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REVIEW

Cost-utility analysis of second-generation direct-acting antivirals for hepatitis C: a
systematic review
Jaume Puig-Junoy a,b,c, Natàlia Pascual-Argente b,c, Lluc Puig-Codinab, Laura Planellasd and Míriam Solozabald

aDepartment of Economics and Business (UPF), Pompeu Fabra University, Barcelona, Spain; bUPF Barcelona School of Management, Pompeu Fabra
University, Barcelona, Spain; cUPF Center for Research in Health and Economics (CRES-UPF), Pompeu Fabra University, Barcelona, Spain; dReal-
World Insights, IQVIA, Barcelona, Spain

ABSTRACT
Introduction: High prices of second-generation direct-acting antivirals (DAAs) in the treatment of
chronic hepatitis C virus (HCV) patients led to reimbursement decisions based on cost per quality-
adjusted life year (QALY).
Areas covered: We performed a systematic review of cost-utility analyses (CUA) comparing interven-
tions with second-generation DAA therapies with no treatment, and with previous therapies for chronic
HCV patients until July 2017. A total of 36 studies were included: 30 studies from the perspective of the
healthcare payer, 3 from the societal perspective, and 3 did not report the perspective. For genotype 1,
the highest number of ICER comparison corresponds to sofosbuvir (SOF) triple therapy and SOF-based
combinations which reported a cost per QALY systematically ranging from negative to lower than US
$100,000 when compared with no treatment or dual therapy or Simeprevir triple therapy.
Expert commentary: Selected studies may be overestimating the true cost per QALY of second-
generation DAAs in the treatment of HCV, 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
recent years on cost per QALY should be considered.
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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 spontaneously but
55–85% will progress to chronic hepatitis C (CHC) [1]. CHC
progresses to cirrhosis, 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 HCV in 2016 [2]. HCV is
found all over the world, it is characterized by its hetero-
geneity in genotypes (GT) and by disproportionately affect-
ing more males than females. HCV is associated with an
important morbidity, mortality, and economic burden.
Globally, HCV-related diseases are responsible for 489,000
deaths per year [3].

Until 2011 dual therapy with pegylated interferon (PEG)
and ribavirin (RBV) was the standard of care in HCV 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 + RBV) importantly
improved SVR rates for treatment-naïve (TN) or treatment-
experienced (TE) GT 1 patients but treatment remained sub-
optimal for many patients. Since 2014, second-generation
DAAs dual/triple therapies and all-oral DAA therapies have
allowed a significant shift in the HCV 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
heavy 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.

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

To date, five relevant systematic reviews of cost-effective-
ness in the treatment of chronic HCV with second-generation
DAAs has been published between 2015 and 2017 [4,8–11].
These reviews only include studies published until August [4]
or September 2015 [9,10], or August 2016 excluding GT 1 [11],
or are limited to US studies [10]. As a result, except for

CONTACT Jaume Puig-Junoy jaume.puig@upf.edu Universitat Pompeu Fabra, C. Ramon Trias Fargas 25-27 edifici Jaume I, 08005 Barcelona

EXPERT REVIEW OF GASTROENTEROLOGY & HEPATOLOGY
2018, VOL. 12, NO. 12, 1251–1263
https://doi.org/10.1080/17474124.2018.1540929

© 2018 Informa UK Limited, trading as Taylor & Francis Group

http://orcid.org/0000-0003-1695-3108
http://orcid.org/0000-0003-2980-366X
http://www.tandfonline.com
http://crossmark.crossref.org/dialog/?doi=10.1080/17474124.2018.1540929&domain=pdf


Chhatwal et al. [10], they include null or very limited evidence
on second-generation DAAs other than SOF, and null evidence
on all-oral DAA therapies; also, only one of them focuses
merely on methodological approaches [4]. Comparisons
included 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 + RBV),
first-generation triple therapy (BOC/TEL + PEG+ RBV), and
other second-generation DAA therapies in chronic HCV
patients. This review focused on the CUA and modeling fea-
tures, costs and incremental cost per QALY.

2. Methods

The research question (in PICO format: Population, Intervention,
Comparison, Outcome), as well as the inclusion and exclusion
criteria are reported in Table 1.

2.1 Search strategy

Published CUA studies on second-generation DAAs for HCV
treatment were searched in the electronic databases Medline
(Ovid), EBM Reviews-NHS Economic Evaluation Database (Ovid),
Embase (Ovid), Pubmed, Cochrane Library, York CRD Database,
and EconLit from January 2011 until July 2017. References in the
selected studies and previously published reviewswere screened
by hand. Records and full-texts were independently screened by
at least two of the reviewers (LP-C, LP, MS) 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 correctness of the data, and
disagreements were resolved by discussion. In the search

strategy, terms ‘hepatitis C’, ‘hepacivirus’, ‘quality-adjusted life
years’, ‘qaly’ were combined in the search codes.

