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Unit of Assessment: 01 Clinical Medicine 
 

Title of case study: The Introduction of a Successful Treatment of Pulmonary Arterial 
Hypertension in Adults 

 
1. Summary of the impact (indicative maximum 100 words) 
 
Pulmonary arterial hypertension (PAH) is a fatal disease that typically affects women in their 
childbearing years.  Professor Wilkins led a research team at Imperial College that identified 
phosphodiesterase type 5 (PDE5) as a drug target in the lungs of patients with PAH.  Imperial 
validated the target in cell and animal models and demonstrated proof in patients that Sildenafil, a 
PDE5 inhibitor, was an effective treatment for PAH.  Professor Wilkins conducted a clinical study to 
compare the effect of oral Sildenafil with Bosentan, the only other available oral therapy for PAH at 
the time.  This study was the first, and remains the only, head-to-head study of two treatments for 
PAH. Sildenafil demonstrated comparable efficacy, had a greater effect on reducing cardiac mass 
(an integrated measure of heart work) and was well tolerated. 
 
Sildenafil is now the most commonly prescribed drug for PAH. It is the most cost-effective, as 
judged by a technology appraisal initiated by NICE. National and international guidelines 
recommend Sildenafil as a first line treatment for patients in functional classes II and III pulmonary 
hypertension. Worldwide sales of sildenafil (Revatio®) for the management of PAH were $500m in 
2010.  With the expiration of the patent the cost of treatment will fall further. 
 

2. Underpinning research (indicative maximum 500 words) 
 
Key Imperial College London researchers: 
Professor Martin Wilkins, Professor of Clinical Pharmacology (1990-present) 
Dr John Wharton, Honorary Senior Lecturer (1984-present)  
 
PAH, high blood pressure in the blood vessels of the lungs, is a devastating, fatal disease with few 
treatment options. In the UK, the likely prevalence of PAH has been estimated to be up to 50 cases 
per million population. It is characterised by structural remodelling of pulmonary arterioles, 
narrowing the vessel lumen and increasing resistance to blood flow. Patients die prematurely from 
right heart failure. 
 
Imperial is a centre of excellence for research in pulmonary hypertension. Professor Wilkins has 
led a peer-reviewed funding programme that demonstrated: 

(a) That the expression of phosphodiesterase type 5 (PDE5) is increased in the pulmonary 
remodelled vessels of patients with PAH (1)  

(b) That inhibition of PDE5 with Sildenafil inhibited pulmonary vascular cell growth in culture 
(1)  

(c) That oral Sildenafil attenuated pulmonary hypertension in rodent models of the disease (2, 
3)  

(d) That Sildenafil reduced pulmonary artery pressure in patients with high altitude pulmonary 
hypertension (3, 4).  

 
These data led to a double-blind, randomised controlled single centre study based at Imperial, 
published in 2005 and funded by the British Heart Foundation, to compare the effects of Sildenafil 
and Bosentan in patients with PAH (5). Imperial examined the effects of the two drugs on right 
ventricular mass, together with exercise capacity, assessed by 6-minute walk distance, cardiac 
function, and circulating cardiac hormones. It was a landmark study, the first head-to-head 
comparison of two treatments (Sildenafil and Bosentan) in PAH, rather than the active ingredient 
vs. placebo. The data provided a scientific rational for a larger US phase 3 study (SUPER-1) which 
led to the licensing of Sildenafil as Revatio® for PAH in 2006.  
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4. Details of the impact (indicative maximum 750 words) 
 
Impacts include: health and welfare, public policy and services, commercial 
Main beneficiaries include: patients, NICE, European Society of Cardiology, industry 
 
Until 2001, the only treatment available for PAH was intravenous epoprostanol, an expensive 
(£>80K per patient, per annum) drug with an extremely short half-life, given directly into the 
pulmonary circulation. Bosentan, an endothelin antagonist, was the first orally active drug 
approved for PAH (costing £30K per patient per annum). Sildenafil, which works by a different 
mechanism, was the second; originally licensed for erectile dysfunction (as Viagra®). Professor 
Wilkins and his team at Imperial explored its off label use in PAH from bench-to-bedside and 
collated a persuasive data set that argued its efficacy, and so offering a cheaper alternative (£9k 
per patient per annum). Sildenafil was approved for PAH internationally in 2006. Pfizer launched 
the drug as Revatio® to distinguish it from Viagra® but it is the same drug. Sildenafil was adopted 
and recommended as a first line treatment for PAH by international societies (British Thoracic 
Society [2008], European Cardiac Society/European Respiratory Society [2009]) [1, 2]. 
Subsequent meta-analyses which cite the Wilkins study (among others since then) confirm the 
efficacy of Sildenafil in PAH [3].  
 
