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Abstract
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Objectives: (1) To estimate the total costs of hepatitis C treatment choices recommended by the Saudi Association for the Study 
of Liver Diseases and Transplantation (SASLT) based on data from the Saudi Food and Drug Authority (SFDA), (2) To develop and 
operationalize the decision tree model and calculate the base case incremental cost-effectiveness ratio (ICER), (3) To perform one-
way and probabilistic sensitivity analyses testing the underlying assumptions in the decision tree model.
Methods: A cost-effectiveness analysis was performed on a hypothetical cohort comparing different chronic hepatitis C treatment 
strategies from the (SFDA)’s perspective over a three-month period using a decision tree model. Data for this study were obtained 
retrospectively from the (SFDA) and published literature. Costs were measured in United States Dollars (USD). Life-years gained (Ly) 
were the outcomes measured in this study. Since the SASLT guidelines differ between genotype 1 and genotype 4, There were two 
separate decision tree models and analyses for each genotype cohort at a willingness to pay (WTP) of $65,000.
Result and Discussion: In genotype 1 base case analysis, the incremental cost-effectiveness comparison between the interventions 
showed that both Elbasvir/Grazoprevir and Paritaprevir/Ritonavir/Ombitasvir plus Dasabuvir with Ribavirin (3D+RBV) dominated 
Sofosbuvir with Simeprevir and Ledipasvir/Sofosbuvir. Against 3D+RBV, the ICER was $33,796/Ly for each additional cure. In 
genotype 4 base case analysis, Paritaprevir/Ritonavir/Ombitasvir with Ribavirin (2D+RBV) dominated Ledipasvir/Sofosbuvir and 
Sofosbuvir plus Simeprevir. The interventions compared in genotype 1 are competitive and cost effective in exception of Sofosbuvir 
with Simeprevir while 2D+RBV is highly recommended in genotype 4. Interventions in both genotypes will be dominated by 
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Introduction

Hepatitis C is a viral infection carried by the blood stream 
which infects liver cells. After the replication of the virus, Ribo-
nucleic Acid (RNA) within the infected liver cells continues to 
spread to other liver cells, causing hepatitis C [1]. The virus upon 
prolonged incubation beyond 24 weeks is considered a chronic in-
fection [2]. The implications of this disease may lead to liver fibro-
sis, liver cirrhosis, liver cancer, or death. Hepatitis C virus (HCV) is 
a blood-borne virus that is transmitted via unsterile syringes or 
similar equipment which injects drugs into the blood stream or by 
blood donation [3]. With no vaccination developed for hepatitis C 
virus, the best way to prevent this infection is by avoiding these 
behaviors, using sterilization, or blood screening. Hepatitis C virus 
infection through occupational, perinatal, and sexual contact hap-
pens less frequently than percutaneous exposures [3]. There are 
7 genotypes of the hepatitis C virus and more than 100 subtypes, 
and each has their characteristics and prevalence worldwide, all 
responding differently to treatment [4,5]. Furthermore, there are 
possibilities that one individual can be infected with more than 
one genotype [6]. The virus genotype and degree of liver damage 
are used to guide disease management and treatment decisions 
[1,3]. 

Chronic Hepatitis C (CHC) is one of the world’s major causes 
of liver disease and a potential cause of mortality and morbidity 
infecting between 130 - 175 million individuals and is responsible 
for 500,000 deaths each year [7,8]. Chronic hepatitis C genotype 
prevalence differs depending on the region and geographical dis-
tribution of the population. Genotype 1 and genotype 4 are the 
most prevalent genotypes worldwide with approximately one-
third of the cases occurring in East Asia and Africa [7]. To date, 
only one genotype 7 infection has been reported, and it was linked 
to a Central African immigrant in Canada [5,6,9,10].

In Saudi Arabia, between 100,000 and 110,000 individuals 
are infected with CHC [11]. Genotype 4, followed by genotype 1, 
is considered more prevalent than other genotypes in Saudi Ara-
bia, while genotype 3 and genotype 6 are found in extremely rare 
cases [12]. The Ministry of Health (MOH) in Saudi Arabia stated 
that 1,327 new cases of Hepatitis C were identified in 2015 with an 
incidence rate of 4.21 per 100,000 population [13]. Although it is 
hard to measure hepatitis C virus prevalence in Saudi Arabia, blood 

testing and screening suggest a prevalence rate of 0.4%-1.1% of the 
total population [14,15]. Linkage to care and treatment is critical in 
improving health for individuals found to be infected with hepatitis 
C virus. Such linkage is important considering major developments 
in hepatitis C virus treatments. With these developments, the epi-
demiology of the disease could differ within the upcoming years.