2.2 Inclusion and exclusion criteria

Table 1 lists the inclusion and exclusion criteria used to assess
studies that evaluate chronic HCV treatments with new DAAs.
We included complete CUA studies published in English and
Spanish without any geographical restriction for HCV treat-
ment strategies including second-generation DAAs for a
defined target group of HCV patients of the general popula-
tion, being TN and/or TE patients. We excluded CUA studies
only including treatment of HCV in selected populations (e.g.
incarcerated or HIV co-infected patients) and those only
including patients in a specific disease phase (e.g. only cirrho-
tic or post-liver transplantation). We reviewed titles and
abstracts to exclude those studies which are not original
research, those with content not addressed (pharmacological
drugs, population or treatments addressed in this systematic
review), those with population not addressed, and those with
no abstract or full-text 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 coveringmain CUA features (country, perspective,
target population, intervention/comparator, time horizon, dis-
counting rates, currency/year, and funding sources), modeling
features (modeling approach, cycle length, within cycle correction,
uncertainty/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 HCV
GT and TN versus TE as the main outcome of each selected
comparison. All ICERs from included studies were extracted and
included in the analysis except those comparisons: (i) reporting
results for only cirrhotic groups; (ii) those only reporting aggregate
results for mixed GT; (iii) comparisons of SOF-based all-oral com-
binations versus other SOF-based combinations; and, (iv) interven-
tions with all-oral combinations second-generation DAAs not
based on SOF, SMV, or POR.

Interventions were classified as second-generation DAA
dual and triple therapies or all-oral DAA combination thera-
pies. Information on five second-generation DDA dual/triple
interventions was extracted: POR-based, SMV-based
(SMV + DCV), SOF-based dual (SOF + RBV) and SOF-based
triple (SOF + PEG + RBV) therapies. All-oral DAA combination
therapies were classified as SOF-based (SOF + LDV/DCV/SMV),
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), triple therapies with first-generation DAAs
(BOC + PEG + RBV and TEL + PEG + RBV), dual/triple therapies
with second-generation DAAs, and all-oral DAA combination
therapies (SOF-based and others).

Table 1. PICO question and inclusion/exclusion criteria.

PICO question

P Defined target group of HCV patients of the general population
I HCV treatments with at least a 2nd generation DAA
C All HCV treatment combinations
O Incremental cost-utility ratio (cost per QALY gained)
Inclusion criteria
Defined target group of HCV patients of the general population
Interventions include at least a 2nd generation DAA
Decision analytic model (mathematical model) evaluating both costs and
health consequences
Outcome expressed as cost per QALY
Original CUA published in English or Spanish
Published studies in full text

Exclusion criteria
Purely descriptive studies
Reviews of cost-effectiveness analyses
Treatment of HCV in selected populations (e.g. incarcerated, HIV co-
infected patients, children and younger people only, older than 65 years
only, immigrants only))
CUA studies on a specific disease phase (e.g. transplantation, cirrhotic patients)

P: population; I: intervention; C: comparison; O: outcome; CUA: cost-utility
analysis; DAA: direct-acting antiviral; HCV: hepatitis C virus; HIV: human
immunodeficiency virus; QALY: quality-adjusted life year.
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Modeling approaches were classified as cohort state-transi-
tion models (STM), individual STM, and discrete event simula-
tion models (DES). Uncertainty/sensitivity analyses were
classified as being deterministic (DSA) and probabilistic sensi-
tivity analysis (PSA). 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 external 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 Overview 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

were removed. The first exclusion yielded 138 articles that under-
went an independent examination by the authors using full
texts. In this second revision, 102 articles were excluded 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 studieswere ultimately
included in the systematic review [15–50].

The main characteristics regarding context, population,
research question/objective, method, and funding in the
36 selected studies are summarized in Table 2. Table 3
gives detail on the main characteristics of the 36 studies
included in this review: 13 (36.1%) 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 correspond 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] 
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Figure 1. Systematic literature search depicted in PRISMA 2009 flow.
Source: adapted from Moher et al. [51]
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analyzed in 32 studies (88.9%), GT 3 in 14 (38.9%), GT 2 in
12 (33.3%), GT 4 in 9 (25%), GT 5 in 4 (11.1%), and GT 6 in 3
(8.3%). The most common analyzed interventions were SOF-
based with all-oral DAA combination therapies (n = 21),
SOF-based triple therapy (n = 19) and SOF-based dual ther-
apy (n = 15). The most common comparators of these
interventions were: dual therapy (n = 26), no treatment
(n = 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 scenario [24,35], and only one study used a
different discount rate for costs and QALYs in the base

Table 2. Characteristics of the selected studies (n = 36).

