markow model)

Kuwabara et al [27] Cohort STM (Markov moded)
Lebeu et al [28] Cohont 5TM Markow model]

Linas et al [29] Cohorn 5TM (Monte Carlo
McEwan etal [30] Cohort STM Markow model)

McEwan etal [31]  Cohort STM (Markow model)
McEwan etal [32] Cohort STM Markow model)
Maoshyk et al [33]  Cohort STM (Markow model)

Najafmdeh eral  DES
4]

Ollendorf et al [35] Cohort STM
Petta et al [346] Cohornt 5TM (Markow model)
Pl et al [37] Cohont 5TM Markow model]

Rein et al [38] Cohorn 5TM (Maonte Carlo
simyulation)
Saab et al [39] Cohon 5TM Markow model)

Saab et al [40] Cohort STM (Markow maodel]

5an Miguel et sl Cohort STM Markov moded)
w1

Smhmeyer et al Cohont 5TM Markow model]
K3

Vargas etal [43]  Cohort STM (Markoy model)

Westerhout et sl Cohort STM (Markow model)
4]

Wong et al [45] Cohorn 5TM

Younossi et al [46] Cohort STM (Markoy model)

Younossi et al [47] Cohort STM Markow model)
Younossi et al [48] Cohort STM (Markow model)
Zhang et al. [49]  Cohort STM (Markow model)
Zhao et al [50] Cohort STM (Markow model)

3 months for the fist 2
1 year

yeaars, 1 year afier hat Tes DA and P5A  Cross-validation
Na D&A and PSA  Face validation, onoss-
walidation

4 months Tes A and P54 NR

3 months Tes DA and P5A  Internal validation

1 year Na [ Cros s-validation

1 year MNa [0 NR

1 year Na D&A and PSA  Internal validation, ooss-
wvalidation, exiemal
walidation

1 yaar Ho D5A and PSA  Cross-validation

3 months for the fist two yeas, 1 year after Na DEA and PEA N

that

1 month Ha A and P54 NR

1 yaar Ha A Interval validation, cnoss
wvali dation

1 year ey [ Internal validation

1 year MNa D&A and PSA  Cross-validation

1 year Na D&A and PSA  Cross-validation, external
walidation

1 yeaar Hao D5A and PSA Cress-validation, external
validation

1 year Na [0 NR

1 year Tesg D&A and PSA  Cross-validation

1 year ey D&A and PSA  Face validation, onoss-
wvalidation, internal
wali dation

1 year Na DEA and PEA N

1 year Na D&A and PSA  Face validation, onoss
validation

1 year Na D&A and PSA  Cross-validation

3 months Ve DEA and PSA  Face validation, onoss

1 month for one and a half years, 2 months for Na D&A and PSA  Cross-validation
the neat twio cycles. After 2 wears, 1 year

cydes
1 year

1 year

Na D&A and PSA  Face validation, onoss-

ey D&A and PSA  Cross-validation

MNa D&A and PSA  Cross-validation
Ho DA and P5A  Face validation, internal

walidation, onoss-
walidation

MNa [1.) NR

Na A Cros s-validation

MNa DEA and PEA NE
Ha D5A and PAA Croess-validation

including only non-circhotic or mixed
section, only comparsons with three

populations. In this
or mome base-case

ICERs for the same patient group will be analyzed. From
the included studies, we have retrieved 144 ICERs for GT 1,
31 for GT 2, 40 for GT 3, 14 for GT 4, and 2 for GT 5. In total,

231 were retrieved and analyzed.

1.4.1 Genotype 1

Dual therapy with SOF + RBY was only analyzed in TN patients
with GT 1 in four comparisons (Table 5). Both the lowest and
the highest base-case ICER of SOF dual therapy compared to
dual therapy (PEG + RBV), the standard of care previous to
the approval of SOF, were higher than US550000.
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Talbde 5. Summary of incementl @t per QALY in the treatment of dwonic hepatits C patents Genotype 1.
Treamment Naive Treatment experienced

Mumiber of  Lowest base Highest base  Mumber of  Lowest base Highest base
base @se  @se IOER USS,  case IOER (USS,  base cse  ase ICER JUSS,  case ICER (USS,

Intervention Comparaton ICERS 2016] fref] 2016] [red] ICERS 2016] [ref] 2016] fref]
SOFOSBUWIR
SOF dual therapy |S0F + RBV) Dual therapy 3 134317 [45] 215,870 [50] - - -
(PEG + RBV)
First generation trige 1 1,239,022 [50] 1,239,022 [50] - - -
therapy [BOC
TEL + PEG + RBV)
SOF triple therapy Mo treatment 4 2,159 [39] 95526 [37] 1 17,321 [39] 17321 [39]
SOF + PEG + HBV) Dual therapy 11 6,769 [47] A1 A4T6 [50] 3 JAIE [39)] 29,574 [20]
(PEG + RBV)
First generation trige 20 —30,99%4 [47] TEA6E [50] 4 —25,108 [39] 82325 [20]
therapy [BOC
TEL + PEG + RBV)
Sirme prein 2 —10,433 [39] —5,468 [39] 2 —43,113 [39] 36,370 [42]
(5MV + PEG + RBV)
S0F-based alloral second Mo treatment [ —17.138 [44] 243,145 [40] 4 —6,050 |46] 287,718 [40]
genedtion DAAS Dual therapy 11 —13.426 |47] 124,561 [50] 5 21,834 17] 90,202 [45]
[SOF + LDV/DOV/SMV) (PEG + RBV)
First generation tripe 15 —40.359 [47] 214,145 [50] 3 —14.974 |46] 34,457 [42]
therapy [BOC
TEL + PEG + RBV)
Sirme prein 3 —30,596 48] 18061 [31] 1 —20.731 |46] —29,731 [44]

