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Summary

Pulmonary arterial hypertension (PAH) is a grouplisbrders characterized by increasing pulmonary
vascular resistance resulting in development ohtrigentricular failure and premature death.
Pulmonary hypertension is defined as increase a@fhnpeilmonary artery pressure above 25 mmHg at
rest or 30 mmHg during exercise. Current clinicissification of pulmonary hypertension was
developed on the Third World Symposium on Pulmorygertension in Venice (2003) and discerns
the following types of PAH: 1) idiopathic, 2) famail, 3) associated with connective tissue diseases,
congenital systemic-to-pulmonary shunts, portalémgmsion, HIV infection, drugs and toxins or
other disorders, 4) associated with significantoeenor capillary involvement (pulmonary veno-
occlusive disease, pulmonary capillary hemangiosg)o5) persistent pulmonary hypertension of the
newborn. Due to low prevalence PAH was considerat-aalled orphan disease by the European
Commission. Based on epidemiological data from rotioeintries, estimated prevalence in Poland is
600 cases in the whole country and incidence -nei%cases annually.

Aim of the report: The aim of this report is to compare efficacy aaféty of bosentan, epoprostenaol,
iloprost, sildenafil and treprostinil with those cbnventional treatment in patients with pulmonary
arterial hypertension.

Methods: Analysis of efficacy and safety was performed adowy to “Guidelines on Health
Technology Assessment (HTA)” published in March 208nd guidelines of the Cochrane
Collaboration —*Cochrane Handbook for Systematic Reviews of Imetions” (version 4.2.6). At
first, primary clinical studies taken into accoumthree credible systematic reviews were incluthed
the study. In order to identify clinical trials didined later than dates of the last search spdadifi¢he
retrieved secondary reports, the following meditatiabases were searched: Medline (via PubMed),
EmBase and’he Cochrane Central Register of Controlled Tridlke final search was performed on
29.01.2007. Two independently working investigatsearched for publications, analyzed abstracts
and complete texts of the studies according torélw@ew inclusion criteria as well as assess their
credibility (usingJadadscale) and extract data. Within the target pomriatvo subgroups of patients
were considered for analysis: individuals with @mn pulmonary hypertension and those with
pulmonary arterial hypertension associated witleottiseases. Calculations and metaanalyses were
performed usingtatsDirect(version 2.6.2) statistical software.

Results: Nineteen randomized clinical trials, in which aatohumber of 1795 patients with PAH
participated, were included in the systematic mgvién most of the clinical trials the patients
continued conventional treatment with anticoagwWanvasodilators, diuretics and/or digitalis
glycosides. The analysis demonstrated that twdeffive investigated drugs (i.e. epoprostenol and
sildenafil) are significantly more efficacious thaonventional treatment or placebo with regard to
death rate. For the comparison of epoprostenotesventional treatment in patients with primary
PAH, in an observation period of 8-12 weeks, thdsoiatio is 0.09 (95% CI: 0.02 to 0.56), NNT =5
(4 to 13), while for the comparison of sildenafdl. \placebo in children and fetuses, in an obsenvati
period of 4-42 hours, OR = 0.10 (95% CI: 0.01 ®0), NNT = 4 (95% CI: 3 to 13).

Analysis based on the results of 1 to 3 randomédimital studies for each comparison demonstrated
that bosentan as well as epoprostenol, iloprostsiddnafil significantly increase exercise capacit
(assessed according to the NYHA/WHO classificatemompared to placebo in the population of all
patients with PAH — both primary and associateth wther diseases (bosentan vs. placebo: OR = 2.25
(95% CI: 1.21 to 4.18), NNT =7 (95% CI: 4 to 2&poprostenol vs. placebo: OR = 37.99 (95% CI:
8.43 to 171.22), NNT =7 (95% CI: 2 to 4); iloprost. placebo: OR =2.25 (95% CI: 1.02 to 5.13),
NNT =9 (95% CI: 5 to 79), sildenafil vs. placeb®R =6.94 (95% CI: 2.78 to 17.31), NNT =4
(95% CI: 3to 6). Among patients with primary PABteecise capacity assessed according to the
NYHA/WHO classification increased significantly neooften in the epoprostenol group and the
iloprost group as compared to the placebo grouppiEstenol vs. placebo: OR = 26.44 (95% CI: 4.49
to 155.81), NNT = 3 (2 to 4); iloprost vs. placed®2 (95% CI: 1.19 to 28.66)). In patients withHPA
associated with other diseases statistically dcant differences with regard to this outcome were
observed only for the comparison of epoprostenoblecebo, in favor of epoprostenol (OR = 65.40
(95% CI: 5.69 to 2742.21), NNT = 3 (95% ClI: 2 t9.4)

In four intervention groups (bosentan, iloprostJdeshafil, treprostinil) significantly higher
improvement in exercise capacity measured usingthenute walk test was found as compared to
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control groups in the population of all patientshMPAH. Weighted mean difference in increase of
walk distance was 43.33 m (95% CI: 27.55 to 59fb?)the comparison of bosentan vs. placebo
(4 studies); 36.4 m (p = 0.004) — iloprost vs. plaw (1 study); 55.82 m (95% CI: 38.03 to 73.61) —
sildenafil vs. placebo (3 studies) and 16.00 m (¥9%4.40 to 27.60) treprostinil vs. placebo
(1 study). In patients with primary PAH statistigagignificant differences between the groups were
observed for the comparison of epoprostenol vsveational treatment: WMD = 46.94 m (95% CI:
17.30 to 76.59). In the two remaining comparisalepiost vs. placebo and treprostinil vs. placebo)
differences between the assessed groups did nch satistical significance. In patients with PAH
associated with other diseases no significant réiffees between the assessed groups with regard to
this outcome were demonstrated.

In safety analysis no statistically significantferences between the bosentan and placebo groups as
well as sildenafil and placebo groups with regardntidence of any of the assessed adverse events
were found. In assessment of jaw pain significafierdnces were observed between epoprostenol,
iloprost and treprostinil on one side and appraer@ontrol groups on the other, in disfavor of the
investigated drugs: epoprostenol vs. placebo: GR7%00 (95% CI: 27.58 to 11155.05), NNH =2
(95% CI: 2 to 2); iloprost vs. placebo: OR =4.45% Cl: 1.13 to 24.94), NNH =12 (6 to 54);
treprostinil vs. placebo: OR =3.14 (95% CI: 1.407.09), NNH =12 (8 to 28). Treatment with
epoprostenol is related to statistically signifitgrhigher risk of occurrence of nausea (OR = 3.56
(95% CI: 1.36 to 9.83), NNH =5 (95% CI: 3to 13hd diarrhea (OR =17.33 (95% CI: 4.62 to
94.37), NNH = 3 (95% CI: 2 to 4) as compared to ¢bhaventional treatment group. Risk of serious
syncope or flushing is higher for patients treateth iloprost as compared to placebo; OR =7.77
(95% CI: 1.32 to 45.66), NNH = 23 (95% CI: 10 to 88r serious syncope and OR = 3.73 (95% CI:
1.57 10 9.53), NNH =6 (95% CI: 4 to 14) for flusbgi Use of treprostinil is related to significantly
higher incidence of edema as compared to the plagebup (OR = 3.80 (95% CI: 1.44 to 11.69),
NNH =16 (95% CI: 9to 42)), pain at the injecticite (OR =17.65 (95% CI: 11.14 to 27.96),
NNH =2 (95% CI: 2to 2), reaction at the injecti@ite (OR =14.87 (95% CI. 9.21 to 24.11),
NNH =2 (95% CI: 2to 2), hematoma or induration tbe injection site (OR =56.00 (95% CI:
3.31t02670.59), NNH=2 (95% Cl: 2to3) and sermddvasodilation (OR =2.46 (95% CI:
1.13t0 5.67), NNH = 17 (95% ClI: 9 to 77). It shiblle noted that analysis of efficacy and safety of
specific interventions was based on a limited nundfeandomized clinical studies, with relatively
short observation periods.

Conclusions: Bosentan, epoprostenol, iloprost and sildenafihificantly increase exercise capacity
(according to the NYHA classification and the 6-otm walk test) comparing to placebo in the PAH
population. In safety analysis no statisticallynsiigant differences were observed between bosentan
and placebo as well as sildenafil and placebo gro@emparing to placebo, in epoprostenol group
significantly more often jaw pain, nausea and tiear occurred, in iloprost group there was higher
incidence of serious syncope or flushing and jawn pend in the treprostinil group — sudden
vasodilation, edema, jaw pain and reaction, pamadtoma or induration at the injection site. The us
of these five drugs in addition to CT is more efifecthan CT alone.
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1. CHARACTERISTICS OF THE DECISION
PROBLEM

1.1. Description of the health problem — pulmonary
arterial hypertension

Pulmonary arterial hypertension (PAH) is a groupddeases characterized by progressive
increase of pulmonary vascular resistance resutirtpvelopment of right ventricular failure
and premature death. Pulmonary hypertension iseléfias increase of mean pulmonary
artery pressure above 25 mmHg at rest or 30 mmivigglexercisé”

Due to low prevalence PAH was considered a rareadss (i.e. a disease of prevalence not
higher than five patients per 10,000 of generaluteimpn) by the European Commission.
Similar regulations are in force in Austrdflaand the USK!.

1.1.1. Clinical classification of PAH

Current clinical classification of pulmonary hypsrsion was developed on the Third World
Symposium on Pulmonary Hypertension in Venice (2008this classification the following
types of pulmonary arterial hypertension are disedr

1. idiopathic PAH
2. familial PAH
3. PAH associated with:
* connective tissue diseases
* congenital systemic-to-pulmonary shunts
» portal hypertension
* HIV infection
* drugs and toxins

» other disorders (thyroid disorders, rare metabmiligenetic diseases such as: glycogen
storage disease, Gaucher’s disease, hereditaryrbeag teleangiectasia — Rendu-
Osler-Weber disease, hemoglobinopathies, myeldgrative disorders, splenectomy)

4. associated with significant venous or capillarydlvement

* pulmonary veno-occlusive disease
» pulmonary capillary hemangiomatosis

5. persistent pulmonary hypertension of the newbdrn.
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1.1.2. Morphology and pathogenesis of PAH

PAH is agroup comprised of various types of theedse, of different etiology but
characterized by similar signs and symptoms as agel in most cases — similar response to
applied treatment. At the basis of the pathologyAH lie morphological lesions in vessel
walls resulting in increased pulmonary vasculaistaace and subsequent right ventricular
failure. Histopathological lesions present in tiyeets of PAH mentioned above are of similar
character but different intensity and distributionthe pulmonary vascular bed. The main
histopathological lesions include:

* pulmonary arteriopathy (hypertrophy of specific degy of the vessel wall,
inflammatory lesions in the arteries)

» lesions related to hypertrophy of the wall of veamsl venules
* pulmonary venous thrombosis
* pulmonary microvasculopathy (proliferation of cégy vessels in the lungs).

Pathogenetic processes involved in PAH are cugremtit well understood. Increase of

pulmonary vascular resistance is aresult of disdr balance between prothrombotic,
mitogenic, proinflammatory and vasoconstrictorytéas on one side and anticoagulative,
antimitotic and vasodilatory mechanisms on the rothkis in turn results in vasoconstriction,

proliferation, formation of thrombi and triggerimd inflammatory response in the pulmonary
vascular bed, leading to increase of pulmonarywascesistance with subsequent pulmonary
hypertension, pressure overload of the right veletrright ventricular failure and dedfh.

1.1.3. Epidemiology

Idiopathic pulmonary arterial hypertension (PAH)coxs in 1-2 persons per million
individuals in general population annually. Annurt¢idence of PAH (according to NICE
data) is 2 to 4 cases per 1 million of populatibns assessed that in Poland ca. 60 persons
annually fall ill with PAH.

Prevalence may be estimated at 15 cases in 1 miliadult population, of which 5.9 cases
are those of idiopathic PAH. If data collected irafice would be extrapolated to Polish
population, prevalence of PAH should be assessdiD@tcases in the whole country and
incidence at 116 new cases annually.

Mean age of patients (both men and women) with amynPAH is 36.4 years; the highest
incidence is observed in the third decade of lifevomen and the fourth decade in men. The
risk of falling ill is ca. 1.7 times higher for wam than for mer®! (216!

1.1.4. Symptoms, signs and prognosis

A classical symptom of PAH is effort dyspnea dueirtability to increase cardiac output

because of right ventricle overload during eff@ther symptoms of pulmonary hypertension
include fatigue, weakness, chest pain, syncopeabddminal distension. With time, progress
of the disease and increase of right ventriculdura new signs appear: jugular venous
distension, hepatic enlargement, peripheral edemsaites, central cyanosis, sometimes
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peripheral or mixed cyanosis as well. Mortalityuintreated PAH is high; mean survival time
from the moment of diagnosis does not exceed Y&t *°

1.1.5. Diagnostics

Pulmonary hypertension should be suspected in casgymptoms and signs observed in
patients with diseases that may be associated MAiH: connective tissue diseases, portal
hypertension, congenital heart diseases with ¢efight shunt or HIV infection, as well as in
patients with abnormal findings in ECG, chest X-oayechocardiography performed for other
reasons.

Diagnostics is based on tests making it possiblietect pulmonary hypertension, identify its
clinical category and type as well as to assess pghagent’s exercise capacity and
hemodynamic parameters. The most important diagniests include:

» electrocardiography (ECG) — allows for assessmédnsigns of right ventricular
hypertrophy and overload as well as right atridhegement;

» chest X-ray imaging (RTG) — abnormal findings abserved in ca. 90% of patients
with idiopathic PAH;

» Doppler transthoracal echocardiography (TTE) — makpossible to detect PAH and
assess severity of the disease as well as its £aumk consequences; the following
parameters are evaluated: pulmonary artery sygpodissure, size and function of the
heart ventricles, assessment of the heart valvég dllows also for diagnosis of
congenital and acquired heart diseases with peskafitto-right shunt;

* transesophageal echocardiography (TEE) — seldomireelj performed in order to
confirm presence of small atrial septal defects;

* pulmonary function tests and arterial blood gasoynet
» ventilation-perfusion scintigraphy;
» computed tomography (CT) of the chest (especiatjit hesolution CT);

» spiral lung CT with contrast, pulmonary angiographyclear magnetic resonance
(NMR) imaging;

» laboratory blood tests and immunological testing;
» ultrasonography (USG) of the abdomen;

» assessment of exercise capacity — usually six miwalk test (6MWT) is performed;
results of this test reversely correlate with thé functional classification; usually
at the same time severity of effort dyspnea isss&skusing the Borg Dyspnea Score;

* hemodynamic tests, e.g. catheterization of thet figdart (to confirm the diagnosis,
especially in patients with cardiac function cléisgi as NYHA II-1ll), pulmonary
artery pressure (systolic, diastolic, mean), pulamgncapillary wedge pressure,
pulmonary vascular resistance, arterial blood andedh venous blood oxygen
saturation.

Some parameters, assessed initially and aftenmesdt have prognostic value. These include:

* NYHA classification of functional ability;
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» exercise capacity (e.g. 6-MWT);

» echocardiographic parameters (e.g. dimensionseofigit atrium);

* hemodynamic parameters (e.g. right atrial pressussn pulmonary artery pressure,
cardiac output, mixed venous blood oxygen satumatidecrease of vascular
resistance);

 some other laboratory blood tests, e.g. uricemiancentration of the type-B
natriuretic peptide, plasma concentration of nearstones”’

1.1.6. Treatment

Treatment of PAH depends on such factors as: psegne of the disease, its etiology and
response to applied treatment. Financial capadithe payer is an important factor limiting
possibilities of introduction of an appropriateatment option, especially in relation to new,
expensive drugs.

The following therapeutic options are used in tresit of PAH:

1. non-pharmacological management, aimed at limitabbrthe effect of unfavorable
factors, e.g. stay at high altitudes (in hypoxenunditions), prevention of infections,
pregnancy, psychological support;

2. pharmacological treatment:

so-called conventional treatment, including ordicagulants, diuretics, oxygen
therapy, digitalis glycosides, dobutamine, calcicimnnel blockers; this option is
actually symptomatic treatment of right ventriculfailure and pulmonary
vasodilation; calcium antagonists may be used trepts, for whom reactivity of
pulmonary vessels was confirmed — a condition Ifati by less than 13% of
patients with idiopathic PAH;

in the 1990s new medications were introduced: stithprostacyclin and its
analogues (epoprostenol, treprostinil, beraprdsprast), endothelin-1 receptor
antagonists (bosentan, sitaxsentan, ambrisentath)tyye 5 phosphodiesterase
inhibitors (sildenafil). In case of sitaxsentan aathbrisentan the class of
recommendation is currently not established (duertibed number of randomized
studies).

Bosentan is registered as an “orphan medicine” uroge (central registration),
USA and Australia for treatment of patients with HPAn NYHA class llI
(TracleerI AL

Epoprostenol (brand name: Flolan); the drug wasstegd in Poland for
treatment of idiopatic PAH in NYHA class Ill and '\ registration in Poland
expired at the end of 2006; the drug is registenetUSA and Australia as an
“orphan drug” for treatment of PAH in NYHA class énd IM2E::

lloprost is registered in Europe (a central procepdor treatment of PAH in
NYHA class Ill as well as in Australia and the USANYHA class Ill and IV as
an “orphan medicinal product”; marketing in Polaisdauthorized by a central
procedure (Ventavis) for a drug administered iralations'? 241 °]
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» Sildenafil was registered in Europe as an “orphadimne” (central registration)
for adult patients with PAH in NYHA class |1l (Retia); /!

» Treprostinil is registered in Europe (a centralgedure) for treatment of PAH in
NYHA class Il ; the drug is also registered in #Aasia and USA as an “orphan
medicine” for treatment of PAH in NYHA class Ill diV (Remodulin)Z =M

According to product characteristics of drugs apatlyin this report all of them are indicated
for the treatment of the NYHA class 11l and onlyoppostenol can be used in IV NYHA class.
However, European Society of Cardiology Guidelimegommend also bosentan and
treprostinil for treatment patients in IV NYHA cks

A report prepared by prof. Adam Torbicki, MD, Phfates that the number of Polish patients
with indications for guided treatment of PAH may lestimated at 318 persons.
Approximately 57 new cases of PAH with indicatiolms treatment should be expected
annually.

It should be noted that currently there are fevditile reports available concerning treatment
of children. Strategy of diagnostics and treatmemgfenerally similar to that applied for adult
patients with primary PAH, with the exception okethewborn with persistent pulmonary
hypertension, in whom additional use of nitric axiNO) is attempted. Nevertheless, this
therapeutic option has not been included in thdajunes for treatment of PAH due to lack of
appropriate clinical studies.

3. surgical treatment (atrial septostomy as palliatiteatment, pulmonary or
cardiopulmonary transplantatiof{).
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1.2. DESCRIPTION OF THE INTERVENTIONS

1.2.1. BOSENTAN

Bosentan is a double endothelin receptor antaggBRA) with affinity to both type A and
type B receptors (ETA and ETB). Bosentan decrebs#s pulmonary and systemic vascular
resistance leading to increase of cardiac outptltowut increase of the heart rate.

Bosentan was registered for treatment of patieitts RAH in NYHA class Il and IV in the
USA and Canada. In Europe the European Medicinesné&yg (EMEA) authorized use of
bosentan in patients in NYHA class Il with a resgion that safety and efficacy of the drug
in patients under 12 years of age was not apprebyidocumente° 1%

Moreover, this drug was registered as arphan medicingin Europe (central registration)
and Australia for treatment of patients above 1&yef age with PAH in NYHA class Il

As a medicinal product it was authorized for mariggunder a brand name of Tracleer, 62.5
and 125 mg tablets.

1.2.1.1. Therapeutic indications (according to the EMEA
registration) ©

Treatment of pulmonary arterial hypertension (PAR)order to improve exercise capacity
and symptoms in patients with grade Il functiosiatus (NYHA).

Efficacy has been shown in:

e primary (idiopathic and familial) pulmonary hyperston;
 PAH secondary to scleroderma without significameiistitial pulmonary disease;
e PAH associated with congenital systemic-to-pulmgnstiunts and Eisenmenger’s

physiology.

1.2.1.2. Dosage
Tracleer treatment should be initiated at a dosé20% mg twice daily for 4 weeks and then

increased to the maintenance dose of 125 mg tvaide d

Some patients not responding well to 125 mg twiaidydf Tracleer may slightly improve
their exercise capacity when the dose is increas280 mg twice dalily.

1.2.1.3. Contraindications

» Hypersensitivity to bosentan or to any of the eberifs;
* Child-Pugh Class B or C, i.e. moderate to sevepat@impairment;
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* baseline values of liver aminotransferases, i.pamate aminotransferases (AST)
and/or alanine aminotransferases (ALT), greaten tBatimes the upper limit of
normal,

» concomitant use of cyclosporine A,
e pregnancy;,
» women of childbearing potential who are not usiglgable methods of contraception.

Efficacy of Tracleer has not been established itiepts with severe pulmonary arterial
hypertension.

The benefit/risk balance of bosentan has not betblkshed in patients with NYHA class |
or Il functional status of pulmonary arterial hyjsgsion.

Tracleer should only be initiated if systemic slistblood pressure is higher than 85 mmHg.

1.2.1.4. Interaction with other medicinal products and other forms
of interaction

Bosentan may interact with other drugs, such asmbpal contraceptives, cyclosporine A,
tacrolimus, sirolimus, glibenclamide, warfarin, smmstatin, ketoconazole, digoxin (interaction
marked as unlikely to be of clinical relevance)p@stenol, rifampicin, sildenafil (care is
recommended in case of concomitant administratidghase drugs).

1.2.1.5. Adverse events

Based on the results of clinical trials and an expe of patients to the medication in the post-
marketing period, the following adverse events wepmrted:

Respiratory, thoracic and mediastinal upper respiratory tract infection
disorders nasopharyngitis
pneumonia
Cardiac disorders edema of the lower limbs
palpitations
edema
Gastrointestinal disorders dyspepsia
dry mouth
nausea
vomiting, abdominal pain, diarrhea
Nervous system disorders headache
Vascular disorders flushing
hypotension
Skin & subcutaneous tissue disorders pruritus
hypersensitivity reactions including
dermatitis, pruritus and rash
General disorders fatigue
Hepatobiliary disorders abnormal hepatic function
aminotransferase elevations associated with
hepatitis and/or jaundice
Rare: liver cirrhosis, liver failure
Immune system anaphylaxis and/or angioedema
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1.2.1.6. Class of recommendation and level of evide nce

In “Guidelines on diagnostics and treatment of PABSued by the European Society of
Cardiology the class of recommendation and leveduwidience for efficacy of bosentan were
evaluated as follows:

* in NYHA class Il patients with idiopathic PAH afAH associated with scleroderma
without significant lung fibrosis: class of recommdation - ; level of evidence A;

* in NYHA class IV patients with idiopathic PAH andHR associated with scleroderma
W[i;[]hout significant lung fibrosis: class of recommdation —Il ; level of evidence —
B'".

1.2.2. EPOPROSTENOL

Epoprostenol is a synthetic salt of prostacyclinel@o its short half-life in the circulation the
drug is administered as continuous intravenoussiafu by means of infusion pumps and
permanent tunneled catheters (Hickman).

Epoprostenol was authorized for marketing in Polémdnd name: Flolali}; registered in
Australid'® as an“orphan medicine” for treatment of PAH in NYHA class Il and IV;
authorized for marketing in the USA for treatment of idiopathic pulmonary arterial
hypertension and pulmonary arterial hypertensi@o@ated with connective tissue diseases
in NYHA class lll and IV.

1.2.2.1. Therapeutic indications

Flolan — a medication containing epoprostenol — regsstered in Poland in 2006.
According to the summary of product characteriseggoprostenol is indicated in:
» treatment of primary pulmonary arterial hypertensioNYHA class 11l and IV;

* hemodialyzed patients, when use of heparin is aordicated or associated with risk
of bleeding

Available information concerning use of Flolan mildren and patients above 65 years of age
with primary pulmonary hypertension is limited.

Flolan is available in 2 pharmaceutical forms: ¥iebntaining 0.5 and 1.5 mg of epoprostenol
sodium in aform of powder that needs to be dissblin order to prepare intravenous
infusions.

1.2.2.2. Dosage

According to the summary of product characteristiess recommended dose in primary PAH
is established individually during short-term adisiration, beginning from 2 ng/kg/min and
increasing the dose until the maximum hemodynamewebt is achieved or an undesired
effect limiting further administration is encourdgdr During treatment using long-term
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intravenous infusion the dose is adjusted accortingffects achieved and adverse events
encountered. In most cases target dose is 20-4@/ngh (values and strategies of dose
increase vary between centers).

Short-time administration of epoprostenol in ortkeadjust the dose is performed in hospital
settings. The drug is administered in continuodssion by means of a portable infusion
pump and a permanent intravenous catheter; thenpathust therefore be appropriately
prepared and motivated for such treatment.

1.2.2.3. Contraindications

* Known hypersensitivity to the drug;
» congestive heart failure due to severe left veunlaicfailure;
* pulmonary edema occurring during dose adjustmenqiie

* no information concerning use of epoprostenol dunomegnancy and lactation is
available.

1.2.2.4. Interaction with other medicinal products and other forms
of interaction

» Activity of anticoagulants may be enhanced,;
* epoprostenol may enhance activity of other vastuiia
» epoprostenol may decrease thrombolytic efficacysstie plasminogen activator;

* concomitant use of epoprostenol and drugs affeqtiatelet aggregation (e.g. non-
steroid anti-inflammatory drugs) may result in e&sed risk of bleeding.

1.2.2.5. Adverse events

» flushing (“hot flush”)
* headache

» gastrointestinal disorders (nausea, vomiting, timtakcramps)

* jaw pain
* dry mouth
» fatigue

* reddening above the injection site
» chest pain or pressure

» decreased platelet count

» tachycardia or bradycardia
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e anxiety, nervousness, excitement

» adverse events related to administration of thg:dacal infection, pain at the site of
administration, catheter occlusion, selsis

1.2.2.6. Class of recommendation and level of evide nce

In “Guidelines on diagnostics and treatment of PABSued by the European Society of
Cardiology the class of recommendation and levetwaflence for efficacy of epoprostenol
were evaluated as follows:

* in patients with idiopathic PAH and PAH associatgth connective tissue diseases:
class of recommendan —1, level of evidence A,

e in pa[lt]ients with other types of PAH: class of recoemdation 4la; level of evidence
-c.l

1.2.3. ILOPROST

lloprost is a synthetic analogue of prostacyclimeTiollowing pharmacological activities
were observed in vitro:

» inhibition of platelet aggregation, adhesion arldase reaction;
» dilation of arterioles and venules;

* increase of density of capillary vessels and desered enhanced vascular permeability
induced by such mediators as serotonin or histamitiee smallest vessels;

» stimulation of endogenous potential fibrinolytidisity.

lloprost is registered in Europe (central regisorgt” for treatment of PAH in NYHA
class Ill and in Australfd and the USA (FDAY in NYHA class Ill and IV.

lloprost has been qualified as an orphan drogphan medicinal ilopro$}.

In Europe iloprost has been authorized for marketny EMEA under a brand name of
Ventavis as inhalation solution (1 or 2 ml ampouestaining the drug at a concentration of
10 ug/ml).

lloprost is also manufactured as solution for gmmus intravenous infusion, but this
pharmaceutical form is not authorized for marketm&urope.

1.2.3.1. Therapeutic indications

According to the EMEA registratiéh, iloprost is indicated to improve exercise capaaitd
symptoms in patients with PAH in NYHA class lll.
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1.2.3.2. Dosage
Ventavis is intended for inhalation use by nebuiora

The recommended single dose is 2.5 micrograms @mbcrograms (as delivered at the
mouthpiece of the nebulizer), according to thevitlial need and tolerability. The dose per
inhalation session should be administered 6 tar@giper day according to the individual
need and tolerability.

1.2.3.3. Contraindications

* Hypersensitivity to iloprost or to any of the exeipts;

» conditions where the effects of iloprost on platelenight increase the risk of
hemorrhage (e.g. active peptic ulcers, traumaadnénial hemorrhage);

» severe coronary heart disease or unstable angiy@;ardial infarction within the last
six months; decompensated cardiac failure if nalearclose medical supervision;
severe arrhythmias; cerebrovascular events (eagsignt ischemic attack, stroke)
within the last 3 months;

* pulmonary hypertension due to venous occlusiveadise

» congenital or acquired valvular defects with clalig relevant myocardial function
disorders not associated with pulmonary hypertensio

e pregnancy, lactation.