Type of variable Variable Characteristic Number of articles Percentage

CONTEXT Country United States of America
United Kingdom
Japan
Spain
Italy
Germany
Canada
Others

13
4
3
3
2
2
2
7

36.1
11.1
8.3
8.3
5.6
5.6
5.6
19.4

Year of publication 2017
2016
2015
2014

3
13
15
5

8.3
36.1
41.7
13.9

TARGET POPULATION Treatment status Treatment naïve
Treatment experienced
Not reported

32
20
3

88.9
55.6
8.3

Genotype GT 1
GT 2
GT 3
GT 4
GT 5
GT 6

32
12
14
9
4
3

88.9
33.3
38.9
25.0
11.1
8.3

RESEARCH QUESTION/OBJECTIVE Intervention Second-generation DAA dual/triple therapy

● DCV-based

● POR-based

● SMV-based

● SOF-based

● SOF + RBV

● SOF + PEG + RBV

All-oral DAA combination therapy

● SOF-based

● Other

1

1
6

15

19

21

6

1.2
1.2
16.7
44.4
52.8
58.3
16.7

Comparator Dual therapy (PEG + RBV)
First-generation triple therapy

● BOC + PEG + RBV

● TEL + PEG + RBV

Second-generation DAA dual/triple therapy
All-oral DAA combination therapy

● SOF-based

● Other

No treatment

26

16

18

9

5

1

18

72.2
44.4
50.0
25.0
13.9
2.8
50.0

METHOD Perspective Health care payer
Societal
Not reported

30
3
3

83.4
8.3
8.3

Time horizon Lifetime
Others

33
3

91.6
8.3

FUNDING Funding Government
Non-profit
Pharmaceutical Industry
Pharmacy Payer
Not provided
None

9
2
21
1
1
2

25.0
5.6
58.3
2.8
2.8
5.5

ASV: asunaprevir; BOC: boceprevir; DAA: direct-acting antiviral; DCV: daclatasvir; PEG: pegylated-interferon; POR: paritaprevir-ombitasvir-ritonavir; RBV: ribavirin; SMV:
simeprevir; SOF: sofosbuvir; TEL: telaprevir
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Table 3. Summary of the main CUA features.

Author (year of
publication)
[References] Country Perspective Target population Time horizon

Discount rate
(Costs, QALYs) Currency (year) Funding

Alavian et al. [15] Iran Health care payer GT1; 50 years Lifetime 7.2%, 3% U.S. Dollars (2014) Government
Arshad et al. [16] U.S.A Health care payer GT1; 50 years; TN Lifetime No

discounting
U.S. Dollars (– ) Government

Chen et al. [17] China Health care payer GT1; 50 years; TN,
TE

Lifetime 3%,3% U.S. Dollars (2014) Non-profit

Chhatwal et al. [18] U.S.A Health care payer GT1–4; – ; TN, TE Lifetime 3%, 3% U.S. Dollars (2014) Government
Cure et al. [19] UK Health care payer

(and social
services)

GT1-6; – ; TN, TE Lifetime 3.5%, 3.5% UK Pounds (2011) Pharmaceutical
Industry

Cure et al. [20] Italy Health care payer GT1-6 ;TN, TE Until 80 years 3%, 3% Euro (- ) Pharmaceutical
Industry

Fraser et al. [21] South
Africa

Health care payer GT5; 52 years; TN Lifetime 5%, 5% U.S. Dollars (2015) Non-profit centre and
Pharmaceutical
Industry

Gimeno-Ballester
et al. [22]

Spain Health care payer GT3; 50 years; TN Lifetime 3%, 3% Euro (2015) None

Gimeno-Ballester
et al. [23]

Spain Health care payer GT1; 54 years; TN Lifetime 3%, 3% Euro (2015) None

Gissel et al. [24] Germany Health care payer GT1; – ; TN; Lifetime 3%, 0% Euro (2014) Pharmaceutical
Industry

Hagan et al. [25] U.S.A Society GT1; 50 years; TN,
TE

Lifetime 3%, 3% U.S. Dollars (2013) Government

Johnson et al. [26] UK Health care payer GT1; 40/45 years;
TN, TE

Lifetime 3.5%, 3.5% UK Pounds (2013) Pharmaceutical
Industry

Kuwabara H et al.
[27]

Japan Health care payer GT1; 55 years; TN Lifetime 3%, 3% Japanese Yen
(2014)

Pharmaceutical
industry

Leleu H et al. [28] France Society GT1-6; – ; TN, TE Lifetime 2.5%, 2.5% Euro (2013) Pharmaceutical
Industry

Linas et al. [29] U.S.A Health care payer GT2-3; 48/54 years;
TN, TE

Lifetime 3%, 3% U.S. Dollars (2013) Government

McEwan et al. [30] Japan Not reported GT1; TE Lifetime 2%,2% Japanese Yen (-) Pharmaceutical
Industry

McEwan et al. [31] UK Health care payer GT1, GT4; 50 years;
TN, TE

Lifetime 3.5%, 3.5% UK Pounds (2013) Pharmaceutical
Industry

McEwan et al. [32] Japan Not reported GT1; 70 years Lifetime 2%,2% Japanese Yen (-) Pharmaceutical
Industry

Moshyk et al. [33] Canada Health care payer GT3; 50 years; TN,
TE

Lifetime 5%, 5% U.S. Dollars (-) Pharmaceutical
Industry

Najafzadeh et al.
[34]

U.S.A Society GT1-3; 50 years; TN Lifetime 3%, 3% U.S. Dollars (2014) Pharmacy payer