(5MV + PEG + RBV)

S0F dual (50F + RBV) 2 — 142,428 48] —112,813 [42] 1 —B6,161 [46] —B6,161 48]
SOF triphe 3 —120,545 [42] B0599 [31] 2 —11,621 |46] 13,653 [42]
(50F + PEG + RBV)
PR 1 497,889 [42] 497 BRD [432] 1 —197 817 2] —187,817 |42]
SIMEPREVIR
W triple thempy Mo treatment 2 461 [27] 175,786 [40] 1 283,139 [40] 283,139 [40]
|50V + PEG + HEV) Dual therapy 4 —8370 [27] &40 [45] 2 10,977 [44] 22839 [45]
{PEG + RBV)
First generation tripe 5 —64 265 [47] 3483 [47] 2 —62079 |44] —28.315 [44]
therapy [BOC
TEL + PEG + RBV)
SW-based all-oml second First generation tripe 2 36,104 [23] 43318 [23] - - -
genemtion DAL therapy [BOC
MY + DOV TEL + PEG + HBV)
Paritaprevin'Ombi tasvin R ito navir
POR-based all-oral second Mo treatment 1 127,105 [40] 127,105 40] 1 157,881 [40] 157,881 [40]
genedtion DAAS Dual therapy 5 —4,127 [47] 32016 [45] 4 14,401 [26] 17,068 [45]
(PEG + RBV)
First generation trige 4 —35554 |47] 50093 [50] - - -
therapy [BOC/

TEL + PEG + HBV)
BOC: o previr; DAA: dinect-acting antivirals; DCV: daclatasvin: KOER: incemental cost-effeaivens s @to; LDV: ledipasvir; $0F: sofosbuvie PEG: pegylated interferon;
IPOR: paritaprevin/ombitas vigitonavie QALY: quality adjusted life year; REV: ribavirin SMV: simeprevi; TEL telaprevie. Number of base case IERs included 144
ffrorm 22 studies).

Talle 6. Summary of inoemental cost per QALY in the teatment of dwonic hepatits C patients. Gendtype 2

Tregimenit rabre Trentment expenenced
Number of base  Lowest base ;e WER  Highest base cxse IR Number of base  Lowest base case CER Mighest base case IER
Intervention Compamor e WERs UES, 200) [ref] UES, 8) [red] e WERs AES, 2016) [red] S, 2018) [red]
SOFOSBLVIR

L0F dual thempy Mo teatment 9 x 6] TS 0Es [15] r &410[19] 45T 83T [35]

EOF + BB Denal Sherapy 1o 34,588 [19] O 0 [34] 4 0,585 [15] 13h.8aT 18]

(FEG + BBV

L0F tiple theapy Denal Sherapy - - - 1 BE12 [45] BE12 [45]

(E0F + PEG + REV) PEG + BBV

ICER incremental cosi-effectivenes ratiep S0F: sofosbuvie PEG: pegylated interferon; QALY: quality adjusted life year; RBV: ribavirin Number of base @se KBRS
included 31 (from 9 studies).

Motwithstanding, the highest number of comparisons corre- 550,000 even for the highest base mse estimates; even the
spond to triple therapy SOF 4+ PEG + RBV with 47 reported  four ICERs for those two comparisons in TE patients are nota-
ICERs. The 5 ICERs comparing triple therapy SOF + PEG + RBY  bly lower than US550,000. For the 24 ICERs comparing SOF
in T and TE patients with no treatment and the 14 ICERs  triple therapy with first-generation triple therapy (BOC/
comparing it with dual therapy (PEG + RBV) are lower than US  TEL + PEG + RBV), the lowest ICERs are negative and the
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highest ornes are lower than 1155100,000. The four compari-
sons of SOF triple therapy with SMV triple therapy, another
second-generation DAA, showed negative ICERs (SOF triple
therapy was dominant) or lower than US550000. Fifty-eight
base-case ICERs compared SOF-based combinations with sec-
ond-generation DAAs (SOF 4+ LDV/DOV/SMY): the lowest base-
case ICERs are negative in all comparisons except one, and the
highest base-case ICERs are under US5100,000 in comparisons
with SMV triple therapy, with SOF dual and triple therapy, and
with first-generation triple therapy only for TE patients.

SMV triple therapy compared to previous treatments
(dual therapy and first-generation triple therapy) showed a
lowest and highest base-case ICERs negative or lower than
US550,000. POR-based combinations of alloral second-gen-
eration DAA compared to previous dual therapy and first-
generation triple therapy also showed negative ICERs or
around US550,000.

3.42 Genotype 2

For HOV patients with GT 2 (Table &), our review showed
sixteen comparisons of SOF dual therapy (SOF 4 RBV) with
no treatment and fourteen comparisons with dual therapy
(PEG + RBV). The ICERs of all these comparisons showed a
high range of variation: lowest base-case |CERs were under US
$50,000, but higher basecase |CERs were well above US
5100,000.