1.2.3.4. Interaction with other medicinal products and other forms
of interaction

lloprost may increase the effect of vasodilatord antihypertensive agents.

lloprost can inhibit platelet function and its usgth anticoagulants (such as heparin or
coumarin-type anticoagulants) or other inhibitor§ platelet aggregation (such as
acetylsalicylic acid, non-steroidal anti-inflamm@ato medicinal products, ticlopidine,

clopidogrel and glycoprotein lib/llla antagonisgciximab, eptifibatide and tirofiban) may
increase the risk of bleeding.

1.2.3.5. Adverse events

In clinical trials the following adverse events weeported:

Cardiovascular disorders Very common: vasodilatiypotension
Common: dizziness related to hypotension,
syncope

Respiratory, thoracic and mediastinAMlery common: severe cough - during

disorders administration of the drug by inhalation

Nervous system disorders Common: headache

Musculoskeletal and connective tissgu@ommon: jaw pain/trismus

disorders

bleeding events (mostly hematoma) Common as expétcthis patient
population with a high proportion of patients
taking anticoagulant co-medication
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1.2.3.6. Class of recommendation and level of evide nce

In “Guidelines on diagnostics and treatment of PABSued by the European Society of
Cardiology the class of recommendation and levekwtlence for efficacy of iloprost in
inhalation were evaluated as follows:

. inWFatients with idiopathic PAH: class of recommatioh —Ila; level of evidence —
B

1.2.4. SILDENAFIL

Sildenafil is a potent, selective inhibitor of typephosphodiesterase (PDE5) specific for
cyclic guanosine monophosphate (cGMP) — the enzgs@onsible for degradation of cGMP.
This enzyme is present in the cavernous bodieshefpenis as well as in pulmonary
circulation. Sildenafil increases concentration aMP in smooth muscle cells of the
pulmonary vessel wall causing their relaxationpétients with pulmonary hypertension this
may lead to dilation of the pulmonary vessels wstlght vasodilation in the systemic
circulation.

Sildenafil was registered in Europe as an “orphadigine” for adult patients with PAH in
NYHA class Ill (brand name: Revatif).

1.2.4.1. Therapeutic indications

According to the EMEA registratih, sildenafil is indicated for treatment of patiemtith
PAH class Ill according to the WHO functional cliéisation in order to improve exercise
capacity. Efficacy of the drug was demonstratedpimary PAH and secondary PAH
associated with connective tissue diseases.

In Europe sildenafil has been authorized for mamgeby EMEA under a brand name of
Revatio, in the form of oral tablets containingra@ of sildenafil.

Efficacy and safety of the drug in children andladoents has not been investigated in large,
controlled clinical studies. Use of sildenafil ihid group of patients is therefore not
recommended.

1.2.4.2. Dosage

According to the summary of product characteristit® recommended dose in patients
above 18 years of age is 20 mg three times daily.

1.2.4.3. Contraindications
» Hypersensitivity to the active substance or to aithe excipients;

» co-administration of the drug with nitric oxide dws (such as amyl nitrite) or nitrates
in any form is contraindicated;

» combination with CYP3A4 inhibitors (e.g. ketoconkzatraconazole, ritonavir);

* Revatio is contraindicated in patients with lossvigion in one eye because of non-
arteritic anterior ischemic optic neuropathy (NAIDN
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» safety of sildenafil has not been studied in tHe¥ang subgroups of patients: severe
hepatic impairment, recent history of stroke or pardial infarction, severe
hypotension (blood pressure <90/50 mmHg); useildemsafil in these patients is
therefore contraindicated.

1.2.4.4. Interaction with other medicinal products and other forms
of interaction

Due to metabolism of sildenafil interactions witier drugs are possible, e.g.:
* o~ and B-adrenolytics
» drugs containing ketoconazole or itraconazole
* ritonavir and saquinavir (used in treatment of Hiffection)
* bosentan
» carbamazepine, phenytoin, phenobarbital, St. Jokofs and rifampicine
* erythromycin, clarithromycin, telithromycin and agbdone

* nitrates or nitric oxide donors (such as amy! tajri

1.2.4.5. Adverse events

Based on the results of clinical trials before aftdr the registration, the following common
adverse events were reported:

Infections and infestations cellulitis, influenamusitis

Blood and the lymphatic system disorders anemia

Metabolism and nutrition disorders fluid retention

Psychiatric disorders insomnia, anxiety

Nervous system disorders headache, migraine, trenparesthesia,
burning sensation, hypoesthesia

Eye disorders retinal hemorrhage, visual disturbanc

blurred vision, photophobia, chromatopsia,
cyanopsia, eye irritation, blood shot eyes/red
eyes, visual acuity reduced, diplopia

Ear and labyrinth disorders vertigo

Vascular disorders flushing

Respiratory, thoracic and mediastindronchitis, epistaxis, rhinitis, cough, nasal

disorders congestion

Gastrointestinal disorders diarrhea, dyspepsiatriias gastroenteritis,
gastroesophageal reflux disease,
hemorrhoids, abdominal distension, dry
mouth

Skin and subcutaneous tissue disorders alopegtheena, night sweats

Musculoskeletal, connective tissue and bphmb pain, myalgia, back pain

disorders

General disorders fever
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1.2.4.6. Class of recommendation and level of evide nce

In “Guidelines on diagnostics and treatment of PABSued by the European Society of
Cardiology the class of recommendation and levedvidence for efficacy of sildenafil were
evaluated as follows:

+ class of recommendationl =level of evidence Al

1.2.5. TREPROSTINIL

Treprostinil is atricyclic benzidene analogue qjoprostenol, dilating pulmonary and
systemic arterial vessels and inhibiting platelggragation. In animal studies it was
demonstrated that vasodilatory effect leads toedessr in cardiac ventricular afterload and
increase of cardiac index and cardiac ejection meluChemical stability of treprostinil
allows for administration at ambient temperatura physiological solution. The drug may be
administered by intravenous or subcutaneous réide subcutaneous administration micro-
infusion pumps and small subcutaneous cathetenssack

Treprostinil is registered in Australia as an “axphmedicine” for treatment of PAH in
NYHA class Il and IV (Remoduliy; the FDA registered treprostinil for treatment of
patients with PAH in NYHA class II, IIl and I’#*%: marketing in Poland is authorized by a
central procedure (registered in 2006).

1.2.5.1. Therapeutic indications

Treprostinil is indicated for treatment of patiemtgh pulmonary arterial hypertension in
NYHA class Il (FDA) or Ill and 1V, in whom convemnal therapy is inefficient.

Available information concerning use of treprogtpatients below 16 or above 65 years of
age is limited.

1.2.5.2. Dosage

Treprostinil is administered in continuous infusi(preferably by the subcutaneous route;
intravenous administration is used in case of logattions or pain at the injection site).

Initial recommended dose is 1.25 ng/kg/min andasecof intolerance — 0.625 ng/kg/min. In
order to establish the target dose it should besased by not more than 1.25 ng/kg/min
weekly during the first 4 weeks, and then not mtbin 2.5 ng/kg/min, according to clinical
response. Experience with doses exceeding 40 mgitkgs limited. Sudden discontinuation
of treatment is not recommended.

Remodulin is available in 4 pharmaceutical form®:n# vials containing 1, 2.5, 5 and
10 mg/ml of treprostinil.
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1.2.5.3. Contraindications

* Hypersensitivity to the drug;
» care should be observed in patients with hepatrermal impairment;

* no data concerning safety of use of treprostinitirdu pregnancy or lactation are
available.

1.2.5.4. Interaction with other medicinal products and other forms
of interaction

* Hypotension may be enhanced with concomitant usedmigs affecting the
cardiovascular system, such as: diuretics, antiftgpsive agents or vasodilators;

* due to inhibition of platelet aggregation the rigkbleeding with use of anticoagulants
is increased;

* neither in vitro nor in vivo studies demonstrateg ateractions with warfarin.

1.2.5.5. Adverse events

Pain at the injection site (the most common adveféect), reaction, bleeding or
lividity at the injection site — these problems stimes make it impossible to continue
treatment;

* headache;

e diarrhea;
* nausea;

e skin rash;
e jaw pain;

» vasodilation, hypotension;

* vertigo;
* edema;
« pruritus.

1.2.5.6. Class of recommendation and level of evide nce

In “Guidelines on diagnostics and treatment of PABSued by the European Society of
Cardiology the class of recommendation and leveMidence for efficacy of treprostinil were
evaluated as follows:

« in patients with PAH class of recommendatiokia= level of evidence B.["
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2. METHODS

2.1. Aim of the report

The aim of this report is to compare efficacy aatety of bosentan, epoprostenal, iloprost,
sildenafil and treprostinil with those of convemt# treatment in patients with pulmonary
arterial hypertension. The analysis was commissidnyethe Minister of Health.

2.2. Methods of efficacy and safety assessment

Analysis of efficacy and safety was performed adow to “Guidelines on Health
Technology Assessment (HTA)” published by the Agefor Health Technology Assessment
in Poland in March 2007 and guidelines of the Canhbr Collaboration ~“Cochrane
Handbook for Systematic Reviews of Interventidusision 4.2.6 issued in September 2006).

2.3. Search strategy for primary studies

At first primary clinical studies taken into conerdtion in three credible systematic reviews
(Kanthapillai 2004, Paramonthayan 200kiu 200§ were included in the analysis. The
search strategy for primary clinical studies putdis after the date of the final search stated in
the reviews mentioned above is presented in tHe.tab

Table 1.
Search strategy

ID Field Keywords

#1 Population ~pulmonary hypertension”

#2 Bosentan

#3 Tracleer

#4__| \ntervention | - bosentan |-~Q47-0203

#5 R0-47-0203

#6 #2 OR #3 OR #4 OR #5

#7 #6 AND #1

#8 Epoprostenol

#9 Epoprostanol

#10 PGI2

#11 . Prostaglandin
Intervention 1l - -

#12 epoprostenol Prostacyclin

#13 PGX

#14 Flolan

#15 #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14

#16 #15 AND #1

#17 lloprost

#18 | Intervention Il - iloprost Ciloprost

#19 Ventavis
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#20 ZK-36374

#21 ZK 36374

#22 ZK36374

#23 #17 OR #18 OR #19 OR #20 OR #21 OR #22

#24 #23 AND #1

#25 Sildenafil

#26 Syldenafil

#27 Acetildenafil

#28 Desmethylsildenafil

#29 Homosildenafil

#30 Hydroxyhomosildenafil

#31 | Intervention IV - sildenafil | UK 92480-10

#32 UK-92,480-10

#33 Viagra

#34 Revatio

435 #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #3
OR #33 OR #34

#36 #35 AND #1

#37 Treprostinil

#38 Remodulin

zig Intervention V - treprostini 8$1155

#41 #37 OR #38 OR #39 OR #40

#42 #41 AND #1

#43 phosphodiesterase inhibitors

#44 #43 and #1

#45 vasodilator agents

#46 Intervention — summary #45 AND. #1 -

#47 descriptors endothelin receptor antagonists

#48 endothelin receptor antagonist

#49 #47 OR #48

#50 #49 AND #1

#51 #50 OR #46 OR #44 OR #42 OR #36 OR #24 OR {H&D
#51 Limits: English, French, German, Spanish, Rolmiblished

#52 Study design in the last 2 years, Clinical Trial, Randomized €olted Trial,
Humans

The search strategy included randomized controiical studies in human subjects
published in the following languages: English, BloJiGerman, French and Spanish. Date of
the final search: 29.01.2007.

Results of the literature search using this styateg presented in the annexes.

The search was performed independently by two tigegsrs. In case of discrepancies the
problem was discussed until consensus was achieved.

2.4. Search of medical databases

Two independently working investigators searchedpfablications and analyzed abstracts
and complete texts of the studies according toréweew’s inclusion criteria and a protocol
developeda priori. All discrepancies were solved by consensus dn adsistance of a third
person.
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In order to retrieve secondary studies (HTA reportstaanalyses and systematic reviews) the
following internet sources were searched:

* Cochrane Library
+« The Cochrane Database of Systematic Reviews
% Health Technology Assessment Database
« INAHTA (International Network of Agencies for Health Teclogy Assessment)
* CRD(Centre for Reviews and Disseminatipns
% Health Technology Assessment (HTA) Datapase
% Ongoing Reviews Databgse
* Medline via PubMed;
« EmBase.

If credible HTA reports and/or systematic reviewsra found, primary studies taken into

consideration by the authors of those reports wetrleded in the analysis, provided that the
reports were related to the investigated populatiotervention and endpoints, and the

inclusion criteria for clinical studies were sinil@ those applied in this analysis; in the next
stage primary clinical studies published afterdhee of the final search stated in the retrieved
reports were searched for. The following databasss searched according to these rules:

* Medline via PubMed;
« EmBase;
* Cochrane Library{he Cochrane Central Register of Controlled Tials

+ BioMed Central.

References of both primary and secondary studieBA(Heports, systematic reviews,
metaanalyses, review articles) were searched fditiadal publications. Presentations and
abstracts from scientific conferenc&ifopean Society of Cardiologwere also reviewed as
well as clinical trial registerdNational Research Registdd. S. National Institutes of Health
— clinicaltrials.gov; Food and Drug Administration- Center for Drug Evaluation and
Research Clinical experts and manufacturers of investidadeugs were also consulted (in
order to find additional studies as well as to obtaformation from thePeriodic Safety
Update Reporis

2.5. Inclusion criteria for primary clinical trials

2.5.1. Population

The analysis included studies, in which the pojputatconsisted of patients (adults or
children) treated conventionally before enrollmewith type 1 pulmonary hypertension
according to Venice classification (2003):

e pulmonary arterial hypertension (idiopathic), faalibr associated with:
%+ connective tissue diseases,
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%+ congenital systemic-to-pulmonary shunts,
% portal hypertension,

< HIV infection,

% drugs and toxins

+« other disorders (thyroid disorders, rare metabotigenetic diseases such as:
glycogen storage disease, Gaucher's disease, tayedihemorrhagic
teleangiectasia, hemoglobinopathies, myeloprolifeeadisorders, splenectomy)

% significant venous or capillary involvement (pulnaoyn veno-occlusive
disease, pulmonary capillary hemangiomatosis);

% persistent pulmonary hypertension of the newborn.
Studies performed in a population containing pasievith pulmonary hypertension other than
arterial, including:
% pulmonary hypertension associated with diseasethefleft heart (venous
pulmonary hypertension);

% pulmonary hypertension associated with respiratadiseases and/or
hypoxemia;

% pulmonary hypertension in thromboembolic disease

were excluded from the analysis unless the non-Rxatents only constituted a small
proportion of the study population.

Wherever corresponding data were available inainstudies, the following two subgroups
of patients were to be analyzed:

* individuals with primary pulmonary arterial hyperson,
» those with pulmonary arterial hypertension assediatith other diseases.

2.5.2. Intervention

Studies included in the analysis compared:
* bosentan with conventional treatment vs. placeitlo @onventional treatment;
» epoprostenol with conventional treatment vs. cotiveal treatment ;
» iloprost with conventional treatment vs. placelthwonventional treatment ;
» sildenafil with conventional treatment vs. placeavith conventional treatment ;
» treprostinil with conventional treatment vs. placavith conventional treatment ;

* epoprostenol, iloprost, treprostinil, bosentanilolesafil vs. any of the above (head to
head comparisons).

An additional inclusion criterion was previous centional treatment in both assessed
groups.
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Studies concerning bosentan, epoprostenol, iloprestienafil or treprostinil used in
combination treatment (i.e. when one of the compgreups was treated with more than one
of the assessed drugs) were excluded from the sisaljo limitations as to the observation
period were assumed.

2.5.3. Endpoints

2.5.3.1. Primary

» Exercise capacity (six-minute walk test) as a posgje factor related to survival time
* Change of the NYHA or WHO functional class
* Assessment of dyspnea (Borg Dyspnea Score) amguiéati

e Time to exacerbation of the symptoms of pulmonagpentension (change of
treatment or pulmonary transplantation)

* Number of hospitalizations and/or outpatient visits
e Quality of life
* Mortality

« Adverse events

2.5.3.2. Secondary

* Hemodynamic parameters (mean pulmonary artery yresgpulmonary vascular
resistance, cardiac index, cardiac output, artdslabd oxygen saturation, mixed
venous blood oxygen saturation)

2.5.4. Study design

The analysis included only randomized controlleshical studies in human subjects
published (as complete texts) in the following laages: English, Polish, German, French
and Spanish.

2.6. Credibility assessment

Based on titles and abstracts of the publicatiopseiminary list of studies fulfilling the
inclusion criteria was prepared. In the followingge of selection the studies were verified
based on their complete texts, taking into consiilan all the inclusion criteria. The final list
of studies was thus completed; the studies were ¢heefully examined as to their credibility
and results.
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Each of the stages of selection and credibilityesssient was performed independently by
two investigators; in case of disagreement thedfsincluded studies and their score were
established by consensus or with assistance afdaghrson. A diagram illustrating detailed
process of selection of publications and resulthefsearch at different stages is presented in
the annex.

Credibility of the retrieved systematic reviews/asetalyses was assessed using the
QUOROM (uality Reporting of Meta-analysesjuestionnaire, consisting of five areas

related to the abstract, introduction, methodolaggults and discussion of the metaanalysis.
Detailed description of the QUOROM questionnairprissented in the annex.

Credibility of the included clinical trials was &ssed using the 5-pointadad scale,
consisting of five questions. Four of them areteglao randomization and blinding, which
allow for elimination or significant limitation dhe effect of potential confounders (e.g. stage
of the disease, age, gender or attitude of theopesd). One of the questions is related to
patients lost from the study, making it possibl@as$sess unjustified exclusion of patients from
the study by the investigators. Such informatidrprovided by the authors, allows for so-
called intention-to-treat (ITT) analysis. Detailg€éscription of theJadadscale is presented in
the annex.

2.7. Statistical analysis

Data extraction and analysis was performed by tmaependently working investigators,
using a unified form. In case of disagreement thal fopinion was established by consensus
or with assistance of a third person.

For dychotomous variables (e.g. occurrence of ticeendpoint) the odds ratio (OR) was
calculated with 95% confidence interval (Cl). If ORas statistically significant, the
remaining parameters of efficacy and safety wese ablculated, i.e. for negative outcomes:
the relative risk (RR) and the relative risk redorct(RRR) as well as the absolute risk
reduction (ARR) and the number needed to treat (NIdiid for positive outcomes: relative
benefit (RB), relative benefit increase (RBI), dbs® benefit increase (ABI) and number
needed to harm (NNH), all with 95% confidence inéds.

Peto method or Haldane method were used to avoddsecaused by zero event. The Peto
method was used provided there was no a large anbalbetween the sizes of the treatment
vs. control groups. Haldane correction was coneitlen case of significant imbalance
between groups.

For continuous variables compared between groupbhamge of these variables in relation to
baseline values (e.g. mean change in intensitywitps) weighted mean difference (WMD)
or standardized mean difference (SMD) was calcdlatgh 95% confidence interval. The
analysis only included data for which standard a&gen (SD) or standard error (SE) were
reported, or for which calculation of these pararsgetvas possible.

Metaanalysis of the results was performed usiniealf effect model if no statistically
significant heterogeneity of the results was fouRal those endpoints, for which statistical
significance in the heterogeneity test was achieagdndom effect model was used. The cut-
off of statistical significant was p=0,10. The adltions were made usin§tatsDirect
(version 2.6.2) statistic software.
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Sensitivity analysis was performed by including aextcluding differing data into the
metaanalysis in case of uncertain parametersyhen differences between included studies
(concerning the patients’ inclusion criteria, tteients’ baseline characteristics, dosage of the
drugs, duration of the observation period or d&bniof the endpoints) were found.

If such operations had no significant effect on regult of metaanalysis, it was assumed that
the results are true; however, if the results chdrand led to opposite conclusions, the final
results were interpreted more carefully.
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3. RESULTS

3.1. Bosentan vs. placebo

3.1.1. Results of search for the studies

Four multicenter randomized clinical studies flitlig the inclusion criteria were identified

during performed search. In the retrieved studiesebtan (BOS) used in combination with
conventional treatment (CT) was compared to plagglig with CT. All the studies were

double-blind; in one of therfBarst 2006the BOS arm was not blinded for assessment.

Evaluation of all the studies, publications relatedparticular clinical trials and duration of
observation periods are presented in the tableabelo

Table 2.
Characteristics of the clinical trials included inthe analysis; BOS vs. PL

Badesch 2002
Channick 2001
Channick 2001 Denton 2006 12 weeks 4
McLaughlin 2005
Sitbon 2003

Denton 2006
. Galie 2003
Rubin 2002 McLaughlin 2005 16 weeks 3

Rubin 2002

Barst 2006 Barst 2006 18 weeks 3

Galie 2006
BREATHE-5 Gatzoulis 2006 16 weeks 5

For two studies thdadadscore was three points, for one — four points famcone — five
points. Duration of the observation period diffeleiween the studies — from 12 to 18 weeks.
In Channick 2001 trial, follow-up after 12 weeksied between individuals and overall study
period was between 12 and 28 week.

3.1.2. Description of the population

The population of patients enrolled in particuléinical studies consisted of patients with
idiopathic pulmonary arterial hypertensiddh@nnick 2001, Rubin 2002, Barst 20@6 well

as PAH associated with sclerodern@hé&nnick 2001, Rubin 20R2congenital heart disease
(Barst 2006, systemic lupus erythematosuRupin 2002 and Eisenmenger’s syndrome
(BREATHE-5) In the study ofBarst 2006heart disease was defined as operated atrial or
ventricular septal defect or patent Botall's duperated at least a year before enrollment or
unoperated secondary atrial septal defect (witlgerysaturatior 88%).
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In two studies Channick 200land BREATHE-5 efficacy of BOS was assessed in patients
with PAH in WHO/NYHA class Ill. The study dRubin 2002included patients in class Il
and 1V, while the study oBarst 2006— patients in WHO/NYHA functional class I, 11l dn
IV. Taking into account the patient populationsniréour trials as a whole, more than 80%
patients were in functional class IIl.

In all the studies six minute walk distance lontfean 150 meters was an inclusion criterion.
In three studies the distance had to be shorter4b@ meters, while in the study @hannick
2001the upper limit was 500 m.

Among the inclusion criteria for patients previdtsatment with vasodilators, anticoagulants,
diuretics, cardiac glycosides or oxygérhannick 200,1Rubin 2002, mean pulmonary artery
pressure over 25 mmH@annick 2001LRubin 2002, pulmonary capillary wedge pressure
below 15 mmHg and pulmonary vascular resistanceximazer 240 dyn*s*ci or 3 Wood
units Channick 200,LRubin 2002, Barst 20Q6vere also taken into account. In addition, in
the study oBarst 2006arterial blood oxygen saturation ranged from 70Q&6.

In the study oBarst 2006patients aged below 18 years were enrolled ortlyeiir body mass
was not lower than 50 kg. The BREATHE-5 study ideld only patients aged above
12 years.

Baseline characteristics of the population of pasieenrolled in particular studies are
presented in the table below.
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Table 3.
Baseline characteristics of the patients enrolledhiparticular studies; BOS vs. PL
BOS 125 mg 52.2 o o o o o o o
Channick | twice daily 21 (129) 19% 81% 19% 0% 100% 0% 43% 360.0 (86|0) 21.1 (17.6)
2001 |p 11 (‘11471'3) 0% 91% 9% 0% 100% 0% 54% 355.0 (82/0) 36.4 (31.4)
SV?CSG zi?lymg 74 (ig:g) 23% 77% 23% 0% 89% 11% - 326.0 (73/0) 30.0 (38.0)
Rubin 47.0
2002 |BOS250mg 70 (15.6) 19% 64% 36% 0% 92% 8% - 333.0 (75.0) 30.0 (38.0)
PL 69 | A2 | 200 70% 30% 0% 94% 6% - 344.0 (760) 28.0 (48.0)
(16.2)
BOS 125 mg 49.0 o 0 o o o o ) )
Barst | twice daily 47 (16.0) 22% 57% 43% 37% 62% 2% 337.0 (78)0)
2006 | p 62 (ig'g) 24% 60% 40% 37% 57% 6% - 321.0 (85)0) -
BOS 125 mg 37.2 . . . . . . ] 23.7
BREATHE | wice daily 37 (120) | 38% 0% 100% 0% 100% 0% 3319 (828) (1365
= PL 17 44.2 41% 0% 100% 0% 100% 0% - 336.4 (67)5) 202,
(8.5) (13.0)
TOTAL BOS 249 47.62 23% 59% 41% 7% 87% 6% - 333.79 27.9p
PL 159 49.15 23% 60% 40% 12% 81% 7% - 334.9¢ 37.64

* diagnosis of Eisenmenger’s syndrome
** calculated from available values
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The analysis included 408 patients. There were rpatients in all groups treated with BOS
(249) than in the groups receiving PL (159). Thgeat study waRubin 2002in which 213
patients took part, of whom 144 in two groups reediBOS (125 and 250 mg twice daily).
The remaining trials enrolled 33 to 109 patients.

Mean age of patients in all clinical trials include the analysis was 47.62 years for patients
treated with BOS, while for those receiving PL iasvslightly higher — 49.15 years. On
average, the oldest patients were those partiopati theBarst 2006study (average age
49 years in the BOS group and 53 years in the Riumr and the youngest — in the
BREATHE-5 trial (average age 37.2 years in the B@&p and 44.2 years in the PL group).

Male patients comprised 23% of the whole investidgiopulation. In particular study arms
this percentage ranged from 0@h@nnick 2001to 41% (BREATHE-5).

Patients with idiopathic PAH constituted ca. 60%le whole analyzed population (exactly
59% in the BOS group and 60% in the PL group)elmaining patients PAH associated with
other diseases was diagnosed. Percentage of gatwght idiopathic PAH differed between
the studies. In th€hannick 200%rial such patients comprised over 80% of the kgatoIn
contrast, in theBREATHE-5study only patients with PAH associated with Emenger’s
syndrome took part. In the remaining studies peeggn of patients with idiopathic PAH
ranged from 57% to 77%.

Another important feature of the investigated papah was the patients’ WHO/NYHA
functional class. Most patients were classifiedWitHO/NYHA class Ill (87% of patients
treated with BOS and 81% of patients receiving Ri.the Channick 200landBREATHE-5
trials all patients were classified in WHO/NYHA s#lll. In the Rubin 2002study this
percentage was 90%, while in tBarst 2006ca. 60% of the investigated population. Seven
per cent of patients in the BOS groups and 12%enRL groups were classified in functional
class Il. Such patients participated only in Barst 2006study and comprised 37% of both
groups. Patients in WHO/NYHA class IV took partire Rubin 2002andBarst 2006studies
and comprised (on average) 6% of patients in tipexental groups and 7% in the control
groups.

Mean 6-minute walk distance at the time of enroiitngas 333.79 m in the BOS groups and
334.98 m in the PL groups. For BOS this value intipalar studies ranged from 326 m
(Rubin 2002 the group receiving 125 mg BOS) to 360@hé&nnick 200L For PL the same
value ranged from 321 nBérst 2006 to 355 m Channick 2001

In all the studies exceptinBarst 2006 mean time from diagnosis of pulmonary arterial
hypertensioh till enrollment was reported. Mean value for sialn which this value was
specified, was 27.92 months for groups receivingsB@d 27.64 months for groups receiving
PL. In the groups receiving BOS the shortest me@ae from diagnosis was reported in the
Channick 2001study (21.1 months) and the longest in Bugin 2002study (30 months in
both groups receiving BOS). In the PL groups thertelst mean time from diagnosis was
reported in thBREATHE-5study (20.5 months) and the longest in @f@nnick 2001study
(36.4 months).

An important parameter assessed at baseline ipatihents enrolled in particular clinical trials
was the percentage of patients receiving oral vilgods. This information was reported only
in the Channick 200-tudy, in which such patients comprised 43% ofetkgerimental group
and 54% of the control group.