Ollendorf et al. [35] U.S.A Health care payer GT1-3; 60 years;
TN, TE

20 years 3%, 0% U.S. Dollars (2013) Non-profit

Petta et al. [36] Italy Health care payer GT1; 50 year; TN Lifetime 3%, 3% Euro (2013) Pharmaceutical
Industry

Pfeil et al. [37] Switzerland Health care payer GT1-4; TN, TE Lifetime 3%, 3% Swiss Franc (2014) Pharmaceutical
Industry

Rein et al. [38] U.S.A Health care payer GT1-4; 20 years or
older

Lifetime 3%, 3% U.S. Dollars (-) Government

Saab et al. [39] U.S.A Health care payer GT1; 52 years; TN,
TE

1 year and lifetime
(up until
100 years)

3%, 3% U.S. Dollars (2013) Pharmaceutical
industry

Saab et al. [40] U.S.A Health care payer GT1,4; 53.6 years;
TN; TE

Lifetime 3%, 3% U.S. Dollars (2015) Pharmaceutical
Industry

San Miguel et al.
[41]

Spain Health care payer GT1-3; 50 years;
TN, TE

Lifetime 3%, 3% Euro (2013) Not reported

Stahmeyer et al.
[42]

Germany Health care payer GT1; 40 and
45 years; TN, TE

Lifetime 3%, 3% Euro (2015) Pharmaceutical
Industry

Vargas et al. [43] Chile Health care payer GT1, 54 years, TN 46 years 3%, 3% U.S. Dollars (2014) Pharmaceutical
Industry

Westerhout et al.
[44]

UK Health care payer GT1; 50 years; TN,
TE

Lifetime 3.5%, 3.5% UK Pounds (2013) Pharmaceutical
Industry

Wong et al. [45] Canada Health care payer GT1-4; 50 years;
TN, TE

Lifetime 5%, 5% U.S. Dollars (2015) Government

Younossi et al. [46] U.S.A Health care payer GT1; 52 years; TN,
TE

Lifetime 3%, 3% U.S. Dollars (2014) Pharmaceutical
Industry

Younossi et al. [47] U.S.A Health care payer GT1; 52 years; TN Lifetime 3%, 3% U.S. Dollars (2015) Pharmaceutical
Industry

Younossi et al. [48] U.S.A Health care payer GT1; 52 years; TN Lifetime 3%, 3% U.S. Dollars (2015) Pharmaceutical
Industry

Zhang S et al. [49] U.S.A Not reported GT1-3; 52 years; TN Lifetime 3%, 3% U.S. Dollars (2014) Government
Zhao et al. [50] Singapore Health care payer GT1; 50 years; TN Lifetime 3%, 3% U.S. Dollars (2015) Government

EXPERT REVIEW OF GASTROENTEROLOGY & HEPATOLOGY 1255



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 = 35): 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
correction. We found that 6 studies addressed the issue of
uncertainty by means of only a DSA [16,19,25,35,47,48], 3
studies conducted only a PSA [15,24,31], and the remaining
27 studies (75%) conducted both DSA and PSA (Table 4).

About, 10 out of the 36 selected studies do not provide
evidence of any form of model validation (27.8%), 8 provide
evidence of face validation (22.2%) and other 8studies 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 validation
(only 5 studies, 13.9%) [17,18,26,33,34].

3.3 Costs

All studies included in this review included healthcare costs,
but none included the indirect or non-healthcare costs of
treating HCV (productivity losses due to premature deaths
and work absenteeism and presenteeism, costs of formal and
informal care and other non-healthcare costs), even if they
claimed 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 as 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 also
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-
itoring and adverse effects’ or they simply report accounting
for ‘health-state specific costs’. Thirty-five studies exclusively
used a gross-costing approach [52] to valuing average
resources used in the treatment of chronic HCV patients
for the time spent in a health-state or for certain episodes
of treatment (e.g. 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
were taken exclusively from literature in 14 studies; in
other 14 set of studies previous literature was combined
with expert opinion; 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 scenarios of
these studies, 20 out of 36 (55.6%) did not explicitly report if
they used prices are ex-factory, 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 payer [15]. In two cases, the
price of the new intervention drug corresponded to the
price observed in an early access program [28,41]. The wide-
spread international use of confidential discounts on acquisi-
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 Italian reimbursement agency, we
assumed that 24 weeks of treatment with SOF had the same
price as 12 weeks of treatment’ [20]. In contrast, two Spanish
studies [23,41] 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 official price lists (25 studies, 69.4%), such as the
Bot Plus Database [22] and a Health Ministry Database [23] for
Spain; the Lauer Taxe list for Germany [24,42]; the
Firstdatabank list [18], a health insurance price list [30], and
the RedBook list [29,39,40,46–48] for the United States; the
British National Formulary [26] and the Index for Medical
Specialties [30,34] for United Kingdom; the Bluebook [27] and
the Drug Price List of the Japanese National Health Insurance
[32,36] for Japan; the RAMPQ list for Canada [33]; a list of
pharmaceutical specialties of the Swiss Federal Office of Public
Health for Switzerland [37], etc. In 5 out of the 25 studies (20%)
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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including only non-cirrhotic or mixed populations. In this
section, only comparisons with three or more 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.