3.43 Genotype 3

For HCV patients with GT 3 (Table 7), our results showed 21
comparisons of SOF dual therapy (SOF + RBV) with no
treatment and with dual therapy (PEG + RBV). All compar-
isons with no treatment showed a lowest and highest base-
case |CERs lower than or around USS550,000, except the
highest base-case ICER for TE patients which is higher
than US5100,000. Comparisons of SOF dual therapy with
dual therapy (PEG + RBV) showed a lowest and highest
ICERs cleardy higher than US5550,000. SOF triple therapy
(SOF + PEG + RBV) compared to dual therapy (PEG + RBV)
showed lowest ICERs lower than US550,000 and highest
ICERs lower than US$100,000 in the ten comparisons
reported in Table 7 for TN and TE patients. The four com-
parsons of SOF-based alloral combinations of second-gen-
eration DAAs (SOF + LOV/DOV/SMY) showed a lowest ICER
under betwesn US550,000 and US5100,000, but the highest
ICER is clearly abowve J55100,000.

3.44 Genotype 4, 5, and 6

For HCV patients with GT 4 (Table 8), 12 comparisons for SOF
treatnent and 2 for POR treatment are reported in Table B, We
report three comparisons between SOF triple therapy and dual
therapy with the lowest ICER under US5%50,000 and the highest
ICER lower than US5100,000. For those included studies ana-
lyzing GT 5 and 6, only one study [21] reported individ ualized
result for GT 5. In this study, a SOF-based combination (SOF/
LDV} dominated dual therapy (PEG + RBV) and also dominated
SOF triple therapy (SOF + PEG + RBV).
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4. Discussion

We systematically reviewed CUAs for the treatment of HCOV
patients with 2nd generation DAA, introduced in late 2013,
compared to previows treatments by providing information
about their methodological and modeling approaches, and
about their cost analysis and incremental costs per QALY esti-
mated in the base-case scenarios. This assessment included 36
studies published in just 3 years and 231 base-case |CERs from
the performed comparisons, and we summarized heterogeneity
in these ICERs by GT and T wversus TE patients. The present
review updates and expands the scope of previously published
five systematic reviews [48-11] of cost-effectiveness studies
evaluating second-generation DAA treatments for HOV patients.
At difference with previous reviews, we do not restrict our inter-
estto one drug (SOF) [9] or some GTs [10,11] or the United States
[8] or anly to the modeling approaches [4].

Despite the important number of CUAs published since
2014, this analysis found several limitations derved from the
economic evaluation method and the modeling techniques
of the included CUAs which may bias estimated ICERs and
that pose difficulties to inter-study comparisons. Regarding
the main CUA features, despite some published papers
claimed to present ICERs from a societal perspective, none
of the selected studies really used the societal perspective,
given that none of them included non-health care or indir-
ect costs. This may result in an underestimation of the true
burden of HCV, and therefare, in an overestimation of treat-
ment impact on the use of social resources. A previous
review of studies of non-healthcare costs of HOV cncluded
that future studies should focus on assessing incremental
non-healthcare costs of HCV using a control group and with
data for new DAAs [54]. Ako, the results from a previous
CUA for first-generation DAAs in the Nethedands showed
the relevance of non-healthcare costs in order to obtain
unbiased ICER estimates [55].

Regarding modeling features, two main limitations have
been pointed out in our review. First, despite what 15POR's
good practice recommendations on transparency and vali-
dation [56] provide, more than onefourth of the selected
papers did not provide information on any form of model
validation, and only a a few of them performed an extemal
validation of the results. Second, even though limitations of
using DSA are known [57], a higher propottion (one ot of
six studies) than in a previous review [4] solely used DSA.
Also, the impact of the sensitivity analysis on outcome
variables has been poorly reported in many papers: lower
and higher figures around the base-case ICER estimate were
presented in numerical terms only in a reduced number of
36 studies, being not reported or only graphically reported
in others. These problems in addressing uncertainty in CUA
studies makes it difficult to analyze intra-study variations in
the estimated ICER, and may reduce confidence on their
results to decision makers.Our review is also subject to
some limitations that recommend caution in interpreting
thie results and ask for more research. First our report is
based only on infermation from published papers. Second,
information retrieved from the studies in this paper is only
partial, given that treatment ocutcomes and health-state
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Talbde 7. Surnmary of incemenal @t per QALY in the treatment of dwonic hepatits C patents. Genotype 3.

Trentment niae Teeatmenit experien cad
Mumber of Mumber of
e ase Lowsest base case Highest base case e came Lowsest base case Highest base case
Intersention COMPARATOR W DEER (LUES, 2008 [mef]  WER (USS, 3018 jred] CEs WER UES, 28] [ref]  WCER (LES, 2019 [red]
SOFOSBUWR
IO dud Tempy (SOF + BEV) Mo vemiment 5 @ [ e 8] & My s200 [37]
Denal therapy r 89,5513 49] 8B [17] 3 TAEIT 37 137,380 M)
(PEG + B
L0F mple thempy Mo Tt 1 Fra,ME 9] Ir4 148 [39] 4 13275 19 85476 [15]
EF + PEG + BBV Denal therapy & nrr sl 174 [37] 4 16195 [37 55,957 1]
(PEG + REV)
SOF-taverd alkoml seoond Mo it . . . 1 1 106 (45 1,106 [45]
generation Die Denal therapy 4 TiEN (21 400,404 [34] - - -
(0P -+ LINDOWEMN (|PEG + REV)

DAA: directacting antivimls DOV dadameodn IOER: incemental cost-effectveness rati LIV ledipasvin SOF sofesbanin: PEG: pegylated interfesn;
IPOR: paritapee vig'ombitasvin Rivonavir; QALY: quality adjusted life year REV: dbaviring S0V simeprevir. Number of base e 0B included: 40 (from 10 studies).

Tabde B. Surmmary of inoemental cost per QALY in the meamment of chronic hepatis C patients. Gendtype 4.