! In theBREATHE-5study the time from diagnosis of Eisenmenger’'sisyme was specified
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3.1.3. Description of the interventions

In clinical trials included in the analysis the ipats were randomly assigned to the BOS or

PL group.
Characteristics of the interventions in the studhetided in the analysis are presented below.
Table 4.
Description of the interventions; BOS vs. PL
Bosentan at a dose of 62.5 mg twice daily for the .
. first four weeks, then at a dose of 125 mg twice Antlcoa}gulants .
Channick 2001 dail il ireat t-related adveéent Placebo | (warfarin), vasodilators
aily until any treatment-related adve (diltiazem, amlodipine)
occurred
Bosentan at a dose of| BOS at a dose of Anticoagulants
62.5 mg twice daily 62.5 mg twice daily for| diureti .
4 . iuretics, calcium
Rubin 2002 for the first four the first four weeks, Placebo blockers. oxygen (as
weeks, then at a dose| then at a dose of complerr;entary
of 125 mg twice daily | 250 mg twice daily for treatment during visits)
for 12 weeks 12 weeks 9
Anticoagulants,
Bosentan at a dose of 62.5 mg twice daily for the diuretics, calcium
Barst 2006 first four weeks, then at a dose of 125 mg twicePlacebo | blockers, digoxin,
daily oxygen
(complementary)
Bosentan at a dose of 62.5 mg twice daily for the Anticoagulants,
BREATHE-5 first four weeks, then at a dose of 125 mg twicePlacebo | diuretics, calcium
daily blockers

In all studies BOS administered orally at a dos&2% mg twice daily was compared with PL.
Before administration of the proper dose, the mestt began with a period of four weeks,
during which the patients were administered BO& @se of 62.5 mg twice dalily.

Additionally in the study ofRubin 2002a group of patients receiving BOS at a dose of
250 mg orally (also twice daily) was assessed. &iimc all remaining studies BOS was
administered at a dose of 125 mg, only the groapiveng BOS at the adequate dose and the
PL group were taken into account in the metaarmlyBor some endpoints (e.g. the
WHO/NYHA functional class) it was not possible taract the results for the group of BOS
125 mg only. The results were therefore discussembmbined for both doses. The results for
the dose of 250 mg in tHeubin 200study were described wherever possible.

Apart from therapy administered within the studg gratients (both the experimental and the
control group) received so-called conventionalttresat (CT). This treatment included drugs
such as: anticoagulants, vasodilators, diuretigspgides and oxygen.

3.1.4. Analysis of efficacy
3.1.4.1. Mortality

Data concerning mortality were reported in all ssdincluded in the analysis. The
observation period was 12 to 18 weeks.
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Summarized data concerning mortality reported endimical trials are presented in the table

below.
Table 5.
Numbers and percentages of patients who died; BOSVPL
N n Percen- N Percen-
tage tage
Channick 2001 21 0 0% 11 0% n.a.
Rubin 2002 74 1 1% 69 3% n.s.
Barst 2006 60 0 0% 62 0% n.a.
BREATHE-5 37 0 0% 17 0% n.a.

" calculated from data reported in the study

In the study ofRubin 2002three cases of death were observed: 1 in the gobygatients
treated with BOS 125 mg and 2 in the PL group. fisleof death resulting from therapy with
BOS at a dose of 125 mg was 47% of the risk offdeathe control group. The odds ratio
calculated using thBetomethod is 0.47 (95% CI: 0.05 to 4.63). The resautiat statistically
significant.

In Barst 2006 two patients in placebo group digdrafiscontinuation.

In the studies o€hannick 2001landBREATHE-510 deaths were observed.

3.1.4.2. Increase of exercise capacity by two WHO/N  YHA
functional classes

Data concerning increase of exercise capacity lwy\WHO/NYHA functional classes were
reported in the studies @hannick 200,1Rubin 2002andBREATHE-5

Table 6.
Numbers and percentages of patients, whose exercissgpacity increased by two
WHO/NYHA functional classes; BOS vs. PL

N e e
Channick 2001 21 0% 11 0% n.a.
Rubin 2002 68 3% 65 0% n.s.
BREATHE-5 37 0% 17 0% n.a.

* calculation based on available data

This endpoint was observed only in the studyRafbin 2002.In other clinical trials no
improvement in exercise capacity by two WHO/NYHAn&tional classes was observed in
any of the compared groups.
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The odds ratio calculated from the results of Rubin 2002study using théetomethod is
7.18 (95% CI: 0.44 to 116.03); the odds of improeaimn exercise capacity by at least two
WHO functional classes was therefore more thanrsémees higher in the bosentan group
than in the placebo group. The result is not stediby significant.

In the Rubin 2002 study, in the group treated with BOS at a dos€%0 mg increase of
exercise capacity by two WHO functional classes alaserved in 1% of patients. The odds
ratio calculated usinghe Peto method is 7.76 (95% CI: 0.15to 391.27); the odds o
occurrence of this endpoint was therefore neaditeimes higher in the BOS 250 mg group
than in the placebo group. The result is not stediby significant.

3.1.4.3. Increase of exercise capacity by one WHO/N YHA
functional class

Information concerning improvement in exercise cayaby one WHO/NYHA functional
class was presented in all the studies. Howeverd#ia were not always complete and the
results of all the four clinical trials could ndterefore be included in the metaanalysis. The
observation period with regard to this endpoint W21 8 weeks.

In the context of the studies included in the asialyincrease of exercise capacity in the
WHO/NYHA classification was defined as reclassifica of a patient from functional
class Il to class Il. The observation period difig between the included studies and ranged
from 12 weeks (Channick 2001) through 16 weeksRirbin 2002and BREATHE-5)to

18 weeks in th8arst 2006trial .

Data for the BOS (125 mg) and the PL groups (etechdrom the studies) are presented
below.

Table 7.
Numbers and percentages of patients, whose exercissgpacity increased by one
WHO/NYHA functional class; BOS vs. PL

S I ot T AR i
Channick 2001 21 9 43% 11 1 9% n.d.
Rubin 2002" 68 26 38% 65 18 28% n.s.
Barst 2006 60 n.d. n.d. 62 6 10% n.s.
BREATHE-5 37 13 35% 17 2 13% ns.

" calculated from data reported in the study
“ BOS at a dose of 125 mg

From the available data it may be concluded thaptrcentage of patients with improvement
in exercise capacity according to the WHO/NYHA slfisation was higher in the bosentan
group than in the placebo group. In B&rst 2006study complete data were not reported; the
results of this clinical trial were therefore notluded in the metaanalysis.

A metaanalysis for all patients, in whom this endpoccurred within an observation period
of 12-18 weeks, is presented below.

39



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

Figure 1.
Metaanalysis for all patients with increase of exaise capacity by one WHO/NYHA
functional class; BOS vs. PL

Channick 2001 = 7.50 (0.75 to 360.94)
1.62 (0.73 to 3.60)
Rubin 2002 —
BREATHE-S = 4.06 (0.73 to 41.16)

Results of metaanalysis [fixed]

v 2.25 (1.21 to 4.18)
Studies heterogeneity test: p = 0.2831

[ T T | T 1
1 2 5 10 100 1000

Odds ratio (95% confidence interval)

The odds ratio is 2.25 (95% CI: 1.21 to 4.18, p3166). It means that the odds of increase of
exercise capacity by one WHO/NYHA functional classhe group of patients treated with
BOS was 2.25 times higher than the same odds ipl#oebo group. The result is statistically
significant.

Additional EBM parameters for increase of exeraapacity according to the WHO/NYHA
classification are presented below.

Table 8.
Additional EBM parameters for increase of exercise&apacity according to the
WHO/NYHA classification; BOS vs. PL

1.77 (1.12 to 2.80) 0.77 (0.12 to 1.80) 0.166 (8.@40.285) 7 (4 t0 21)

The probability of improvement in exercise capabiyyone WHO/NYHA functional class in
the BOS group is 177% of the same probability i ¢ontrol group (95% CI: 1.12 to 2.80,
p = 0.0144) — the result is statistically signifitaThe relative benefit increase between the
experimental group and the control group is 7798493: 0.12 to 1.80). The absolute benefit
increase is 0.166 (95% CI: 0.048 to 0.285; p =890)0In order to observe one additional
case of increase of exercise capacity accordingheo WHO/NYHA classification, BOS
instead of PL must be administered to 7 patientsafperiod of 12-18 weeks; NNT =7
(95% CI: 4 to 21).

In the study ofRubin2002 34% of patients receiving 250 mg BOS improvedrtiesiercise
capacity by one WHO functional class. The oddsorati 1.34 (0.59 to 3.06); the odds of
increase of exercise capacity by one WHO functiamass in the BOS 250 mg group was
therefore 134% of this odds in the placebo groume fesult is not statistically significant.
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3.1.4.4. Decrease of exercise capacity accordingto  the
WHO/NYHA functional classification

Decrease of exercise capacity according to the VWN®IA functional classification was
assessed in three studies. In trials this endpwoias defined as reclassification from
WHO/NYHA functional class Il to IV Chanick 2001, Barst 2006, BRATHIE € from class
Il to Il (Barst 2009. Duration of the observation period in evaluattddies was 12-
18 weeks.

Numbers and percentages of patients in particulaties, in whom decrease of exercise
capacity according to the WHO/NYHA classificatioaswobserved, are presented below.

Table 9.
Numbers and percentages of patients, in whom decrea of exercise capacity according
to the WHO/NYHA classification was observed; BOS vsPL

S T ot BV BT ot
Channick 2001 21 0 0% 11 2 18% nis.
Barst 2006 60 5 9% 62 8 13% n.s.
BREATHE-5 37 1 3% 17 1 6% ns.

" calculated from data reported in the study

In evaluated clinical trials the percentage of gra, in whom decrease of exercise capacity
according to the WHO/NYHA classification was obsstywas lower in the group treated
with BOS as compared to PL. However, differences/éen the groups were not statistically
significant in any of the studies.

Due to small number of events (reclassificatiom iathigher WHO/NYHA functional class)
the odds ratio was calculated using Fetomethod.

A metaanalysis of the results of three studies &@ithobservation period of 12-18 weeks is
presented below.
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Figure 2.
Metaanalysis for the total number of patients, in vinom decrease of exercise capacity
according to the WHO/NYHA classification was obsered; BOS vs. PL

Channick 2001 L 0.049 (0.003 to 0.961)
Barst 2006 4.'7 0.621 (0.198 to 1.953)
BREATHE-5 L 0.417 (0.020 to 8.479)

Results of metaanalysis [fixed]

’ ) — 0.444 (0.162 to 1.215)
Studies heterogeneity test: p = 0.2961 v—

[ | T T | T T 1
0.001 0.01 01 0.2 0.5 1 2 5 10

Peto odds ratio (95% confidence interval)

The odds ratio calculated using tiReto method is not statistically significant — 0.444
(95% CI: 0.162 to 1.215, p=0.1139). The odds etlassification from WHO/NYHA
functional class Ill to 1V is therefore lower ingBBOS group and is 44% of the odds in the PL

group.

3.1.4.5. Results of the 6-minute walk test

Distance covered by the patients in 6 minutes v8asssed in all the studies included in the
analysis. Summary of data extracted from the studigoresented below. It should be noted
that in each of the studies the patients treatedd BOS achieved on average a better result
than the control group. Those results were stadiltyi significant.

Table 10.
Results of the 6-minute walk test; BOS vs. PL

BOS 21 | 360 (86 430 (64 70 (n.d.
Channick 2001 (86) ( (n.d.) 76 (}2 t0139)
PL 11 | 355(82) | 349 (146 -6 (n.d.) p=0.021
BOS” 144 | 330 (74 n.d. 36 (n.d.
Rubin 2002 (74) (n.d) | 44 (21t067)
PL 69 | 344 (76) n.d. 8 (n.d.) p <0.001
BOS 60 | 337 (78 n.d. 23.0 (n.d.
S 2605 (78) ( 29.5(0.30 to 58.70)
PL 62 | 321 (85) n.d. -6.5 (n.d.) p=0.05
BOS 37 | 331.9(82.8) n.d. 43.4(49.2)| 53.1(15.37t0
BREATHE-5 90.83)
PL 17 | 366.4(67.5) n.d. -9.7 (92.0) b = 0.00¢

* calculation based on available data
** combined BOS groups — doses of 125 and 250 mg
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From these data it may be concluded that in allueted clinical trials increase of exercise
capacity assessed by the 6-minute walk test wasstatally significantly higher in the
bosentan group as compared to the placebo group.

In the Rubin 2002study results of the test were better in the grolpatients treated with
BOS at a dose of 250 mg (54 m) as compared witlBB®$ 125 mg group: 35 m; however, it
was not possible to prove a statistically signiiicdifference between the BOS groups (using
Mann-WhitneyJ test).

A metaanalysis of the results of the studies, iiclviexercise capacity was assessed using the
6-minute walk test, was carried out; the results @resented below. Since the result of the
studies heterogeneity test (p = 0.54) was negathe, metaanalysis was performed using
a fixed effect model.

Figure 3.
Weighted mean difference in change of exercise capty evaluated using the 6-minute
walk test; BOS vs. PL

Channick 2001

Rubin 2002

Barst 2006

BREATHE-5

Results of metaanalysis [fixed]
Studies heterogeneity test: p = 0.54

76.00 (12.00 to 139.00)

44.00 (21.00 to 67.00)

29.50 (0.30 to 58.70)

53.10 (15.37 to 90.83)

43.33 (27.55 10 59.12)

v

| T
0 50 100 150

Weighted mean difference (95% confidence interval)

Increase of exercise capacity measured using tmén6te walk test is higher in the BOS
group as compared to the PL group, the distancegh48.33 m longer. Weighted mean
difference in changes was 43.33m (95% CI. 27.58t42; p <0.0001). The result is
statistically significant.

3.1.4.6. Borg Dyspnea Score

In three studies -€hannick 2001Rubin 2002and Barst 2006 —severity of dyspnea was
measured using the Borg Dyspnea Score. This ibjadive measure of dyspnea, assessed by
the patient from 0 to 10, higher results represgninore severe dyspnea. Although this
endpoint was assessed in three studies, the inflemavas presented in a way making
metaanalysis impossible.

The results for particular clinical trials are preted in the table below.
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Table 11.
Borg Dyspnea Score; BOS vs. PL

BOS 21 | 4.38(1.80 n.d. n.d. 16 (- :
AP (1.80) 1.6 (-3.1t0 0.0);
PL 11 | 4.18 (1.94) n.d. n.d. n.s.
, BOS 125 mg 74 33(2.2) | 3.2(258 -0.1(1.72) "
Rubin 2002 -0.4 (-0.95 to0 0.15), ns
PL 69 3.8(2.0) | 4.2(2.4p| 0.3(1.66)

" calculated from data reported in the study
** calculated from data reported in the study; tlee comparison of BOS 125 mg vs. PL
*** difference between mean values in the BOS ahdjPoup

In the study ofChannick 2001n patients from the BOS group after 12 weekslxfepvation
severity of dyspnea was lower by 1.6 points as @sgpto the PL group. The difference of
mean values between the groups was -1.6 points (95%3.1 to 0.0) and the result was on
the verge of statistical significance.

In theRubin 200Zlinical trial mean difference in changes of séyesf dyspnea between the
BOS 125 mg group and PL was -0.4 points (95% CRB5@® 0.15), in favor of the BOS
group. The result was statistically insignificapt<0.42). The authors of the study reported
also that reduction of severity of dyspnea waspdifits higher in the BOS 250 mg group as
compared to the PL group and the result reachéidtatal significance (p = 0.012).

In the study oBarst 2006t was only stated that after 18 weeks of obseovatio statistically
significant difference between the compared grougas observed.

3.1.4.7. Necessity of hospitalization

The number of necessary hospitalizations was reg@antthe studies dRubin 2002andBarst
2006 The observation period was 16 to 18 weeks.

In the Rubin 2002trial this endpoint was defined as hospitalizatmndiscontinuation of
treatment due to worsening of PAH. Data extractedhfboth studies are presented in the
table below.

Table 12.
Numbers and percentages of patients, in whom hospgitzation was necessary; BOS vs.
PL

N n Percen- N n Percen-
tage tage
Rubin 2002 74 3 4% 69 9 13% n.s.
Barst 2006 60 3 5% 62 4 6% n.s.

" calculated from data reported in the study

In both studies the percentage of patients requinospitalization due to worsening of their
condition was lower in the BOS group than in thegéhup.
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A metaanalysis for the total number of patientswimom hospitalization was necessary, is
presented in the figure below.

Figure 4.
Metaanalysis for the total number of patients, in vihnom hospitalization was necessary;

BOS vs. PL
Rubin 2002 +— 0.28 (0.05to0 1.21)

Barst 2006 . 0.76 (0.11 to 4.74)

Results of metaanalysis [fixed] 0.42 (0.16 to 1.15)

Studies heterogeneity test: p = 0.3351

[ T I |
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Odds ratio (95% confidence interval)

From this metaanalysis it may be said that the add®spitalization in the group receiving
BOS at a dose of 125 mg is 42% of the odds in tdrol group. The odds ratio is 0.42
(95% CI: 0.16 to 1.15, p = 0.1341). The resultas statistically significant.

From data available in tHeubin 2002study concerning the group receiving BOS 250 mg it
was calculated that the odds of hospitalizatiothia group is 29% of the odds in the control
group; OR =0.29 (95% CI: 0.05 to 1.28). The remsuitot statistically significant.

3.1.4.8. Clinical worsening

Clinical worsening was assessed in three studiglsidad in the analysis. In the study of
Channick 2001this endpoint was defined as development of riggmtricular failure or
exacerbation of the symptoms of PAH. In the trigiRubin 2002and Barst 2006clinical
worsening was described as death, necessity ofgnang transplantation, hospitalization due
to PAH or necessity of additional treatment. Aduhally in theRubin 2002study lack of
clinical improvement, exacerbation of the symptorasulting in the patient’'s withdrawal
from the study and atrial septostomy were takea atcount, while in th&arst 2006study
decrease in exercise capacity according to the VEHi®ria and shortening of the 6-minute
walk distance by at least 15% were also taken eotwsideration. The observation period in
these studies was 12 to 18 weeks.

Data concerning clinical worsening in the incluaddical trials are presented below.
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Table 13.
Numbers and percentages of patients, whose genecaindition worsened; BOS vs. PL

N n Percentage N n Percentage
Channick 2001 21 0 0% 11 3 27% s.s.
Rubin 2002 74 5 7% 69 14 20% p =0.02
Barst 2006 60 9 15% 62 10 16% n.s.

" calculated from data reported in the study

In all the studies clinical worsening occurred leien in the BOS groups as compared to the
PL groups. However, differences between the grovgre statistically significant only in the
Rubin 200tudy.

Figure 5.
Metaanalysis for the total number of patients, whos general condition worsened; BOS

vs. PL
Rubin 2002 4.— 0.28 (0.08 to 0.91)

Barst 2006 . 0.92 (0.30 to 2.75)

Results of metaanalysis [fixed]

Studies heterogeneity test: p = 0.112

v— 0.53 (0.26 to 1.07)

Odds ratio (95% confidence interval)

The odds ratio is 0.53 (95% CI: 0.26 to 1.07). ©des of worsening of the patient’s general
condition is therefore lower in the BOS group as®d8% of the odds in the PL group. The
result is not statistically significant.

For the study ofChannick 2001he odds ratio was calculated separately duegtuf&antly
different definition of the endpoint. This OR i$8.(95% CI: 0.00 to 0.66) and is statistically
significant. NNT is 4 (95% CI: 2; 7).

In addition it should be noted that in tRaibin 2002study in the group of BOS 250 mg
4 cases of clinical worsening were observed. Thdsadtio is 0.24 (95% CI: 0.05 to 0.82).
The result is statistically significant.

For the comparison between BOS 250 mg and pladeboemaining EBM parameters were
also calculated; these are presented in the tabbevb

46



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

Table 14.
Clinical worsening — additional EBM parameters; BOS250 mg vs. PL

0.28 (0.10 to 0.77) 0.72 (0.23 to 0.90) 0.15 (AD@.26) 7 (4 t0 28)

The relative risk is 0.28 (95% CI: 0.10 to 0.77heTrisk of clinical worsening in the BOS
250 mg group is therefore 28% of this risk in tHe dPoup. The relative risk reduction for
clinical worsening is 0.72 (95% CI: 0.23 to 0.90he absolute risk reduction is 15 percentage
points (95% CI: 0.04 to 0.26). In order to avoicc@dditional case of clinical worsening BOS
at a dose of 250 mg must be administered instedelL.afo 7 patients for at least 12 weeks
(95% CI: 4 to 28).

3.1.4.9. Necessity of change of treatment

In the study ofRubin 2002it was necessary in some cases to introduce pyasita due to
worsening of the patient’s condition. Authors oé Barst 2006study reported the number of
patients, in whom additional drugs (other than ¢hegaluated in the study) were introduced,
such as sitaxsentan, sildenafil, digoxin and tre{imd.

Numbers and percentages of patients, in whom chahgeeatment was necessary, are
presented in the table below.

Table 15.
Numbers and percentages of patients, in whom changé treatment was necessary; BOS
vs. PL

N n Percentage N n Percentage
Rubin 2002 74 2 3% 69 3 4% n.s.
Barst 2006 60 2 3% 62 4 6% n.s.

" calculated from data reported in the study

In both trials percentage of patients, in whom ¢eaof treatment was necessary, was higher
in the PL group as compared to BOS. However, tfferdnce between the groups was not
statistically significant in any of the studies.

A metaanalysis of the results of the studies isqmeed below.
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Figure 6.
Metaanalysis for the total number of patients, in vimiom change of treatment was
necessary; BOS vs. PL

Rubin 2002 . 0.61 (0.05 to0 5.53)
Barst 2006 '— 0.50 (0.04 to 3.66)

Results of metaanalysis [fixed]
Studies heterogeneity test: p = 0.875

0.55 (0.16 to 1.93)

[ T T | T T 1
0.01 0.1 0.2 0.5 1 2 5 10
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The odds that change of treatment will be necedgattye BOS group is 55% of the odds in
the PL group. The odds ratio is 0.55 (95% CI: Qdl6.93, p = 0.5237). The result is not
statistically significant.

3.1.4.10. Pulmonary transplantation

This endpoint was assessed in the studigShainnick 200landBarst 2006 Duration of the
observation period for occurrence of pulmonarygphantation was 12-18 weeks.

No cases of pulmonary transplantation were obslervany of the studies.

3.1.4.11. Withdrawal from the study due to clinical worsening

Rate of withdrawal from the study due to clinicabraening was reported in the studies of
Channick 200landRubin 2002 In theChannick 2003study clinical worsening was defined
as development of right ventricular failure or exdation of the symptoms of PAH, while in
the Rubin 2002trial it was defined as death, necessity of pulamgntransplantation,
hospitalization due to PAH, necessity of additiotrahtment, lack of clinical improvement,
exacerbation of the symptoms resulting in the p#sewithdrawal from the study and atrial
septostomy as well as syncope.

The observation period was 12 weeks in@mannick 200%rial and 16 weeks in thHeubin
2002study.

Detailed results are presented in the table below.
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Table 16.

Numbers and percentages of patients withdrawn fronthe study due to clinical
worsening; BOS vs. PL

N N Percen- N n Percen-
tage tage
Channick 2001 21 0 0% 11 4 36% s.s.
Rubin 2002 144 1 0.7%* 69 6 8.7% S.8.*

" calculated from data reported in the study

The percentage of patients withdrawn from the stddg to worsening of their general
condition was in both clinical trials lower in th®sentan group than in the placebo group.
Differences between the compared groups were tatatlg significant.

Figure 7.

Metaanalysis for the total number of patients withaawn from the study due to clinical
worsening; BOS vs. PL

Channick 2001 . - 0.040 (0.005, 0.350)

Rubin 2002 . 0.082 (0.016, 0.407)

0.063 (0.017, 0.231)

Results of metaanalysis
Studies heterogeneity test: p = 0.604

[ | T I 1
0.001 0.01 0.1 0.2 0.5

Peto odds ratio (95% confidence interval)

The odds of the patient's withdrawal from the studlye to worsening of their general
condition is lower in the BOS group and is 6% df tdds in the PL group. The odds ratio is
0.06 (95% CI: 0.02 to 0.23, p < 0.001). The resudttatistically significant.

In order to avoid one additional case of the mpdsewithdrawal from the study due to
clinical worsening bosentan must be administerestead of placebo to 9 patients for 12-
16 weeks; NNT =9 (95% CI. 6 to 20).
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3.1.4.12. Hemodynamic parameters

3.1.4.12.1. Mean pulmonary artery pressure

Results concerning mean pulmonary artery pressare veported in the studies Ghannick
2001andBREATHE-5The observation period was 12 to 16 weeks.

Data concerning mean pulmonary artery pressurpragented in the table below.

Table 17.
Mean pulmonary artery pressure; BOS vs. PL

_ BOS | 20| 54.00 (13.00) n.d. -1.60 6.70
Channick 2001 .
PL 10| 56.00 (10.00) n.d. 5.10 (-11.90 to -1.5)
BREATHE.S BOS | 37| 77.80(15.20) n.d. -5.00 550
PL 17| 72.10 (19.40) n.d. 0.50 (-10.50 to -0.50)

" calculated from data reported in the study

In both clinical trials the difference between tkeperimental group and the control group
was statistically significant. Mean difference inaoge between the groups in the study of
Channick2001was -6.70, while in the BREATHE-5 study it was®ib favor of BOS.

Results of the metaanalysis are presented in glecfibelow.

Figure 8.
Weighted mean difference in change of value of pulomary artery pressure; BOS vs. PL

Channick 2001 .

BREATHE-5 .

Results of metaanalysis [fixed]
Studies heterogeneity test: p = 0.7467

Weighted mean difference = -5.893043 (95% CI = -9.310097 to -2.47599)

Weighted mean difference in change of pulmonargrgrpressure between the assessed
groups is -5.89 (95% CI: -9.31 to -2.48; p = 0.000@duction of pulmonary artery pressure
is therefore greater by 5.89 mmHg in the BOS grasipompared to the PL group.
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3.1.4.12.2. Pulmonary vascular resistance index

Numeric data making it possible to perform a medhzis for pulmonary vascular resistance
index were reported in the studies ©hannick 200land BREATHE-5. This index was
evaluated over a period of 12 to 16 weeks. Resitil®th clinical trials are presented below.

Table 18.
Change of pulmonary vascular resistance index; BO%s. PL
_ BOS 19 896 (425) -223
Channick 2001 -415 (-608 to -221)
PL 10 942 (430) 191
BOS 37 3425.10 (1410.50 -316.90 -
BREATHE-5 ( ) 47200
PL 17 2870.00 (1209.30) 155.10 (-910.81 to -33.18)

" calculated from data reported in the study
In both studies reduction of pulmonary vascularstaace index was statistically significantly
higher in the BOS group as compared to the PL group

Weighted mean difference in change of pulmonarycwias resistance index between the
BOS and PL groups is presented below.

Figure 9.

Weighted mean difference in change of value of pulomary vascular resistance index;

BOS vs. PL

Channick 2001 .

BREATHE-5 .

Results of metaanalysis [fixed]
Studies heterogeneity test: p = 0.7861

|
-200 0
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Weighted mean difference = -424.931113 (95% CI = -588.783612 to -261.078614)

In patients treated with BOS change of pulmonargcuéar resistance index is greater by
424.93 dyn*s*cri? as compared with patients receiving placebo. Weifjmean difference in
changes was -424.93 dyn*s*€m(95% CI: -588.78 to -261.08; p = 0.0001). The less

statistically significant.
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3.1.4.12.3. Cardiac index

Cardiac index, i.e. relation between cardiac ougnd the body surface area, was assessed
only in theChannick 200Xktudy. The observation period was 12 weeks.

Information presented in this clinical trial is somarized below.

Table 19.
Mean values of cardiac index; BOS vs. PL

_ BOS 20 2.4 (0.7) n.d. 0.5(0.35
Channick 2001 1.0 (0.6 to 1.4)
PL 10 2.5 (1.0) n.d. -0.5 (0.32

" calculated from data reported in the study

Mean difference in change of cardiac index betwientherapeutic groups is 1.0 (95% CI:
0.6 to 1.4), in favor of the BOS group. The resultatistically significant.

3.1.5. Assessment of safety

Information concerning adverse events was presemteall the studies included in the
analysis. The most common adverse events were:ablead cough, palpitation, nausea,
edema, syncope, sinus and nasal congestion, heljdrclers, vertigo.

3.1.5.1. Any adverse event

Total number of patients, in whom any adverse ewearst observed, was reported in the trials
of Channick 2001land Barst 2006 Numbers and percentages of patients, in whom this
endpoint occurred, are presented in the table below

Table 20.
Numbers and percentages of patients, in whom any adrse event was observed; BOS
vs. PL

N n Percen- N n Percen-
tage tage
Channick 2001 21 9 43% 11 7 64% ns.
Barst 2006 60 53 89% 62 56 90% n.s.

" calculated from data reported in the study

From these data it may be concluded that adversat&®wccurred more often in the PL
groups than in the BOS groups. However, differeteada/een the experimental group and the
control group were not statistically significantany of the clinical trials.

A metaanalysis for the total number of patientsyitom any adverse event was observed, is
presented below.
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Figure 10.