3.4.1 Genotype 1
Dual therapy with SOF + RBV 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 US$50,000.

Table 4. Summary of the modeling approach.

Author, year (of
publication),
[References] Modeling approach Cycle length

Within
cycle

correction

Uncertainty/
sensitivity
analysis Model validation

Alavian et al. [15] Cohort STM (Markov model) 1 year No PSA NR
Arshad et al. [16] Cohort STM (Markov model) 1 year No DSA NR
Chen et al. [17] Cohort STM (Markov model) 1 year No DSA and PSA Face validation, external

validation
Chhatwal et al. [18] Cohort STM (Markov model) 1 week No DSA and PSA Cross validation, external

validation
Cure et al. [19] Cohort STM (Markov model) 3 months for the first 2 years,1 year after that Yes DSA and PSA Face validation, internal

validation, cross-
validation

Cure et al. [20] Cohort STM (Markov model) 3 months for the first 2 years, 1 year after that Yes DSA and PSA Cross-validation
Fraser et al. [21] Cohort STM (Markov model) 1 year No DSA and PSA Face validation, cross-

validation
Gimeno-Ballester.
[22]

Cohort STM (Markov model) 4 months Yes DSA and PSA NR

Gimeno-Ballester
et al. [23]

Cohort STM (Markov model) 3 months Yes DSA and PSA Internal validation

Gissel et al. [24] Cohort STM (Markov model) 1 year No PSA Cross-validation
Hagan et al. [25] Cohort STM (Markov model) 1 year No DSA NR
Johnson et al. [26] Cohort STM (Markov model) 1 year No DSA and PSA Internal validation, cross-

validation, external
validation

Kuwabara et al. [27] Cohort STM (Markov model) 1 year No DSA and PSA Cross-validation
Leleu et al. [28] Cohort STM (Markov model) 3 months for the first two years, 1 year after

that
No DSA and PSA NR

Linas et al. [29] Cohort STM (Monte Carlo
simulation)

1 month No DSA and PSA NR

McEwan et al. [30] Cohort STM (Markov model) 1 year No DSA Interval validation, cross-
validation.

McEwan et al. [31] Cohort STM (Markov model) 1 year Yes PSA Internal validation
McEwan et al. [32] Cohort STM (Markov model) 1 year No DSA and PSA Cross-validation
Moshyk et al. [33] Cohort STM (Markov model) 1 year No DSA and PSA Cross-validation, external

validation
Najafzadeh et al.
[34]

DES 1 year No DSA and PSA Cross-validation, external
validation

Ollendorf et al. [35] Cohort STM 1 year No DSA NR
Petta et al. [36] Cohort STM (Markov model) 1 year Yes DSA and PSA Cross-validation
Pfeil et al. [37] Cohort STM (Markov model) 1 year Yes DSA and PSA Face validation, cross-

validation, internal
validation

Rein et al. [38] Cohort STM (Monte Carlo
simulation)

1 year No DSA and PSA NR

Saab et al. [39] Cohort STM (Markov model) 1 year No DSA and PSA Face validation, cross
validation

Saab et al. [40] Cohort STM (Markov model) 1 year No DSA and PSA Cross-validation
San Miguel et al.
[41]

Cohort STM (Markov model) 3 months Yes DSA and PSA Face validation, cross
validation

Stahmeyer et al.
[42]

Cohort STM (Markov model) 1 month for one and a half years, 2 months for
the next two cycles. After 2 years, 1 year
cycles.

No DSA and PSA Cross-validation

Vargas et al. [43] Cohort STM (Markov model) 1 year No DSA and PSA Face validation, cross-
validation, internal
validation,

Westerhout et al.
[44]

Cohort STM (Markov model) 1 year Yes DSA and PSA Cross-validation

Wong et al. [45] Cohort STM 1 week No DSA and PSA Cross-validation
Younossi et al. [46] Cohort STM (Markov model) 1 year No DSA and PSA Face validation, internal

validation, cross-
validation

Younossi et al. [47] Cohort STM (Markov model) 1 year No DSA NR
Younossi et al. [48] Cohort STM (Markov model) 1 year No DSA Cross-validation
Zhang et al. [49] Cohort STM (Markov model) 1 year No DSA and PSA NR
Zhao et al. [50] Cohort STM (Markov model) 1 month No DSA and PSA Cross-validation
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Notwithstanding, the highest number of comparisons corre-
spond to triple therapy SOF + PEG + RBV with 47 reported
ICERs. The 5 ICERs comparing triple therapy SOF + PEG + RBV
in TN and TE patients with no treatment and the 14 ICERs
comparing it with dual therapy (PEG + RBV) are lower than US

$50,000 even for the highest base case estimates; even the
four ICERs for those two comparisons in TE patients are nota-
bly lower than US$50,000. For the 24 ICERs comparing SOF
triple therapy with first-generation triple therapy (BOC/
TEL + PEG + RBV), the lowest ICERs are negative and the

Table 5. Summary of incremental cost per QALY in the treatment of chronic hepatitis C patients. Genotype 1.