Treatment naive Treamment &xpesenoad
Mumiber of  Lowest base case  Highest base @se  Mumber of  Lowest base case  Highest bae case
base case ICER (US5, 2016) ICER (USS, 2016) base @se ICER {US5, 2016) ICER (US5, 2016)
Intervention Com parator ICERs [red] [red] ICERS red] [red]
SOFOSBUVIR
SOF dual the spy M treatieent - - - 1 48,640 |45] 48,540 |45]
(SOF + REBV)
SOF wiphe thempy  Dual Merapy 3 32980 [37] 82595 [45] - - -
|50F + PEG + RBV) {PEG + RBV)
50F-based all-oml Mo treatment 2 5282 [31] 31,313 [40] 2 5282 [31] 36,528 [40]
second genemBon  Dual therapy 1 14,539 [31] 14,539 [31] 1 5216 [31] 5216 [31]
DARS {PEG + RBV)
{S0F + LDV/DCWY Sirree prev ir triple 1 39,852 [31] 39,852 [31] 1 2141 [31] 2161 31]
5] therapy
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Paritaprevir/Om bit asvinRitona vr
POA-based all-oral Mo treatment 1 16,508 [40] 16,608 [40] 1 16253 [40] 16253 [40]

second gene@Bon
DAAs

{POR + RBV;
FOR + D5V + HBV)

BOC: bocepmvie DAA direct-acting antwiral; D8V: dessbavir; DOV: dadamsvin IER: incemental omt-effediveness ratip LDV ledipasvir; S0F: sofosbuvic

IPEG: pegylated inteferon; QALY: quality adjusted life year RBV: rila vidn; S0:

utilities sources and values have not been analyzed. Third,
this review is not aimed at providing evidence on which
factors may explain inter study cost-per-0ALY wvariations,
such as, for example, heterogeneity related to the stage of
the disease, level of fibrosis, or drug prices. Fourth, only
base-case cost-per-QALY estimates were reviewed without
systernatically analyzing the results coming from sensitivity
analyses. Fifth, this review was not intended for, and results
should not be interpreted as, providing evidence on the
optimal treatment strategy for HOV patients or evidence
on whether a particular new treatment is cost-effective.
And, sixth, it remains a task for future research to estimate
the important influence of recent drug price reductions of
several DAAs on the cost per QALY.

Future research on the economic evaluation of new and
highly priced DAA treatments for HCV patients should
devote attention to the analysis of influential parameters
on the estimated ICERs in order to explain the important
inter- and intra-study varation reported in this review for
the same comparison and HCV population group.

simeprevir: TEL: telapeevir. Number of base e ICERS included: 14 (fom 4 studies).

5. Conclusion

For GI' 1 HOV patients, the highest number of ICER comparisons
reviewed in this paper comesponds to SOF triple therapy and
SOF-based combination thera pies, which reported ICERs system-
atically ranging from negative to lower than US5100,000 when
compared with no treatment, dual therapy or SMV triphe therapy.

Comparisons for GT 2, 3, and 4 HCV patients found highest
base-case ICERs being above U55100,000. The highest base-case
ICERs were higher for GTs 2-4 than for treatment of GT 1 HOV
patients. In conclusion, second-generation DAA in the treatment
of GT 1 patients showed highest base-case |CER lower than U5
$50,000 when compared to no treatment and previows dual
therapy (PEG + RBVY), and below USS100000 when compared
to previous triple therapy (BOCTEL 4+ PEG + RBV).

6. Expert commentary

The present articke updates and expands the five systematic
literature reviews of cost-effectiveness of second-generation
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DaAs for the treatment of CHC published during the last years,
which only included studies published until 2015 or were
limited to US patients or only GT 1 patients [£9-11). In this
review, we covered both method and modeling features and
cost per QALY as the outcome wvariable of CUAs
Notwithstanding the progressive increase in the number of
articles published, this analysis found some important limita-
tions arising from the methedology and design of these stu-
dies that should deserve attention of researchers and journals
as they pose limits to the policy implications of this literature.

Several factors have been identified in this review that were
not addressed or did not receive encugh attention in previous
reviews. In our opinion, incremental treatment costs and cost-
per-JALY estimates may be biased as a result

First, the common use of a gross-costing approach (a par-
tial micro-costing approach was used in only one study [19])
makes difficult to be sure that all differential costs among
intervention and control treatment strategies have been con-
sidered (i.e. emergency visits or adverse events).

Second, combining previous literature with expert opinion
(not always validated) and available databases as cost sources
for non-drug healthcare resources may result in a high hetero-
geneity and may yield noncomparable estimates.

Third, being the results of the CUAs presumably very influ-
enced by the high prices of the new DAA under evaluation, it
is surprising to report in this review that more than one
quarter of the studies did not explicitly state what type of
drug price was used in the evaluation (exfactory, wholesale,
retail with or without taxes). In fact, only two papers out of 36
[2841] reported an effort to take into account the fact that
relying on a pricing list may overestimate the cost of the
innovation and, thus, it may not represent actual transaction
prices because of the inceasing and extended use of confi-
dential discounts on official list prices.

Fourth, none of the reviewed studies used the long run
price of intervention and comparison drugs. From the social
perspective, not adopting a dynamic evaluation of new drugs
using the long-term average price and using the entry price
for innovations and the actual price for generic comparators,
after the exclusivity period for the comparator drug, overstates
the cost of the pharmacological second-generation DAA treat-
ment in the long run [7,58).

