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ABSTRACT

The high initial cost of antivirals against hepatitis C 
prompted development of the “Strategic Plan for Tackling 
Chronic Hepatitis C in the Spanish National Health Sys-
tem”. The objective of this study was the economic eval-
uation of the first two years of its application in Navarre, 
Spain. The change in the natural history of hepatitis C pro-
duced by the sustained virological response (SVR) was 
compared to an alternative without treatment and mod-
eled with patient-level data. By means of a discrete events 
simulation model, the cost-effectiveness and the budget 
impact analysis of the treatment program were measured 
from the perspective of the Navarre Health Service. Of 656 
patients treated, 98% had SVR. The average cost of the 
treatments was 18,743 euros per patient. The incremental 
cost-effectiveness ratio (ICER) with discount was 5,346 
euros per quality-adjusted life years, which became more 
efficient as the stage of fibrosis increased until it reached 
levels of dominance in stage 4 fibrosis. The associated 
costs for chronic liver disease decreased as the benefit of 
the treatment was expressed. The implementation of the 
Strategic Plan is cost-effective, with an ICER well below 
the threshold, since the cost of treatment is largely com-
pensated by savings in long-term health expenditure. The 
budgetary impact foresees a net saving from the third 
year on. The two key parameters were the decrease in 
the price of the treatment and the SVR in nearly 100% of 
the patients.

Key words: Antiviral agents. Cost-benefit analysis. Chronic 
C hepatitis. Quality-adjusted life years. Sofosbuvir. 

INTRODUCTION

The availability of the new direct-acting antivirals (DAAs) 
for the treatment of chronic hepatitis C has significantly 
changed its natural history (1,2). Until 2012, the treatment 
was based on the use of peg-interferon and ribavirin, which 

achieved efficacy of 40% to 80%, depending on the geno-
type and stage of liver fibrosis, with marked side effects 
(3,4). In 2012, the first-generation DAAs (boceprevir and 
telaprevir) were introduced, improving efficacy but wors-
ening the safety profile (5,6). The second generation of 
DAAs available in 2014, radically changed the therapeutic 
approach to chronic hepatitis C (7). The possibility of includ-
ing these molecules in shorter, well tolerated interferon-free 
treatments with efficacies higher than 95% prompted the 
demand for treatment. At the same time, their high cost 
generated financial tensions in health systems, and in 
Spain, prompted the launch in March 2015 of the “Strategic 
Plan for Tackling Chronic Hepatitis C in the Spanish National 
Health System (SPCHC)” (8).

The SPCHC was accompanied by the largest budget in the 
history of Spanish health care to be directed at the phar-
macological treatment of a specific disease (8). From the 
viewpoint of the economic evaluation, the problem was 
not the cost-effectiveness of the drugs, but their budget-
ary impact (8,9). The budget impact analysis (BIA) is a 
planning tool that estimates the expected changes in the 
spending of a health system after the adoption of a new 
intervention. It can be independent or part of a compre-
hensive economic evaluation, together with a cost-effec-
tiveness study (CES) (9).

The CES based on clinical trials showed that the new DAAs 
were, in general, efficient from the perspective of the Span-
ish health system (2,10-12). However, important differences 
may appear between the real-world practice and clinical 
trials regarding parameters of efficacy, safety, consumption 
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of healthcare resources, or cost of medicines. Moreover, 
the clinical and epidemiological heterogeneity of cases of 
chronic hepatitis C could also affect the cost-effectiveness 
of the new treatments (13). The lack of information from 
real-world practice about the therapeutic effectiveness of 
DAAs was noted in the SPCHC, and so, our study seeks to 
respond to it (8). Based on administrative, epidemiological 
and clinical databases, the resident population of Navarre 
with active hepatitis C virus infection has been monitored 
and information collected on the stage of liver fibrosis and 
its treatment and outcome (14). This information is the gate-
way to determining the economic and health-benefit impact 
of the new DAAs.

The objective of this study was the economic evaluation of 
the application of the SPCHC in Navarre in its first two years 
of operation by estimating the cost-effectiveness ratio and 
the BIA with the parameters obtained from clinical practice 
(“real-world data”) in the population of patients with chron-
ic hepatitis C treated with new DAAs.