Metaanalysis for the total number of patients, in viom any adverse event was observed;
BOS vs. PL

Channick 2001 4— 0.43 (0.07 to 2.39)
Barst 2006 + 0.81 (0.21 to 3.03)

Results of metaanalysis [fixed]

0.64 (0.26 to 1.59)
Studies heterogeneity test: p = 0.5081

[ T I | T 1
0.01 0.1 0.2 0.5 1 2 5

Odds ratio (95% confidence interval)

The odds ratio for occurrence of any adverse eigeh64 (95% CI: 0.26 to 1.59, p = 0.4629).
It means that the odds of occurrence of any adwersat in the BOS group is 64% of this
odds in the PL group. The result is not statislycsilgnificant.

3.1.5.2. Serious adverse events

Serious adverse events were reported inBaest 2006 and BREATHE-5 studies over an
observation period of 16-18 weeks.

Detailed results are presented in the table below.

Table 21.

Numbers and percentages of patients, in whom serisladverse events were observed,;
BOS vs. PL

N A Percen- N n Percen-
tage tage
Barst 2006 60 n.d. n.d. 62 19 31% n.d.
BREATHE-5 37 5 14% 17 3 18% n.s.

" calculated from data reported in the study

Authors of the BREATHE-5 study reported one caseauh of the following adverse events
in the experimental group: biliary colic, choleldhis, vasovagal syncope, angina pectoris,
sinus tachycardia. In the control group the follogvadverse events were observed (one case
each): epigastric pain, respiratory failure, aaltelecystitis.

Due to incomplete data in thBarst 2006 clinical trial it was not possible to perform
a metaanalysis of the results of both studies.
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From the results of thBREATHE-5study the odds ratio of 0.73 was calculated (95% C
0.12 to 5.38). It means that the odds of occurresfca serious adverse event in the BOS
group is 73% of this odds in the PL group. The Itaswnot statistically significant.

3.1.5.3. Headache

Occurrence of headache was reported in the follpwindies:Rubin 2002, Barst 200énd
BREATHE-5 Data concerning this endpoint are summarized beldw. observation period
was 16-18 weeks.

Detailed data are summarized in the table below.

Table 22.
Numbers and percentages of patients, in whom headae was observed; BOS vs. PL

N n Percentage N n Percentage
Rubin 2002 74 14 19% 69 13 19% p =1.00
Barst 2006 60 6 10% 62 5 8% n.s.’
BREATHE-5 37 5 14% 17 2 12% n.s.

" calculated from data reported in the study

In all the studies differences between the groupxerning occurrence of headache were
slight. They were not statistically significantany of the trials.

A metaanalysis for the total number of patientsyitom such adverse events were observed,
is presented in the figure below.
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Figure 11.
Metaanalysis for the total number of patients, in inom headache was observed; BOS vs.

PL
Rubin 2002 —-— 1.01 (0.40, 2.55)

Barst 2006 ) 1.27 (0.30, 5.56)
BREATHE-5 i 1.17 (0.17, 13.61)
Results of metaanalysis [fixed] — ] 1.09 (0.57, 2.08)
Studies heterogeneity test: p=9519 :
T T T T T T 1
0.1 0.2 0.5 1 2 5 10 100

Odds ratio (95% confidence interval)

The odds ratio for occurrence of headache is 1983%6(Cl: 0.57 to 2.08, p = 0.9163). It
means that the odds of occurrence of adverse egétiis kind in the BOS group is 109% of
this odds in the PL group. The result is not diaaly significant.

In the study oRubin 2002he results for BOS 250 mg were presented separdiee odds
ratio calculated from the results of this studg.i28 (95% CI: 0.52 to 3.18), which means that
the odds of occurrence of headache is higher igitbep of patients treated with bosentan at
a dose of 250 mg and is 128% of this odds in thegRiup. The result is not statistically
significant.

3.1.5.4. Cough

Numbers and percentages of patients, in whom caaghobserved (in an observation period
of 16 weeks), were reported only in tReibin 2002clinical trial. Summary of the data is
presented below.

Table 23.
Numbers and percentages of patients, in whom cougias observed; BOS vs. PL

N A Percen- N n Percen-
tage tage
Rubin 2002 74 4 5% 69 8 12% n.s.
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The odds ratio for this endpoint is 0.44 (95% CDto 1.73); the odds of occurrence of
cough in the group receiving BOS at a dose of 185g1therefore 44% of this odds in the PL
group. The result is not statistically significant.

The odds of occurrence of cough in the group rengiBOS at a dose of 250 mg is 46% of
this odds in the PL group. The odds ratio is 098 CI: 0.10 to 1.89) and the result is not
statistically significant.

3.1.5.5. Palpitations

Palpitations were assessed only in the BREATHHi18ystDetailed numbers and percentages
of patients, in whom this endpoint occurred, aespnted in the table below.

Table 24.
Numbers and percentages of patients, in whom palgitions were observed; BOS vs. PL

N n Percentage N n Percentage

BREATHE-5 37 4 11% 17 0 0% n.s.

" calculated from data reported in the study

From these data it may be concluded that palpitatias observed more often among patients
treated with bosentan as compared to the placemgpgHowever, differences between the
therapeutic groups were not statistically significa

3.1.5.6. Nausea

Adverse events of this kind were reported only he study ofBarst 2006 They were
observed in only 4 patients in the PL group. DethBummary of the data is presented below.

Table 25.
Numbers and percentages of patients, in whom nauseas observed; BOS vs. PL

N A Percen- N n Percen-
tage tage
Barst 2006 60 0 0% 62 4 6% s.s.

" calculated from data reported in the study

The odds ratio calculated using tARetomethod is 0.13 (95% CI: 0.02 to 0.97). It means tha
the odds of occurrence of nausea in the groupedeaith BOS is 13% of this odds in the PL
group, and the result is statistically significad§IT = 16 (95% CI: 7 to 28547).

3.1.5.7. Peripheral edema

Incidence of peripheral edema observed in theadirtrials ofBarst 2006and BREATHE-5
is summarized below.
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Table 26.
Numbers and percentages of patients, in whom edemaas observed; BOS vs. PL

N n Percentage N n Percentage
Barst 2006 60 9 15% 62 5 8% n.s.
BREATHE-5 37 7 19% 17 1 6% n.s.

" calculated from data reported in the study

In both clinical trials peripheral edema was maegjfient in the BOS group as compared to
the PL group. However, the difference between tloeigs was not statistically significant in
any of the studies.

A metaanalysis for the total number of patientswhiom peripheral edema was observed, is
presented below.

Figure 12.
Metaanalysis for the total number of patients, in vinom peripheral edema was observed,;

BOS vs. PL
Barst 2006 —r 2.01 (0.56 to 8.12)

BREATHE-5 B 3.73 (0.41 to 178.60)

— 2.37 (0.86 t0 6.53
Results of metaanalysis [fixed] V ( )
Studies heterogeneity test: p = 0.6194
I T T T T

T 1
0.2 0.5 1 2 5 10 100 1000
Odds ratio (95% confidence interval)

The odds ratio is 2.37 (95% CI: 0.86 to 6.53, pHB). It means that the odds of occurrence
of peripheral edema in the BOS group is 237% of tdds in the PL group. However, the
result is not statistically significant.

3.1.5.8. Syncope

Syncope was listed among adverse events only isttltly ofRubin 2002
Data concerning this endpoint for the groups of BQS mg and PL are summarized below.
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Table 27.
Numbers and percentages of patients, in whom syncepvas observed; BOS vs. PL

N n Percentage N n Percentage

Rubin 2002 74 6 8% 69 4 6% n’s.

" calculated from data reported in the study

In theRubin 2002study syncope was observed slightly more oftethénBOS 125 mg group
as compared with the control group: The odds otidenice of syncope in the group receiving
BOS at adose of 125 mg is 143% of this odds inRhegroup. The odds ratio is 1.43
(95% CI: 0.32 to 7.22). The result is not statadticsignificant.

The odds of occurrence of syncope in the BOS 25@rogp is 181% of this odds in the
control group. The odds ratio is 1.81 (95% CI: 0@8.80). The result is not statistically
significant.

3.1.5.9. Sinus congestion

Cases of sinus congestion were reported only istiingy ofBarst 2006
Detailed data are summarized below.

Table 28.
Numbers and percentages of patients, in whom sine®ngestion was observed; BOS vs.
PL

N n Percentage N n Percentage

Barst 2006 60 5 8% 62 4 6% n.s.

" calculated from data reported in the study

In the Barst 2006study sinus congestion was observed slightly métenan the BOS group
as compared to the PL group. The odds of occurreht@s endpoint in the BOS group was
132% of this odds in the PL group. The odds ratin.82 (95% CI: 0.27 to 6.99). The result is
not statistically significant.

3.1.5.10. Hepatic disorders

Information concerning hepatic disorders was predidn the studies oRubin 2002and
BREATHE-5 These data are summarized in the table below.
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Table 29.
Numbers and percentages of patients, in whom hepatdisorders were observed; BOS
vs. PL

N . Percen- N n Percen-
tage tage
Rubin 2002 74 3 4% 69 2 3% n.s.
BREATHE-5 37 1 3% 17 0 0% n.s.

" calculated from data reported in the study

Hepatic disorders were observed slightly more oiitetme BOS 125 mg group than in the PL
group. However, differences between the BOS 12%rogp and the placebo group were not
statistically significant.

A metaanalysis for the total number of patientsiimom this endpoint occurred, is presented
in the figure below.

Figure 13.
Metaanalysis for the total number of patients, in vinom hepatic disorders were
observed; BOS vs. PL

Rubin 2002 + 1.42 (0.16 to 17.40)

BREATHE-5 . 1.44 (0.01 to o)

1.42 (0.29t0 6.96
Results of metaanalysis [fixed] ( )

Studies heterogeneity test p = 0.5653

[ T T | T T |
0.01 0.1 0.2 0.5 1 2 5 10 100

QOdds ratio (95% confidence interval)

The odds of occurrence of hepatic disorders ingtloeip receiving BOS at a dose of 125 mg
is 142% of this odds in the PL group. The oddsoras 1.42 (95% CI: 0.29 to 6.96;
p = 0.9655). The result is not statistically sigrant.

The odds of occurrence of hepatic disorders ingtioeip receiving BOS at a dose of 250 mg
is 558% of this odds in the control group. The odid® is 5.58 (95% CI: 1.11 to 53.84). The
result is statistically significant.

The remaining EBM parameters for occurrence of tiepliésorders in the BOS 250 mg group
as compared to the PL group are presented in the balow.

59



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

Table 30.
Hepatic disorders — additional EBM parameters; BOS250 mg vs. PL

4.93 (1.28 to 19.60) 3.93 (0.28 to 18.60) 0.1120d00.22) 9 (5 to 43)

The relative risk of occurrence of hepatic disosdisr4.93 (95% CI: 1.28 to 19.60). In the
BOS 250 mg group the risk of this adverse event 3@8%6 of this risk in the PL group. The
relative risk increase is 3.93 (95% CI: 0.28 ta6D3. The absolute risk increase is 11
percentage points (95% CI: 0.02 to 0.22). Treatnwn® patients with BOS at a dose of
250 mg instead of PL for a period of 12 weeks vafiult in additional development of hepatic
disorders in one of them; NNH = 9 (95% CI: 5 t0.43)

3.1.5.11. Flushing

In the study oRubin 2002nformation concerning incidence of flushing (u$paf the face)

in patients receiving BOS at doses of 125 and 2§0omplacebo was provided. Detailed
numeric data for patients receiving the drug absedof 125 mg or 250 mg and for the control
group are summarized below.

Table 31.
Numbers and percentages of patients, in whom flushg was observed; BOS vs. PL

N n Percentage N n Percentage

Rubin 2002 74 7 9% 69 3 4% p=0.28

" calculated from data reported in the study

The odds ratio for this endpoint is 2.30 (95% CEQto 14.28), which means that the odds of
occurrence of flushing in the group receiving B@& dose of 125 mg is 230% of this odds in
the PL group. The result is not statistically sfigaint.

The odds of occurrence of flushing in the BOS 2%0group is 206% of this odds in the PL
group. The odds ratio for flushing is 2.06 (95% ©l42 to 13.22). The result is not
statistically significant.

3.1.5.12. Vertigo

Data concerning vertigo were extracted from thalist of Rubin 2002, Barst 200&nd
BREATHE-5. Summary of the results pertaining t@ tindpoint is presented below.
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Table 32.
Numbers and percentages of patients, in whom vertigwas observed; BOS vs. PL

N n Percentage N n Percentage
Rubin 2002 74 9 12% 69 13 19% p=0.35
Barst 2006 60 3 5% 62 2 3% n.s.
BREATHE-5 37 3 8% 17 i 6% n.s.

" calculated from data reported in the study

In the clinical trial ofRubin 2002vertigo was observed more frequently in the PLugras

compared to the BOS group. In both remaining studieras observed slightly more often in
the BOS group than in the PL group.

A metaanalysis for the total number of patientswhom vertigo was observed, is presented
below.

Figure 14.
Metaanalysis for the total number of patients, in vinom vertigo was observed; BOS vs.

Rubin 2002 . 0.60 (0.21 to 1.64)

Barst 2006 L

1.58 (0.17 to 19.48)

BREATHE-5 L

1.41 (0.10 to 78.68)

Results of metaanalysis [fixed]

’ . > 0.79 (0.37 to 1.68)
Studies heterogeneity test: p = 0.5563 :

[ T | T T | 1
0.1 0.2 0.5 1 2 5 10 100

QOdds ratio (95% confidence interval)

The odds of occurrence of vertigo in the group ikeeg BOS at a dose of 125 mg is 79% of

this odds in the PL group. The odds ratio is 0.99% CI: 0.37 to 1.68; p =0.6753). The
result is not statistically significant.

The odds of occurrence of this adverse event irBtb8 250 mg group is 48% of this odds in

the control group. The odds ratio is 0.48 (95% @L5 to 1.41). The result is statistically
insignificant.
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3.1.5.13. Chest pain or pressure

Incidence of chest pain was reported only by thtb@s of the BREATHE-5 study. Numbers
and percentages of patients, in whom adverse ewétiss kind were observed, are presented
below.

Table 33.
Numbers and percentages of patients, in whom chgsain was observed; BOS vs. PL

N . Percen- N . Percen-
tage tage
BREATHE-5 37 3* 8% 17 0* 0% n.s.*

" calculated from data reported in the study

Chest pain was observed only in 3 patients in tpeemental group. No such cases were
reported in the PL group.

The odds of occurrence of chest pain in the BO8mre 3.45 higher than this odds in the PL
group. The odds ratio with Haldane correction fdhistendpoint is 3.45 (95% CI:
0.30 to infinity). The result is not statisticallignificant.

3.1.5.14. Fatigue

Fatigue was observed in tBarst 2006study. Numbers and percentages of patients, imwho
this adverse event occurred, are presented below.

Table 34.
Numbers and percentages of patients, in whom fatiguwas observed; BOS vs. PL

N a Percen- N . Percen-
tage tage
Barst 2006 60 3 5% 62 2 3% n.s.

" calculated from data reported in the study
In this clinical trial fatigue was observed slighthore often in the BOS group than in the PL
group.

The odds of occurrence of fatigue in the BOS gneuib8% of this odds in the PL group. The
odds ratio for this endpoint is 1.58 (95% CI: 0t@7.9.48). The result is not statistically
significant.

3.1.5.15. Exacerbation of symptoms of PAH

Incidence of exacerbation of symptoms of PAH wasessed in the study &ubin 2002
Numbers and percentages of patients, in whom tiverae event occurred, are presented
below.
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Table 35.
Numbers and percentages of patients, in whom exadsation of symptoms of PAH was
observed; BOS vs. PL

N n Percentage N n Percentage

Rubin 2002 74 7 9% 69 13 19% p=0.15

The odds of exacerbation of symptoms of PAH in gheup of patients receiving BOS at
a dose of 125 mg is 45% of this odds in the PL grdine odds ratio for this endpoint is 0.45
(95% CI: 0.14 to 1.32). The result is not statedticsignificant.

The odds of exacerbation of symptoms of PAH indghmup of BOS at a dose of 250 mg is
26% of this odds in the PL group. The odds ratio #us endpoint is 0.26 (95% CI:
0.06 to 0.92). The result is statistically sigrafic.

The remaining EBM parameters for exacerbation ofiggms of PAH were calculated and
are presented in the table below.

Table 36.
Additional EBM parameters for exacerbation of sympbms of PAH; BOS 250 mg vs. PL

0.30 (0.11 to 0.83) 0.70 (0.17 to 0.89) 0.1870to 0.25) 8(5 to 43)

The relative risk of exacerbation of symptoms ofHP& 0.30 (95% CI: 0.11 to 0.83). In the

BOS 250 mg group the risk of this adverse event W% lower as compared to the PL
group. The relative risk reduction is 0.70 (95% QL7 to 0.89). The absolute risk reduction
was 13 percentage points (95% CI. 0.02 to 0.2%affnent of 8 patients with BOS at a dose
of 250 mg instead of PL for a period of 12 weekl make it possible to avoid one additional

case of exacerbation of symptoms of PAH; NNT =84CI: 5 to 43).

3.1.5.16. Dyspnea

This endpoint was assessed only in the studiRufin 2002 Numbers and percentages of
patients, in whom this adverse event was obsearedpresented below.

Table 37.
Numbers and percentages of patients, in whom dyspaeavas observed; BOS vs. PL

N n Percentage N n Percentage

Rubin 2002 74 2 3% 69 7 10% p=0.09

The odds of occurrence of dyspnea in the groupwieceBOS at a dose of 125 mg is 25% of
this odds in the PL group. The odds ratio for #mslpoint is 0.25 (95% CI: 0.02 to 1.37). The
result is not statistically significant.
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The odds of occurrence of dyspnea in the groupvieceBOS at a dose of 250 mg is 68% of

this odds in the PL group. The odds ratio for #mslpoint is 0.68 (95% CI: 0.16 to 2.65). The
result is not statistically significant.

3.1.5.17. Withdrawal from the study due to adverse  events

Withdrawal from the study due to adverse events asagssed in all the studies included in

the analysis. Numbers and percentages of patietitsirawn from the study due to adverse
events are summarized below.

Table 38.

Numbers and percentages of patients withdrawn fronthe study due to adverse events;
BOS vs. PL

N n Percentage N n Percentage
Channick 2001 21 0 0% 11 0 0% n.a.
Rubin 2002 144 9 6% 69 5 7%
Barst 2006 60 6 10% 62 6 10% ns.
BREATHE-5 37 2 5% 17 2 12% n.s.

" calculated from data reported in the study

In the studies oRubin 2002andBREATHE-5 the percentage of patients withdrawn fribie
study due to adverse events was higher in the barsegroup as compared to the placebo
group. In theBarst 2006study the percentage of patients withdrawn froe gtudy due to
adverse events was equal in both groups (BOS ahdrPthe clinical trial ofChannick 2001
no patients were withdrawn due to adverse everdayrof the compared groups.

A metaanalysis for the total number of patientshdidawn from the studies due to adverse
events is presented below.
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Figure 15.
Metaanalysis for the total number of patients withadawn from the study due to adverse
events; BOS vs. PL

Rubin 2002 . 0.85 (0.25, 3.38)
Barst 2006 . 1.04 (0.26, 4.14)

BREATHE-5 B 0.43 (0.03, 6.54)
Results of metaanalysis [fixed] —o— 0.84 (0.39, 1.81)
Studies heterogeneity test: p=0.761 ;
T T T T T T 1
0.01 0.1 0.2 0.5 1 2 5 10

QOdds ratio (95% confidence interval)

The odds ratio is 0.84 (95% CI: 0.39 to 1.81, p&1@), which means that the odds of
withdrawal of a patient due to adverse eventsvgtdn the bosentan group and is 84% of the
odds in the placebo group. The result is not steai$y significant.

3.2. Epoprostenol vs. placebo

3.2.1. Results of the search for the studies

In searched medical databases three primary moiéiceandomized clinical studies fulfilling
the inclusion criteria were identified, in whichagostenol (EPO) used in combination with
conventional treatment (CT) was compared to CTalBubin 1990Barst 1996andBadesch
2000 None of the studies was double-blind. Detailedrabteristics of the studies and
publications related to them are presented inahketbelow.

Table 39.
Characteristics of the studies included in the angkis; EPO vs. CT

Rubin 1990 Rubin 1990 8 weeks 3
Barst 1996
Hinderliter 1997
Barst 1996 Langleben 1999 12 weeks 3
Raymond 2002
Badesch 2000 Badesch 2000 12 weeks 3
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Duration of the observation period in the includddies ranged from 8 weeks in tRabin
1990 study to 12 weeks in the trials &farst 1996and Badesch 2000Each of the trials
mentioned above scored 3 points in dadadscale.

3.2.2. Description of the population

In all the analyzed studies patients with pulmoranterial hypertension participated. In the
Rubin 1990and Barst 1996studies patients with primary pulmonary arterigbértension
diagnosed according to the NifMlational Institutes of Healthyvere recruited, while in the
study of Badesch 200(patients with pulmonary hypertension associatetth wollagenosis
participated; the condition was defined as systasnicircumscribed scleroderma (deposition
of calcium in the subcutaneous tisqgelcinosis cutis),Rayanud’s phenomenon, clinically
defined disorders of esophageal function, sclerodeof the fingers or teleangiectases),
systemic scleroderma accompanying other connetisgae diseases or presence of certain
signs of systemic scleroderma, including Raynaysh®nomenon and positive test for
antinuclear, antri-centromere or anti-Scl-70 ardibs, or fingernail capillary abnormalities.

The patients in the studies Rtibin 1990andBadesch 200@vere in NYHA (New York Heart
Associatiof class 1I-IV, while those in thBarst 1996@trial — in NYHA class Il or V.

In the clinical trial ofRubin 199Qpatients who did not respond to treatment or dictolerate
one or more vasodilators commonly used in pulmorapertension were enrolled. All
patients received stable doses of such drugs fenemum of two weeks before enrollment.
In the Barst 1996study all patients received standard treatmeni \&iticoagulants, oral
vasodilators, diuretics, cardiac glycosides andgexy while in theBadesch 200Q@rial the
patients might remain on a long-term therapy fdmmnary hypertension, provided that this
therapy was introduced at least a month beforellemnt. Patients who discontinued such
treatment (excepting anticoagulants) less than ekweior to enrollment as well as those
receiving prostaglandins were excluded from theystu

Additional inclusion criteria for patients in tligadesch 200@rial were: age over 16 years,
ability to walk at least 50 m within 6 minutes, neodte or severe pulmonary hypertension
(mean pulmonary artery pressure 35 mmHg, pulmonary vascular resistance
> 3 mmHg/l/min, right atrial pressure 20 mmHg, no congenital heart disease, pulmonary
capillary wedge pressure or left ventricular enstsyc pressure< 15 mmHg; if these
parameters could not be measured, disease of théadart was excluded by means of
echocardiography).

In two studies(Rubin 1990, Badesch 2006hromboembolic disease was listed among the
exclusion criteria for patients; this was diagnodegl means of pulmonary perfusion
scintigraphy or, in case of doubts, pulmonary atgaphy. From the study &adesch 2000
patients with interstitial lung disease other thaid were also excluded.

Detailed baseline characteristics of the patientslkd in specific clinical trials are presented
below.
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Table 40.
Baseline characteristics of the patients enrolledhiparticular studies; EPO vs. CT
EPO| CT | EPO| CT | EPO | CT EPO CT EPO CT EPO| CT | EPO| CT | EPO| CT
Rubin 38.4 | 350 . . I I o /R0 100 O TE O A 246 205
1990 11 12 nd) | (ndy 36.4% | 25.0% | 100%/0% | 100%/0% | 9%/82%/9% | 8%/50%/42% | nd nd nd nd (nd) (nd)
Barst 40 40 . . o0 oo o rRo o707 1ok o Mo 32 25 316 272
1506 4|40 | gy | a3y | 4% 30% | 1009%/0%| 100%/0 0%/76%/24%  0%/73%/28%  64% 0% 6| =iy | 3¢y | (115) | (146)
Badesch 53.0 | 57.3 0 0 0 0 0 0 —— orian0r 110 o o 145 | 15.2 . .
P 56 | 55 | 131)| 03)| 9% 18% | 0%/100%| 0%/100%  2%/75%/23%  7%/82%/11%  68% %69 170\ | 507 271.5" | 240.0
Total 108 | 107 | 46.6| 483 175%  23.3% - - 2%I76%/22%  5%[23% | 67% | 65% | 21.9| 193  3b1| 257

" Calculation based on available data

™ Median value

# Based on 2 studies
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A total number of 215 patients participated in éhnevestigated studies, of whom 108 were
appointed to the epoprostenol group (EPO) and A@iet conventional treatment group (CT).
Mean age was 46.6 years in the epoprostenol growp48.3 years in the conventional
treatment group; the percentage of men was 17.58b6 2$3%, respectively, and the
percentage of patients in NYHA functional class286 and 5%, class Ill: 76% and 75% and
class IV: 22% and 21%, respectively. Oral vasodikivere administered to 67% of patients
in the epoprostenol group and 65% in the conveatitreatment group, mean duration of the
disease was 21.9 and 19.3 months and mean 6-mwalie distance: 301 m and 257 m,
respectively.

From the above data it may be concluded that meselharacteristics of the patients with
primary pulmonary hypertension in the studie®Rabin 1990andBarst 1996are similar as to
mean age and the percentage of men, being diffaend the NYHA functional class and
mean 6-minute walk distance. In tiBadesch 200Gstudy, in which patients with PAH
associated with connective tissue diseases todk tha&r percentage of men was lower and
mean age was slightly higher as compared to tlkestwfRubin 1990andBarst 1996.

The authors of two clinical trialBarst 1996andBadesch 2000Jid not find any statistically
significant differences in the patients’ baselingamcteristics. This information was not
provided in theRubin 1990study.

3.2.3. Description of the interventions

In all three studies included in the analysis thggmts were randomly assigned to the group
receiving epoprostenol with conventional treatm@&®RO) or the group, in which the patients

received conventional treatment alone.

Details of dosage and the route of administratibepmoprostenol as well as drugs used in
conventional treatment are presented in the tadd@b

Table 41.
Description of the interventions; EPO vs. CT

Epoprostenol at the maximum tolerated doseAnticoagulants, oral \;\ijag;rr':e%ﬁg
administered by intravenous infusion using vasodilators, oxygen, zjlchieve a
Rubin 1990 a catheter and an infusion pump glycosides and/or rothrombin time 1.3
(Autosyringe AS2F,Travenol Inc., Hooksett, diuretics at the P t0 2 i that f.
New Hampshire). optimal dose 0 < limes that o
controls.
Epoprostenol at the initial dose of 4 ng/kg of
body mass/min below the maximum tolerated
dose, which was then adjusted to signs and
Barst 1996 symptoms of the dis_ease and ao_lverse event%ral anticoagulants Nd
The drug was administered by intravenous
infusion using a catheter and an infusion
pump(CADD-1 Model 5100 HF, Pharmacia
Deltee, St. Paul, Minnesoja
Epoprostenol at the initial dose2 ng/kg of
body mass/min, then adjusted to signs and Adjustments in
symptoms of the disease and adverse eventQral anticoagulants, concomitant
Badesch 2000| The drug was administered by intravenous calcium channel medications on the
infusion using a catheter and an infusion blockers basis of clinical
pump CADD-1 Model 5100 HF, Pharmacia judgement.
Deltee, St. Paul, Minnesota.)
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In the studies oRubin 1990andBarst 1996he maximum tolerated dose of epoprostenol was
determined before randomization, during an init@ériod. The right ventricle was
catheterized, hemodynamic measurements performgédham epoprostenol was infused at
a dose of 1-2 ng/kg of body mass/m{Rubin 1990)or 2 ng/kg of body mass/mi(Barst
1996), which was increased every 5-15 minu{@bin 1990)or every 15 minute¢Barst
1996). During infusion the hemodynamic parameters wesessed again. In both clinical
trials the infusion was discontinued if periphebobbod pressure decreased by at least 40%,
heart rate increased by at least 40% or other adwarents requiring discontinuation (in the
physician’s opinion) were observed. In thM@adesch 2000study epoprostenol was
administered at an initial dose not higher tharg&eg of body mass/min, which was then
increased and adjusted according to severity ofssignd symptoms of pulmonary
hypertension or possible adverse events duringaanrent period of 12 weeks.

In all evaluated studies epoprostenol was admmadtetravenously into the jugular vein or
the subclavian vein, in a continuous infusion usanginfusion pump. Before discharge from
the hospital the patients were trained in techrsqoé sterilization of the pump and
preparation and administration of the drug.