Fifth, the sources of inter- and intra-study variations are
only partially described in some studies [89] but none of
them provided a detailed and quantitative analysis of the
impact of the several sources of heterogeneity on the esti-
mated costs per QALY. Two previous review papers [10,11)
tried to evaluate the influence of price variation on cost per
QALY by reanalyzing the published cost-utility results assum-
ing a linear relationship between treatment costs and ICERs.
Besides other limitations, there is no evidence of this linear
relationship in the economic literature between ICER and drug
prices or any other model inputs (Le. healthcare costs, quality-
of-life weights, transition probabilities, etc).

The non-healthcare costs attributable to HCV infection are
composed of productivity losses due to absenteeism or pre-
senteeism, lost leisure time, premature modality, and care-
giver care due to the disease. The extended omission of
non-healthcare costs in economic evaluations of second-
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generation DAA may have overvalued the estimation of cost
per QALY in this literature, as they are probably changing the
current and future burden of the disease. This observation is
reinforced by the evidence prior to the intreduction of inno-
vative highly effective medicines DAAs. It was observed that
the estimated non-healthcare costs of HOV at a general or
population level tend to be considerably higher than the
healthcare costs, the main non-healthcare cost of HOV being
attributable to premature mortality [54].

7. Five-year view

The analysis of the studies induded in this review highlights the
need for cost-effectiveness studies of innovative and highly priced
HCV treatrments in the nest 5 vears which include compre hensive
healthcare costs and non-healthcare costs in particular, provided
that results are to be useful for healthcare and decision
makers. Future cost-of-illness studies should foous on assessing
incremental healthcare and non-healthcare costs of HCV using a
control group with real word data for new DAAS as they would be
useful and complementary to cost-effectiveness studies.

The results of this review, which focused on CUAs and model
ing features, costs and incremental cost per QALY, have some
useful and practicalimplications for an improved design of cost-
utility studies of second-generation DAAs for the treatment of
chronic HCV, but also for the evaluation of successive improved
and innovative HOV therapies more recently introduced and for
those still in the pipeline. From the methodological pers pective,
there is an urgent need for improvemnent in this literature of
health economics, especially regarding drug, and non-drog
healthcare cost features, in order to improve transparency and
reliability of incremental cost per QALY estimates,

First, high healthcare costs related to treatment and compli-
cations at the different stages of the illness and their expected
budget impact deserve a more refined and precise approach to
cost estimation using more frequently a micro-costing approach
and providing evidence of the type of resources and their
quantities used in the estimation of the st for each health
state. Second, transparency and replicability of non-drug health-
care resource estimation requires to justify the appropriate niess
and reliability of the extended and ad-hoc use of non-validated
expert opinion and cheny picking on previous literature as the
main sources of resource measurement. Third, regarding drug
costs, CUA literature should explicithy state which type of drug
price has been used (ex-factory, wholesale, retail with or without
taxes), the sensitivity of the outcome measure to the price
choice, and why this one was the relevant price from the
selected perspective of the study. Given the wellFknown wide-
spread prevalence of confidential discounts and rebates for the
majority of healthcare payers, in order not to provide systematic
overestimated incremental cost per QALY measures, we on-
sider also necessary to make an effort not to rely only on offidal
list prices in the CUA base-case scenarios. And, fourth, as it is
recommended for all high-priced innovative drugs, a dynamic
approach should be adopted by using the long run price of
intervention and comparison drugs instead of the actual price of
both, which alko may kead to an overestimated ICER for these
innovations. Economic evaluation models should consider the
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price fall after the loss of exdusivity, which tends to be omitted
even in simulations over the patient’s lifetime.

Key issues

* Thirty-six cost-utility analyses [CUAs) were included to
review the evidence from the current literature.

* CUAs induded in this review compared interventions with
second generation DAAs therapies with no treatment, and
with previous therapies for chronic HOV patients for geno-
types 1-4.

* Twenty studies, out of thity-six, did not report the type of

drug prices used.
* The highest number of ICER comparisons corresponds to
sofosbuvir  (SOF)  triple  therapy and  SOF-based

combinations.

* S0OF-treatments studies for genotype 1 reported a cost per
QALY in base-case scenarios wene systematically ranging
from negative to lower than US5100,000 when compared
to no treatment or dual therapy.

* Cost per QALY base-cases found in this review for geno-
types 2-4 were higher than US5$100,000.

* Several limitations of method and modeling techniques of
CUAs induded in this review may bias estimated cost per
QALY and pose severe difficulties to interstudy comparisons,
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CHAPTER 3: COST-UTILITY ANALYSIS OF UPDATING
GUIDELINES FOR THE TREATMENT OF HEPATITIS C

3.1 Introduction

Since 2014, new regimens for hepatitis C virus (HCV) treatment have marked a
turning point in the management of chronic hepatitis C (CHC). HCV infection is the
leading cause of chronic liver disease worldwide. HCV infection, which leads to
CHC progression might undergo decades of progression with stages including
fibrosis cirrhosis, hepatocellular carcinoma (HCC), ending with end-stage liver
disease!. In 2015, CHC affected 71 million people and 10 million people globally
and in Europe, respectively, with important variability observed across countries?3.
Latest prevalence estimates of HCV prevalence in Europe indicate a range of
0.1%-5.9% for 30 European countries*. CHC is associated with an increased
premature death rate compared to the general population, even after controlling for
the main risk factors (i.e. injectable drug use and HIV coinfection)>®. In 2019,
cirrhosis ranked 7th in the Global Burden of Disease leading causes for people
aged 50-74 years. The ranking was similar to that in 1990, despite clear

improvements in all-ages burden of illness along the decade’.

