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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’avaluació de l’impacte de nous antivirals d’acció 

directa per a l’hepatitis C com a innovació sanitària disruptiva que va desafiar els 

sistemes sanitaris. Dues revisions sistemàtiques analitzen els estudis de cost-

utilitat de les noves teràpies i els costos de productivitat de l’hepatitis C. A 

continuació s’avalua l’actualització de les recomanacions clíniques a nivell europeu 

entre el 2016 i el 2018 i el mètode inclou qüestions metodològiques 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’adquisició dels 

medicaments. Els resultats confirmen que l’actualització europea sobre les 

recomanacions de tractament contra l’hepatitis C va ser eficaç, ja que va generar 

guanys en salut i estalvis en costos. L’avaluació econòmica pot ser útil no només 

per avaluar les innovacions sanitàries, sinó també com a test d’eficiència de les 

decisions clíniques. 
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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 population1. 

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 F0 to F4, where F0 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 20151. Epidemiology varies across 

regions, with higher prevalence in Central and Eastern Europe (3%) than in 

Western Europe (1%)2.    

 

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 (DAAs), 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 
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effects that limited adherence to treatment3. 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 disturbances4,5. 

 

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+RBV). 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 

patients6. 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 20307. 

 

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 treatment8 
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sofosbuvir-based regimens were proven to be efficient compared to previous 

therapies9.  

 

In this context payers addressed the access and affordability issues by negotiating 

private discounts and rebates directly with manufacturers9 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 time12. 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)13. However, the benefits 
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of new pharmaceuticals on patients’ health and quality of life vary widely14 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 systems12 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 healthcare15, 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)16. 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 alternative17. 
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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 systems18. Others like Spain are still on their way towards 

such an explicit and evidence-based scheme in health priority setting19,20.  

 
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 population21.  

 

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 frameworks22–24. 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 agenda25,26, 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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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 

disease1. In 2015, CHC affected 71 million people and 10 million people globally 

and in Europe, respectively, with important variability observed across countries2,3. 

Latest prevalence estimates of HCV prevalence in Europe indicate a range of 

0.1%-5.9% for 30 European countries4. 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)5,6. 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 decade7.  

 

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 durations8,9. 

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 strategies10. Apart from 

the clinical burden of CHC, the economic burden has proven to be substantial as 

the disease affects direct medical costs11–15 and indirect costs, due to decreased 

patient productivity and premature mortality associated with CHC16–19.  

 

Although many studies have analysed the cost-effectiveness of treatments based 

on new DAAs20,21, limited studies conduct efficiency analyses to support clinical 

guidelines which affect several treatments at the same time22. The European 

Association for the Study of the Liver (EASL) updated its recommendations on 

treatment of HCV 23 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-run24.  

 

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 HCV25 (Figure 1) was implemented to compare the EASL 

guidelines for 2018 23 to 2016 26 (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 

 

SVR: sustained virological response, F0 to F4 indicate METAVIR scores (fibrosis stage).



 

34 

Table 1. EASL recommendations summary 2016 – 2018. Treatment regimens available as valuable options by HCV 

genotype and cirrhosis. 

  

GT 1a GT 1b GT3 

Cirrhosis Treatment EASL 2016 EASL 2018 EASL 2016 EASL 2018 EASL 2016 EASL 2018 

Without 

cirrhosis 

SOF/LDV TN (8-12) /TE (12 o 24) TN (8-12) TN (8-12) / TE (12) TN (8-12) / TE (12) Not included Not included 

SOF/VEL TN & TE (12) TN & TE (12) 
TN (12) & TE 

(12/24)+/-RIVA 
TN & TE (12) 

OBV/PTV/RTV+D

SV 
TN & TE (12) Not included TN (8-12) / TE (12) TN (8 F0-F2; 12 F3) / TE (12) Not included Not included 

GZR/EBR TN & TE (12 o 16) TN & TE (12) TN & TE (12) TN (8 F0-F2; 12 F3) / TE (12) Not included Not included 

SOF+DCV TN (12) / TE (12 o 24) Not included TN & TE (12) Not included 
TN  (12) & TE 

(12/24)+/-RIVA 
Not included 

GLE/PIB Not included TN & TE (8) Not included TN & TE (8) Not included TN (8) & TE (12) 