All patients, both in the epoprostenol group andhi@ control group, received conventional
treatment. In all studies anticoagulants were usaile in theRubin 1990study apart from
anticoagulants the patients were treated with weslodilators, oxygen, glycosides and/or
diuretics and in Badesch 2000 with calcium chabtatkers.

3.2.4. Analysis of efficacy

3.2.4.1. Mortality

Mortality was assessed in all studies includedvenanalysisRubin 1990Barst 1996and
Badesch 20Q0The observation period ranged from 8 weeks irRiblein 199Qrial to

12 weeks in the studies Barst 1996andBadesch 2000

Numbers and percentages of patients who died asepted below.

Table 42.

Numbers and percentages of patients who died; EPGvCT

S I ol L I
Rubin 1990 10 1 10.0% 9 3 33.3% n.s.
Barst 1996 41 0 0% 40 8 20.0% p = 0.003
Badesch 2000 56 4 7.1% 55 5 9.1% n.s.

" Calculation based on available data

In all the clinical trials percentages of patiemso died during an observation period of 8 or
12 weeks were lower in the EPO group than in theg@lp Differences between the groups
were statistically significant in the study Barst 1996;in the trial ofBadesch 200they did
not reach statistical significance and the autldrthe Rubin 1990study provided no such
information.
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In the Rubin 1990study the cause of death of a patient in the ERDpgywas occlusion of
small pulmonary veins, one of the patients assigad¢tde CT group died after introduction of
treatment with nifedipin due to hypotension resisttb treatment and the two remaining
patients in this group died of severe pulmonaryentgmsion. The causes of death of patients
in the EPO group in the study Badesch 200Qvere: progressive right ventricular failure,
myocardial infarction, septic shock and sudden lgeatile in the conventional treatment
group: respiratory failure (in 2 patients), progies right ventricular failure, acute pulmonary
edema and cardiac arrhythmia. The authors oB#rst 1996study did not specify the causes
of death of patients in the conventional treatnggatp.

A metaanalysis for the total number of patientshwitimary hypertension, PAH associated
with collagenoses and regardless of the type oétigpsion, who died during an observation
period of 8-12 weeks, is presented in the figulewe

Figure 16.
Metaanalysis for the total number of patients who td; EPO vs. CT

Primary pulmonary hypertension

Rubin 1990 = 0,222 (0,004, 3,840)
Barst 1996 B 0,046 (0,000, 0,505)
Result of metaanalisis [fixed] 0,090 (0,015, 0,556)

Studies heterogeneity test: p= 0,229

Pulmonary hypertension associated with collagenoses
Badesch 2000 i 0,769 (0,144, 3,810)

Total

Result of metaanalisis [random] 0,286 (0,054, 1,508)

. X . I T [ [
Studies heterogeneity test: p 0,0820’001 0,01 01 02 05 1 2 5

Odds ratio (95% confidence interval)

From this metaanalysis it may be concluded thabtds of death in both populations (the
patients with primary PAH and PAH associated withreective tissue diseases) as well as for
all patients is lower in the EPO group and is 9%867and 29% of the respective odds in the
conventional treatment group; the odds ratio i9 @9%% CI: 0.015 to 0.56); p = 0.006 for
patients with primary PAH, 0.77 (95% CI: 0.14 t81. for patients with PAH associated

with collagenoses and 0.29 (95% CI: 0.05 to 1.p5;0.14 for both populations combined.
However, the result reached statistical signifieaacly for patients with primary pulmonary
hypertension.

Additional EBM parameters calculated for patienighwrimary PAH are presented in the
table below.
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Table 43.
Mortality — additional EBM parameters; EPO vs. CT

0.12 (0.02 to 0.64) 0.88 (0.36 to 0.98) 0.21 (A8.33) 5 (4 t0 13)

The relative risk is 0.12 (95% CI: 0.02 to 0.64hieh means that the risk of death is lower in
the EPO group and is 12% of this risk in the CTugroThe result is statistically significant.
The relative risk reduction is 88% (95% CI: 36 8),%nd the absolute risk reduction: 21 p.p.
(8 t0 33). In order to avoid one additional deapfogrostenol must be administered (in
addition to conventional treatment) to four patsemtith primary PAH for a period of 8-
12 weeks; NNT =5 (95% CI. 4 to 13).

3.2.4.2. Quality of life assessment according toth e Chronic Heart
Failure Questionnaire

Quiality of life was assessed using Gleronic Heart Failure Questionnairenly in one of the
studies included in the analysiarst 1996.This questionnaire assesses quality of life irr fou
areas: dyspnea, fatigue, emotional function andraebof the symptoms of disease. Higher
score in this questionnaire reflects improved dqualf life.

Median values of change from baseline scores iabservation period of 12 weeks reported
by the authors of thBarst 1996study are presented in the table below.

Table 44.
Results of assessment of quality of life €hronic Heart Failure Questionnaire;EPO vs.
CT

Median Median
N N
change change
Dyspnea 35 8.0 26 0.0 7.0 (4.0 to 10.0)
Fatigue 39 5.0 31 0.0 5.0(3.0t0 7.0
Emotional function 38 6.0 30 -1.0 7.0 (3.0to 10.0)
el aing 39 3.0 30 05 2.5 (1.0 10 4.0
symptoms

* The authors of the study reported differencemetdian values between the therapeutic groups eadzlilsing
theHodges - Lehmamethod

In the study ofBarst 1996after 12 weeks of observation the patients in ERO group
reported statistically significant improvement fran@seline with regard to all assessed areas.

The difference in median values between the assegseups is 7.0 points (95% CI:
4.0 to 10.0) for dyspnea, 5.0 points (95% CI. 8.0.0) for fatigue, 7.0 points (95% CI:
3.0; 10.0) for emotional function and 2.5 pointS%¥9Cl: 1.0 to 4.0) for control of the
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symptoms, in favor of the group receiving epopnosteand conventional treatment. The
results are statistically significant (p < 0.01).

3.2.4.3. Quality of life assessment according to th e Nottingham
Health Profile questionnaire

In the study oBarst 1996the Nottingham Health Profilguestionnaire was used to assess:
emotional reaction, energy level, pain, physicaliteds, sleep and social isolation. Lower
score reflected improved quality of life. The quasbaire was filled in after 12 weeks of
observation.

Median values of change from baseline scores fqraats of the questionnaire are presented
in the table below.

Table 45.
Results of assessment of quality of life Nottingham Health Profile;EPO vs. CT

N Median change N Median change
Emotional -14.7
reaction 37 -10.0 31 0.0 (-24.5 to -4.9)
Energy level 39 -36.8 31 0.0 (_60'%6,{'(?0 0)
Pain 39 0.0 31 0.0 -5 80£ 0.0)
Physical -9.2
abilities 39 112 30 64 (-19.9 to 2.0)
-21.7
Sleep 41 -16.1 31 0.0 (-34.310-9.1)
o . 0.0
Social isolation 40 0.0 31 0.0 (-20.1 10 0.0)

* The authors of the study reported differencemetdian values between the therapeutic groups eddzlilising
theHodges - Lehmamethod

From these data it may be concluded that improvénmequality of life assessed using the
Nottingham Health Profilequestionnaire was statistically significantly reghin the EPO
group as compared to the CT group with regard totiemal reaction and sleep.

The difference in median values between the grovass-14.7 points (95% CI. -24.5 to -4.9)
for emotional reaction and -21.7 points (95% CH#.33to -9.1) for sleep in favor of the EPO
group; p <0.01.

Differences between the therapeutic groups did neach statistical significance in the
following areas: energy level, pain, physical aigi and social isolation.
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the NYHA
functional

3.2.4.4. Increase of exercise capacity according to
classification (reclassification into a lower NYHA
class)

In all the studies included in the analysis improeat in exercise capacity as measured by
the NYHA (New York Heart Associationglassification was assessed both in patients
receiving epoprostenol with conventional treatmantl in patients receiving conventional
treatment alone. This endpoint was defined as seifieation of a patient with pulmonary
arterial hypertension into a lower NYHA class. Tdleservation period in this regard was
8 weeks in th&ubin 1990study and 12 weeks in the trialsBdirst 1996andBadesch 2000

The numbers and percentages of patients in specgmtment groups, whose exercise
capacity as measured by the NYHA classificationreased by at least one class, are
presented in the table below.

Table 46.
Numbers and percentages of patients, whose exercisgpacity as measured by the
NYHA classification increased; EPO vs. CT

S I s e
Rubin 1990 10 10 100% 9 22% p < 0,05
Barst 1996 40 16 40% 31 3% p <0.02
Badesch 2000 56 21 38% 55 0% p < 0,05

" Calculation based on available data

In all the studies included in the analysis improeat in exercise capacity according to the
NYHA classification was higher in the EPO grouprthathe CT group. In the study Barst
1996the difference between the groups reached staigignificance (p < 0.02). Authors of
the remaining clinical trials provided no inforn@ticoncerning statistical significance.

A metaanalysis for the total number of patientspwiere reclassified into a lower NYHA

functional class after 8-12 weeks of treatmenprésented in the figure below.
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Figure 17.
Metaanalysis for all patients with increase of exaise capacity according to the NYHA
classification; EPO vs. CT

Primary pulmonary hypertension

Rubin 1990 I 54.83 (2.17, 2717.66)
Barst 1996 . 20.00 (2.64, 865.93)
Results of metaanalysis [fixed] 26.44 (4.49, 155.81)

Studies heterogeneity test: p=0.27

Pulmonary hypertension associated with collagenoses

Badesch 2000 i 65.40 (5.69, 2742.21)

Total

Results of metaanalysis [fixed] T 37.99 (8.43, 171.22)

Studies heterogeneity test: p=0.35 I T T T T )
2 5 10 100 1000 1.00E+05

Odds ratio (95% confidence interval)

The odds ratio calculated from the metaanalystsvofstudies, in which patients with primary

PAH patrticipated, is 26.44 (95% CI: 4.49 to 155;81k 0.0001, which means that the odds
of reclassification into a lower NYHA class is 26 dmes higher in the EPO group than in
the CT group. The result is statistically signifita

The odds ratio for this endpoint in patients witAHP associated with connective tissue
diseases is 65.40 (95% CI: 5.69 to 160.00); thesodfl increase of exercise capacity
according to the NYHA classification is thereforeonma than 65 times higher in the EPO
group than in the CT group. The result reachedssital significance.

In the population of all patients the odds of i@ of exercise capacity according to the
NYHA classification is nearly 38 times higher inetiEPO group than in the CT group;
OR =37.99 (95% CI: 8.43 to 171.22); p < 0.0001e Tésult is statistically significant.

The table below presents additional EBM parameteilsative benefit (RB), relative benefit
increase (RBI), absolute benefit increase (ABI) #ralnumber of patients needed to treat in
order to achieve one additional case of increasexefcise capacity; the parameters are
calculated for patients with primary PAH, PAH asated with collagenoses and regardless
of the type of the disease, respectively.

Table 47.
Increase of exercise capacity — additional EBM paraeters; EPO vs. CT

Primary pulmonary arterial 6.22 5.22 0.46 3
hypertension (2.29t0 16.89) | (1.29to 16.89) (0.31 to 0.60) (2to 4)
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yperteneion Scotimed it 41.25 40.25 0.37 3
yp (4.52 t0 399.53)| (3.521t0 398.53)| (0.26 to 0.51) (2to 4)
collagenoses
Total 10.30 9.3 0.41 3
(4.031t026.33) | (3.03t025.33) | (0.31to00.51) (2to 4)

The relative benefit is 6.22 (95% CI: 2.29 to 16,881.25 (95% CI: 4.52 to 399.53), 10.30
(95% CI: 4.03 to 26.33) for patients with primarAH, PAH associated with connective
tissue diseases and regardless of the type of idemask, respectively; the probability of
increase of exercise capacity is therefore 6.2251and 10.30 times higher in the EPO group
as compared with the CT group. The results arésstaly significant. The relative benefit
increase is 5.22 (95% Cl: 1.29to0 16.89); 40.255430 398.53) and 9.3 (95% CI:
3.03 to 25.33), respectively. The absolute bematitease is 0.46 (95% CI: 0.31 to 0.60), 0.37
(95% CI: 0.26 to 0.51) and 0.41 (95% CI: 0.31 &wil(, which means that the probability of
reclassification into a lower functional class wasreased in the EPO group as compared to
the CT group by 46 percentage points (p.p.) forep&ét with primary PAH, by 31 p.p. for
patients with PAH associated with collagenoseskandl p.p. in the population of all patients
regardless of the type of PAH. In order to achieme additional case of increase of exercise
capacity according to the NYHA classification, epigienol must be administered with
conventional treatment instead of conventionalttneat alone to 3 patients with PAH, either
primary or associated with collagenoses, or regasdto its type, for a period of 8-12 weeks;
NNT =3 (95% Cl: 2 to 4).

the NYHA
functional

3.2.4.5. Decrease of exercise capacity according to
classification (reclassification into a higher NYHA
class)

This endpoint was analyzed in tBarst 1996study only, in which patients with primary PAH
took part. The observation period was 12 weeks.

Numbers and percentages of patients, in whom deeralaexercise capacity according to the
NYHA classification was observed, are presentetiéntable below.

Table 48.
Numbers and percentages of patients, whose exercissgpacity as measured by the
NYHA classification decreased; EPO vs. CT

N N Percen- N n Percen-
tage tage
Barst 1996 40 5 13% 31 10% n.s.

" Calculation based on available data

From the above data it may be concluded that theeptages of patients reclassified into
a higher NYHA functional class after 12 weeks adatment are similar in the compared
therapeutic groups. The authors of Berst 1996study provided no information concerning
statistical significance of differences betweenErO group and the CT group.
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The odds ratio is 1.33 (95% CI: 0.24 to 9.29), whioeans that the odds of decrease of
exercise capacity according to the NYHA classifaratis higher in the EPO group and is
133% of this odds in the CT group. The result isgtatistically significant.

3.2.4.6. No change in exercise capacity accordingt o the NYHA
classification

No change in exercise capacity according to the NYdthssification was assessed as an
endpoint in theBarst 1996study only. The observation period with regardhis endpoint
was 12 weeks.

Numbers and percentages of patients in the EPOpgaad in the CT group, in whom no
change in the NYHA functional class was observee paesented below.

Table 49.
Numbers and percentages of patients, whose exercissgpacity as measured by the
NYHA classification did not change; EPO vs. CT

N N Percen- N n Percen-
tage tage
Barst 1996 40 19 48% 31 27 87% s.s.

" Calculation based on available data

After 12 weeks of treatment of patients with prign®AH there was no change in the NYHA
functional class in 48% of patients in the groupereing epoprostenol with conventional
treatment and in 87% of patients in the group eivemtional treatment alone. The authors of
the analyzed study provided no information concggrstatistical significance of differences
between the therapeutic groups.

3.2.4.7. Results of the 6-minute walk test

In all the studies included in the analysis exercigpacity of patients with PAH was assessed
using the 6-minute walk test. The aim of this testo measure the distance walked by the
patient in 6 minutes.

In the study ofRubin 1990this endpoint was assessed during an observatoiodp of
8 weeks, while in both remaining clinical trial8arst 1996 and Badesch 200@he
observation period with regard to results of thmiGute walk test was 12 weeks.

The results of the evaluated studies were presast@tedian or mean values of change in the
distance walked in 6 minutes as compared to basdlstance.

Detailed results of specific studies are preseb&tow.
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Table 50.
Results of the 6-minute walk test; EPO vs. CT

Mean SD Mean SD Mean SD
. EPO 10 246 nd 378 nd 132| 228 45
Rubin
1200 (-130.15 to
CT 9 205 nd 292 nd 87 148 220.15)
EPO 41 316 115 348 109 32 nd 47
Sl (16.92 to
77.08)
Hkls CT 40 272 145 257 152 -15 nd
p < 0.003
Badesch EPO 56| 2715 nd 316 nd 63.50 nd 99 &"
A cT 55| 2400| nd 162 | nd | -36.006 | nd (nd)

* Calculation based on available data

** Median value

In all the studies improvement in exercise capagstyneasured by the 6-minute walk test was
higher in the EPO group than in the CT group. Haveuthe differences between the
compared therapeutic groups were statisticallyisagmt only in the study oBarst 1996.
This information was not presentedBadesch 200Grial.

Due to different methods of presentation of theilteof the 6-minute walk test (mean values
in the trials ofRubin 1990andBarst 1996and median values in tiBadesch 2008tudy), the
metaanalysis concerning weighted mean differencechiange between the assessed
interventions was based on the results of two stuRiubin 1990andBarst 1996
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Figure 18.
Weighted mean difference in change of exercise capty evaluated using the 6-minute
walk test; EPO vs. CT

Rubin 1990 45,00 (-130,15, 220,15)

Barst 1996 . 47,00 (16,92, 77,08)

Results of metaanalysis [fixed]

' _ - 46,94 (17,30, 76,59)
Studies heterogeneity test: p = 0.98

-200 -100 0 100 200 300

Weighted mean difference (95% confidence interval)

Weighted mean difference in change of the 6-minvaék distance between the EPO group
and the CT group is 46.94 m (95% CI: 17.30 to 76.p9= 0.002; improvement in exercise
capacity of patients with primary PAH as measurgdhe 6-minute walk test is therefore
higher by 46.9 m in the EPO group as compared @oCth group. The result is statistically
significant.

In the Badesch 200Gtudy, in which patients with PAH associated wetinnective tissue
diseases took part, the difference in median 6-taimalk distance was 108 m (95% CI:
55.2 to 180.0), in favor of the EPO group. The ltasistatistically significant.

3.2.4.8. Assessment of dyspnea and fatigue

Severity of dyspnea and fatigue was assessed irstwbes included in the analysBarst
1996andBadesch 2000n the scale used for assessment of dyspneaasigdd higher score
reflected decreased severity of these symptomboth studies this endpoint was assessed
after 12 weeks of observation of patients with putary arterial hypertension.

Median values of change from baseline scores @&septed in the table below.

Table 51.
Results of assessment of severity of dyspnea antidae; EPO vs. CT

N Median change N Median change
Barst 1996 41 1.0 31 0.0 2.0 (1.0t0 3.0
Badesch 2000 56 1.0 55 -1.0 2.0 (2.0t0 3.0

* The authors of the study reported differencesgdian values between the therapeutic groups eddalilising
theHodges - Lehmamethod
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In both analyzed studies the difference in medialneas of change of the score in the scale
used for assessment of dyspnea and fatigue betiheeBPO group and the CT group was
2.0 points in favor of the EPO group. The resuksenstatistically significant.

A metaanalysis of the results of two studies is@néed below.

Figure 19.
Weighted mean difference in median values of change the dyspnea and fatigue
assessment score in an observation period of 12 WepEPO vs. CT

Barst 1996 B 2.00 (1.00, 3.00)
Badesch 2000 . 2.00 (2.00, 3.00)
Results of metaanalysis [fixed] 2.00 (1.55, 2.45)
Studies heterogeneity test: p>0.9999
| T T T T | T T T T | T T T T | T T T T |
1.0 15 2.0 25 3.0
Weighted mean difference (95% confidence interval)

Weighted mean difference is 2.00 points (95% CE5%0 2.45); p < 0.0001; reduction of
severity of dyspnea and fatigue is therefore hidlyeP points in the EPO group as compared
to the CT group. The result is statistically sigraht.

3.2.4.9. Borg Dyspnea Score

Severity of dyspnea was assessed using the BorgnegsScore only in the study Béadesch
200Q In this scale lower score reflects less severgpga. The observation period with
regard to this endpoint was 12 weeks.

Median values of change from baseline scores ih thw@rapeutic groups are presented in the
table below.

Table 52.
Borg Dyspnea Score; EPO vs. CT

Median Median
N N
change change
Badesch 2000 56 -2.0 55 1.0 -2.5(-3.5t0-1.5)

* The authors of the study reported differencesadian values between the therapeutic groups eddalilising
theHodges - Lehmamethod
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The difference in median values of change betwéenBPO group and the CT group is
2.5 points (95% CI: -3.5to -1.5); reduction of eety of dyspnea is therefore higher by
2.5 points in the Borg Dyspnea Score in the EPQmras compared to the CT group. The
result is statistically significant.

3.2.4.10. Pulmonary transplantation

Pulmonary transplantation was assessed as an enamdy in the study oBarst 1996 The
period of observation of patients with primary PMds 12 weeks in this trial.

Numbers and percentages of patients in both thet@pgroups, in whom this endpoint
occurred, are presented in the table below.

Table 53.
Numbers and percentages of patients, in whom pulmamy transplantation was
performed; EPO vs. CT

N N Percen- N Percen-
tage tage
Barst 1996 41 1 2.4 40 5% n.s.

" Calculation based on available data

The odds ratio calculated from the above data48 (0.01 to 9.56); the odds of pulmonary
transplantation is therefore lower in the EPO graog is 48% of this odds in the CT group.
The result is not statistically significant.

3.2.4.11. Severity of Raynaud’s phenomenon

Severity ofRaynaud’sphenomenon was assessed only in one of the dlstiedies included

in the analysis, in which patients with PAH asstadawith collagenoses took paBadesch
2000.The patients were asked to assess severRaphaud'sdisease, taking into account the
number of episodes daily, duration of an episogecisic symptoms (such as numbness,
burning or tingling sensation and pain), impairmeintunction of the hands due to an episode
(excluding such factors as pain, ulceration, arthar scleroderma) and the effect of cold and
stress on daily activities and well-being. The gril$ evaluated severity of the symptoms over
the previous week using a scale from 1 (no probjeém%0 (severe symptoms).

The mean values of change from baseline scoreef@rgy of Raynaud’'sphenomenon in an
observation period of 12 weeks are presented below.

Table 54.
Mean values of change from baseline score for seiutgrof Raynaud’'sphenomenon; EPO
vs. CT

Mean SD
EPO 56 1.69 31
Badesch 2000 2.19 (0.86 to 3.52)
CT 55 -0.50 4.0

" Calculation based on available data
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Mean difference in change from baseline score foresgty of Raynaud’sphenomenon
between the assessed therapeutic groups was 4rit9 (5% CI. 0.86 to 3.52); p = 0.038, in
disfavor of the EPO group. The result was staafligcsignificant.

3.2.4.12. New digital ulcers or ischemic demarcatio n

New digital ulcers or ischemic demarcation evengsenassessed only in one clinical trial, in
which patients with PAH associated with collagesasek partBadesch 2000.

Numbers and percentages of patients, in whom thip@nt occurred, are presented in the
table below.

Table 55.
Numbers and percentages of patients, in whom newgltal ulcers or ischemic
demarcation events were observed; EPO vs. CT

N n Percen- N n Percen-
tage tage
Badesch 2000 52 10 19% 52 11 20% n.s.

" Calculation based on available data

Percentages of patients, in whom new digital ulagrsschemic demarcation events were
observed, were similar in both assessed therapguatigs.

The odds ratio calculated from the above data88 (5% CI: 0.30 to 2.59). It means that the
odds of occurrence of this endpoint is lower in B#O group and is 89% of this odds in the
CT group. The result is not statistically signifita

3.2.4.13. Hemodynamic parameters

3.2.4.13.1. Mean pulmonary artery pressure

Mean pulmonary artery pressure was assessed ithrak clinical trials included in the
analysis. The observation period was 8 weeks irRiigin 1990study and 12 weeks in the
trials of Barst 1996andBadesch 2000

In addition, in the clinical trial ofRubin 1990the number of patients, in whom mean
pulmonary artery pressure decreased by 10 mmHgpregented.

Mean values reported by the authors of specifidistuare presented below.
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Table 56.
Mean pulmonary artery pressure; EPO vs. CT
Mean SD Mean SD Mean SD
. EPO 10 58.6 nd 49.3 nd 93| 26.07
Rubin
1990 -9.3* (n.s.)
CT 9 62.2 nd 62.2 nd d.0 23,18
EPO 41 61 12.81 nd nd 4.8 8.3
Barst -6.7
1996 cT 40 59 12.81 nd nd 1.9 10712| (10710-26)
EPO 56 50.9 10.6 nd nd -5.03 8.16 -5.97
Badesch
2000 (-8.98 to -
CT 55 49.1 10.2 nd nd 0.94 8'16 2.96)

" Calculation based on available data

In all clinical trials there was a reduction of mgaulmonary artery pressure in the EPO group
and increase in CT group. Differences between Hezapeutic groups were statistically
significant in the studies darst 1996andBadesch 2000while in the trial ofRubin 1990

they did not reach statistical significance.

A metaanalysis of differences in change of meampuhry artery pressure between the EPO
group and the CT group for patients with primaryHRAAH associated with connective
tissue diseases and regardless of the type of BAkksented in the figure below.

Figure 20.
Weighted mean difference in change of mean pulmonwgrartery pressure; EPO vs. CT

Primary pulmonary hypertension
Rubin 1990 L -9,30 (-31,57, 12,97)
Barst 1996 —— -6,70 (-10,73, -2,67)
Results of metaanalysis [fixed] %_ -6,78 (-10,75, -2,81)
Studies heterogeneity test: p= 0.821
Pulmonary hypertension associated with collagenoses
Badesch 2000 —.— -5,97 (-9,01, -2,93)
Total
Results of metaanalysis [fixed] v -6,27 (-8,68, -3,86)
Studies heterogeneity test: p = 0.926 | . . . . | . . . . . . . . |
-40 -20 0 20
Weighted mean difference (95% confidence interval)
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Weighted mean difference in change of mean pulnmoadery pressure for patients with
primary PAH is -6.78 mmHg (95% CI: -10.75 to -2.81)x 0.001, in the favor of EPO group.
The result is statistically significant.

Weighted mean difference in change of mean pulmoasgery pressure for patients with
PAH associated with connective tissue diseaseS.% .mmHg (95% CI: -9.01 to -2.93), in
favor of the EPO group. The result is statisticalnificant.

For the population of all patients weighted meaifietence in change of mean pulmonary
artery pressure between the groups (EPO and CTulagdd in the metaanalysis is
-6.27 mmHg (95% CI: -8.68 to -3.86), p < 0.001;faror of the EPO group as compared to
the CT group. The result reached statistical sicgmice.

Numbers and percentages of patients participatinghe Rubin 1990study, in whom
pulmonary artery pressure decreased by more thannidg after an observation period of
8 weeks, are presented in the table below.

Table 57.
Numbers and percentages of patients, in whom pulmamy artery pressure decreased by
more than 10 mmHg; EPO vs. CT

Percenta Percenta
N n
ge ge
Rubin 1990 10 6 60% 11% p = 0.057

" Calculation based on available data

From the above data it may be concluded that thieeptage of patients, in whom mean
pulmonary artery pressure decreased by at leastmidg, was higher in the EPO group than
in the CT group. However, the result was not diatifly significant (p = 0.057).

The odds ratio calculated from the results of Bugbin 1990study is 12.00 (95% CI:
0.83 t0 619.03), which means that the odds of reolucf pulmonary artery pressure is
12 times higher in the EPO group than in the CTugrd he result is statistically significant.

Administration of epoprostenol with conventionaadtment instead of conventional treatment
alone to 3 patients will result in reduction of manary artery pressure by more than
10 mmHg in one additional patient; NNT = 3 (95% Zto 23).

3.2.4.13.2. Pulmonary vascular resistance

In all three clinical studies included in the amady pulmonary vascular resistance was
estimated. The observation period was 8 weeksarRtibin 1990trial and 12 weeks in the
studies oBarst 1996andBadesch 2000

The table below presents mean final values of pobnpvascular resistance and mean values
of change from baseline for this parameter as tegddsy the authors of the studies.
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Table 58.
Mean pulmonary vascular resistance; EPO vs. CT
Mean SD Mean SD Mean SD
- EPO 10 21.6 nd 13.9 nd 7.9 15.24 270
- *
Y CT 9 20.6 nd 20.4 nd 0.2 | 15.74 (-2164106.24)
EPO 41 16 6.40 nd nd -3.4 448
Barst -4.9
- - *
1996 cT 40 16 6.32 nd nd 15 759 | (7:6110-2.19)
EPO 56 14.2 7.1 d d -4.58 5.69
Badesch n n -5.50
- - *
2000 cT 55 112 53 nd nd 0.02| 45| (7:3610-364)

" Calculation based on available data

In studies oBarst 1996andBadesch 200¢here was a decrease of mean pulmonary vascular
resistance in the EPO groups and increase in CUpgroDifferences between treatment
groups were statistically significant. The resufiswnot statistically significant only iRubin
1990trial.