METHODS

By means of a discrete events simulation model based on 
patient-level data, (15) the change produced in the natural 
history of hepatitis C by sustained viral response (SVR) was 
compared to an alternative without treatment. The mod-
el allowed the calculation of health outcomes measured 
in quality-adjusted life years (QALYs) and costs to obtain 
the cost-effectiveness ratio and budgetary impact from the 
perspective of the Navarre Health Service. The time hori-
zon for the calculation of the cost-effectiveness ratio was 
patient lifetime and 30 years for the AIP. The application of 
the national strategy was compared with the alternative 
of the absence of treatment, since the SPCHC has estab-
lished that the previous treatments are ineffective and new 
treatments should be gradually applied to all the patients 
(8). The CEA was performed at a discount of 3%, both for 
costs and for effectiveness, and without discount in the sen-
sitivity analysis (16). For the AIP, no discount was applied to 
the cost estimates (9).

Study population

The population included the group of patients with chronic 
hepatitis C virus infection with stable residence in Navarre 
who were treated with DAAs between April 1, 2015, and 
December 31, 2016. The model reproduced individually 
the clinical and epidemiological characteristics (sex, age, 
degree of fibrosis, coinfection by human immunodeficiency 
virus (HIV), SVR and cost of treatment) of each patient. The 
selected treatment was updated periodically, depending 
on the appearance of new treatments. The available thera-
peutic options were prioritized based on evidence of their 
efficacy and safety, as well as their cost, in order to select 
the most efficient options. The regimens used were chrono-
logically sofosbuvir / simeprevir, ombitasvir / paritaprevir / 
ritonavir +/- dasabuvir, sofosbuvir / ledipasvir, elbasvir / gra-
zoprevir or sofosbuvir / daclatasvir. In the case of genotype 
3, the sofosbuvir / daclatasvir combination was used. Other 
more recent pangenotypic combinations were unavailable 
during the study period.

Discrete events simulation model

Discrete events simulation is a modeling technique that 
allows building of population models that can be used for 
both CEA and BIA (9,15,17). The software for the program-
ming was R. The model was structured in two steps (Fig. 1). 
In the first, the patient’s fibrosis evolves in stages through 
annual cycles until it reaches the first level of decompen-
sated cirrhosis. These parameters were obtained from 
the international literature because of the lack of specific 
studies in the Spanish population. Transition probabilities 
among the different stages of fibrosis were adjusted by age 
and sex (1, 18). Subsequently, patients progressed from cir-
rhosis to decompensated cirrhosis and hepatocellular carci-
noma also on the basis of transition probabilities from the 
literature (18). In the second step, the phase of advanced 
chronic liver disease was modeled with parameters from 
a study that analyzed the survival of the different stages of 
decompensated cirrhosis in the Navarre population. This 
study allowed us to calculate the specific functions of time 
until the occurrence of new decompensation, hepatocarci-
noma and liver transplantation (19). Based on cause, the 
initial decompensation was categorized into four groups: 
ascites, hepatic encephalopathy, bacterial infection and 
esophageal varices. Costs were calculated according to 
the number and type of re-hospitalization among patients 
with decompensated cirrhosis. As a probabilistic sensitivity 
analysis, 1000 simulations of the cohort of patients were 
carried out to obtain the cost-effectiveness plane (15,16). 
This plane is a diagram of the cost against the effectiveness 
of each simulation and consists of a scatter plot of points in 
which the values   of the abscissa represent the incremental 
effectiveness (measured in QALYs) and the values   of the 
ordinate axis the incremental cost (expressed in euros) (20).

Patients who achieved SVR were considered cured. In cases of 
fibrosis stages 3 and 4 with negative viremia, the progression 
of the disease towards decompensated cirrhosis or hepato-
cellular carcinoma was maintained with a lower probability 
(18). However, patients with failed or no treatment evolved 
throughout the natural history of the disease. The model con-
sidered differential survival conditioned on the existence of 
coinfection with HIV (21). Extrahepatic mortality was incor-
porated in the model by assigning time to death by extra-
hepatic causes via a Gompertz parametric survival function 
calculated from the mortality rates of the general popu lation 
of Navarre through a life density function (22). Given that 
the parameters were calculated in the general population, an 
adjustment was applied to patients with chronic hepatitis C by 
means of a hazard ratio, because their extrahepatic mortality 
rate is higher (23). Patients with decompensated cirrhosis on 
the waiting list for liver transplantation were treated with the 
new drugs according to the usual clinical practice. Transplant 
patients treated successfully were considered recovered, with 
an evolution equal to any patient transplanted for a cause 
other than infection by C virus (18).