Prior to 2014, the introduction of first generation direct-acting antivirals (DAAS) (i.e.
boceprevir and telaprevir) improved sustained virologic response (SVR) rates;
however, they had to be used in combination with previous therapy (i.e.

peginterferon and ribavirin)8. Since 2014, new (2nd generation) DAAs substantially
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improved SVR from 60-70% to more than 95% and shorter treatment durations®?,
Furthermore, new treatments (i.e. sofosbuvir, simeprevir, and subsequent
treatments) enabled all-oral and pangenotypic regimens and improved adverse
events, which led to the development of HCV eradication strategies'®. Apart from
the clinical burden of CHC, the economic burden has proven to be substantial as
the disease affects direct medical costs!*~'> and indirect costs, due to decreased

patient productivity and premature mortality associated with CHC16-1°,

Although many studies have analysed the cost-effectiveness of treatments based
on new DAAs?%2! |imited studies conduct efficiency analyses to support clinical
guidelines which affect several treatments at the same time?2. The European
Association for the Study of the Liver (EASL) updated its recommendations on
treatment of HCV 22 to guide clinicians at a national level, as a significant number
of new treatments were approved in a short period of time. New DAAs offered
improved efficacy rates and they offered savings for health systems in the long-run

but they compromised budgets in the short-run?.

The aim of this study is to assess the efficiency of changes made in treatment
recommendations of HCV, after new DAAs were introduced in the market. This
study assesses the change in guidelines (EASL recommendations in 2016 vs.
2018) using Spain as a case in the European context. The study is the first

evaluation detailing the impact of clinical guidelines for Hepatitis C drugs. The
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study contributes to the increasing interest concerning the consideration of

economic aspects in clinical guidelines development.

3.2 Methods

A cost-utility analysis (CUA) was used to assess the change in Hepatitis C clinical
guidelines following the International Society for Pharmacoeconomics and
Outcomes Research (ISPOR) recommendations for state-transition modelling
studies for Spain. A Markov-model with a structure commonly used in economic
evaluation for DAA in HCV? (Figure 1) was implemented to compare the EASL
guidelines for 2018 22 to 2016 %5 (Table 1). In the base case, a societal perspective
(human capital approach), a lifetime time horizon, and a discount rate of 3% were

applied to the case and the outcomes.

Figure 1. Markov model diagram by health states for chronic HCV
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Table 1. EASL recommendations summary 2016 — 2018. Treatment regimens available as valuable options by HCV

genotype and cirrhosis.

Cirrhosis

Without

cirrhosis

With

cirrhosis

Treatment

SOF/LDV

SOF/VEL

OBV/PTV/RTV+D

SV

GZR/EBR

SOF+DCV

GLE/PIB

SOF/LDV

SOF/VEL

OBV/PTV/RTV+D

SV

GZR/EBR

SOF+DCV

GLE/PIB

SOF/VEL/VOX

GT la GT 1b GT3

EASL 2016 EASL 2018 EASL 2016 EASL 2018 EASL 2016

EASL 2018

TN (8-12) /TE (12 0 24) TN (8-12) TN (8-12) / TE (12) TN (8-12) / TE (12)

TN (12) & TE
TN & TE (12) TN & TE (12) TN & TE (12)

(12/24)+-RIVA

TN & TE (12)

TN (8-12) / TE (12)

TN (8 FO-F2; 12 F3) / TE (12)

TN &TE (12 0 16)

TN&TE (12)

TN & TE (12)

TN (12) / TE (12 0 24) TN & TE (12)

TN (8 FO-F2; 12 F3) / TE (12)
TN (12) & TE
(12/24)+/-RIVA

TN & TE (8)

[

TN (12)

TN (8) & TE (12)

TN (12) /TE (12 0 24) TN & TE (12)

TN & TE (12)

TN & TE (12)

TN & TE (24) TN & TE (12)

TN & TE (12 0 16)

TN&TE (12)

TN & TE (12)

TN (12)/ TE (12 0 24) TN&TE (12)

TN & TE (24)

TN (12) & TE (16)

‘ TN & TE (12)

TN & TE (12)

TN&TE (12)

Genotype (GT), European Association for the Study of the Liver (EASL), Sofosbuvir/ledipasvir (SOF/LDV), Sofosbuvir/Velpatasvir
(SOF/VEL), Ombitasvir-paritaprevir-ritonavir+Dasabuvir (OBV/PTV/RTV+DSV), Grazoprevir/Elbasvir (GZR/EBR), Sofosbuvir+Daclatasvir
(SOF+DCV), Glecaprevir/Pibrentasvir (GLE/PIB), Sofosbuvir/Velpatasvir/Voxilaprevir (SOF/VEL/VOX), treatment-naive (TN), treatment-
experienced (TE). In parentheses, treatment duration in weeks.
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Target population

The study population was a hypothetical cohort of adult patients (55 years) with
HCV subtypes GTla, 1b, and 3. The patients had HCV infection with or without
cirrhosis and were treatment-naive or experienced. Only GT1 and 3 were modelled
as they represent the most prevalent subtypes accounting for 70% of global HCV
infections3. Number of patients and stage distribution was determined using the
demographic and epidemiological data for Spain. Treatment history and cirrhosis
were considered separately in the model as they influenced treatment indications

and duration?326 (Table 1).