A metaanalysis for difference in change of pulmgnaascular resistance between the
assessed therapeutic groups is presented below.

Figure 21.
Weighted mean difference in change of value of pulomary vascular resistance; EPO vs.

CT

Primary pulmonary hypertension

-7,70 (-21,64, 6,24)

Rubin 1990
Barst 1996 —.— -4,90 (-7,61, -2,19)
Results of metaanalysis [fixed] _>_ -5,00 (-7,67, -2,33)

Studies heterogeneity test: p = 0.70

Pulmonary hypertension associated with collagenoses

Badesch 2000 —.— -5,50 (-7,36, -3,64)
Total
Results of metaanalysis [fixed] v -5,34 (-6,86, -3,82)
Studies heterogeneity test: p = 0.887
| T T T T | T T T T | T T T T | T T T T T T T T |
-30,0 -22,5 -15,0 -7,5 0,0 7,5

Weighted mean difference (95% confidence interval)
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For patients with primary PAH weighted mean diffeze in change from baseline values of
pulmonary vascular resistance is -5,00 mmHg/I/r@beg CI: -7.67 to -2.33); p < 0.001. It
means that reduction of pulmonary vascular restgt@higher by 5.00 mmHg/l/min in the
EPO group as compared to the group of patients,reteived conventional treatment alone.
The result is statistically significant.

For patients with PAH associated with connectigsue diseases mean difference in change
of pulmonary vascular resistance between the tleetap groups is -5.50 mmHg/l/min
(95% CI: -7.36 to -3.64), in favor of the EPO group

Weighted mean difference of change in values ofmpulary vascular resistance in the
population of all patients is -5.34 mmHg/l/min (9%2% -6.86 to -3.82); p < 0.001. It means
that reduction of this parameter is higher by 5184Hg/lI/min in the EPO group than in the
CT group and the result reached statistical sigaifce.

3.2.4.13.3. Cardiac index

Cardiac index was evaluated in two of the analydedcal trials: Barst 1996and Badesch
2000.The observation period was 12 weeks.

Table 59.
Mean values of cardiac index; EPO vs. CT

Mean SD Mean SD
EPO 41 2.0 06 0.3 0.6 05
Barst 1996 .
cT 40 2.1 13 -0.2 1.3 (0.2t00.9)
EPO 56 1.9 0.6 0.50 0.6 0.60
Badesch 2000 '
cT 55 2.2 0.7 -0.10 ge | (0-39t0081)

" Calculation based on available data

In both studies increase of the value of cardigexnwas statistically significantly higher in
the group of patients, who received epoprostentii eonventional treatment as compared to
patients receiving conventional treatment alone fEsults were statistically significant.

Difference in change of the value of cardiac indetween the groups (EPO and CT) in
patients with primary PAH was 0.5 I/minfnand in patients with PAH associated with
collagenoses — 0.60 I/minfirin favor of the EPO group.

Weighted mean difference in change of the valueaodiiac index in an observation period of
12 weeks calculated form a metaanalysis of thdteestiboth studies is presented below.
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Figure 22.
Weighted mean difference in change of cardiac indePO vs. CT

Barst 1996 . - 0,50 (0,06; 0,94)
Badesch 2000 + 0,60 (0,38; 0,82)

Results of metaanalysis [fixed] 0,58 (0,38; 0,78)
Studies heterogeneity test: p =
0.693

Weighted mean difference (95% confidence interval)

Weighted mean difference of change in values aliaarindex calculated for the population
of all patients is 0.58 I/min/f{95% CI: 0.38 to 0.78); p < 0.001, in favor of ppmstenol and
the result is statistically significant.

3.2.4.13.4. Cardiac output

Cardiac output was assessed in Rubin 1990study only. Patients with primary PAH were
observed for 8 weeks with regard to this parameter.

Mean baseline and final values of cardiac outppomed by the authors and calculated
changes from baseline values of this parameteprasented in the table below.

Table 60.
Mean values of cardiac output; EPO vs. CT

Mean SD Mean SD Mean SD

Sl EPO 10 3.3 nd 3.9 nd 06| 097 o2

1990 cT 9 35 nd 3.9 nd G4 | 189 | (111t 15D)

" Calculation based on available data

Mean difference in change between the groups (BERIOCA) calculated from data presented
by the authors of th&®ubin 1990study is 0.2 I/min (95% CI: -1.11 to 1.51); incseaof
cardiac output is therefore higher by 0.2 I/mintie EPO group as compared to patients
receiving conventional treatment alone. Howeves,résult is not statistically significant.
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3.2.4.13.5. Arterial blood oxygen saturation

Arterial blood oxygen saturation was assessed @& gtndy, in which patients with primary
PAH took part (Barst 1996), and one, in which patients with PAH associatedhwit
collagenoses were enroll@@adesch 2000)The observation period was 12 weeks.

The table below presents mean baseline values tefiarblood oxygen saturation and
changes from baseline values observed in boticelitiials.

Table 61.
Mean arterial blood oxygen saturation; EPO vs. CT

Mean SD Mean SD
EPO 41 91% 13 2.0% 10.3
2.6
Barst 1996 (1.8 t0 7.1)
CcT 40 92% 6 -0.6% 8.9 ' '
EPO 56 92.7% 6.8 -0.339 816
Badesch 2000 -0.02
CT 55 92.5% 6.6 -0.31% 452 (-2.4510 2.42)

* Calculation based on available data

In patients with primary PAHBarst 1996)increase in arterial blood oxygen saturation was
higher by 2.6 p.p. in the EPO group as comparatlddCT group. Mean difference in change
was 2.6 p.p. (95% CI: -1.8 to 7.1); however, theuliewas not statistically significant.

For patients with PAH associated with connectigsue diseases mean difference of change
in arterial blood oxygen saturation between theapeutic groups was -0.02 p.p. (95% CI: -
2.4510 2.42). It means that decrease of this pat@nwas higher by 0.02 p.p. in the EPO
group as compared to the CT group. The result dideach statistical significance.

Weighted mean difference in change of arterial lorygen saturation between the assessed
groups calculated for the population of all patseistpresented in the figure below.
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Figure 23.
Weighted mean difference in change of arterial blod oxygen saturation; EPO vs. CT

Barst 1996 - . 2,60 (-1.60; 6.80))
Badesch 2000 + -0,02 (-2.48; 2.44)

Results of metaanalysis [fixed]
Studies heterogeneity test: p=0.29 0.65 (-1.47; 2.76)

Weighted mean difference (95% confidence interval)

Weighted mean difference in change of arterial lorygen saturation between the assessed
therapeutic groups is 0.65 p.p. (95% CI: -1.47.%b62 p = 0.55. It means that increase of this
parameter is higher by 0.65 p.p. in the EPO grbap in the CT group. However, the result is
not statistically significant.

3.2.4.13.6. Mixed venous blood oxygen saturation

This parameter was evaluated in two clinical triaith an observation period of 12 weeks. In
the study oBarst 1996patients with primary PAH took part, while in tBadesch 200@xial
patients with PAH associated with collagenoses@pated.

Detailed results of both studies are presentedibelo

Table 62.
Mean mixed venous blood oxygen saturation; EPO v&T

Mean SD Mean SD
Barst 1996 EPO 41 62% 13 1.2% 115 a8
ars
cT 40 59% 13 -2.6% 12.7 (-1.6 t0 9.2)
Badesch 2000 —— 56 | 574%| 108| 355% 1063 469
adesc
cT 55 58.8% 9.9 -1.07% 9.20 | (0.94to 8.30)

" Calculation based on available data
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For patients with primary PAHBarst 1996)as well as those with PAH associated with
collagenose¢Badesch 2000increase in mean mixed venous blood oxygen satarat the
group of patients treated with epoprostenol andredse in groups of patients receiving
conventional treatment alone was observed. HoweNferences between therapeutic groups
were statistically significant only for patientstiwviPAH associated with connective tissue
diseases. Mean difference in change between tlesses$ groups was 3.8 p.p. (95% CI: -
1.6 to 9.2) for patients with primary PAH and 469. (95% CI: 0.94 to 8.30) for patients
with PAH associated with collagenoses, in both saséavor of the EPO group.

The figure below presents weighted mean differenahange of mixed venous blood oxygen
saturation between the groups (EPO and CT) foptipailation of all patients.

Figure 24.
Weighted mean difference in change of mixed venousood oxygen saturation; EPO vs.

CT

Barst 1996 . 3,80 (-1.47; 9,07)

Results of metaanalysis [fixed] 4.35 (1.32; 7.38)
Studies heterogeneity test: p =0.80

Badesch 2000 4,62 (0,92; 8,32)

T T T T T T T | T T T T | T T T T | T T T T '
-2.0 0 05 3.0 55 8.0 10.5
Weighted mean difference (confidence interval))

Weighted mean difference in change of mixed veridased oxygen saturation between the
assessed therapeutic groups calculated from anadyas is 4.35p.p. (95% CI:
1.32 to 7.38); p = 0.0049. It means that incredghis parameter is higher by 4.35 p.p. in the
EPO group as compared to the CT group. The resatatistically significant.

3.2.5. Assessment of safety

3.2.5.1. Adverse events

Safety of the compared treatment options was asdassall three studies included in the
analysis; however, detailed numeric data for bathugs were presented only by the authors
of the Badesch 2008tudy. In this study adverse events were claskifito one of the three
groups: related to the disease (syncope, palloites$, related to treatment (anorexia, nausea,
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diarrhea, jaw pain, depression) and related tordlke of administration (sepsis, cellulites,
hemorrhage, pneumothorax).

The observation period was 8 weeks in Buhin 1990study and 12 weeks in the trials of
Barst 1996andBadesch 2000

The table below presents numbers and percentagpatiehts participating in thBadesch
2000trial, in whom specific adverse events were olesgrv

Table 63.
Numbers and percentages of patients in thBadesch 200Gtudy, in whom specific
adverse events were observed; EPO vs. CT

T T ot I R o
Syncope 56 4 % 55 11 20% S.S.
Pallor 56 18 32% 55 29 53% S.S.
Ascites 56 13 23% 55 18 33% n.s.
Anorexia 56 37 66% 55 26 47% S.S.
Nausea 56 23 41% 55 9 16% S.S.
Diarrhea 56 28 50% 55 3 5% S.S.
Jaw pain 56 42 75% 55 0 0% n.s.
Depression 56 7 13% 55 2 4% n.s.
Sepsis 56 2 4% 55 - - -
Cellulitis 56 2 4% 55 - - -
Hemorrhage 56 2 4% 55 - - -
Pneumothorax 56 2 4% 55 - - -

In the clinical trial ofBadesch 2000ncidence of adverse events related to the disease
lower in the group of patients treated with epof@nsl as compared with the conventional
treatment group, while adverse events related oprestenol were observed more often in the
EPO group as compared to the CT group. Howeveferdiices between the assessed
therapeutic groups reached statistical significaolg with regard to the following adverse
events: syncope, pallor, anorexia, nausea ancherr
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Figure 25.
Odds ratios for specific adverse events calculatgdom the results of theBadesch 2000
study; EPO vs. CT

OR (95% CI)
Syncope —— 0.31(0.07, 1.14)
Pallor —a— 0.43 (0.18, 0.98)
Ascites — 0.62 (0.25, 1.55)
Anorexia — 2.17 (0.95, 5.02)
Nausea — 3.56 (1.36, 9.83)
Diarrhea —_— 17.33 (4.61, 94.37)
Jaw pain - 327.00 (27.58, 11155.05)
Depression - 3.79 (0.67, 38.63)
I T T 1 T T 1 T T 1
0.01 0102 051 2 5 10 100 1000 1.00E+05

The odds of occurrence of syncope, pallor and escit lower in the EPO group and is 31%,
43% and 62% of the respective odds in the conveatitteatment group. The odds ratio for
syncope is 0.31 (95% CI: 0.07 to 1.14), for pald#3 (95% CI: 0.18 to 0.98) and for ascites:
0.62 (95% CI: 0.25 to 1.55). However, the resulicheed statistical significance for pallor
only.

In order to avoid one additional case of palloro@pstenol must be administered with
conventional treatment instead of conventional ttneat alone to 5 patients with PAH
associated with connective tissue diseases foriado®f 12 weeks; NNT =5 (95% CI:
310 48).

The respective odds ratios and NNH values are: QR# (95% CI: 0.95to 5.02) for
anorexia, OR =3.56 (95% CI: 1.36 to 9.83), NNH £95% CI. 3 to 13) for nausea, 17.33
(95% ClI: 4.61t094.37), NNH =3 (95% Cl: 2to4prf diarrhea, 327.00 (95% CI:
27.58 t0 11155.05), NNH = 2 (95% CI: 2 to 2) fowjpain and 3.79 (95% CI: 0.67 to 38.63)
for depression. It means that the odds of occuer@icanorexia, nausea, diarrhea, jaw pain
and depression in the EPO group as compared wetiCihgroup is 2.17, 3.56, 17.33, 327.00
and 3.79 times higher, respectively. However, #milts are statistically significant only for
nausea, diarrhea and jaw pain.

In the study oRubin 1990among the most common adverse events in the estep group
were: loose stools (observed in 100% of patiefds),pain (57% of patients) and photophobia
(36% of patients). In addition in two patients fiusy was observed, one third of the patients
reported dyspnea and in a few patients thrombofildednd ascites occurred. Failure of the
infusion pump requiring discontinuation of the isiton was observed in five cases and four
patients required replacement of the cathetern&npatient a reversible neurological ischemic
event was reported. In two patients relapse ofymeptoms was observed, including syncope;
this was due to inappropriate (i.e. too low) epsfenol dosage after a new type of the
syringe was applied. None of the adverse evenellsbove was life-threatening.
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In the Barst 1996 clinical trial the following adverse events rethtéo treatment were
observed in the epoprostenol group: jaw pain, kear flushing, headache, nausea and
vomiting. Among serious adverse events, mainlyteeldo the route of administration of the
drug, sepsis and a thrombotic event were repomeenty-six cases of failure of the drug
administering system with subsequent discontinnatib the infusion were reported, these
were due to occlusion, perforation or damage toirthesion pump. After discontinuation of
epoprostenol administration increase of severitgyoptoms of pulmonary hypertension was
observed. In addition, irritation or infection &etsite of the catheter insertion was observed
in 7 patients, bleeding in 4 patients and 4 pagiegported pain.

3.2.5.2. Withdrawal from the study

This endpoint was assessed in the studBafst 1996only. Numbers and percentages of
patients withdrawn from the clinical trial duringy abservation period of 12 weeks are
presented below.

Table 64.
Numbers and percentages of patients withdrawn fronthe study; EPO vs. CT

N n Percen- N Percen-
tage tage
Barst 1996 41 2 5% 40 0% n.s.

" Calculation based on available data

The odds ratio calculated using tReto method is 7.39 (95% CI: 0.45 to 120.32), which
means that the odds of a patient being withdrawmfthe study is 7.39 times higher in the
EPO group than in the CT group. The result is tatistically significant.

Among the causes of withdrawal the authors of Bagest 1996study reported jaw pain,
diarrhea and inability to operate the drug admeamisgy system.

3.3. lloprost vs. placebo

3.3.1. Results of search for the studies

Two primary clinical studies fulfilling the inclusn criteria, in which patients with pulmonary
arterial hypertension participated, were includedhie comparative analysis of efficacy and
safety of iloprost (ILO) vs. placebo (P hurm 199landOlschewski 2002The clinical trial

of Thurm 1991was conducted in one treatment center, whileQlsehewski 2003tudy was
carried out in 37 European centers. Only Tieirm 1991study was double-blind. The table
below presents detailed characteristics of theissudcluded in the analysis.
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Table 65.
Characteristics of the studies included in the angbis; ILO + PL vs. PL

Thurm1991 Thurm 1991 3 days 3

Olschewski 2002 Olschewski 2002 12 weeks 2

The observation period was 3 days in Tieirm 1991study and 12 weeks in tif@schewski
2002trial. TheJadadcredibility score was 3 points for tiHdurm 1991study and 2 points for
the study oDlschewski 2002.

3.3.2. Description of the population

In both clinical studies patients with pulmonarypbytension were enrolled. However, in the
trial of Thurm 1991patients with PAH associated with collagenoseagibsed according to
the American College of Rheumatologyteria) took part, while for th®Ischewski 200#ial
both patients with primary and secondary PAH (iassociated with use of appetite
suppressant drugs, collagenoses or inoperable ichrbmomboembolic disease) were
gualified.

The participants of th&hurm 1991study were classified according to the degreekaf s
involvement (assessed using Barnettmethod) into one of three groups: digital sclerate
(type 1), scleroderma proximal to the metacarpogigeal joints but not involving the trunk
(type 1) or diffuse skin involvement including theunk (type Ill). Among the inclusion
criteria the authors of thEhurm 1991study listed also occurrence of at least eigreag®s of
Raynaud'phenomenon a week.

In the trial ofOlschewski 2002he patients, whose mean pulmonary artery pressureeded
30 mmHg, were able to walk from 50 to 500 m durim@-minute walk test and were
classified in NYHA (New York Heart Associatiorfunctional class Il or IV, in spite of
conventional treatment with anticoagulants, digsetidigitalis glycosides, calcium channel
blockers or oxygen, were enrolled. Patients rengithe investigated drugs, prostanoidg-or
blockers could not participate in the clinical riase of calcium channel blockers was
admitted provided that the dose of these drugs iresdastable for at least 6 weeks prior to
enrollment. Among the exclusion criteria pulmonamtery wedge pressure at rest over
15 mmHg, cardiac index at rest below 1.5 or ovéimin/m® of the body surface area,
bleeding disorders, bilirubin concentration ovem@d| (51umol/l), creatinine clearance
below 30 ml/min, forced vital capacity (FVC) beld0%, forced expiratory volume in one
second (FEY) below mean normal value minus twice the standhedation and clinical
instability were listed.

Detailed baseline characteristics of the patientsleed in theThurm 1991and Olschewski
2002studies are presented in the table below.
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Table 66.
Baseline characteristics of the patients enrolledhiparticular studies; ILO vs. PL

ILO | PL | ILO PL ILO PL ILO PL ILO PL ILO PL ILO PL ILO PL
Thurm 55.2 | 457 0 0 0 0 0 0 0 o 16.0 | 12.3
1991 6 7 145)| ©.7) 16.7% | 28.6% 0%/100% 0%/100% nd nd 0% 0% 132)| .8) nd nd
Olschewski 512 | 52.8 0 0 0 0 0 0 0 Lo, a0 0 0 0 332 | 315
2002 101 | 102 13.2) | (12.0) 31.7% | 33.3%| 50.5%/49.5% 50.0%/50.0% 59.4%/40.6% 8%M2.2% | 51.5%| 56.9% nd nd 93) (96)
Total 107 | 109| 51.4| 523 30.99 33.0% 47.7%/52.8% 46.8%#563. - - 48.6% | 53.3% - - - -
" Calculation based on available data
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A total number of 216 patients with PAH were eredllin these two clinical trials, 107

assigned to the iloprost group and 109 to the plaagroup. Mean age of patients in both
studies was 51.4 in the ILO group and 52.3 in thegPup, the percentage of men: 30.9%
and 33.0%, respectively, the percentage of patigittsprimary PAH: 47.7% and 46.8% and
those with PAH associated with other diseases%2a8d 53.2%, respectively.

The populations of patients enrolled in both stadiere relatively similar as to mean age and
the percentage of men but were different with respe the percentage of patients with
primary PAH and PAH associated with other diseases.

In the study ofThurm 1991only patients with PAH associated with collagesoseere
enrolled, while in theOlschewski 2002rial PAH associated with other diseases was
diagnosed only in a half of the patients. The pasi@nrolled in th&hurm 1991trial received

no additional treatment during the study, whildhe Olschewski 2008tudy 52% of patients

in the ILO group and 57% of patients in the placghmup received oral vasodilators.

The authors of th&hurm 1991study stated that despite random assignment amattheir
baseline characteristics differed between the geeric groups. Mean age of patients in the
iloprost group was higher and duration of the disebbnger as compared to the placebo
group. Moreover, in the placebo group more patier@se classified in stage Il of the disease
(diffuse skin involvement including the trunk) thiemthe iloprost group (43% vs. 0%).

3.3.3. Description of the interventions

Patients enrolled in both studi€churm 199land Olschewski 2002)ere randomly assigned
to the iloprost (ILO) or placebo (PL) group.

The table below presents detailed description @irikerventions used in both clinical trials.
Table 67.

Description of the interventions; ILO vs. PL

lloprost administered in intravenous infusion at the | Placebo in
Thurm 1991 maximum tolerated dose — from 0.5 to 2.0 intravenous| nd
ng/kg/min. infusion

lloprost (llomedin) administered in inhalation by
Olschewski | means of a nebulizer (HaloLite, MedicAid) at a dose Inhaled

2002 of 2.5 or 5.0 yg/ml in one inhalation (depending on placebo
tolerance of the first dose).

Oral vasodilators

In the study offThurm 1991in case of adverse events the dose was taperiddhenthaximum
tolerated dose was found. In an observation pesfogildays mean tolerated dose of iloprost
was 0.96 mg/kg/min (range: 0.46 — 1.61).

In the Olschewski 2002rial the drug remaining in the nebulizer was dised after each
inhalation. This action was repeated 6-9 timesya 8Baequency of inhalations and the dose
administered was adjusted individually during tinst 8 days of treatment, according to a pre-
defined dosage algorithm. The authors of the staggrted that average frequency of iloprost
inhalations was 7.5/day and median dose inhaled3®ag/day with 91% of patients using
a dose of 5.Qug/inhalation and 9% — 2tg/inhalation.
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3.3.4. Analysis of efficacy

3.34.1. Mortality

Mortality was assessed in tkdschewski 2002tudy only. The authors presented the results
separately for the patients with primary PAH, thesth PAH associated with other diseases
and for the whole population of patients.

Numbers and percentages of patients in both gr@lggsost and placebo), who died during
an observation period of 12 weeks, are presentieavbe

Table 68.
Numbers and percentages of patients who died; ILOs/ PL

N n Percen- N n Percen-
tage tage
Primary 51 T 1.9% 51 2 3.6% n.s.

hypertension

Hypertension .
associated with 50 0 0.0% 51 > 4.3% n.s.

other diseases

Total 101 1 1.0% 102 4 3.9% p=0.37

" Calculation based on available data

In all the analyzed populations the percentagepatients who died during an observation
period of 12 weeks were lower in the iloprost grcag compared to the placebo group.
However, differences between the therapeutic graigsot reach statistical significance.

The odds ratio for death was 0.49 (95% CI: 0.09.7®) for patients with primary PAH, 0.25
(95% CI. 0.00to 3.97) for patients with PAH assted with other diseases and 0.24
(95% CI: 0.01 to 2.55) for the whole populationmeans that the odds of death is lower in
the iloprost group and is 49%, 25% and 24% of tluds in the placebo group for patients
with primary PAH, those with PAH associated withert diseases and regardless of the type,
respectively. The results are not statisticallygigant.

3.3.4.2. Exacerbation of symptoms of the disease

This endpoint in the study ddlschewski 2002vas defined as refractory systolic arterial
hypotension (blood pressure below 85 mmHg), worsgmif right ventricular failure (e.g.
ascites or pulmonary edema resistant to treatmprayjressive heart, liver or kidney failure,
reduction of the 6-minute walk distance by at |ed8886, worsening of hemodynamic
parameters, e.g. central blood pressure and migedus blood oxygen saturation.

The table below presents the numbers and percentdgeatients, in whom exacerbation of
symptoms of the disease was observed during amwltes period of 12 weeks.
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Table 69.

Numbers and percentages of patients, in whom exadsation of symptoms of the disease
was observed; ILO vs. PL

N n Percenta N n Percenta
ge ge
Total 101 5 4.9% 102 9 8.8% p=0.41

" Calculation based on available data

The percentage of patients, in whom exacerbatiosyofptoms of PAH was observed, was

lower in the iloprost group as compared to the glac group; however, the difference
between the assessed groups did not reach sttsgaificance (p = 0.41).

The odds ratio is 0.54 (95% CI: 0.14 to 1.87), whiteans that the odds of occurrence of this

endpoint is lower in the iloprost group and is 54¥%this odds in the placebo group. The
result is not statistically significant.

3.3.4.3.

Death or exacerbation of symptoms of the d isease

Incidence of this composite endpoint was assesstteitrial ofOlschewski 2002nly.

Detailed results reported by the authors of thdysfar an observation period of 12 weeks are
presented below.

Table 70.

Numbers and percentages of patients, who died or iwhom exacerbation of symptoms
of the disease was observed; ILO vs. PL

N N Percen- N n Percen-
tage tage
Total 101 5 4.9% 102 12 11.8% p = 0.09

" Calculation based on available data

The percentage of patients who died or sufferedh flexacerbation of symptoms of the
disease was lower in the iloprost group as compéoethe placebo group. However, the
difference between the groups was not statisticadjgificant (p = 0.09).

The odds ratio calculated from the above data38 (5% CI: 0.1 to 1.26), the odds of death
or exacerbation of symptoms of the disease inltdpeast group is therefore 39% of this odds
in the placebo group. The result is not statidiycsignificant.
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3.3.4.4. Quality of life

Quality of life was assessed in the clinical ta@lOlschewski 2002ising EuroQol — a tool
consisting of a 5-part questionnaire and a visnalague scale (VAS) from 0 to 100, where 0
represented the worst possible condition and 1@Be-best. A 12-pariMedical Outcomes
Study Short-Form General Health Survesas also used. The observation period was
12 weeks.

Mean baseline and final scores are presented below.

Table 71.
Quiality of life — EuroQol; ILO vs.PL

Mean SD Mean SD
ILO 101 0.49 0.28 0.58 0.27 0.02
Questionnaire -0 06' t0 0.1)
PL 102 0.56 0.29 0.56 0.31 ' '
ILO 101 46.9 15.9 52.8 19.1 54
RS (-0.14 to 10.94)
PL 102 48.6 16.9 47.4 21.1 ' '

" Calculation based on available data

Quality of life assessed with thBuroQol questionnaire improved after 12 weeks of
observation of patients with PAH in the iloprosbigp and remained the same in the placebo
group. No statistically significant difference beewn the assessed therapeutic groups was
noted (p = 0.11). Mean difference between the gas®.02 (95% CI: -0.06 to 0.1) in favor
of the ILO group.

Mean quality of life score in the VABEuroQol scale was statistically significantly improved
in the iloprost group and slightly worsened in thkacebo group. The authors of the
Olschewski 2002study reported a statistically significant diffece between the groups
(p = 0.026). Mean difference between the group®©(And PL) calculated from the above
results is 5.4 (95% CI: -0.14 to 10.94) and theiltedid not reach statistical significance. That
discrepancy in statistical significance might beeault of analysis of covariance used in
Olschewski 2002, which took into account the défese in baseline values.

No statistically significant differences in qualiy life assessed using a 12-part form designed
for assessment of general conditidvedical Outcomes Study Short-Form General Health
Survey)were found between the groups.

3.3.4.5. Exercise capacity according to the NYHA
classification

Only in the study oDlschewski 2002xercise capacity was assessed according to th&ANY
(New York Heart Associatiortjassification. Authors of the study reported fleecentage of
patients, in whom improvement in exercise capabgyone or two NYHA classes was

98



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

observed (reclassification into a lower NYHA clagfat of patients whose functional class
did not change and the percentage of patients, honw this parameter worsened
(reclassification into a higher NYHA class). Thesebvation period was 12 weeks.

Detailed results of th®Ischewski 200&ial are presented below.

Table 72.
Numbers and percentages of patients, in whom change exercise capacity according to
the NYHA classification was observed; ILO vs. PL

N n Percentage N n Percentage
Primary 51 1 1.9% 51 0 0% n.s.
hypertension
Hypertension
Improvement Ztgsociated "
by 2 classes with other 50 0 0.0% 51 0 0% n.s.
diseases
Total 101 1 1.0% 102 0 0% p =0.03
A Primary 51 | 12 22.6% 51 5 7.3% n.s.
ypertension
Hypertension
LMz lesociated
by 1 class with other 50 13 25.0% 51 10 19.1% n.s.
diseases
Total 101 25 23.8% 102 13 12.7% p =0.03
hy';grr{‘ear%on 51 34 66.0% 51 35 69.1% n.s.
Hypertension
Roieiange j‘vftsh"g{ﬁfrd 50 | 31 | 625% 51| 32| 6L7% n.s.
diseases
Total 101 65 64.4% 102 67 65.7% n.s.
hyzgg‘eargion 51 3 3.8% 51 6 10.9% n.s.
Hypertension
Bl \‘;"V‘T‘tshog{ﬁfrd 50 4 8.3% 51 5 4.3% n.s.
diseases
Total 101 6 5.9% 102 8 7.8% n.s.