Treatment Naïve Treatment experienced

Intervention Comparator

Number of
base case
ICERs

Lowest base
case ICER (US$,
2016) [ref]

Highest base
case ICER (US$,
2016) [ref]

Number of
base case
ICERs

Lowest base
case ICER (US$,
2016) [ref]

Highest base
case ICER (US$,
2016) [ref]

SOFOSBUVIR
SOF dual therapy (SOF + RBV) Dual therapy

(PEG + RBV)
3 134,317 [45] 215,870 [50] - - -

First generation triple
therapy (BOC/
TEL + PEG + RBV)

1 1,239,022 [50] 1,239,022 [50] - - -

SOF triple therapy
(SOF + PEG + RBV)

No treatment 4 2,159 [39] 95,526 [37] 1 17,321 [39] 17,321 [39]
Dual therapy
(PEG + RBV)

11 6,769 [47] 41,476 [50] 3 3,423 [39] 29,574 [20]

First generation triple
therapy (BOC/
TEL + PEG + RBV)

20 −30,994 [47] 76,963 [50] 4 −25,108 [39] 82,325 [20]

Simeprevir
(SMV + PEG + RBV)

2 −10,433 [39] −5,468 [39] 2 −43,113 [39] 36,370 [42]

SOF-based all-oral second
generation DAAs

(SOF + LDV/DCV/SMV)

No treatment 6 −17,138 [46] 243,145 [40] 4 −6,050 [46] 287,718 [40]
Dual therapy
(PEG + RBV)

11 −13,426 [47] 124,561 [50] 5 21,894 [17] 90,202 [45]

First generation triple
therapy (BOC/
TEL + PEG + RBV)

15 −49,359 [47] 214,145 [50] 3 −14,974 [46] 34,457 [42]

Simeprevir
(SMV + PEG + RBV)

3 −39,596 [46] 19,061 [31] 1 −29,731 [46] −29,731 [46]

SOF dual (SOF + RBV) 2 −142,428 [46] −112,813 [42] 1 −86,161 [46] −86,161 [46]
SOF triple
(SOF + PEG + RBV)

3 −120,546 [42] 80,599 [31] 2 −11,621 [46] 13,653 [42]

POR 1 497,889 [42] 497,889 [42] 1 −197,817 [42] −197,817 [42]
SIMEPREVIR
SMV triple therapy
(SMV + PEG + RBV)

No treatment 2 461 [27] 175,786 [40] 1 283,139 [40] 283,139 [40]
Dual therapy
(PEG + RBV)

4 −8,370 [27] 49,410 [45] 2 10,977 [44] 22,839 [45]

First generation triple
therapy (BOC/
TEL + PEG + RBV)

5 −64,265 [47] 3,483 [47] 2 −62,079 [44] −28,315 [44]

SMV-based all-oral second
generation DAAs

(SMV + DCV)

First generation triple
therapy (BOC/
TEL + PEG + RBV)

2 36,104 [23] 43,318 [23] - - -

Paritaprevir/Ombitasvir/Ritonavir
POR-based all-oral second
generation DAAs

No treatment 1 127,105 [40] 127,105 [40] 1 157,881 [40] 157,881 [40]
Dual therapy
(PEG + RBV)

5 −4,127 [47] 32,016 [45] 4 14,401 [26] 17,068 [45]

First generation triple
therapy (BOC/
TEL + PEG + RBV)

4 −35,554 [47] 50,099 [50] - - -

BOC: boceprevir; DAA: direct-acting antivirals; DCV: daclatasvir; ICER: incremental cost–effectiveness ratio; LDV: ledipasvir; SOF: sofosbuvir; PEG: pegylated interferon;
POR: paritaprevir/ombitasvir/ritonavir; QALY: quality adjusted life year; RBV: ribavirin; SMV: simeprevir; TEL: telaprevir. Number of base case ICERs included: 144
(from 22 studies).

Table 6. Summary of incremental cost per QALY in the treatment of chronic hepatitis C patients. Genotype 2.

Treatment naïve Treatment experienced

Intervention Comparator
Number of base

case ICERs
Lowest base case ICER

(US$, 2016) [ref]
Highest base case ICER

(US$, 2016) [ref]
Number of base

case ICERs
Lowest base case ICER

(US$, 2016) [ref]
Highest base case ICER

(US$, 2016) [ref]

SOFOSBUVIR
SOF dual therapy

(SOF + RBV)
No treatment 9 3,127 [29] 248,088 [29] 7 6,410 [19] 487,837 [29]
Dual therapy

(PEG + RBV)
10 34,566 [19] 708,208 [34] 4 10,585 [19] 131.867 [18]

SOF triple therapy
(SOF + PEG + RBV)

Dual therapy
(PEG + RBV)

- - - 1 19,612 [45] 19,612 [45]

ICER: incremental cost–effectiveness ratio; SOF: sofosbuvir; PEG: pegylated interferon; QALY: quality adjusted life year; RBV: ribavirin. Number of base case ICERs
included: 31 (from 9 studies).
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highest ones are lower than US$100,000. 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 US$50,000. Fifty-eight
base-case ICERs compared SOF-based combinations with sec-
ond-generation DAAs (SOF + LDV/DCV/SMV): the lowest base-
case ICERs are negative in all comparisons except one, and the
highest base-case ICERs are under US$100,000 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
US$50,000. POR-based combinations of all-oral second-gen-
eration DAA compared to previous dual therapy and first-
generation triple therapy also showed negative ICERs or
around US$50,000.