Costs and utilities

The cost of the drugs varied according to the combinations 
used and decreased over the two years. For each patient 
in the study, the real cost of the therapeutic scheme was 
applied from the records of the Pharmacy Service.
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To estimate the costs of disease progression, a distinction 
was made between transition or event costs and costs 
derived from each health state. The first corresponds to 
hospital care for complications of chronic liver disease, 
and the second includes the resources used during patient 
follow-up. The costs for patients admitted for decompen-
sated cirrhosis, hepatocarcinoma and liver transplant 
were obtained from the fees for services provided by the 
Navarre Health Service, which were based on the classi-
fication of patients by diagnostic related groups (DRG) in 
2014 (24). The monitoring costs were calculated according 
to the usual medical practice and unit costs of the Navarre 
Health Service (24). The 12-week treatments included an 
initial medical visit and 4 subsequent visits at weeks 4, 8 
and 12 and at 12 weeks post-treatment. Samples for bio-
chemical analysis and blood count were included in all vis-
its. The determination of the viral load was included at the 
initial visit, at weeks 4 and 12, and at 12 weeks post-treat-
ment. The 24-week treatments included two additional 
visits in weeks 8 and 24, which included a biochemical 
analysis, blood count and a determination of viral load 
at week 24.

Each health state included in the model received a specific 
utility value according to the severity of the disease. In the 
absence of information from the Spanish population, utility 
values   were obtained from a British study that was based 
on the EQ-5D and time trade-off rates (25).

The external validation of the model was carried out by 
estimating the percentage of patients who progressed to 
cirrhosis starting from a population composition similar 
to that of the treated patients. Due to the different pro-
gression by sex incorporated in the model (2), this param-

eter was calculated separately for men and women. In 
addition, life expectancy was calculated in several stages 
of chronic liver disease, the mortality rate due to hepatic 
causes (advanced liver disease, liver transplantation and/
or related liver mortality) and the mortality rate due to 
causes other than liver disease in a theoretical cohort of 
patients aged 49 years.

RESULTS

The study population included 656 patients with chronic 
hepatitis C infection and treated in Navarre between April 
1, 2015 and December 31, 2016. Among those patients, 78% 
were 40 to 59 years old, and 68% were men; 68% of the 
patients had genotype 1 infection, 20% had HIV co-infec-
tion, 30% had fibrosis stage 0 to 1, 29% had fibrosis stage 2 
to 3, and 38% had a diagnosis of cirrhosis without a history 
of decompensation (Table 1).

The validation results showed that, since the time of diag-
nosis, 10% and 15% of women progressed to cirrhosis in 
the first 20 and 30 years, respectively, compared to 13% and 
16% of men. Life expectancy validation decreased as chron-
ic liver disease progressed (Table 2). In the early stages, the 
deaths were mainly due to causes other than liver disease, 
while liver complications gained relevance in decompen-
sated cirrhosis.

The average incremental cost-effectiveness (ICER) ratio 
with a discount for the whole cohort was 5,346 euros / QALY, 
being more efficient as the level of fibrosis increased, until 
reaching levels of dominance in fibrosis stage 4 (Table 3). 
The ICER was notably higher in the group with decompen-

Fig. 1. Flow diagram of the natural history model of hepatitis C (SVR: sustained viral response; HE: hepatic 
encephalopathy; GHPH: gastric hemorrhage due to portal hypertension; IB: bacterial infection).
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sated cirrhosis and hepatocarcinoma pending transplan-
tation, reaching 57,821 euros / QALY. The ICER estimates in 
the probabilistic model were in the quadrant of the cost-ef-
fectiveness plane with positive incremental costs and effec-
tiveness, and all the ICERs moved in the same direction, i.e., 
much lower than the efficiency threshold of 20,000 euros 
/ QALY (Fig. 2). The result without discount was along the 
same line, although the lower incremental costs indicated 
that the costs savings from avoided advanced liver disease 
could be expected in the long term (Table 3).