Over the last 25 years, hepatitis C virus treatments developed 
from the first approved treatment alfa interferon (INF-α) in 1991, 
which had a poor sustained virologic response (SVR) to the sci-
entific breakthrough of the Direct Acting Antivirals (DAAs) [14]. 
Pegylated-interferon was developed and approved in 2001 for 
HCV treatment in combination with ribavirin [16]. Boceprevir and 
Telaprevir were the first-generation DAAs approved for HCV treat-
ment in 2011, but they were discontinued within two years con-
sequently of second-generation DAAs approval [14,17,18]. These 
second-generation DAAs shows a promising future in eradicating 
this virus infection. Thus they are now the standard-of-care for 
hepatitis C virus treatment in Saudi Arabia recommended by the 
Saudi Association for the Study of Liver Diseases and Transplan-
tation (SASLT) [12,14]. These drugs in Saudi Arabia cost between 
$58,000 – $67,000 for 12 weeks of treatment in retail pharmacies 
based on Saudi Food and Drug Authority’s (SFDA) price regulations 
[18,19]. The SFDA was established in 2003 as an Independent body 
corporate to help the MOH in their responsibilities and take over 
food, drug, and medical devices regulations.

In recent years, pharmacoeconomic evaluation has been intro-
duced to healthcare technology assessment organizations expand-
ing the spectrum of economic evaluations and outcomes research. 
Pharmacoeconomics is defined as the branch of economic evalu-
ations that deals with pharmaceutical products and different dis-
ease management strategies [22]. The aim of pharmacoeconomic 
evaluation is to allocate health resources to obtain optimum value 
for patients and healthcare organizations [22,13]. 

The total healthcare expenditure associated with chronic hepa-
titis C in Saudi Arabia is difficult to determine due to lack of litera-
ture. In 2015, the Saudi Arabian government spent 7.25% ($16.5 
billion) of total expenditures on health [14]. With the new recom-
mendations to prioritize the new DAAs as first-line therapy in the 
treatment of chronic hepatitis C, it became a huge burden on ev-
ery country, considering the high cost of treatments. Furthermore, 
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adding the cost of preventing and monitoring chronic hepatitis C 
and its complications (such as liver cirrhosis, fibrosis, or cancer), 
extending the treatment in experience-patients, or co-infection 
with other disease states, the economic burden on governments 
and health organizations is continuing to grow. In 2014, there were 
198 liver transplants in Saudi Arabia reported by the Saudi Center 
for Organ Transplantation (SCOT) with a total cost of $18,386,000, 
the expert panel estimated that 45% of total liver transplantation 
in Saudi Arabia is attributed to HCV [26,27]. Thus, chronic hepa-
titis C is a costly disease to manage for all managed care organi-
zations which require economic allocation of resources toward 
medication selection and purchases to avoid huge budget impacts 
[28]. Although health care system in Saudi Arabia is provided and 
monitored by the Ministry of Health (MOH), drug registration is 
regulated and monitored by the drug sector in the Saudi Food and 
Drug Authority (SFDA) while branded drugs’ patency is obtained 
from King Abdulaziz city for science and technology (KACST) [29-
31]. Patients in Saudi Arabia prefer branded drugs over generics 
and can purchase these expensive drugs from retail pharmacies 
without a prescription [24]. With the treatments’ high prices and 
new DAAs developed, more pharmacoeconomic studies should be 
considered before giving recommendations by government agen-
cies and hospital’s formulary committees in Saudi Arabia. The de-
terminant of treatment guidelines in Saudi Arabia is solely based 
on clinical experience and expert judgment. Although pharmaco-
economic studies are helpful, decisions should not be based solely 
on them. The use of pharmacoeconomic analyses takes into con-
sideration the clinical and economical perspectives. Therefore, it 
will be helpful and more efficient for improved judgment and bud-
get control rather than relying on educated guesses or one-sided 
perception. Saudi Arabia is currently experiencing a new economic 
phase where pharmacoeconomic studies will be considered great-
ly [32-35]. Additionally, a study estimated that 200,000 hepatitis C 
Saudi patients would develop cirrhosis within the next 20 years, of 
them 1,500 new cases of hepatocellular carcinoma each year [37].