3.4.2 Genotype 2
For HCV patients with GT 2 (Table 6), our review showed
sixteen comparisons of SOF dual therapy (SOF + 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 ICERs were under US
$50,000, but higher base-case ICERs were well above US
$100,000.

3.4.3 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 ICERs lower than or around US$50,000, except the
highest base-case ICER for TE patients which is higher
than US$100,000. Comparisons of SOF dual therapy with
dual therapy (PEG + RBV) showed a lowest and highest
ICERs clearly higher than US$50,000. SOF triple therapy
(SOF + PEG + RBV) compared to dual therapy (PEG + RBV)
showed lowest ICERs lower than US$50,000 and highest
ICERs lower than US$100,000 in the ten comparisons
reported in Table 7 for TN and TE patients. The four com-
parisons of SOF-based all-oral combinations of second-gen-
eration DAAs (SOF + LDV/DCV/SMV) showed a lowest ICER
under between US$50,000 and US$100,000, but the highest
ICER is clearly above US$100,000.

3.4.4 Genotype 4, 5, and 6
For HCV patients with GT 4 (Table 8), 12 comparisons for SOF
treatment and 2 for POR treatment are reported in Table 8. We
report three comparisons between SOF triple therapy and dual
therapy with the lowest ICER under US$50,000 and the highest
ICER lower than US$100,000. For those included studies ana-
lyzing GT 5 and 6, only one study [21] reported individualized
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).

4. Discussion

We systematically reviewed CUAs for the treatment of HCV
patients with 2nd generation DAA, introduced in late 2013,
compared to previous 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 ICERs from
the performed comparisons, and we summarized heterogeneity
in these ICERs by GT and TN versus TE patients. The present
review updates and expands the scope of previously published
five systematic reviews [4,8–11] of cost–effectiveness studies
evaluating second-generation DAA treatments for HCV patients.
At difference with previous reviews, we do not restrict our inter-
est to one drug (SOF) [9] or some GTs [10,11] or the United States
[8] or only to the modeling approaches [4].

Despite the important number of CUAs published since
2014, this analysis found several limitations derived 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 therefore, in an overestimation of treat-
ment impact on the use of social resources. A previous
review of studies of non-healthcare costs of HCV concluded
that future studies should focus on assessing incremental
non-healthcare costs of HCV using a control group and with
data for new DAAs [54]. Also, the results from a previous
CUA for first-generation DAAs in the Netherlands 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 ISPOR’s
good practice recommendations on transparency and vali-
dation [56] provide, more than one-fourth of the selected
papers did not provide information on any form of model
validation, and only a a few of them performed an external
validation of the results. Second, even though limitations of
using DSA are known [57], a higher proportion (one out 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
the results and ask for more research. First, our report is
based only on information from published papers. Second,
information retrieved from the studies in this paper is only
partial, given that treatment outcomes and health-state
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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-QALY variations,
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
systematically 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 HCV 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 variation reported in this review for
the same comparison and HCV population group.

5. Conclusion

For GT 1 HCV patients, the highest number of ICER comparisons
reviewed in this paper corresponds to SOF triple therapy and
SOF-based combination therapies, which reported ICERs system-
atically ranging from negative to lower than US$100,000 when
compared with no treatment, dual therapy or SMV triple therapy.

Comparisons for GT 2, 3, and 4 HCV patients found highest
base-case ICERs being above US$100,000. The highest base-case
ICERs were higher for GTs 2–4 than for treatment of GT 1 HCV
patients. In conclusion, second-generation DAA in the treatment
of GT 1 patients showed highest base-case ICER lower than US
$50,000 when compared to no treatment and previous dual
therapy (PEG + RBV), and below US$100,000 when compared
to previous triple therapy (BOC/TEL + PEG + RBV).

6. Expert commentary

The present article updates and expands the five systematic
literature reviews of cost-effectiveness of second-generation

Table 7. Summary of incremental cost per QALY in the treatment of chronic hepatitis C patients. Genotype 3.

