
Systematic Review of Economic Evaluation of Drug Treatments 
in Pulmonary Arterial Hypertension (PAH)
W.Thongsri1, U. Chaikledkaew1* and Y. Teerawattananon2

 
1 Social and Administrative Pharmacy Excellence Research (SAPER) Unit, Department of 
 Pharmacy, Faculty of Pharmacy, Mahidol University, Bangkok, 10400, Thailand
2 Health Intervention and Technology Assessment Program (HITAP), Ministry of Public 
 Health, Nonthaburi

Abstract
 Pulmonary arterial hypertension (PAH) is a rare disease but PAH treatment cost is very 
high. Nowadays, there has been no cost-effectiveness information related to PAH treatments 
in Thailand. The aim of this study was to systematically review economic evaluation studies 
of drugs treatment in PAH. Studies reporting in term of clinical outcomes and costs during 
January 1990 to October 2012 were searched through PubMed and Cochrane databases. 
  Seventeen articles were reviewed and only six full text articles were included. Six 
studies were conducted in developed countries. Populations in most studies were not specific 
to any type of PAH. Perspectives in all studies were healthcare payer and healthcare system. 
Compared interventions included sildenafil, iloprost and bosentan. Time horizon was either 
short-term or long-term period. Most studies used Markov model approach. Costs were 
estimated according to the perspective of study. Costs were discounted at different rates in 
each study. In term of clinical effectiveness, most studies showed that bosentan and sildenafil 
had more effective than iloprost. Sensitivity analyses were performed in all studies. Most 
studies showed that bosentan and sildenafil had lower cost and higher quality-adjusted life year 
(QALYs) gained compared to other drugs. The results of this systematic review suggested that 
drug treatments for PAH would be cost-effective in developed countries. However, the cost-
effectiveness analysis of drug treatments for PAH should be further investigated in Thailand 
due to a difference in socioeconomic infrastructure from developed countries.

Key word: Economic Evaluation, Pulmonary arterial hypertension, Pulmonary artery hyper-
tension, Systematic review, Drug treatments for PAH

INTRODUCTION
 Pulmonary arterial hypertension 
(PAH) is a rare condition with narrowing 
coronary arteries in the lungs. The major 
symptoms such as swelling, syncope and 
angina can get worse as the disease progressed 
and right heart failure developed [1]. If the 
progression of the disease becomes advanced, 
it can be fatal to the patient. Patients with 
moderate or severe disease progression will 
have high risk mortality. The disease can be 

classified as either idiopathic PAH (iPAH) 
or PAH caused by other health problems such 
as connective tissue disease (PAH-CTD) and 
congenital heart disease (PAH-CHD) which 
are a major cause of PAH in Thailand[2, 3]. 
In Thailand, the respective incidence rate 
and prevalence of (PAH–CHD) is 0.4 per 
million per year and 2 per million, whereas 
the incidence rate and prevalence of PAH 
associated with scleroderma—which accounts 
for the majority of (PAH-CTD)—is 0.36 
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per million per year and 2.5 per million, 
respectively. The specific medications 
discovered for the treatment of PAH such as 
anticoagulation therapy, diuretics, oxygen 
and digoxin were prescribed to PAH patients 
with the aim for supportive care [1, 4]. It was 
found that a median survival of PAH patients 
receiving supportive care ranged from 2 to 
3 years after treatment [1]. 
 Recently, pulmonary selective drugs 
specifically licensed for the treatment of PAH 
(i.e., inhaled iloprost, bosentan, beraprost 
and sildenafil) have become available in 
Thailand [5]. These drugs can directly reduce 
pulmonary arterial pressure and result in 
improving functional class; quality of life 
(QOL) and survival of patients [1, 4]. However, 
these drugs are very expensive, ranging from 
approximately 600 to 20,000 baht per day [6]. 
This, therefore, can lead to financial difficulty 
for patients accessing to drug. 
 Currently only pulmonary selective 
drugs included in the National List of 
Essential Medicines (NLEM) as for the first 
line treatment is sildenafil, while others drugs 
(e.g., iloprost and bosentan) have been 
proposed to be included in the NLEM as 
the second-line treatment. Nevertheless, in 
this country there has been no economic 
evaluation information related to these drugs 
available. The objective of this study was 
to systematically review and summarize the 
previous published economic evaluation 
studies. This is particularly important for 
making decision whether PAH treatment 
would be cost-effective and cost-effectiveness 
study of PAH should be further performed.