Due to the lack of pharmacoeconomic studies in Saudi Arabia, 
this study attempts to fill this gap and add a pharmacoeconomic 
perspective for decision makers in the government or hospitals 
regarding budget control and disease guidelines. Considering the 
benefits of these studies could lead to conducting further studies 
on different diseases in Saudi Arabia. Also, filling the gap in current 
literature will encourage future studies in the pharmacoeconomic 
field.

Objective of the Study
The study’s objectives are (1) to estimate the total costs of hepa-

titis C treatment choices in Saudi Arabia based on data from the 
Saudi Food and Drug Authority (SFDA), (2) to develop and opera-
tionalize the decision tree model and calculate the base case incre-
mental cost effectiveness ratio (ICER), (3) to perform one-way and 
probabilistic sensitivity analyses testing the underlying assump-
tions in the decision tree model.

Methods
A cost-effectiveness analysis was performed on a hypothetical 

cohort comparing different chronic hepatitis C treatment strategies 
from the (SFDA)’s perspective over a three-month period using a 
decision tree model. The decision tree model was developed using 
TreeAge Pro software [38]. Data for this study were obtained ret-
rospectively from the (SFDA) and published literature. Costs were 
measured in United States Dollars (USD). Life-years gained (Ly) 
were the outcomes measured in this study. The data was imple-
mented in the decision tree model following a hypothetical cohort 
to obtain the ICER’s. Since the SASLT guidelines differ between 
genotype 1 and genotype 4, There were two separate decision tree 
models and analyses for each genotype cohort. 

The base case population in this study was 40 years old Saudi 
Arabian patients diagnosed with chronic hepatitis C genotype 1 or 
genotype 4 who were treatment-naïve (didn’t receive treatment for 
chronic hepatitis C before), non-cirrhotic, not diagnosed with liver 
cancer, and didn’t have a liver transplant or co-infections. Treat-
ment interventions included in this study were based on the SASLT 
recommendation’s (grade A1 and B1) and data availability in pub-
lished literature. For genotype 1, four treatments were included: 
Ledipasvir/Sofosbuvir (grade A1), Sofosbuvir plus Simeprevir 
(grade A1), Elbasvir/Grazoprevir (grade A1), and Ritonavir/Parita-
previr/Ombitasvir and Dasabuvir with or without Ribavirin (grade 
A1). For genotype 4, three treatments were included: Ritonavir/
Paritaprevir/Ombitasvir with Ribavirin (grade A1), Sofosbuvir 
plus Simeprevir (grade B1), and Ledipasvir/Sofosbuvir (grade B1).

Decision tree model is an illustrative representation or mapping 
of all possible outcomes of a certain health state or intervention 
strategy in chronological order [39]. Each pathway in the decision 
tree is assigned a specific outcome and cost values. The effective-
ness value of each pathway is calculated by multiplying the proba-
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bility of the pathway with their respective outcome value. The cost 
for each pathway is cumulatively aggregated at the terminal node 
where the incremental cost-effectiveness ratio (ICER) is calculated 
with the alternative intervention strategies. The model was devel-
oped using TreeAge Pro software 2015, R1.0, Williamstown, MA. 
The model simulated the progression of non-cirrhotic chronic hep-
atitis C cohort who were under different treatment alternatives. 
The model followed the hypothetical cohort for three months. In 
genotype 1 model, the cohort was initiated on one of the four treat-
ments while in genotype 4 the cohort was initiated on one of the 
three treatments. Side effects of each treatment were integrated 
into the model. Cost, Outcomes, and side effects of the treatments 
were assigned for each pathway in the model. Probabilities for the 
treatments cure rate and side effects were assigned for each path-
way. After creating the models, they were examined and validated 
by clinical and pharmacoeconomic expertise. The data was imple-

mented for each cohort model to run the analysis and generate the 
base case scenario and obtain the incremental cost-effectiveness 
ratio (ICER). The decision tree model for each genotype cohort is 
shown in figure 1 and 2.