Treatment naïve Treatment experienced

Intervention COMPARATOR

Number of
base case
ICERs

Lowest base case
ICER (US$, 2016) [ref]

Highest base case
ICER (US$, 2016) [ref]

Number of
base case
ICERs

Lowest base case
ICER (US$, 2016) [ref]

Highest base case
ICER (US$, 2016) [ref]

SOFOSBUVIR
SOF dual therapy (SOF + RBV) No treatment 5 21,023 [20] 277,775 [29] 6 24,717 [20] 52,602 [37]

Dual therapy
(PEG + RBV)

7 89,993 [49] 188,639 [37] 3 74,637 [37] 127,380 [41]

SOF triple therapy
(SOF + PEG + RBV)

No treatment 1 274,148 [29] 274,148 [29] 4 13,275 [19] 85,476 [29]
Dual therapy

(PEG + RBV)
6 31,977 [19] 74,174 [37] 4 16,199 [37] 59,957 [41]

SOF-based all-oral second
generation DAAs

(SOF + LDV/DCV/SMV)

No treatment - - - 1 36,706 [45] 36,706 [45]
Dual therapy

(PEG + RBV)
4 73,251 [22] 401,404 [34] - - -

DAA: direct-acting antivirals; DCV: daclatasvir; ICER: incremental cost–effectiveness ratio; LDV: ledipasvir; SOF: sofosbuvir; PEG: pegylated interferon;
POR: paritaprevir/ombitasvir/Ritonavir; QALY: quality adjusted life year; RBV: ribavirin; SMV: simeprevir. Number of base case ICERs included: 40 (from 10 studies).

Table 8. Summary of incremental cost per QALY in the treatment of chronic hepatitis C patients. Genotype 4.

Treatment naïve Treatment experienced

Intervention Comparator

Number of
base case
ICERs

Lowest base case
ICER (US$, 2016)

[ref]

Highest base case
ICER (US$, 2016)

[ref]

Number of
base case
ICERs

Lowest base case
ICER (US$, 2016)

[ref]

Highest base case
ICER (US$, 2016)

[ref]

SOFOSBUVIR
SOF dual therapy
(SOF + RBV)

No treatment - - - 1 48,640 [45] 48,640 [45]

SOF triple therapy
(SOF + PEG + RBV)

Dual therapy
(PEG + RBV)

3 32,980 [37] 82,695 [45] - - -

SOF-based all-oral
second generation
DAAs

(SOF + LDV/DCV/
SMV)

No treatment 2 5,282 [31] 31,313 [40] 2 5,282 [31] 36,528 [40]
Dual therapy
(PEG + RBV)

1 14,539 [31] 14,539 [31] 1 5,216 [31] 5,216 [31]

Simeprevir triple
therapy
(SMV + PEG + RBV)

1 39,862 [31] 39,862 [31] 1 2,161 [31] 2,161 [31]

Paritaprevir/Ombitasvir/Ritonavir
POR-based all-oral
second generation
DAAs

(POR + RBV;
POR + DSV + RBV)

No treatment 1 16,608 [40] 16,608 [40] 1 16,253 [40] 16,253 [40]

BOC: boceprevir; DAA: direct-acting antivirals; DSV: dasabuvir; DCV: daclatasvir; ICER: incremental cost–effectiveness ratio; LDV: ledipasvir; SOF: sofosbuvir;
PEG: pegylated interferon; QALY: quality adjusted life year; RBV: ribavirin; SMV: simeprevir; TEL: telaprevir. Number of base case ICERs included: 14 (from 4 studies).
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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 [4,9–11]. In this
review, we covered both method and modeling features and
cost per QALY as the outcome variable of CUAs.
Notwithstanding the progressive increase in the number of
articles published, this analysis found some important limita-
tions arising from the methodology 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 enough attention in previous
reviews. In our opinion, incremental treatment costs and cost-
per-QALY 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 non-comparable 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 (ex-factory, wholesale,
retail with or without taxes). In fact, only two papers out of 36
[28,41] 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 increasing 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 [8,9] 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 (i.e. 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 mortality, and care-
giver care due to the disease. The extended omission of
non-healthcare costs in economic evaluations of second-

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 introduction of inno-
vative highly effective medicines DAAs. It was 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 HCV being
attributable to premature mortality [54].

7. Five-year view

The analysis of the studies included in this review highlights the
need for cost–effectiveness studies of innovative and highly priced
HCV treatments in the next 5 years which include comprehensive
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 focus 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 practical implications 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 HCV therapies more recently introduced and for
those still in the pipeline. From the methodological perspective,
there is an urgent need for improvement in this literature of
health economics, especially regarding drug, and non-drug
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 cost for each health
state. Second, transparency and replicability of non-drug health-
care resource estimation requires to justify the appropriateness
and reliability of the extended and ad-hoc use of non-validated
expert opinion and cherry picking on previous literature as the
main sources of resource measurement. Third, regarding drug
costs, CUA literature should explicitly 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 well-known 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 con-
sider also necessary to make an effort not to rely only on official
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 also may lead to an overestimated ICER for these
innovations. Economic evaluation models should consider the
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price fall after the loss of exclusivity, 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 included in this review compared interventions with
second generation DAAs therapies with no treatment, and
with previous therapies for chronic HCV patients for geno-
types 1–4.

● Twenty studies, out of thirty-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.

● SOF-treatments studies for genotype 1 reported a cost per
QALY in base-case scenarios were systematically ranging
from negative to lower than US$100,000 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 US$100,000.

● Several limitations of method and modeling techniques of
CUAs included in this review may bias estimated cost per
QALY and pose severe difficulties to inter-study comparisons.
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