With 

cirrhosis 

SOF/LDV TN (12) /TE (12 o 24) TN (12) TN & TE (12) Not included Not included 

SOF/VEL TN & TE (12) TN & TE (12)  Not included 

OBV/PTV/RTV+D

SV 
TN & TE (24) Not included TN & TE (12) Not included Not included 

GZR/EBR TN & TE (12 o 16) TN & TE (12) TN & TE (12) Not included Not included 

SOF+DCV TN (12) / TE (12 o 24) Not included TN & TE (12) Not included TN & TE (24) Not included 

GLE/PIB Not included TN & TE (12) Not included TN & TE (12) Not included TN (12) & TE (16) 

SOF/VEL/VOX Not included Not included Not included Not included Not included 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-naïve (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 GT1a, 1b, and 3. The patients had HCV infection with or without 

cirrhosis and were treatment-naïve 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 duration23,26 (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 mortality27. 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 F0-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 review29,30, 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 recommendations31,32. A half-

cycle correction was applied to health benefits and costs33. The model allowed for 

comparisons regarding patient types (naïve/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 Statistics34 or published estimates on the value of a life year in the latter 

approach35. 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 guidelines36.  

 

Results 

 

This model estimated that the EASL guidelines in 2016 for the treatment of chronic 

HCV yielded 22.95, 23.05, and 23.01 QALY per patient corresponding to GT1a, 1b, 

and 3, respectively. Concerning 2018 guidelines, resulting QALY per patient were 

estimated at 23.08 (GT1a), 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) 

  GT1a 

  GT1b  

  GT3 

QALY (naïve) 

  GT1a 

  GT1b  

  GT3 

QALY (treatment- experienced) 

  GT1a 

  GT1b  

  GT3 

 

22.95 

23.05 

23.01 

 

22.95 

23.05 

23.01 

 

22.95 

23.05 

23.01 

 

23.08 

23.14 

23.03 

 

23.07 

23.14 

23.03 

 

23.09 

23.14 

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) 

  GT1a 

    Societal (human capital) perspective 

    Societal (life year value) perspective 

    Health system perspective  

  GT1b 

    Societal (human capital) perspective 

    Societal (life year value) perspective 

    Health system perspective   

  GT3 

    Societal (human capital) perspective 

    Societal (life year value) perspective 

    Health system perspective 

 

Costs (Purchase prices) 

  GT1a 

    Societal (human capital) perspective 

    Societal (life year value) perspective 

    Health system perspective  

 

 

€ 97,715    

€ 431,382   

€ 57,774 

 

 

€ 81,965  

€ 409,389  

€ 43,815 

  

€ 143,879   

€ 475,358  

€ 103,651 

 

 

€ 70,196  

€ 403,862   

€ 30,254 

 

 

€ 74,212 

€ 400,250 

€ 36,064 

 

 

€ 73,582 

€ 396,143 

€ 36,347 

 

€ 76,251 

€ 405,152 

 € 37,440 

 

 

€ 48,944 

€ 374,982 

€ 10,796 
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Table 3 (continued) 

   

GT1b 

    Societal (human capital) perspective 

    Societal (life year value) perspective 

    Health system perspective   

GT3 

    Societal (human capital) perspective 

    Societal (life year value) perspective 

    Health system perspective 

 

 

  

€ 61,106 

€ 388,530  

€ 22,957  

 

€ 92,752   

€ 424,231 

€ 52,524 

 

 

 

€ 49,130 

€ 371,691 

€ 11,895 

 

€ 49,061 

€ 377,962 

€ 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) GT1a GT1b GT3 

  QALY  

  Costs Societal (HC) 

  ICER   

  Costs Soc (LYV) 

  ICER 

  Costs HS 

  ICER   

0.134 

€ -21,252 

dominant 

€ -28,880 

dominant 

€ -19,458 

Dominant 

0.093 

€ -11,976 

dominant 

€ -16,840 

dominant 

€ -11,061 

dominant 

 

0.020 

€ -43,692 

dominant 

€ -46,269 

dominant 

€ -42,274 

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 37–39.   
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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 involved29,40. However, other studies about productivity costs of 

chronic HCV showed a lower proportion of indirect to direct costs19,41–43, which can 

be attributed to the situation before new DAA were available. Recent data suggest 

that productivity costs improved (lowered) due to the new therapies44, 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 models45,46. 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 drugs25,40. 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 47. 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 

F0-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 

F0-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).  

 
 