Only direct medical costs were included from the perspective 
of the Saudi Food and Drug Authority (SFDA). The costs included 
were drug costs and side effects treatment costs (anemia, rash, de-
pression). Any costs assumed to be applied to every patient in the 
cohort were opt out from the analysis (e.g. laboratory tests cost). 
The cost of Ribavirin and Sofosbuvir were analyzed in sensitivity 
analysis since they had generic drugs registered. Costs for side ef-
fects’ treatments were calculated based on the average common 
prescription drug costs used to treat it. All costs were obtained 
from the SFDA [20]. All costs were converted to 2017 United States 
Dollars. All costs included in the base case analyses are shown in 
table 1.

Figure 1: Decision tree model for chronic hepatitis C genotype 1 build in TreeAge Pro software.
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Figure 2: Decision tree model for chronic hepatitis C genotype 4 build in TreeAge Pro software.

Variable Cost ($)
Ledipasvir/Sofosbuvir 66,446.48
Sofosbuvir 49,647.06
Simeprevir 37,680.16
Ritonavir/Paritaprevir/Ombitasvir 65,171.00
Dasabuvir 5,151.84
Ribavirin 0.00
Elbasvir/Grazoprevir 58,054.60
Depression treatment 160.96
Rash treatment 94.34
Anemia treatment 1,176.56

Table 1: Cost inputs into the decision tree models from the SFDA.

The Outcome measured in this study is life-years gained (Ly) 
derived by the cure rate of each treatment intervention. The cure 
rate for each treatment is expressed as sustained virologic re-
sponse (SVR) which represents the eradication of hepatitis C virus 
from the patient’s system. After completing the treatment course 

of three months, patients with SVR were considered cured. From 
published literature on Saudi Arabian population, the average pa-
tient’s age of chronic hepatitis C diagnosis was 40 years old [27,40]. 
Based on the World Health Organization (WHO), the life expectan-
cy of Saudi Arabian population is 75 years [41]. By subtracting the 
average age of patient’s diagnosis from the population’s life expec-
tancy, we find that the life-years gained form each successful treat-
ment (complete cure) is 35 years. In the model, we assigned each 
successful treatment with 35 years (represented in the model as 
cured) and every treatment failure with 0 years (represented in the 
model as not cured). Not gaining any life-years did not mean death, 
but it represented that the treatment failed to cure the patient; 
therefore, the patient did not gain any life-years consequent to the 
treatment (i.e. the treatment was not effective). For each genotype 
cohort in this study, the probability of each intervention’s suc-
cessful cure and side effects were calculated based on pooled data 
from clinical trials (LONESTAR, C-WORTHY, COSMOS, ION-I, ION-
II, ION-III, PLUTO, PEARL-III, PEARL-IV) and published literature 
[12,33,34,42-54]. Treatments’ cure rates (probabilities) were mea-
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sured by the ability of the patient to reach a sustained virologic 
response (SVR) within three months of treatment administration. 
Due to clinical trials combining results for genotype 1a and 1b, we 
assumed treatment outcomes and side effects were similar. The 
probabilities for each genotype decision tree model in this study 
are shown in table 2. In genotype 1 base case analysis, Ribavirin 
cost were $0 to allow combining genotype 1a and 1b interven-
tions into one analysis, assuming they had similar outcomes, and 
examine Ribavirin’s cost in sensitivity analysis. The effectiveness 
measured was life-years gained (Ly). Cost was estimated in 2017 
United States Dollars (USD). Probabilities were calculated based 
on pooled data from clinical trials and published literature. The 
time horizon for both analyses was three months; therefore, no 
annual discounting was performed. The perspective in this study 
was from a governmental body (the SFDA). The willingness to pay 
(WTP) were set to $65,000 based on Saudi Arabia’s GDP per capita 
($21,000) [55]. After running the analyses, the base case ICER’s 
were generated. Sensitivity analyses were then performed to test 
the robustness of each base case scenario. Uncertainties surround-
ing the base case scenarios were explored through deterministic 
sensitivity analysis (DSA) and probabilistic sensitivity analysis 
(PSA). Deterministic sensitivity analysis assesses uncertainties by 
setting low and high values for each input independently without 
changing the base case value inputs. The deterministic sensitivity 
analysis performed in this study examined the cost of Sofosbuvir 
and Ribavirin because they had generic alternatives registered 
in the SFDA. Probabilistic sensitivity analysis utilizes statistical 
distributions of parameter inputs to run multiple simulations. 
Distributions for costs, outcomes, and probabilities inputs in this 
study were used in the probabilistic sensitivity analyses to gener-
ate 1,000 Monte Carlo simulations for both models. Probabilities 
assumed to have beta distribution with standard deviation ranged 
between 0.01-0.05 as obtained from clinical trials for each inter-
vention. The cost inputs of every intervention were varied by 30% 
on both ends. Acceptability curves for each genotype analysis were 
represented at a willingness to pay of $65,000.