The epidemiological impact (Table 4) and the budgetary 
impact (Fig. 3) were calculated with a population approach. 
The total cost of the treatments in the study period was 
13 million euros. The costs associated with chronic liver 
disease diminished as the benefit of the treatment was 
apparent and, consequently, increased the savings due 
to the avoided cases of decompensated cirrhosis, hepa-
tocarcinoma and liver transplantation. Table 4 shows the 
five-year evolution in each stage of chronic liver disease in 
the 656 patients, according to the applied alternative. The 
number of patients dying at 30 years of age due to liver 
disease went from 100 in the non-treatment alternative to 
22 in the treatment option, and the total number of deaths 
decreased from 489 to 448. The number of patients in cir-
rhosis dropped markedly with treatment.

DISCUSSION

The application of the Strategic Plan during its first two 
years has been a cost-effective intervention, with an ICER 
well below the threshold of acceptability for our health-
care environment. This result is due to the compensation 
of the cost of treatment owing to avoided consumption of 
health resources in the medium and long terms that, in 
turn, is due to the reduction of events related to the com-
plications of advanced liver disease. Although the Spanish 
health authorities have never defined a reference figure or 
a methodology to support a threshold of willingness to pay 
in economic evaluations, an ICER of 5,400 euros / QALY 
is considered very efficient. According to a review of the 

Table 1. Characteristics, treatment costs and sustained 
virological response of the cohort of patients treated for 
hepatitis C virus infection in Navarre

n (%)

Total 656 (100%)

Age groups (years)

 20-29 9 (1.4%)

 30-39 38 (5.8%)

 40-49 222 (33.8%)

 50-59 294 (44.8%)

 60-69 58 (8.8%)

 70-79 34 (5.2%)

 80-89 1 (0.2%)

Genotype

 1a 230 (35.1%)

 1b 218 (33.2%)

 2 10 (1.5%)

 3 122 (18.6%)

 4 70 (10.7%)

 Others 6 (0.9%)

Sex

 Women 211 (32.2%)

 Men 445 (67.8%)

Coinfection by HIV

 Positive 132 (20.1%)

 Negative 524 (79.9%)

Disease stages

 F0 37 (5.6%)

 F1 160 (24.4%)

 F2 111 (16.9%)

 F3 82 (12.5%)

 Compensated cirrhosis 248 (37.8%)

 Decompensated cirrhosis 11 (1.7%)

 Hepatocarcinoma 5 (0.8%)

 Transplant 2 (0.3%)

Viral sustained response*

 F0 37 (100%)

 F1 158 (98.75%)

 F2 108 (97.30%)

 F3 81 (98.78%)

 Compensated cirrhosis 241 (97.18%)

 Decompensated cirrhosis 11 (100%)

 Hepatocarcinoma 5 (100%)

 Transplant 2 (100%)

 Total 643 (98.02%)

Table 1 (Cont.). Characteristics, treatment costs and 
sustained virological response of the cohort of patients 
treated for hepatitis C virus infection in Navarre

Average drugs treatment costs

 F0 17,546 €

 F1 16,391 €

 F2 17,366 €

 F3 18,111 €

 Compensated cirrhosis 20,706 €

 Decompensated cirrhosis 30,767 €

 Hepatocarcinoma 18,823 €

 Transplant 21,805 €

 Total 18,743 €
F0-F4: fibrosis stages 0 to 4. *Percentage calculated from the number of patients in each 
stage of the disease.

(Continue in the next column)
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literature, the threshold of 30,000 euros / QALY proposed 
by Sacristán et al. in 2002 has been used for years (27). 
Recently, Vallejo-Torres et al. have updated this figure by 
taking into account the health expenditure of the different 

Spanish regions, and they estimated it between 22,000 and 
25,000 euros / QALY (10). Our work showed an ICER much 
more favorable than in previous analyses estimated from 
the results of clinical trials (2,11,12,18), which is explained 
by the reduction in the cost of DAAs and the use of the 
absence of active treatment as reference. Both the analysis 
of the whole sample and that of patients with fibrosis stag-
es 0 to 3 showed a result below the threshold. Moreover, 
it is noteworthy that the treatment of patients with fibrosis 
stage 4 was dominant. The concept of dominance in eco-
nomic evaluation implies that the intervention or decision 
under evaluation must be adopted, because it improves 
the health outcomes measured in QALYs and saves costs 
(16,20). In contrast, in patients pending transplantation due 
to decompensated cirrhosis and hepatocarcinoma, the ICER 
is above the threshold. The reason for this lack of treatment 
efficiency is that in untreated patients, the costs of trans-
plantation are saved when patients die before receiving the 
transplant. When the new DAAs appeared, those patients 
on waiting lists for transplant were given priority for treat-
ment precisely because of that high risk of death.