" Calculation based on available data
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For the whole population of patients in the ILO gwathe percentage of patients, in whom
exercise capacity improved, either by one or by tN¥HA classes, was statistically
significantly higher as compared to the PL groupfePences between the therapeutic groups
did not reach statistical significance for exeraapacity assessment according to the NYHA
either remaining the same or worsening.

Odds ratios calculated from data reported by thtbaas of theOlschewski 2003tudy are
presented in the figure below.

Figure 26.
Odds ratios for changes in exercise capacity accdrdy to the NYHA classification; ILO
vs. PL

Improvement by 2 NYHA classes

Primary hypertension bl 3,06 (0,19, 161,34)

Total = 3,06 (0,19, 161,34)

Improvement by 1 NYHA class

Primary hypertension s — 4,92 (1,19, 28,66)
Hypertension associated with other diseases — 1,44 (0,51, 4,14)
Total —-— 2,25 (1,02, 5,13)
Worsening
Primary hypertension - 0,31 (0,03, 1,85)
Hypertension associated with other diseases 213 (0,29, 24,43)
Total
[ 0,74 (0,20, 2,55)
I T 1T 1 T T 1 T ]
0,01 0102051 2 5 10 100 1000

Odds ratio (95% confidence interval)

The odds of increase of exercise capacity by twdilYunctional classes is more than three
times higher in the ILO group as compared to thegRIup; OR = 3.06 (95% CI: 0.02 to
infinity) both for patients with primary PAH andrfthe whole population of patients. None of
the results reached statistical significance, itespf the fact that in Olschewski 2002 trial the
difference reached statistical significance (p=0.03

The odds ratio for increase of exercise capacityobhg NYHA functional class is 4.92

(95% CI: 1.19to 28.66) for patients with primanAHP, 1.44 (95% CI: 0.51 to 4.14) for

patients with PAH associated with other diseases 285 (95% CI: 1.02 to 5.13) for both

populations combined. It means that the odds ofimeace of this endpoint is 4.92, 1.44 and
2.25 times higher in the ILO group as comparedh® respective odds in the PL group.
However, the result reached statistical signifieanaly for the population of patients with
primary PAH and for both populations combined.

The odds ratio for decrease of exercise capacigrdog to the NYHA classification is 0.31

(95% CI: 0.03to 1.85) for patients with primary BRA2.13 (95% CI: 0.29 to 24.43) for

patients with PAH associated with other diseasaeb G4 (95% CI: 0.20 to 2.55) for both

populations combined. It means that the odds déssiication into a higher NYHA class in

the ILO group is 31%, 213% and 74% of this oddthan PL group, respectively. The results
are not statistically significant.
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For increase of exercise capacity according to NiY&HA classification in patients with
primary PAH and in the whole population of patiemidditional EBM parameters were
calculated: relative benefit (RB), relative benefitrease (RBI), absolute benefit increase
(ABI) and the NNT.

Table 73.
Additional EBM parameters for increase of exercise&apacity by one NYHA class; ILO
vs. PL

Primary pulmonary 4.00 3.00 0.18 6
arterial hypertension (1.31to 12.7) | (0.31to 11.7) (0.04 to 0.32) (4 to 24)
Total 1.94 0.94 0.12 9
(1.07 to 3.57) (0.07 to 2.57) (0.01t0 0.23) (5to 79)

For patients with primary PAH the relative bendft 4.00 (95% CI. 1.31to 12.7); the
probability of increase of exercise capacity by dBhéHA class is therefore four times higher
in the ILO group than in the PL group. The ressiltstatistically significant. The relative
benefit increase is 3.00 (95% CI: 0.31to 11.7),ictvhmeans that the probability of
reclassification into a lower NYHA class is highmsr 300% in the ILO group than in the CT
group. The absolute benefit increase is 18 p.p%(€3: 4 to 32). In order to achieve one
additional case of improvement in exercise capdnytyone NYHA class, iloprost instead of
placebo must be administered to 6 patients witmg@gry PAH for 12 weeks; NNT =6
(95% CI: 4 to 24).

The probability of occurrence of this endpoint Ire twhole population of patients is nearly
twice higher in the ILO group than in the PL grolgB = 1.94 (95% CI: 1.07 to 3.57). The
relative benefit increase is 94% (95% CI: 7 to 2&}l the absolute benefit increase: 12 p.p.
(95% CI: 1 to 23). It should be expected that adsiiation of iloprost instead of placebo to
9 patients with PAH (primary or associated withastdiseases) will result in improvement in
exercise capacity by one NYHA class in one add#igratient.

3.3.4.6. Results of the 6-minute walk test

In the clinical trial ofOlschewski 2002Zxercise capacity was assessed using the 6-minute
walk test. The authors of the study reported peeggs of patients, for whom the 6-minute
walk distance increased by at least 10%, increasédcreased by less than 10% or decreased
by at least 10%. The observation period was 12 seek

Numbers and percentages of patients, in whom spemfipoints occurred, are presented in
the table below.
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Table 74.
Numbers and percentages of patients, in whom change exercise capacity measured
using the 6-minute walk test was observed; ILO v$2L

N n Percentage N n Percentage
Primary 51 | 25¢ | 49.1% 51 | 16%|  30.9% n.s.
hypertension
Increase Hypertension
> 10% associated | g, 13* 25.0% 51 10* 19.1% n.s.
= with other
diseases
Total 101 38* 37.6% 102 26* 25.5% p =0.06
A Primary 51 | 19¢ | 37.7% 51 | 10|  20.0% n.s.
ypertension
IEEEEE Hypertension
< Lo ol associated
reduction . 50 24* 47.9% 51 23* 46.8% n.s.
<10% W|t_h other
diseases
Total 101 43% 42.6% 102 33* 32.4% n.s.
Primary 51 3* 5.7% 51 17+ 32.7% n.s.
hypertension
. Hypertension
Reduction .
> 10% associated | gy | 19« | 2299 | 51 | o 17.0% n.s.
with other
diseases
Total 101 14* 13.9% 102 26* 25.5% n.s.

" Calculation based on available data

From these results it may be concluded that theepésges of patients, in whom increase of
exercise capacity by at least 10% as measuredeb§-thinute walk test was observed, were
higher in the ILO group than in the PL group. Hoeedifferences between the therapeutic
groups were not statistically significant (p = Q.08 the ILO group increase or decrease of
exercise capacity by less than 10% was observadigher percentage of patients with PAH
as compared to the placebo group. Reduction ofceseercapacity by at least 10% was
observed less often in the ILO group than in thegRiup. The results did not reach statistical
significance.

The figure below presents odds ratios calculatedhfthe results of th®Ilschewski 2002
study for increase of exercise capacity in the futds walk test by at least 10%, increase or
reduction of this parameter by < 10% and reduabioexercise capacity by at least 10%.

102



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

Figure 27.
Odds ratios for changes in exercise capacity in 64inmute walk test; ILO vs. PL
Increase by at least 10%
Primary hypertension —— 2,10 (0,87, 5,12)
Hypertension associated with other diseases — T 1,44 (0,51, 4,14)
Total T—— 1,76 (0,93, 3,37)
Reduction by at least 10%
Primary hypertension = 0,12 (0,02, 0,49)
Hypertension associated with other diseases —_— 1,32 (0,44, 4,01)
Total —_— e 0,47 (0,21, 1,02)
T T T T T T 1
0,01 0,1 0,2 05 1 2 5 10
Odds ratio (95% confidence interval)

The odds ratios for increase of exercise capagiigtibeast 10% in the 6-minute walk test are
2.10 (95% CI: 0.87 t0 5.12), 1.44 (95% CI: 0.541d4) and 1.76 (95% CI: 0.93 to 3.37) for
patients with primary PAH, those with PAH assoalatth other diseases and for both
populations combined, respectively. It means thatadds of increase of this parameter is
higher in the ILO group and is 210%, 144% and 118%he respective odds in the PL group.
None of the results reached statistical signifieanc

Both for patients with primary PAH and the wholepptation of patients the odds of
reduction of exercise capacity by at least 10%h&G-minute walk test is lower in the group
of patients treated with iloprost and is 12% and&b64a@f this odds in the placebo group,
respectively. The odds ratio is 0.12 (95% CI. @®P.49) for patients with primary PAH and
0.47 (95% CI: 0.21to 1.02) for the whole populatiof patients. However, the result is
statistically significant only for patients withiprary PAH. The odds ratio for this endpoint in
patients with PAH associated with other diseaseés32 (95% CI: 0.44 to 4.01); the odds of
decrease of exercise capacity by at least 10%ergfibre higher in the ILO group and is 132%
of this odds in the placebo group; the result isstatistically significant.

For reduction of exercise capacity by at least 1I0%e 6-minute walk test in patients with
primary PAH additional EBM parameters were cal@datrelative risk (RR), relative risk
reduction (RRR), absolute risk reduction (ARR) #melNNT.

Table 75.

Additional EBM parameters for reduction of exercisecapacity by at least 10%; ILO vs.
PL

Primary
pulmonary
arterial
hypertension

0.18 (0.06 t0 0.52)|  0.82(0.481t0 0.94)  0.27 (QclB.42) 4 (310 8)
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The relative risk is 0.18 (95% CI: 0.06 to 0.52k tisk of reduction of exercise capacity by at
least 10% is therefore lower in the ILO group a&nd8% of this risk in the placebo group; the
result is statistically significant. The relativisk reduction is 82% (95% CI: 48% to 94%).

The absolute risk reduction is 27 p.p. (95% Cltd32), which means that the risk of this
endpoint in the iloprost group is lower by 27 pgs compared to the placebo group.
Administration of iloprost instead of placebo fa2 Wweeks to 4 patients with primary PAH

will make it possible to avoid reduction of exeecisapacity in the 6-minute walk test by at
least 10% in one additional patient; NNT = 4 (95%3Xt0 8).

The authors of th®Ischewski 2003tudy reported also that mean difference in chasfge
exercise capacity in the 6-minute walk test betwbengroups (ILO and placebo) was 58.8 m
for patients with primary PAH, 12.0 m for those wWRAH associated with other diseases and
36.4 m for the whole population of patients, indawf iloprost. The result was statistically
significant only for the whole population of patisrip = 0.004).

3.3.4.7. Increase of exercise capacity accordingto  the NYHA
classification and the 6-minute walk test

In the trial of Olschewski 2002 composite endpoint was assessed — increaseeofisx
capacity by at least 10% in the 6-minute walk easdl reclassification into a lower NYHA
class with no exacerbation of the symptoms or dehtting an observation period of
12 weeks.

Numbers and percentages of patients in both thet@pgroups, in whom this endpoint
occurred, are presented in the table below.

Table 76.
Numbers and percentages of patients, in whom increa of exercise capacity both in the
6-minute walk test and according to the NYHA classication was observed; ILO vs. PL

N n Percentage N n Percentage
PULIELY 51 11* 20.8% 51 3% 5.5% n.s.
hypertension
Hypertension
associated 50 6* 12.5% 51 2% 4.3% n.s.
with other
diseases
Total 101 17+ 16.8% 102 5* 4.9% p = 0.007

" Calculation based on available data

Increase of exercise capacity by at least 10% en6tminute walk test and according to the
NYHA classification was observed more often in th® group than in the placebo group.
Differences between the groups were statisticadjgiicant only for the whole population of
patients (p = 0.007).
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The figure below presents the odds ratios for imeeeof exercise capacity calculated for
specific populations of patients.

Figure 28.
Odds ratios for increase of exercise capacity botim the 6-minute walk test and
according to the NYHA; ILO vs. PL

Primary hypertension i 4.40 (1.05, 25.89)
Hypertension associated with other diseases L 3.34(0.55, 35.12)
Total n 3.93(1.31, 14.11)
T T T T 1
0.5 1 2 5 10 100
Odds ratio (95% confidence interval)

The odds ratio for increase of exercise capacitypatients with primary PAH is 4.40
(95% CI: 1.05 to 25.89), which means that the ooidseccurrence of this endpoint is 4.40
times higher in the ILO group than in the placebmug. The result is statistically significant.

For patients with PAH associated with other disedlse odds of increase of exercise capacity
is 3.34 times higher in the iloprost group thanthe placebo group; OR =3.34 (95% CI:
0.55 to 35.12); however, the result is not staiddly significant.

For the whole population of patients the odds ofease of exercise capacity is 3.93 times
higher in the iloprost group than in the placebougrand the result is statistically significant;
OR =3.93 (95% CI: 1.31 to 14.11).

Additional EBM parameters calculated for the popataof patients with primary PAH and
regardless of the type of PAH: relative benefit jRlative benefit increase (RBI), absolute
benefit increase (ABI) and the NNT are presentddvibe

Table 77.
Additional EBM parameters for increase in exercisecapacity both in the 6-minute walk
test and according to the NYHA,; ILO vs. PL

Primary pulmonary 3.67 2.67 0.16 7
arterial hypertension (1.19to 11.75) (0.19 t0 10.75) (0.02 to 0.30) (4 to 41)

Total 3.43 2.43 0.12 9
(1.3810 8.72) (0.381t0 7.72) (0.04 t0 0.21) (5 to 28)

The relative benefit is 3.67 (95% CI: 1.19 to 1).®%5 patients with primary PAH and 3.43
(95% CI: 1.38 to 8.72) for the whole population patients; the probability of increase of
exercise capacity in the iloprost group is theref8t67 and 3.43 times higher than this
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probability in the placebo group, respectively. Tiesults are statistically significant. The
absolute benefit increase is 2.67 (95% CI: 0.1B0t@5) for patients with primary PAH and
2.43 (95% CI: 0.38 to 7.72) for the whole populati®he absolute benefit increase is 16 p.p.
(95% CI: 2to 30) and 12 p.p. (95% CI. 4to 21),ickh means that the probability of
occurrence of this endpoint in the ILO group as parad to the placebo group is higher by
16 p.p. and 12 p.p., respectively. In order to eshione additional case of increase of
exercise capacity iloprost instead of placebo rbesadministered to 7 patients with primary
PAH or 9 patients regardless of the type of PAHa@eriod of 12 weeks; NNT =7 (95% CI:
4 to 41) for patients with primary PAH and 9 (95% &to 28) for the whole population of
patients.

3.3.4.8. Mahler Dyspnea Index

In the Olschewski 200&tudy severity of dyspnea was assessed using #ideMDyspnea
Index consisting of two tools, of which the firsloavs for baseline assessment of dyspnea (in
a scale 0-12, where 0O represents the most sevepnely and 12 — no symptoms), while the
second is used for evaluation of change from basedssessment (from -9 to 9, where -9
represents severe exacerbation of dyspnea andig@ificent improvement) in three
categories: functional impairment, magnitude ofktand magnitude of effoft. The
observation period with regard to this endpoint W2sveeks.

Baseline scores and changes from baseline assdstméne whole population of patients
with PAH are presented below.

Table 78.
The Mahler Dyspnea Index; ILO vs. PL

Mean SD Mean SD
ILO 101 4.14 1.8 1.42 2.59
1.12 (0.43 to 1.81)
PL 102 4.27 1.8 0.30 2.45

" Calculation based on available data

The authors of th®Ischewski 2003tudy reported statistically significantly highreduction

of severity of dyspnea in the iloprost group as parad with the placebo group (p = 0.015).
Mean difference in change from baseline score H parameter calculated from the above
results is 1.12 points (95% CI: 0.43 to 1.81), avdr of the iloprost group. The result is
statistically significant.

2
Mabhler DA Weinberg DH Wells CK Feinstein AR“The measurement of dyspnea. Contents, interebsagreement, and physiologic
correlates of two new clinical indexes”; Chel84 Jun;85(6):751-8
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3.3.4.9. Pulmonary transplantation

Frequency of pulmonary transplantation was assessdle Olschewski 2002rial in an
observation period of 12 weeks. During this timeogeration of this kind was not necessary
in any of the assessed therapeutic groups.

3.3.4.10. Hemodynamic parameters

In the study ofOlschewski 2002nean changes from baseline values for such heraoaign
parameters as mean pulmonary artery pressure, palyneascular resistance, cardiac output
and arterial as well as mixed venous blood oxygeuaration were presented. The results were
reported for the whole population of patients, rdgss of the type of pulmonary
hypertension. The observation period with regarthése endpoints was 12 weeks.

Hemodynamic parameter were measured both beforaféadthe administration of iloprost
in the trial of Olschewski 2002. However, pre-irdtadn values, which reflect the chronic
effects of administering iloprost over 12 weekg, ok into account as a main results.
Detailed results reported by the authors of thdysare presented in the table below.

Table 79.
Mean values of hemodynamic parameters; ILO vs. PL

Mean SD Mean SD
Mean pulmonary ILO 101 52.8 115 -0.1 7.3
artery pressure n.s.
[mMmHg] PL 102 53.8 14.1 -0.2 6.9
Pulmonary ILO 101 1029 390 -9 275
vascular resistance p<0.01
[dyn - sec cm ™) PL 102 1041 493 96 322
Sarefee e ILO 101 3.8 1.1 0.05 0.86 .
L) PL 102 3.8 0.9 -0.19 0.81
Arterial blood ILO 101 92.6 4.4 -0.4 3.7
oxygen saturation n.s.
[%0] PL 102 92.2 5.0 -1.6 4.4
Mixed venous ILO 101 60.4 7.5 -11 7.6
blood oxygen n.s.
saturation [%)] PL 102 60.5 8.2 -3.2 6.7

" Calculation based on available data

Hemodynamic parameters changes from baseline valtees not statistically significant in
iloprost group. In the placebo group pulmonary uéecresistance increased while cardiac
output and arterial as well as mixed venous bloogjen saturation decreased. Changes from
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baseline values were statistically significant; keer, differences in change between the
assessed therapeutic groups were statisticallyfisigm only for mean pulmonary vascular
resistance.

Mean differences in change of specific hemodynamarameters measured before
inhalations, between the assessed therapeutic groajculated from the results of the
Olschewski 2008tudy are presented in the figure below.

Figure 29.
Mean differences in change of specific hemodynamparameters; ILO vs. PL

Mean pulmonary artery pressure | ] 0,10 (-1,85, 2,05)
Pulmonary vascular resistance
L -105,00 (-187,41, -22,59)
Cardiac output
[ | 0,24 (0,01, 0,47)
Arterial blood oxygen saturation r 1,20 (0,08, 2,32)
Mixed venous blood oxygen saturation . 2,10 (0,13, 4,07)
| T T T T | T T T T | T T T T | T T T T T T T T |
-200 -150 -100 -50 0 50

Mean difference in change (95% confidence interval)

Mean difference in changes of pulmonary arteryguesbetween the ILO group and the
placebo group is 0,10 mmHg (95% CI: -1,85; 2,05 ¥avor of placebo. The result is not
statistically significant. As far as pulmonary panary vascular resistance is concerned,
mean difference in changes is statistically sigatiit, in favor of iloprost group: -105
dyn-s-cm® (95% Cl: -187,41; -22,59).

Mean differences in changes of cardiac outputriattblood oxygen saturation and mixed
venous blood oxyden saturation are 0,24 I/min (99%9,01; 0,47); 1,20 p.p. (95% CI: 0,08;
2,32); 2,10 p.p. (95% CI: 0,13; 4,07); respectivéiyneans that decrease of above mentioned
parameters is lower in the ILO group as comparedh® placebo group. Results are
staistically significant.

Taking into account hemodynamic parameters mesafted administration of iloprost, mean
differences in change of pulmonary artery pressame pulmonary vascular resistance
between the ILO group and the placebo group af®-+#mHg (95% CI: -6.65 to -2.15) and -
335dyn s cm® (95% Cl: -417.92 to -252.08), respectively. Bo#sults are statistically
significant, despite the fact that the authors led @lschewski 200tudy did not report
statistically significant differences between theugps.

Increase of such parameters as cardiac outputjahrdood oxygen saturation and mixed
venous blood oxygen saturation, mesured after astpmhalation, was higher in the ILO
group as compared to the placebo group by 0.74)/20 p.p. and 500 p.p., respectively.
Mean difference in change between the therapeutmups is 0.74 1/min (95% CI:

0.47 to 1.01) for cardiac output, 20 p.p. (95% €2 to 132) for arterial blood oxygen
saturation and 500 p.p. (95% CI. 293 to 707) faxedivenous blood oxygen saturation.
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3.3.4.11. Pulmonary function tests

In the study ofThurm 1991pulmonary function tests were used in order tessvital
capacity (VC) and diffusion capacity (IBd), i.e. the amount of carbon oxide that may diffuse
across the alveolar-capillary barrier in a giveit of time and under a specific difference in
partial pressure of this gas in blood and the div@de observation period with regard to
these parameters was 3 days.

Detailed results reported by the authors of thdystaue presented in the table below.

Table 80.
Mean values of Dl¢cg and VC; ILO vs. PL

Mean SD Mean SD
ILO 6 11.3 5.7 11.1 5.2
DLco s
] PL 7 12.9 5.4 12.7 6.0
ILO 6 2.30 0.73 2.28 0.91
VC [I] n.s.
PL 7 2.73 1.00 2.83 1.08

In an observation period of 3 days no statisticalfgnificant differences between the groups
(iloprost and placebo) were found, either for lwhiffusion capacity or vital capacity.

Mean differences in lung diffusion capacity andalicapacity between the assessed
therapeutic groups calculated from the above dat@resented in the figure.

Figure 30.
Mean differences in DLco and VC; ILO vs. PL

DLco L -1.60 (-7.76, 4.56)
vC —— -0.55 (-1.65, 0.55)
| T T T T | T T T T T T T T |
-10 -5 0 5
Mean difference (95% confidence interval)

Mean difference in lung diffusion capacity betwebe therapeutic groups after 3 days of
observation of patients with PAH associated witHlagenoses is -1.60 ml/min/mmHg
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(95% CI: -7.76 to 4.56), in disfavor of the iloptogroup. The result is not statistically
significant.

Vital capacity was lower by 0.551 in the ilopragtoup than in the placebo group. Mean
difference between the groups is -0.55 | (95% €65 to 0.55). The result is not statistically
significant.

3.3.5. Assessment of safety

3.3.5.1. Serious adverse events

Incidence of the most common serious adverse eveagsassessed in the trial@fschewski
2002in an observation period of 12 weeks.

Numbers and percentages of patients, in whom speeifious adverse events were observed,
are presented below.

Table 81.
Numbers and percentages of patients, in whom serisladverse events were observed,;

ILO vs. PL

N . Percen- N n Percen-
tage tage
Right ventricular
failure and pulmonary 101 4 4.0% 102 10 9.8% p=0.16
edema
Syncope 101 5 5.0% 102 0 0% p =0.03

Reactive worsening
(an event which may 101 4 4.0% 102 5 5.0% n.s.

result in worsening)

Hypoxemia 101 0 0% 102 2 2.0% n.s.
Pneumonia 101 2 2.0% 102 0 0% n.s.
Tachycardia 101 2 2.0% 102 1 1.0% n.s.
SIS 101 > | 20% | 102 0 0% n.s.
test results

Chest pain 101 2 2.0% 102 2 2.0% n.s.
Dyspnea 101 2 2.0% 102 2 2.0% n.s.

Total 101 28 27.7% 102 25 24.5% p=0.63

" Calculation based on available data
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Incidence of serious adverse events was simildooth assessed therapeutic groups and for
most endpoints no statistically significant diffieces were found between the groups. The
exception was syncope, which occurred statisticatipificantly higher in the iloprost group
as compared to the placebo group (p = 0.03).

The odds ratios for specific serious adverse eveatsulated from the results of the
Olschewski 2008tudy are presented in the figure below.

Figure 31.
Odds ratios for serious adverse events; ILO vs. PL

Right ventricular failure and pulmonary edema — 0.38 (0.08, 1.38)
Syncope — 7.77 (1.32, 45.66)*
Reaction of worsening —— 0.80 (0.15, 3.84)
Hypoxemia ——&%—— 0.14 (0.01, 2.18)*
Pneumonia s e 7.54 (0.47, 121.34)*
Tachycardia = 2.04 (0.10, 121.55)
Abnormal laboratory test results R 7.54 (0.47, 121.34)*
Chest pain 1.01 (0.07, 14.19)
Dyspnoe 1.01 (0.07, 14.19)
Total 1.18 (0.60, 2.33)
T T T T 1 T T1 T 1
0.01 0.10.2051 2 510 100 1000
QOdds ratio (95% confidence interval)

* Odds ratio calculated using tiRetomethod

The odds ratios are 0.38 (95% CI: 0.08 to 1.38)rifgint ventricular failure and pulmonary
edema, 0.80 (95% CI. 1.32 to 45.66) for reactivesaning and 0.14 (95% CI: 0.01 to 2.18)
for hypoxemia. It means that the odds of occurrerfdbese adverse events in lower the ILO
group and is 38%, 80% and 14% of the respectives adthe placebo group. The results are
not statistically significant.

The odds of occurrence of the remaining seriougm@@vevents is higher in the ILO group as
compared to the PL group. The odds ratios are (B5% CI: 1.32 to 45.66) for syncope, 7.54
(95% CI: 0.47 to 121.34) for pneumonia, 2.04 (95P60C10 to 121.55) for tachycardia, 7.54
(95% CI: 0.47 to 121.34) for abnormal laboratorgt teesults, 1.01 (95% CI: 0.07 to 14.19)
for chest pain, 1.01 (95% CI: 0.07 to 14.19) fosglyea and 1.18 (95% CI: 0.60 to 2.33) for
all serious adverse events combined. However, #seltr is statistically significant for
syncope only; NNH = 23 (10 to 83), which means tredtment of 23 patients with PAH with
iloprost instead of placebo for a period of 12 weekll result in syncope occurring in one
additional patient.
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3.3.5.2. Other adverse events

In the study ofOlschewski 200dther adverse events were assessed, such as seugie
headache, flushing, flu-like symptoms, peripherdérea, nausea, jaw pain, hypotension,
diarrhea, vertigo and syncope. The observatiorogerias 12 weeks.

Numbers and percentages of patients, in whom speeifious adverse events were observed,
are presented below as reported by the authoredtudy.

Table 82.
Numbers and percentages of patients, in whom adver®vents were observed; ILO vs.
PL

vo| e |Pem | a | P
Severe cough 101 39 38.6% 101 26 25.5% p =0.05
Headache 101 30 29.7% 101 20 29.6% p=0.11
Flushing 101 27 26.7% 101 9 8.8% p =0.001
Flu-like symptoms 101 14 13.9% 101 10 9.8% p=0.39
Peripheral edema 101 13 12.9% 101 16 15.7% p =0.69
Nausea 101 13 12.9% 101 8 7.8% p=0.26
Jaw pain 101 12 11.9% 101 3 2.9% p =0.02
Hypotension 101 11 10.9% 101 6 5.9% p=0.22
Diarrhea 101 9 8.9% 101 11 10.8% p=0.81
Vertigo 101 7 6.9% 101 11 10.8% p=0.46
Syncope 101 8 7.9% 101 5 4.9% p=0.41
Total 101 91 90.1% 101 90 89.2% p=0.82

Most of the adverse events assessed iDthehewski 2008&1ial (severe cough, headache, flu-
like symptoms, nausea, jaw pain, hypotension, gyacand all adverse events combined)
occurred more often in the ILO group as comparetthéoPL group; however, the differences
reached statistical significance only for flush{pg= 0.001) and jaw pain (p = 0.02).

Incidence of peripheral edema, diarrhea and veitige lower in the ILO group as compared
to the placebo group and the differences betwesgrbups were not statistically significant.

The figure presents odds ratios calculated fromatiw/e data.
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Figure 32.

Odds ratios for other adverse events; ILO vs. PL
Severe cough T 1.81 (0.96, 3.46)
Headache o . 1.71 (0.85, 3.47)
Flushing — = 3.73 (1.57, 9.53)
Flu-like symptoms B . E— 1.46 (0.57, 3.89)
Peripheral edema —_— 0.78 (0.33, 1.86)
Nausea —_— 1.72 (0.62, 5.01)

Jaw pain = 4.40 (1.13, 24.94)
Hypotension = 1.94 (0.62, 6.63)
Diarrhea —_— 0.80 (0.28, 2.24)
Vertigo = 0.61(0.19, 1.81)
Syncope = 1.65 (0.46, 6.64)
Total —_ 1.11 (0.41, 3.08)
T T T T T T 1
0.1 0.2 0.5 1 2 5 10 100
Odds ratio (95% confidence interval)

The odds ratio for any adverse event is 1.11 (93%9@1 to 3.08), which means that the
odds of occurrence of this endpoint in the ILO grasi 111% of this odds in the placebo
group. The result is not statistically significant.