Sildenafil is now the most commonly prescribed drug for PAH and it is the most cost-effective, as 
judged by a technology appraisal initiated by NICE [4]. Equally important, it is available, as 
Viagra®, and affordable in the developing world. Worldwide sales of sildenafil (Revatio®) for the 
management of PAH were $500m in 2010, up from $95m in 2006, $201m in 2007 and $336m in 
2008 [5].  Revatio® was the first drug with this mode of action to be approved worldwide for 

http://dx.doi.org/10.1164/rccm.200411-1587OC
http://dx.doi.org/10.1161/01.CIR.0000074226.20466.B1
http://dx.doi.org/10.1161/hc2901.093117
http://dx.doi.org/10.1136/thx.2005.041954
http://dx.doi.org/10.1164/rccm.200410-1411OC
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patients with PAH. In 2013, the Pfizer patent expired leading to reports that the cost of the drug will 
fall further as new generic drugs enter the market making the treatment significantly more cost 
effective [6].   
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[4] NICE - Pulmonary arterial hypertension (adults) - drugs: appraisal consultation document.   
http://www.nice.org.uk/guidance/index.jsp?action=article&o=39688 (archived on 7th November 
2013) 

 

[5] Worldwide sales of Sildenafil (Revatio ®) 
http://www.evaluategroup.com/Universal/View.aspx?type=Entity&entityType=Product&lType=mod
Data&id=19784&componentID=1002. Archived on 7th November 2013 

 

(6) Sildenafil patent expires and drug price set to fall 
http://www.bbc.co.uk/news/health-22990247 (archived on 7th November 2013) 
http://www.pharmatimes.com/Article/13-06-24/Generic_firms_poised_as_Viagra_goes_off-
patent_in_Europe.aspx (archived on 7th November 2013) 
http://www.marketingweek.co.uk/opinion/how-pfizer-can-sustain-growth-after-
viagra/4007129.article (archived on 7th November 2013) 
 

 

http://www.escardio.org/guidelines-surveys/esc-guidelines/guidelinesdocuments/guidelines-ph-ft.pdf
http://www.escardio.org/guidelines-surveys/esc-guidelines/guidelinesdocuments/guidelines-ph-ft.pdf
https://workspace.imperial.ac.uk/ref/Public/UoA%2001%20-%20Clinical%20Medicine/guidelines-ph-ft.pdf
http://www.brit-thoracic.org.uk/Portals/0/Clinical%20Information/Pulmonary%20hypertension/PulmHyper_ThoraxMarch08.pdf
http://www.brit-thoracic.org.uk/Portals/0/Clinical%20Information/Pulmonary%20hypertension/PulmHyper_ThoraxMarch08.pdf
http://www.brit-thoracic.org.uk/Portals/0/Clinical%20Information/Pulmonary%20hypertension/PulmHyper_ThoraxMarch08.pdf
https://workspace.imperial.ac.uk/ref/Public/UoA%2001%20-%20Clinical%20Medicine/PulmHyper_ThoraxMarch08.pdf
http://dx.doi.org/10.1016/j.ahj.2009.11.028
http://www.nice.org.uk/guidance/index.jsp?action=article&o=39688
https://www.imperial.ac.uk/ref/webarchive/t4f
http://www.evaluategroup.com/Universal/View.aspx?type=Entity&entityType=Product&lType=modData&id=19784&componentID=1002
http://www.evaluategroup.com/Universal/View.aspx?type=Entity&entityType=Product&lType=modData&id=19784&componentID=1002
https://www.imperial.ac.uk/ref/webarchive/j0f
http://www.bbc.co.uk/news/health-22990247
https://www.imperial.ac.uk/ref/webarchive/w4f
http://www.pharmatimes.com/Article/13-06-24/Generic_firms_poised_as_Viagra_goes_off-patent_in_Europe.aspx
http://www.pharmatimes.com/Article/13-06-24/Generic_firms_poised_as_Viagra_goes_off-patent_in_Europe.aspx
https://www.imperial.ac.uk/ref/webarchive/x4f
http://www.marketingweek.co.uk/opinion/how-pfizer-can-sustain-growth-after-viagra/4007129.article
http://www.marketingweek.co.uk/opinion/how-pfizer-can-sustain-growth-after-viagra/4007129.article
https://www.imperial.ac.uk/ref/webarchive/y4f