The two determining parameters in the cost-effectiveness 
models of hepatitis C treatment were the percentage of SVR 
and the cost of treatment (28). The effectiveness of treat-
ments to close to 100% in real-life data has been decisive 

Table 2. Validation of the model by calculating survival by state for different ages

Age General population Sustained viral response Hepatitis C F0-F1 Cirrhosis Decompensated cirrhosis

40 39.24 38.41 37.84 22.88 5.35

50 29.73 29.48 29.19 19.03 5.10

60 20.97 20.50 20.54 14.68 4.63

70 13.45 13.26 13.23 10.74 4.02

Table 3. Cost-effectiveness analysis with and without discount of the application of the national hepatitis C strategy in 
Navarre

With discount DAA treatment No treatment

Cost Utility Cost Utility Δ Cost Δ QALYs ICER

F0-F1 (197) 16,861 11.77 5,396 10.61 11,464 1.16 9,898

F2-F3 (193) 18,484 10.48 9,378 8.76 9,106 1.71 5,343

F4 (248) 25,762 7.49 29,314 6.06 -3,552 1.44 Dominant

DC + HC + LT (18) 183,110 5.85 76,183 4.00 106,927 1.85 57,821

Total (656) 25,265 9.61 17,552 8.16 7,713 1.45 5,346

Without discount New treatments No treatment

Cost Utility Cost Utility Δ Cost Δ QALYs ICER

F0-F1 (197) 16,867 17.01 7,310 14.81 9,557 2.20 4,357

F2-F3 (193) 18,836 14.67 13,539 11.83 5,297 2.84 1,893

F4 (266) 27,711 10.27 40,141 7.91 -12,429 2.36 Dominant

DC + HC + LT (18) 206,023 7.8 89,940 4.9 116,083 2.9 39,982

Total (656) 26,726 13.46 23,811 11.04 2,914 2.42 1,216
DAA: direct acting antivirals; QALYs: quality adjusted life years; ICER: incremental cost-effectiveness ratio; F0-F4: fibrosis stages 0 to 4; DC: decompensated cirrhosis; HC: hepatocarcinoma; LT: liver 
transplant.

Fig. 2. Probabilistic sensitivity analysis. Cost-effectiveness 
plane comparing the strategy of treatment versus no 
treatment (QALYs: quality adjusted life years).
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for the reduction of the ICER. The cost of the first combi-
nations of interferon-free DAAs reached 100,000 euros in 
the initial phases of market access, such as the 24-week 
regimen with sofosbuvir and simeprevir (2). However, the 
cost of drugs has been much lower in recent years as a 
result of negotiations for public financing of these treat-
ments within the SPCHC. On the other hand, the low ICER 
is conditioned on the use of the “no treatment” option as 
a comparator. The “population view” of large-scale treat-
ment developed by the SPCHC did not include a treatment 
based on peg-interferon and ribavirin for two reasons: in 

patients with advanced fibrosis the use of interferon would 
be contraindicated, and treatment of patients with a low 
stage of fibrosis was rejected because of partial efficacy 
and significant adverse reactions. Our results are consistent 
with those of the study by Turnés et al. that analyzed the 
economic and health impact of the first year of application 
of the SPCHC (29). However, because we used parameters 
from the real world instead of clinical trials in our study, the 
SVR was higher (98%). In addition, by using the actual price 
of medicines that decreased in price in the second year, the 
average cost per patient was lower.

From the viewpoint of follow-up costs, our estimates are 
conservative, since less intensive monitoring has been car-
ried out for the second-generation DAAs, which has demon-
strated good tolerance and safety (6,30). In our study, we 
considered a greater consumption of resources associated 
with medical and analytical consultations than that in cur-
rent clinical practice. However, the initial phase of its ther-
apeutic use was conditioned on the previous therapeutic 
management of peg-interferon and ribavirin, associated 
with boceprevir and telaprevir, which required close moni-
toring (3). Subsequently, the duration of the treatments was 
reduced, and the low incidence of adverse effects relaxed 
the follow-up of the therapy with the DAAs, which has rarely 
been associated with ribavirin.