Results
Effectiveness

For genotype 1, Paritaprevir/Ritonavir/ombitasvir plus Das-
abuvir with Ribavirin had the highest cumulative life-years gain of 
34.18 years, followed by Ledipasvir/Sofosbuvir, Elbasvir/Grazo-
previr, then Sofosbuvir plus Simeprevir with a cumulative life-

years gain of 34.07, 33.91, and 33.76 years respectively. For geno-
type 4, both Paritaprevir/Ritonavir/Ombitasvir with Ribavirin and 
Sofosbuvir plus Simeprevir had the highest cumulative life-years 
gain of 34.96 years followed by Ledipasvir/Sofosbuvir with a life-
years gain of 33.42 years. 

Cost
In genotype 1, Elbasvir/Grazoprevir was associated with the 

lowest cumulative cost of $58,107. Ledipasvir/Sofosbuvir, Pari-
taprevir/Ritonavir/Ombitasvir and Dasabuvir with Ribavirin, 
and Sofosbuvir plus Simeprevir had cumulative costs of $66,485, 
$70,388, and $87,350, respectively. In genotype 4, the lowest cu-
mulative cost was for Paritaprevir/Ritonavir/Ombitasvir with Rib-
avirin intervention of $65,223, followed by Ledipasvir/Sofosbuvir 
and Sofosbuvir plus Simeprevir with cumulative costs of $66,446 
and $87,332, respectively.

Base case analysis
In genotype 1 base case analysis, the cost-effectiveness ratio 

(cost per 1 Ly) of the interventions were $1,713 per Ly for Elbas-
vir/Grazoprevir, $1,952 per Ly for Sofosbuvir/Ledipasvir, $2,059 
per Ly for Paritaprevir/Ritonavir/Ombitasvir and Dasabuvir with 
Ribavirin, and $2,588 per Ly for Sofosbuvir plus Simeprevir. The 
incremental cost-effectiveness comparison between the interven-
tions showed that both Elbasvir/Grazoprevir and Paritaprevir/
Ritonavir/Ombitasvir plus Dasabuvir with Ribavirin were cost-ef-
fective at WTP of $65,000. Elbasvir/Grazoprevir showed absolute 
dominance on Sofosbuvir with Simeprevir and extended domi-

Variable G1  
Probability

G4  
Probability

Ledipasvir/Sofosbuvir SVR 0.973 0.955
Ledipasvir/Sofosbuvir SE 0.0267 0.00
Sofosbuvir + Simeprevir SVR 0.9645 0.998
Sofosbuvir + Simeprevir SE 0.0179 0.05
Ritonavir/Paritaprevir/ 
Ombitasvir with Ribavirin SVR

0.9766(with 
Dasabuvir)

0.998

Ritonavir/Paritaprevir/ 
Ombitasvir with Ribavirin SE

0.0456(with 
Dasabuvir)

0.036

Elbasvir/Grazoprevir SVR 0.969 N/A
Elbasvir/Grazoprevir SE 0.0368 N/A

Table 2: Probabilities input of chronic hepatitis C genotype  
1and genotype 4 into the decision tree model.
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nance on Ledipasvir/Sofosbuvir. Against Paritaprevir/Ritonavir/
Ombitasvir and Dasabuvir with Ribavirin, the ICER was $33,796/
Ly for each additional cure. In genotype 4 base case analysis, the 
cost-effectiveness ratio (cost per 1 Ly) of the interventions were 
$1,865 per Ly for Paritaprevir/Ritonavir/Ombitasvir with Riba-
virin, $1,988 per Ly for Ledipasvir/Sofosbuvir, and $2,498 per Ly 
for Sofosbuvir plus Simeprevir. The incremental cost-effectiveness 
comparison between the interventions showed that Paritaprevir/
Ritonavir/Ombitasvir with Ribavirin was cost-effective at WTP 
of $65,000. Paritaprevir/Ritonavir/Ombitasvir with Ribavirin 
showed absolute dominance on Ledipasvir/Sofosbuvir and Sofos-
buvir plus Simeprevir. Results of base case scenarios are shown in 
table 3 and 4.