Treatment strategies

SVR was used to measure treatment effectiveness as it is an accepted indicator for
analysing the cure rate of CHC and is related to decreased mortality?’. Treatments
and their respective durations were applied differently in 2016 and 2018 according
to guidelines. DAA included in 2016 were sofosbuvir/ledipasvir (SOF/LDV),
mmbitasvir-paritaprevir-ritonavir+sasabuvir ~ (OPR+DSV), grazoprevir/elbasvir
(GZR/EBR), and sofosbuvir+daclatasvir (SOF+DCV). DAA included in 2018 were
SOF/LDV, sofosbuvir/velpatasvir (SOF/VEL), OPR+DCV, GZR/EBR,
glecaprevir/pibrentasvir  (GLE/PIB), and  sofosbuvir/velpatasvir/voxilaprevir
(SOF/VEL/VOX). Pharmacological treatment pools were weighted according to

market shares in 2016 and 201828,
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Markov Model

Patients entered the model in health states corresponding to HCV stages FO-F4
(METAVIR score) and they progressed to cured (SVR) or decompensated
cirrhosis, HCC, and transplant-related health states. Cycles were set to trimesters
to capture changes in treatment durations. Efficacy data, transition probabilities,
and utility values were retrieved from literature following best practices and a
recent hepatitis C model review?>, followed by validation in an expert panel.
Transition probabilities combined general and specific ones by genotype and
treatment and varied according to age- and sex-adjusted mortality over time (see

Tables S1, S2, S3 of the Supporting Information).

In the base case, EASL’s recommended treatment strategies for 2016 and 2018
were compared and total direct and indirect costs (societal perspective, human
capital approach) and quality-adjusted life years (QALY) throughout lifetime were
estimated at a discount rate of 3%, following current recommendations3'32, A half-
cycle correction was applied to health benefits and costs33. The model allowed for
comparisons regarding patient types (naive/experienced), drug prices (list vs.

purchase price), and perspectives.

Costs
The societal perspective included indirect costs (1) due to productivity loses
(human capital approach) and (2) based on the value of a life-year. The health

system perspective accounted for only direct costs. Direct costs comprised drug
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and management costs by health state. Recommended duration and dosage were
used to compute pharmacological costs. Indirect costs for the human capital
approach were estimated based on literature and expert panel information on loss
of labour productivity and official data on annual salaries from the National Institute
of Statistics® or published estimates on the value of a life year in the latter
approach3®. All costs were updated to €2019 by using the Gross Domestic Product

deflator.

Sensitivity analyses

Deterministic (DSA) and probabilistic sensitivity analysis (PSA) were performed to
assess uncertainty concerning base-case results. Main model parameters were
checked using a +25% variation range for the deterministic analysis. In the PSA
(1000 montecarlo simulations), Dirichlet distribution for transition probabilities, Beta
for utilities, and Lognormal for costs were used. Alternative discount rates (0% and

5%) were checked according to published guidelines3®.

Results

This model estimated that the EASL guidelines in 2016 for the treatment of chronic
HCYV yielded 22.95, 23.05, and 23.01 QALY per patient corresponding to GTla, 1b,
and 3, respectively. Concerning 2018 guidelines, resulting QALY per patient were

estimated at 23.08 (GTla), 23.14 (GT1b), and 23.03 (GT3). No relevant
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differences were found by treatment history (Table 2). Estimated costs exhibited

important variations in 2016 and 2018 estimations concerning genotype,

perspective, and acquisition costs (Table 3). Considering the variations from a

societal perspective with human capital approach (base case) and purchase

prices, treatment costs in 2016 were €70,196 (GT1a), €61,106 (GT1b), and

€92,752 (GT3). The treatment costs in 2018 were €48,944 (GT1a), €49,130

(GT1b), and €49,061 (GT3).

Table 2. QALYs per patient resulting from EASL Hepatitis C recommendations.

EASL 2016 EASL 2018

QALY (overall)

GT1la 22.95 23.08

GT1b 23.05 23.14

GT3 23.01 23.03
QALY (naive)

GT1la 22.95 23.07

GT1b 23.05 23.14

GT3 23.01 23.03
QALY (treatment- experienced)

GT1la 22.95 23.09

GT1b 23.05 23.14

GT3 23.01 23.03
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Table 3. Cost per patient resulting from EASL Hepatitis C recommendations in

2016 and 2018.

EASL 2016 EASL 2018
Costs (List prices)
GT1la
Societal (human capital) perspective € 97,715 €74,212
Societal (life year value) perspective € 431,382 € 400,250
Health system perspective €57,774 € 36,064
GTlb
Societal (human capital) perspective
Societal (life year value) perspective € 81,965 € 73,582
Health system perspective € 409,389 € 396,143
GT3 €43,815 € 36,347
Societal (human capital) perspective
Societal (life year value) perspective € 143,879 € 76,251
Health system perspective € 475,358 € 405,152
€ 103,651 € 37,440
Costs (Purchase prices)
GT1la
Societal (human capital) perspective €70,196 € 48,944
Societal (life year value) perspective € 403,862 € 374,982
Health system perspective € 30,254 € 10,796
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Table 3 (continued)

GT1b
Societal (human capital) perspective €61,106 €49,130
Societal (life year value) perspective € 388,530 € 371,691
Health system perspective € 22,957 € 11,895

GT3
Societal (human capital) perspective € 92,752 € 49,061
Societal (life year value) perspective € 424,231 € 377,962
Health system perspective € 52,524 € 10,250

The clinical guidelines update yielded positive gains in QALY and a significant
effect on incremental costs (Table 4). Incremental QALY per patient were higher in
GT1a (0.134) and GT1b (0.093) compared to GT3 (0.020). Incremental costs per
patient involved savings in all scenarios, with a higher value for GT3 (€-42,274—€-
46,269) compared to GT1a (€-19,458—€-28,880) and GT1b (€-11,061—€-16,840).
Savings were accomplished in all genotypes, considering different acquisition costs
(list vs. purchase prices) and perspectives (societal vs. health system).
Consequently, the guidelines update in 2018 was dominant compared to 2016 in

all scenarios.
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Table 4. Incremental QALY. Costs and ICER of EASL Hepatitis C treatment
recommendations in 2016 and 2018 by perspective and genotype (Purchase

prices. Per-patient values).