The BIA allowed us to anticipate the financial stream need-
ed to address the cost of hepatitis C treatment in Navarre. 
The balance began to be positive with a net savings 
from the third year (31). The total cost of treatment of the 

Table 4. Epidemiological impact of the application of the national hepatitis C strategy in Navarre. Evolution of the 
number of individuals per stage and treatment option

Alternative Year 0 Year 5 Year 10 Year 15 Year 20 Year 25 Year 30

Fibrosis 0-3
Treatment 390 7 3 3 2 2 1

No treatment 390 372 307 240 184 135 99

Cirrhosis
Treatment 248 6 5 4 3 3 1

No treatment 248 223 190 152 123 93 64

SVR
Treatment 0 599 538 448 367 280 203

No treatment 0 0 0 0 0 0 0

DC
Treatment 11 13 2 2 1 1 0

No treatment 11 16 21 15 8 4 1

HC
Treatment 5 7 3 3 2 1 0

No treatment 5 8 9 7 6 4 1

LT
Treatment 2 0 1 2 2 1 1

No treatment 2 4 7 8 7 4 2

TF
Treatment 0 2 9 4 2 1 1

No treatment 0 0 0 0 0 0 0

OCD
Treatment 0 19 84 175 257 346 426

No treatment 0 20 80 165 241 321 389

LCD
Treatment 0 3 10 16 19 21 22

0 13 43 70 87 95 100
SVR: sustained virological response; DC: decompensated cirrhosis; HC: hepatocarcinoma; LT: liver transplant; TF: transplant free of hepatitis C virus; OCD: death due to causes other than liver 
complications; LCD: death due to liver complications.

Fig. 3. Budget impact analysis of the two first years of 
implementation of the Strategic Plan for Tackling Chronic 
Hepatitis C in Navarre.



Economic evaluation of a population strategy for the treatment of chronic hepatitis C with direct-acting antivirals

REV ESP ENFERM DIG 2018:110(10):621-628 
DOI: 10.17235/reed.2018.5605/2018

627

645 patients was 12.1 million euros; that sum would prevent 
the evolution to advanced stages of chronic liver disease, 
which would reduce the total number of deaths by 30 years 
(32). The peak cost in the sixth year would be due to the 
necessary transplants in patients treated in the states of 
decompensated cirrhosis or hepatocarcinoma.

Most studies of economic evaluation of the treatment of 
hepatitis C have been based on Markov models that mod-
el natural history in patient cohorts (33). In this study, we 
used the discrete event simulation model, which incorpo-
rates individually the characteristics of patients (15,17,33) 
and exactly reproduces the cohort treated and the time of 
treatment. Two cohorts have been modeled, one in year 1 
and another in year 2, with a multi-cohort approach that is 
not possible with Markov models (15,17,33).

The analysis of the differences of the ICER according to the 
stage of the patient’s condition at the time of treatment sup-
ports the decision to prioritize patients at higher vital risk, as 
already considered by the SPCHC (8). The explanation of the 
efficiency gradient as the stage of fibrosis advances is due 
to the fact that in the early stages the probability of reaching 
the final stage of chronic liver disease is lower, because 
death may occur earlier due to other competitive causes. 
The treatment of patients with cirrhosis has an increased 
impact on rates of survival, since it decreases the probabil-
ity of death due to hepatic disease, which in these patients 
is especially high. The result is a situation of dominance, 
with a negative incremental cost and a positive incremental 
effectiveness (16,20).

One limitation of the study is the use of health-related 
quality of life values   from a study conducted in the United 
Kingdom. This study was used because of the lack of mea-
surement studies of utilities carried out in Spain (25).

In conclusion, the implementation of the SPCHC is cost-ef-
fective, with an ICER well below the threshold of acceptabil-
ity, since the cost of treatment is largely offset by savings in 
long-term health expenditure. The budgetary impact antic-
ipated a net saving from the third year on. The two deter-
mining parameters were the decrease in the price of the 
treatment and the SVR close to 100% in the patients treated.
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