Intervention Total 
Cost($)

Ly 
(Years)

Cost/1 Ly 
($/Ly)

ICER 
($/Ly)

Elbasvir/ 
Grazoprevir 58,107 33.91 1,714 Refer-

ence
Paritaprevir/ 
Ritonavir/ 
Ombitasvir+ Das-
abuvir + Ribavirin

70,388 34.18 2,059 33,796

Ledipasvir/Sofos-
buvir 66,485 34.07 1,952 53,190*

Sofosbuvir +  
Simeprevir 87,350 33.76 2,588 -40,052**

Table 3: Results from genotype 1 cohort base case scenario.

 *: The intervention was dominated, **: The intervention was  
dominated; negative sign due to the intervention being less  

effective and more expensive

Intervention Total 
Cost ($)

Ly 
(Years)

Cost/1 
Ly ($/Ly)

ICER ($/
Ly)

Paritaprevir/Ritonavir/ 
Ombitasvir +Ribavirin

65,223 34.96 1,865 Refer-
ence

Ledipasvir/Sofosbuvir 66,446 33.42 1,988 -795*
Sofosbuvir + Simeprevir 87,332 34.96 2,498 0**

Table 4: Results from genotype 4 cohort base case scenario.

*: The intervention was dominated; negative sign due to the  
intervention being less effective and more expensive, **: Null ICER 

due to intervention’s equal effectiveness and increased 
 cost to comparator.

Sensitivity analyses
Deterministic (One-way) and probabilistic sensitivity analy-

ses were performed on the uncertainties surrounding the base 
case scenario of genotype 1 model inputs. Individually, the costs 
of Sofosbuvir and Ribavirin were altered while keeping all other 
parameters exactly as the base case input values. Ribavirin and 
Sofosbuvir generics’ costs registered in the SFDA was $627.5 and 
$4,480, respectively. After running the one-way sensitivity analy-
ses at a $65,000 WTP, the cost of Ribavirin showed no effect on the 
robustness of the base case scenario. Varying Sofosbuvir’s cost re-
sulted in Sofosbuvir plus Simeprevir and Paritaprevir/Ritonavir/
Ombitasvir plus Dasabuvir with Ribavirin being cost-effective with 
an ICER of $33,796/Ly for each additional patient on Paritaprevir/
Ritonavir/Ombitasvir plus Dasabuvir with Ribavirin. In the Proba-
bilistic sensitivity analysis, 1,000 simulations using different pa-
rameter inputs in the base case analysis simultaneously at different 
WTP thresholds are shown in the acceptability curve for genotype 
1 analysis (Figure 3). At $65,000 WTP, Ledipasvir/Sofosbuvir was 
cost effective in 27% of all cases followed by Paritaprevir/Ritona-
vir/Ombitasvir plus Dasabuvir with Ribavirin (26% of all cases) 
and Elbasvir/Grazoprevir (24.5% of all cases). The frequency of 
being the optimal intervention (cost effective) at $65,000 WTP are 
shown in figure 4. In genotype 4 deterministic (One-way) and prob-
abilistic sensitivity analyses at a $65,000 WTP, the cost of Ribavirin 
showed no effect on the robustness of the base case scenario while 
varying Sofosbuvir’s cost resulted in Sofosbuvir plus Simeprevir 
dominating other interventions at a total cost of $42,165. Genotype 
4 acceptability curve yield Paritaprevir/Ritonavir/Ombitasvir with 
Ribavirin was cost-effective (Figure 5). At $65,000 WTP, Paritapre-
vir/Ritonavir/Ombitasvir with Ribavirin dominated 37.8% of all 
cases followed by Sofosbuvir plus Simeprevir in 36% of all cases 
(Figure 6).