Difference (2016 to

2018) GT1la GT1b GT3
QALY 0.134 0.093 0.020
Costs Societal (HC) € -21,252 €-11,976 € -43,692
ICER dominant dominant dominant
Costs Soc (LYV) € -28,880 € -16,840 € -46,269
ICER dominant dominant dominant
Costs HS €-19,458 €-11,061 €-42,274
ICER Dominant dominant dominant

HC: human capital. HS: health system. LYV: life years value

In the DSA, the most influent parameters were transition probabilities and utility
values (see Figure S1 of the Supporting Information). In the PSA, the treatment
strategy included in 2018 guidelines was dominant compared to that from 2016 in

99.9% of cases, as indicated by the cost-effectiveness plane (Figure 2).

Figure 2. Incremental cost-effectiveness plane (PSA)
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Discussion

This CUA compared EASL recommendations for treating HCV in 2018 with those
in 2016. These findings show that the update in EASL recommendations that
incorporated new DAAs for HCV treatment resulted in dominant ICER in all
perspectives and genotypes considered. These results indicate that updated
clinical guidelines in 2018 exerted a positive impact on health results and they led
to important savings for the healthcare system. This is the first study assessing the
cost-effectiveness of a change in clinical guidelines on Hepatitis C. The study
results contribute to existing studies on other therapeutic areas wherein CUA is
applied to compare clinical recommendations that have an impact on healthcare

costs 37739,
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This study considered indirect costs related to decreased productivity in HCV
patients which is seen as a measure to overcome previous CUA limitation
concerning costs involved?®4°. However, other studies about productivity costs of
chronic HCV showed a lower proportion of indirect to direct costs®41-43, which can
be attributed to the situation before new DAA were available. Recent data suggest
that productivity costs improved (lowered) due to the new therapies**, which is in

line with the estimations presented here.

Different acquisition costs (list prices and purchase prices) were used in the
analysis as it was found to be an important driver in HCV CUA models*+¢, To
date, few studies with purchase prices are found in literature due to transparency
constraints at the government level. This posed a limitation in previous CUA on
HCV drugs?>40. In the present study, prices were reduced at a range of 30-70%
depending on the source (list vs. purchase) and DAA. The reduction is higher
compared to the 25% reduction indicated by recent findings, with rebates and
discounts on pharmaceutical expenditure at a country level 4. This reduction can
be potentially attributed to the favourable price-negotiations at a provider and local

level for the case of HCV drugs.

Limitations of this study include, first, a possible overestimation of treatment effects
due to the assumption of full adherence. Results would be affected if the guidelines
update entangled changes in treatment adherences. Second, the study does not

take into account the effects of screening or the effects of a possible reduction in
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transmission rates thanks to generalised treatment. However, this bias has a
homogenous effect on the period considered in the analysis. Lastly, the study lacks
an external validation with real world data although face validity was used to
assess the model. However, results can be extrapolated to countries like Spain,

with a National Health System and similar prices.

Conclusions

In summary, this analysis shows that clinical recommendations on treatment of
chronic HCV in 2018 contributed to the efficiency of the healthcare system in Spain
as a case in Europe from societal and health system perspectives. Updating
clinical guidelines resulted in better health outcomes and a cost-saving strategy
considering most prevalent genotypes (GT1 and GT3). These results might be
useful for the application of EE tools to clinical guidelines development alongside
the development of a novel measure for health intervention. The study
demonstrated that treatment strategies incorporating new DAAs regimens for HCV
included in EASL guidelines in 2018 contributed to the efficiency of their health

systems.
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Supporting information

Table S1. Health-state costs used in the Markov model.

Health-state costs

Value

Source

Cure - | Expert panel
FO-F1 € 384.89 | Expert panel
F2-F3 € 543.26 | Expert panel
F4 €701.64 |1
SVR-F4 € 203.17 |1
DC €2,858.28 |1
HCC € 10,889.24 |1
TH (with follow-up) € 98,409.71 |1
TH (w/o follow-up) € 18,392.22 |2
PostTH € 44,892.09 |1
SVRPTH € 203.17 | Expert panel
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Table S2. Health state utilities used in the model.

Health-state utilities |Value Source
Cure 1.00 | Expert panel
FO-F1 0.99 | Expert panel
F2-F3 0.96|3

F4 0.94 | Expert panel
SVR-F4 1.00(3

DC 0.84|3

HCC 0.76|3

TH 0.81]|3

PostTH 0.89|3

SVRPTH 0.90|3
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Table S3. Transition probabilities used in the model.

Transition

probabilities” Value source
From SVRF4 to

SVRF4 0.950 | Expert panel

F4 0.000 | Expert panel

HCC 0.005 |1

Death 0.045 | Expert panel
From HCC to

HCC 0.094 | Expert panel

TH 0.040|4

Death 0.866 | 4
From TH to

Death 0.066 | 4

PostTH 0.815| Expert panel
From PostTH to

PostTH 0.866 | Expert panel

SVRPTH 0.313| Expert panel

Death 0.071 | Expert panel
From SVRPTH to

SVRPTH 0.950 | Expert panel

PostTH 0.000 | Expert panel

Death 0.050 | Expert panel

* Only those for the general case (used in all treatments and Genotypes) are included
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Figure S1. Tornado diagram (DSA).
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