MATERIALS AND METHODS 

 A systematic literature was conducted 
to identify economic evaluation studies of 
drug treatments (i.e., bosentan, iloprost, 
beraprost and sildenafil) in pulmonary 
arterial hypertension (PAH) published from 
January 1990 to October 2012 and searched 
from electronic databases including PubMed 
and the Cochrane Library. Searching terms 

used for PubMed database were as follows: 
“Hypertension, Pulmonary/drug therapy”
[Mesh] AND “Cost-Benefit Analysis”[Mesh] 
AND (“sildenafil” OR “bosentan” OR 
“iloprost” OR “beraprost”). Key words 
used for Cochrane database were as follows: 
“Hypertension, Pulmonary” [Mesh] AND 
“Cost-Benefit Analysis”[Mesh] OR “iloprost” 
OR “bosentan” OR “Sildenafil” OR “beraprost”
 The following inclusion criteria were 
used to select relevant studies. Original study 
with full-text of full economic evaluations 
(i.e., cost-effectiveness or cost-utility analyses) 
studies related to PAH treatments in English 
language were included. Therefore, studies 
evaluating only costs (i.e., cost of illness or 
cost analysis) or clinical outcomes of the 
interventions were excluded. Figure 1 shows 
the systematic review process.

Assessment 

 The authors screened titles and 
abstracts of studies based on the inclusion 
and exclusion criteria. Selected studies were 
included for the full review. Data were 
extracted using data extraction form in 
Microsoft Excel 2010. Data included 
study characteristic, citation, publication 
year, setting, objective study population, 
intervention, comparator, perspective, time 
horizon, model used, clinical effectiveness, 
type of cost, discounting, results and 
sensitivity analysis. 

RESULT AND DISCUSSION 

 According to systematic review of 
economic evaluation of drug treatments in 
PAH, seventeen articles were reviewed and 
only six full text articles were included [6-11]. 
Table 1 present six articles in details. Six 
studies were conducted in the United Kingdom 
(UK) [6, 10], the United State (US) [7, 9], Australia 
and Spain [8, 11]. Target populations in two 
studies were specific to iPAH and PAH-
CTD [8, 10], while those the other studies did 
not mention about type of PAH. Perspective 
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used in these studies was healthcare payer 
[7-9] (3 studies) and healthcare system [6, 10, 11] 
(3 studies). Compared interventions included 
sildenafil, iloprost and bosentan. Nevertheless, 
beraprost was not found as a compared 
intervention in any economic evaluation 
studies. Time horizon used in these studies 
was 1 year [7, 9] (2 studies), 3 years [11] (1 study), 
15years [8] (1 study) and lifetime period [6, 10] 
(2 studies). The cost-effective analysis (CEA) [8] 
(1 study) and cost-utility analysis (CUA) 
[6, 7, 9-11] (5 studies) were mostly used. 
Markov model (5 studies) and Monte-Carlo 
simulation [8] (1 study) were applied to 
evaluate cost and outcome. Only direct 
medical costs were estimated in accordance 
with perspective used. In term of clinical 
effectiveness, most studies showed that 
bosentan and sildenafil were more effective 
than iloprost. Costs have been discounted 
at the rate of 3% [11] (1 study), 3.5% [6, 10] 

(2 studies) or 5% [8] (1 study) per annum. 

Probabilistic sensitivity analysis (PSA) [11] 
(1 study) and one-way sensitivity analysis 
[6-11] (6 studies) were used. 
 Results of cost-effectiveness analysis 
were presented in Table 1. All studies reported 
both cost and clinical outcome in term of 
incremental cost-effectiveness ratio (i.e., 
cost per quality-adjusted life year (ICER/
QALY) or  cost per life year gained (ICER/
LYG), or cost saving (per 100 patients/
year). The results showed that bosentan and 
sildenafil were likely to be less costly and 
resulted in a greater increase in QALYs 
gained when compared to other drugs. 
Moreover, the ICER results of bosentan 
compared to other drugs were A $55,927/
LYG [8], £27,000/QALY [6] and £30,000/
QALY [10]. Four studies in the UK, USA, 
and Australia indicated that bosentan was 
more cost-effective compared with other 
drugs in their contexts. In addition, one 
study demonstrated that bosentan was cost 

Figure 1. The systematic review process
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saving (US$3,631,900 per 100 patients/
year) [7]. In addition, two studies revealed 
that the ICER results of sildenafil compared 
with other drugs were dominant meaning 
that the intervention was more effective 
and less costly than other drugs and also 
cost-effective in the UK and USA [6, 9]. 

CONCLUSION

 Although PAH is orphan disease 
that occurs, it may devastate social economic 
of patients. In developed countries, cost-
effectiveness studies of PAH treatments 
have been investigated and their results 
showed that drug treatments for PAH would 
be cost-effective based on their context. 
However, these studies were performed 
in developed countries. The thresholds of 
developed countries are extremely higher 
than those of developing country. For 
example, the societal willingness to pay in 
the UK is about £30,000 (approximately 
1,500,000 baht)[12], whereas it is about 
120,000 baht in Thailand[13]. Therefore, 
it is impossible to adapt the information 
from developed countries to Thai context. 
Therefore, cost-effectiveness study of PAH 
treatments should be further conducted in 
Thailand.
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