Discussion
The study addresses the economic evaluation of genotype 1 and 

genotype 4 treatment alternatives in non-cirrhotic Saudi Arabian 
patients utilizing data from the SFDA, clinical trials, and published 
literature. In the base-case analyses, Elbasvir/Grazoprevir in geno-
type 1 and Paritaprevir/Ritonavir/Ombitasvir based regimen in 
both genotypes were cost-effective at a WTP of $65,000/Ly. In gen-
otype 1, Ledipasvir/Sofosbuvir showed slight increments in cost 
and efficacy than Elbasvir/Grazoprevir, but Paritaprevir/Ritona-
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Figure 3: Cost-effectiveness acceptability curve showing the cost-effectiveness probability at the  
willingness-to-pay in genotype 1 probabilistic sensitivity analysis.

Willingness-to-pay in US dollars, ELB/GRZ: Elbasvir/Grazoprevir, P/R/O+DSV+RBV: Paritaprevir/Ritonavir/ 
Ombitasvir + Dasabuvir + Ribavirin, SOF+SIM: Sofosbuvir + Simeprevir, SOF/LDV: Ledipasvir/Sofosbuvir.

Figure 4: Frequency distribution of optimal intervention at $65,000 willingness-to-pay in genotype 1 probabilistic sensitivity analysis.
ELB/GRZ: Elbasvir/Grazoprevir, P/R/O+DSV+RBV: Paritaprevir/Ritonavir/Ombitasvir + Dasabuvir + Ribavirin, SOF+SIM: Sofosbuvir + 

Simeprevir, SOF/LDV: Ledipasvir/Sofosbuvir.
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Figure 5: Cost-effectiveness acceptability curve showing the cost-effectiveness probability at the  
willingness-to-pay in genotype 4 probabilistic sensitivity analysis.

Willingness-to-pay in US dollars, P/R/O+RBV: Paritaprevir/Ritonavir/Ombitasvir + Ribavirin, SOF+SIM: 
 Sofosbuvir + Simeprevir, SOF/LDV: Ledipasvir/Sofosbuvir.

Figure 6: Frequency distribution of optimal intervention at $65,000 willingness-to-pay in genotype 4 probabilistic sensitivity analysis.
P/R/O+RBV: Paritaprevir/Ritonavir/Ombitasvir + Ribavirin, SOF+SIM: Sofosbuvir + Simeprevir, SOF/LDV: Ledipasvir/Sofosbuvir.
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vir/Ombitasvir plus Dasabuvir with Ribavirin had higher cost-ef-
fectiveness profile than Ledipasvir/Sofosbuvir. Thus, Ledipasvir/
Sofosbuvir were dominated by the presence of both interventions 
in the cohort treatment. In the absence of Elbasvir/Grazoprevir 
clinical data on genotype 4 patients’ treatment, Paritaprevir/Rito-
navir/Ombitasvir with Ribavirin dominated other comparators. 
The study findings were similar to a recent study done in the United 
States that showed Paritaprevir/Ritonavir/Ombitasvir based regi-
mens cost-effective [36]. Saab., et al. represented the treatment to 
be associated with lower cost-effectiveness ratios in both cohorts, 
which is not the case in this study. However, most of the published 
studies within the last years involved comparisons of DAAs with 
old regimens (INF-based); hence the interventions were presumed 
cost-effective [36]. In contrast, this study analyzed second-genera-
tion DAAs with high leveled quality evidence. Also, few clinical tri-
als were done on genotype 4 second-generation DAAs which des-
ignated the assumptions in most studies to simulate genotype 4 to 
genotype 1 due to high relevance. Thus, numerous uncertainties 
found in pharmacoeconomic studies done on genotype 4.

Limitations
There are some limitations to this study and the model used 

due to lack of data on Saudi population including; adherence or 
patient medication preferences, cirrhosis or other hepatitis C com-
plications, limited interventions side effects. With access to real 
world data on Saudi Arabian patients, these limitations could be 
overcome. 

Conclusion
The interventions compared in genotype 1 are competitive and 

cost effective in exception of Sofosbuvir with Simeprevir while 
2D+RBV is highly recommended in genotype 4. Interventions in 
both genotypes will be dominated by Sofosbuvir low-priced gener-
ics.
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