The odds of occurrence of peripheral edema, diardnevertigo is lower in the iloprost group
and is 78%, 80% and 61% of the respective oddkanptacebo group. The odds ratios are
0.78 (95% CI: 0.33to 1.86) for peripheral edem&00(95% CI: 0.28 to 2.24) for diarrhea
and 0.61 (95% CI: 0.19 to 1.81) for vertigo. Theules are not statistically significant.

The odds ratios for flushing and jaw pain are 398 CI: 1.57 to 9.53) and 4.40 (95% CI:

1.13 to 24.94), respectively. It means that thesodfdoccurrence of these endpoints in the
iloprost group as compared to the placebo groug748 and 4.40 times higher, respectively;
the results are statistically significant. The NXotl flushing is 6 (95% CI. 4 to 14) and for

jaw pain — 12 (95% CI: 6 to 54); administrationiloiprost instead of placebo to 6 and 12
patients with PAH will therefore result in one aduhal case of flushing and jaw pain,

respectively.

For the remaining adverse events: severe coughdabbea, flu-like symptoms, nausea,
hypotension and syncope it was observed that ckawmictheir occurrence are higher in the
ILO group as compared to the PL group; however,enohthe results reached statistical
significance.
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3.3.5.3. Withdrawal from the study

This endpoint was assessed in the studylsichewski 2002n an observation period of
12 weeks. The authors reported the numbers anémeages of patients withdrawn from the
trial both due to death and to other reasons, sashdiscontinuation of treatment or
withdrawal of consent for participation in the stud

Detailed results are presented in the table below.

Table 83.
Numbers and percentages of patients withdrawn fronthe study; ILO vs. PL

N . Percen- N n Percen-
tage tage

Primary 51 ) 3.8% 51 6 12.7% n.s.
hypertension
Hypertension

associated with other| 50 i 4.2% 51 8 14.9% n.s.

diseases
Total 101 4 4.0% 102 14 13.7% n.s.

" Calculation based on available data

From the above data it may be concluded that régeadf the population investigated the
percentage of patients withdrawn from the study lwa&r in the iloprost group as compared
to the placebo group. However, the authors of @Ghschewski 200&tudy did not report
statistically significant differences between tssessed therapeutic groups.

The calculated odds ratios are presented in thedigelow.
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Figure 33.
Odds ratios for withdrawal from the study; ILO vs.PL
Primary hypertension i 0.31(0.03, 1.85)
Hypertension associated with other diseases i 0.22 (0.02, 1.22)
Total L 0.26 (0.06, 0.87)
I T T T 1
0.01 01 02 0.5 1 2
QOdds ratio (95% confidence interval)

The odds ratio for withdrawal from the study is10(35% CI: 0.03 to 1.85) for patients with
primary PAH and 0.22 (95% CI: 0.02 to 1.22) foripats with PAH associated with other
diseases. It means that the odds of occurrende@o&ndpoint is lower in the ILO group and
is 31%, and 22% of the respective odds in the plaggoup. The results are not statistically
significant.

For the whole population of patients the odds pagent being withdrawn from the study in
the ILO group is 26% of this odds in the placebougr, OR = 0.26 (95% CI: 0.06 to 0.87)
and the result is statistically significant. In erdo avoid one additional case of the patient’s
withdrawal from the study iloprost must be admimietl instead of placebo to 11 patients
with PAH (primary or associated with other disesENT = 11 (95% CI: 6 to 48).

3.4. Sildenafil vs. placebo — adult patients

3.4.1. Results of search for the studies

Four randomized clinical studies, in which silden¢dIL) was compared to placebo (PL) in
adult patients with pulmonary arterial hypertensiarere identified during the search and
included in the analysis. All the studies were delind. In the SUPER-1 study the
interventions were compared in parallel groups; ttiree remaining trial§Bharani 2003
Sastry 2004ndSingh 2006)vere cross-over studies.

The SUPER-1 study was multicenter; the other tiadse carried out in single centers.

Duration of the observation period varied betwdan studies. The shorte@harani 2003)
lasted 2 weeks, while the blinded phase of the deshSUPER-1) was terminated after
12 weeks.
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Publications related to the included studies, domabf the observation period and thedad
scores for specific studies are presented in thle tzelow.

Table 84.
Characteristics of the clinical trials included inthe analysis; SIL vs. PL

Bharani 2003 Bharani 2003 2 weeks
Sastry 2004 Sastry 2004 6 weeks
Singh 2006 Singh 2006 6 weeks
Badesch 2005
Galie 2005a
SUPER-1 Pepke-Zaba 2005 12 weeks 4
Rubin 2005
SUPER-1

Each study was assessed using theJadadscale. The lowest score was that of 8iegh
2006study — 3 points; the remaining studies scoredidtg.

3.4.2. Population

Adult patients or children above 3 years of agdnMWAH participated in all studies included
in this part of the analysis. In one stuffyastry 2004)patients with primary PAH were
enrolled, while in three clinical trialBharani 2003 SUPER-1,Singh 2006)participated
patients, in whom primary or secondary (associatwith other diseases, such as
thromboembolic disease, interstitial lung dise@learani 2003),Eisenmenger’s syndrome
(Bharani, 2003Singh 2006)¢ollagenoses, e.g. scleroderma or systemic lupiseznatosus,
or hypertension after surgical intervention duectmgenital systemic-to-pulmonary shunt
performed within previous 5 years (SUPER-1)) PAHsvehagnosed. Children aged from
three to twelve years were enrolled in 8iagh 2006tudy only; however, the authors did not
specify the percentage of such patients amongdheipants.

Among the inclusion criteria NYHANew York Heart Associatiorgjass> Il was listed in the
Bharani 2003study and class Il or 11l — in the trial 8&stry 2004.

For theBharani 2003study only those patients were qualified, in whomaan pulmonary
artery pressure was at least 35 mmHg; in the trigbastry 2004the threshold value was
30 mmHg and in the SUPER-1 trial — 25 mmHg, withamgulmonary capillary wedge
pressure at rest not exceeding 15 mmHg. The auttfotise studies oBharani 2003and
SUPER-1 stated that patients with poorly controldmonary hypertension in spite of
conventional treatment were enrolled.

The exclusion criteria were: contraindications teatment with sildenafi(Bharani 2003,
Singh 2006),PAH due to reversible causes, such as heart \dikeasegBharani 2003,
Sastry 2004)NYHA functional class 1V, impaired left ventriculsystolic function, severe
left-to-right shunt, systemic hypertension, second®AH, other serious concomitant diseases
(Sastry 2004)treatment with intravenous epoprostenol, oral btzsg intravenous or inhaled
iloprost or subcutaneous treprostinil, 6-minute kvdistance below 100 m or over 450 m
(SUPER-1), coronary heart disease, severely imghanenal or hepatic function and
pulmonary hypertension associated with diseasesr ¢ilan Eisenmenger’s syndrorf&ngh
2006).

Baseline characteristics of the population of pdatien particular studies are presented in the
table below.
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Table 85.
Baseline characteristics of the patients enrolledhiparticular studies; SIL vs. PL
SIL|PL| SIL | PL | SIL PL SIL PL SIL PL SIL PL | SIL| PL | SIL | PL

ng[)ag”' 9 32.11 (15.06 44.4% 33.39/66.7% 33.3%/55.6%/11.1% 100% nd 163.9 (110.7
SZ%SSZV 22 16-58 45.5% 100%/0% 81.89%6/18.29%/0% nd 30 (1-180§ nd

gg‘gg 20 3-45 25.0% 50%/50% 40%/55%/5% 100% nd 262(nd)
SUPER-1| 207 70, 51 (‘1“‘7’) 27% | 19% | 64%/36% | 60%/40% | 36%/61%/3% | 46%/49%/4%| 100%| 100%  nd nd 344 (‘%‘;
Total” | 258 | 121 | 50.21| 47.1 | 29.0%]| 26.7% | 65%/35% | 64%/36% | 40%/57%/3% | 51%/45%/4% | 100% | 100% | nd | nd | 330.2| 311.1
" calculation based on available data

Srange

*median (range)

mean value weighted with the numbers of patienfsaiticular studies
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Sildenafil was administered to a total number o8 Patients and placebo — to 121 patients
with PAH. Mean age in the SIL and PL groups wasaB@ 47 years, respectively; mean 6-
minute walk distance was 330 and 311 m, the pesgenof men: 29% and 27%, the
percentage of patients with primary PAH: 65% an&ob4hose with PAH associated with
other diseases: 35% and 36%, those in NYHA/WHO tional class Il: 40% and 51%,
class lll: 57% and 45% and class IV: 3% and 4%peesvely.

From the above data it may be concluded that tipeilptons of patients in specific studies
differed as to the percentage of male participantsch was slightly higher in thBharani
2003 and Sastry 2004studies as compared to the trialsSihgh 2006and SUPER-1. The
studies ofSingh 2006and SUPER-1 were also similar with regard to thecgrgage of
patients with primary PAH and mean 6-minute walktalnce. The population of patients in
the Bharani 2003trial differed from the others both with regardtb@ percentage of patients
with primary PAH and mean 6-minute walk distancdiioh were significantly lower than
those in the remaining studies. In Bastry 2004tudy only patients with primary PAH were
enrolled. The percentage of patients in NYHA/WHG@dtional class I, Ill or IV was similar
in the studies oBharani 2003 Singh 2006and SUPER-1 it was different from that in the
Sastry 2004rial, in which most patients were classified iINNA class 1.

In the study ofBharani 200333.3% of the enrolled patients suffered from pulary
hypertension other than arterial: in 22.2% of thatignts diagnosed hypertension was
associated with interstitial lung disease and in1%l — with thromboembolic disease.
Nevertheless, since majority of the population 766). consisted of patients with pulmonary
arterial hypertension, the study was included enahalysis.

3.4.3. Interventions

Patients enrolled in specific clinical trials wetadomly assigned to the sildenafil (SIL)
group or the placebo (PL) group.

Detailed dosage of sildenafil and additional tresitrreceived by the patients are presented in
the table below.

Table 86.
Description of the interventions; SIL vs. PL

: Warfarin, nifedipin,
Bharani 2003 SIL at a dose of 25 mg every 8 h placebo diuretics, digoxin

SIL at a dose adjusted to body mass: Digoxin, diuretics

. . and oral
below 25 kg - SIL at a dose of 25 mg 3 times daily, .
Sty 2008 26 to 50 kg - SIL at a dose of 50 mg 3 times daily, PL a?r;tgzoig::?ir;;s('at
over 50 kg - SIL at a dose of 100 mg 3 times daily. Physt
discretion)

Adults: SIL at an initial dose of 25 mg repeatetgab h;
if no hypotension was observed, the dose was isetka
to 100 mg 3 times daily.

Singh 2006 | Children with a body mass of less than 30 kg:ahiiose|  PL
—3.125 mg, then 25 mg 3 times daily.

Children with a body mass > 30 kg: initial dose —
6.25 mg, then 50 mg 3 times daily.

Admissible: digitalis
glycosides, diuretics
and oral
anticoagulants

SIL at an initial dose of
40 mg 3 times daily,
increased after 7 days

80 mg 3 times daily.

SIL at a doseg SIL at a dose
SUPER-1 of 20 mg of 40 mg
3 times daily| 3 times daily

PL n.d.

o
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The studies included in the analysis differed wigard to dosage of sildenafil. SIL at the
dose registered in Poland, i.e. 20 mg three tinadlg,dvas assessed only in one group in the
SUPER-1 trial. In the study @&@harani 2003all patients received the drug at a dose of 25 mg
3 times daily, while in the trials ddastry 2004and Singh 2006the dose of sildenafil was
adjusted to the patients’ body mass and age: 23 tiges daily for children with a body
mass below 25 k¢Sastry 2004pr 30 kg(Singh 2006)40 mg 3 times daily for patients with

a body mass 26-50 kgastry 2004pr over 30 kg Singh 2006)and 100 mg 3 times daily in
adult patients or those with a body mass at lehast5 In the SUPER-1 study three groups of
patients were compared, receiving sildenafil aed#nt doses: 20 mg, 40 mg and 80 mg three
times daily; however, since the authors of the winoted no significant differences between
the sildenafil groups, in further analysis resutis all those therapeutic groups combined
were presented.

In three studies(Bharani 2003 Sastry 2004 Singh 2006) apart from the treatment
investigated in the study, patients in both gro(ggerimental and control) underwent so-
called conventional therapy. This treatment inctlddrugs such as: anticoagulants,
vasodilators, diuretics, digitalis glycosides aneygen. In the study oBharani 2003
previously used vasodilators were discontinueddioe week prior to randomization. The
authors of the SUPER-1 study provided no infornmatoncerning additional treatment.

In three included studie@Bharani 2003 Sastry 2004 Singh 2006)cross-over design was
adopted. In the studies @harani 2003and Singh 2006between the periods (of 2 and
6 weeks, respectively) of treatment with SIL or RBlwash-out period of 2 weeks was
introduced. No such information was provided far Sastry 2004rial.

3.4.4. Analysis of efficacy

3.4.4.1. Mortality

Deaths were reported in the studies Bifarani 2003 Sastry 2004and SUPER-1 The
observation period in this regard was 2 weeks aBharani 2003study, 6 weeks in the
Sastry 2004tudy and 12 weeks in the trial of SUPER-1.

Numbers and percentages of patients, in whom thap@nt occurred, are presented in the
table below.

Table 87.
Numbers and percentages of patients who died; SILsv PL

S I I e
Bharani 2003 9 0 0% 9 0% n.s.
Sastry 2004 22 0 0% 22 4.6% n.s.
SUPER-1 207 3 1.5% 70 1.4% n.s.

" Calculation based on available data
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In the SUPER-1 study one patient assigned to thesplb group died due to right ventricular
failure; the causes of death of the patients insileenafil group included: acute pulmonary
embolism and urosepsis, myocardial infarction andumonia. The authors of tigastry
2004 study did not specify the cause of reported dehthpatient in the placebo group.

In the study ofBharani 2003no deaths in the compared therapeutic groups wleserved
during an observation period of 2 weeks.

A metaanalysis for the total number of patientspwlied during an observation period of 6-
12 weeks, is presented below.

Figure 34.
Metaanalysis for the total number of patients who ¢d; SIL vs. CT

Sastry 2004 B 0.135 (0.003, 6.820)
SUPER-1 + 1.015 (0.105, 9.796)
Results of metaanalysis 0.612 (0.086, 4.359)
Studies heterogeneity test: p=0.1791
T T T 1

[ T I |
0.001 0.01 0.1 02 0.5 1 2 5 10

Peto odds ratio (95% confidence interval)

The odds ratio calculated in the metaanalysis usirggPeto method is 0.61 (95% CI:
0.09 to 4.36). It means that the odds of deathpadirents with PAH (primary or associated
with other diseases) is lower in the sildenafilugrand is 61% of this odds in the placebo
group. However, the result is not statisticallynsiigant.

For patients with primary PAH the odds ratio cadtetl from the results of tHgastry 2004
trial is 0.14 (95% CI: 0.00 to 6.82), the odds e&th in the sildenafil group is therefore 14%
of this odds in the placebo group. The result isstatistically significant.

3.4.4.2. Quality of life assessment using the Chron ic Heart Failure
Questionnaire

Quality of life was assessed only in one studyudet in the analysisSastry 2004.This
endpoint was analyzed using tl@hronic Heart Failure Questionnaireconsisting of
16 questions, of which 5 are related to assessofahfspnea, 4 — fatigue and 7 — emotional
function. Each question was scored from 1 (the teesilt) to 7 (the worst result).
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Mean baseline and final scores (after 6 weeks séfation) for specific aspects of quality of
life reported in the sildenafil and placebo groaps presented in the table below.

Table 88.
Results of assessment of quality of life €hronic Heart Failure QuestionnaireSIL vs. PL

Mean SD Mean SD
SIL 22 21.95 6.02 .
Dyspnea 21.86 6.47 Sy
PL 22 17.62 5.68 :
SIL 22 22.33 4.82 Lo
Fatigue 20.38 5.12 A - o
PL 22 20.67 5.19 :
. SIL 22 37.33 9.32
Efrtrr?ctlt?onnal 34.14 10.38 2;65 (;6
PL 22 3471 10.91 p=0.

" Calculation based on available data

From the above data it may be concluded that &fteeeks of treatment quality of life, with
regard to dyspnea, fatigue and emotional functisnhigher in the sildenafil group as
compared to the placebo group by 4.33, 1.66 an?l @ofnts, respectively. The difference in
mean final values (calculated from data presentedhe study) between the assessed
therapeutic groups is 4.33 points for dyspnea6 pdints for fatigue and 2.62 points for
emotional function. However, the result is stately significant only for assessment of
quality of life related to dyspnea and fatigue.

3.4.4.3. Increase of exercise capacity accordingto  the
NYHA/WHO classification (reclassification intoalo  wer
NYHA/WHO functional class)

Increase of exercise capacity according to the NXMAO classification was assessed in
three studies included in the analyd$iarani 2003 Singh 2006 and SUPER-1. However,
the studies differed as to methods of presentatidhe results. The authors of tBexgh 2006
study presented mean value of the NYHA class afteobservation period of 6 weeks, while
in the studies oBharani 2003and SUPER-1 the percentages of patients, in wharcise
capacity increased by at least one NYHA/WHO cla$sr aan observation period of 2 or
12 weeks, respectively, were reported.

Detailed results of th8ingh 2006tudy are presented in the table below.

Table 89.
Mean exercise capacity according to the NYHA cladstation; SIL vs. PL

Mean SD Mean SD
_ SIL 20 1.55 0.51 -0.8
Singh 2006 2.65 0.59 (-1.14 to -0.46)
PL 20 2.35 0.59 b = 0.000:
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The difference in mean values is -0.8 (95% CI:41d.-0.46); p = 0.0001; exercise capacity
is therefore higher by 0.8 NYHA class in the sildingroup than in the placebo group and
the result is statistically significant.

The table below presents the numbers and percentdgeatients, whose exercise capacity
increased by at least one NYHA/WHO functional classported by the authors of the
Bharani 2003and SUPER-1 studies.

Table 90.
Numbers and percentages of patients, whose exercissgpacity increased according to
the NYHA/WHO classification; SIL vs. PL

N N Percen- N n Percen-
tage tage
Bharani 2003 9 2 22% 9 0 0% n.s.
SUPER-1 204 7 72 35% 69 5 7% s.s.

" Calculation based on available data
" The authors of the study presented data for 2fi@nia providing no information as to the numbefrpatients
in specific therapeutic groups; it was assumedtti@patients who died were excluded from the aisly

In the SUPER-1 study after an observation period2fveeks the percentage of patients,
whose exercise capacity increased according toWR®O classification was significantly
higher in the sildenafil group as compared to tlaegqbo group. The authors of tBlarani
2003 study reported increase of exercise capacity doogrto the NYHA classification in
two patients in the sildenafil group.

A metaanalysis for the total number of patientswimom this endpoint occurred during an
observation period of 2-12 weeks, is presentetiarfigure below.
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Figure 35.
Metaanalysis for the total number of patients withincrease of exercise capacity
according to the NYHA classification; SIL vs. PL

Bharani 2003 6.33 (0.19; =)

.:
SUPER-1 l 6.98 (2.65; 23.11)

6.94 (2.78; 17.31)

Results of metaanalysis [fixed]

Studies heterogeneity test: p=0, 0.5451

[ T | T T | 1
0.1 0.2 0.5 1 2 5 10 100

QOdds ratio (95% confidence interval)

The odds ratio calculated in the metaanalysis 94 §95% CI: 2.78 to 17.31). It means that
the odds of reclassification into a lower NYHA/WHanctional class is nearly 7 times higher
in the sildenafil group as compared to the plaagiooip. The result is statistically significant.

Additional EBM parameters were calculated for tmglpoint: relative benefit (RB), relative
benefit increase (RBI), absolute benefit increas®l) and the number of patients needed to
treat in order to achieve one additional case rawed exercise capacity.

Table 91.
Increase of exercise capacity — additional EBM paraeters; SIL vs. PL

4.88 (2.13 to 11.18) 3.88 (1.13 to 10.18) 0.28 (0.19 to 0.36) 4 (310 6)

The relative benefit is 4.88 (95% CI. 2.13 to 1),28hich means that the probability of

increase of exercise capacity by at least one NYMAO functional class is 4.88 times

higher in the sildenafil group than in the placegmup. The results are statistically

significant. The relative benefit increase is 3(88% CI: 1.13 to 10.18). The absolute benefit
increase is 0.28 (95% CI: 0.19 to 0.36), which nsetlrat the probability of reclassification

into a lower functional class is increased by 328 m the SIL group as compared to the PL
group. In order to achieve one additional casengirovement in exercise capacity by at least
one WHO functional class, sildenafil instead ofcelao must be administered to 4 patients
with PAH for a period of 2-12 weeks; NNT =4 (95% @ to 6).
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3.4.4.4. Results of the 6-minute walk test

Exercise capacity of the patients was assessed tisn6-minute walk test in the studies of
Bharani 2003 Singh 2006and SUPER-1. The observation period varied betweerstudies
and was 2 weeks in thBharani 2003clinical trial, 6 weeks in th&ingh 2006study and
12 weeks in the SUPER-1 study.

The table below presents mean baseline and fimainGte walk distances reported by the
authors of specific studies as well as change fraseline values in the sildenafil and placebo
groups.

Table 92.

Results of the 6-minute walk test; SIL vs. PL

Mean SD Mean SD Mean SD
. 96.67
SIL 9 266.67 | 131.45| 102.78 3111
Bharani (38.41to
2003 163.89 110.73 154,93
PL 9 170.0 105.0 6.11 20011 52 0.005
SIL 20 358.9 96.5 96.9 50.5 65.5
Singh 2006 262 99 (36.7 t0 94.4)
PL 20 293.4 89.4 31.4 41.1| p=0.0001
SIL 207 344 nd nd nd nd nd | 41.6 (17.09 to
SUPER-1 66.11)
PL 70 344 79 nd nd nd nd p <0.001

" Calculation based on available data
In all clinical trials, in which this endpoint wagssessed, increase of exercise capacity
evaluated using the 6-minute walk test was stesibyi significantly higher in the sildenafil
group as compared to the placebo group.

The figure below presents weighted mean differenahange of exercise capacity (evaluated
using the 6-minute walk test) between the sildérafd placebo groups in an observation
period of 2-12 weeks.
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Figure 36.
Weighted mean difference in change of exercise capty evaluated using the 6-minute
walk test; SIL vs. PL

Bharani 2003 i 96.67 (38.41, 154.93)

Singh 2006 . 65.50 (36.70, 94.40)
SUPER-1 1— 41.60 (17.09, 66.11)

- 55.82 (38.03, 73.61)
Results of metaanalysis [fixed] v—

Studies heterogeneity test: p=0.16

Weighted mean difference (95% confidence interval)

Weighted mean difference in change of exercise @gpgevaluated using the 6-minute walk
test) between the assessed groups was 55.82 m@@538.03 to 73.61; p < 0.0001). It means
that increase of exercise capacity is higher b$5m in the sildenafil group as compared to
the placebo group. The result is statistically sigant.

3.4.45. Results of the treadmill test

In the studies oBastry 2004andSingh 2006he time a patient was able to walk continuously
on atreadmill was used as a measure of exerciz&citp. The observation period in both
clinical trials was 6 weeks.

Mean results of the treadmill test at baseline &fitel 6 weeks of treatment with sildenafil or
placebo are presented below.

Table 93.
Results of the treadmill test; SIL vs. PL

Mean SD Mean SD
S 2004 SIL 22 440,00 17917 686.82 224.02 211.7%
astr . .
Y PL 22 475.05 168.02| P <0.0001
Singh 2006 SIL 20 284.9 36 612.2 156.5 196.1
in ) ) -
J PL 20 416.1 189.6 p<0.001

" Calculation based on available data
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In both studies after 6 weeks of treatment exercagmcity of the patients evaluated using the
treadmill test was statistically significantly hegghin the sildenafil group as compared to the
placebo group.

The figure below presents weighted mean differenathange of exercise capacity (evaluated
using the treadmill test) between the therapeuticgs in an observation period of 6 weeks.
Figure 37.

Weighted mean difference in change of exercise capty evaluated using the treadmill

test; SIL vs. PL

Sastry 2004 . 211.77 (94.76; 328.78)
Singh 2006 . 196.1 (88.36; 303.84)

Results of metaanalysis [fixed] 203.29 (124.03; 282.55)
Studies heterogeneity test: p=0.85

rm T T T T T T T T T T T T T
80 130 180 230 280 330

Weighted mean difference (95% confidence interval)

Weighted mean difference in final values of timarefadmill exercise between the sildenafil
group an the placebo group is 203.29 s (95% CI..QRtb 282.55); p <0.0001; exercise
capacity after 6 weeks of treatment is therefoghdui by 203.29 seconds in the sildenafil
group than in the placebo group. The result igssielly significant.

3.4.4.6. Borg Dyspnea Score

In two clinical studiesBharani 2003and SUPER-1 severity of dyspnea was assessed using
the 11-point Borg Dyspnea Score, in which O repress@o dyspnea and 10 — its highest
severity. The observation period was 2 weeks irBi@ani 2003study and 12 weeks in the
SUPER-1 trial.

Detailed results of both studies are presentedarable below.

Table 94.
Borg Dyspnea Score; SIL vs. PL

Mean SD Mean SD Mean SD
; SIL 9 3.56 1.01 -1.67 0.07* _ *
Bharani 522 | 1.64 1<'%301
2003 PL 9 5.11 1.45 044  0.6* p<0.
SIL 207 nd nd nd nd nd nd 068+
SUPER-1 )
PL 70 nd nd nd nd nd nd n.s.

" Calculation based on available data
" Difference in median values between the groups
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In the Bharani 2003study mean difference in change between the gragss-1.23 points;
reduction of severity of dyspnea assessed by tmg Bgspnea Score was therefore higher by
1.23 points in the sildenafil group than in thecplao group and the result was statistically
significant (p < 0.01).

The authors of the SUPER-1 study reported no statily significant differences between the

therapeutic groups with regard to this endpointdlRéon of median Borg Dyspnea Score

was higher in the sildenafil groups (20 mg and &) as compared to the placebo group and
was -1 point (95% CI: -1 to 0) and -1 point (95% @l5 to 0), respectively. Reduction of the

score in the sildenafil 40 mg group was the sameedisction in the placebo group: 0 points

(95% CI: -1 to 0).

The difference in median values (calculated fromdhta reported in the SUPER-1 study) for
the three sildenafil groups combined as comparethéoplacebo group is -0.68 points. It
means that reduction of severity of dyspnea is dnidbhy 0.68 points in the SIL group as
compared to the placebo group. However, the résulbt statistically significant.

3.4.4.7. Clinical worsening

This endpoint was assessed only in one clinicalysincluded in the analysis: SUPER-1.
Clinical worsening was defined as death, necesdipulmonary transplantation, necessity of
hospitalization due to pulmonary hypertension droaiuction of additional treatment with

intravenous epoprostenol or oral bosentan. Thereasen period in the SUPER-1 trial was
12 weeks.

The table below presents the numbers and percentdgeatients, whose general condition
worsened, and patients, for whom hospitalizatioadutitional treatment with epoprostenol or
bosentan was necessary.

Table 95.
Numbers and percentages of patients, whose genecalndition worsened; SIL vs. PL

N n Percen- N n Percen-
tage tage
Clinical worsening 207 10 5% 70 7 10% n.s.
Hospitalization 207 6 3% 70 7 10% p=0.02
Additional treatment . )
with epoprostenol or 207 3 1.5% 70 1 1.4% n.s.
bosentan

" Calculation based on available data

In the SUPER-1 study the percentage of patientpitadized during an observation period of
12 weeks was significantly lower in the sildenagfibup as compared to the placebo group,
while no statistically significant differences be®n the groups were observed with regard to
frequency of clinical worsening or necessity of idddal treatment with epoprostenol or
bosentan.
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The odds ratios (calculated from data reportedhénSUPER-1 study) for clinical worsening,
necessity of hospitalization or introduction of digdehal treatment with epoprostenol or
bosentan in an observation period of 12 weeks r@septed below.

Figure 38.
Odds ratios for clinical worsening, hospitalizationand additional treatment with
epoprostenol or bosentan; SIL vs. PL

Worsening of general condition L 0.46 (0.15, 1.48)
Hospitalization —— 0.27 (0.07, 0.98)
Additional treatment L 1.01 (0.08, 54.03)
I T T T T T T 1
0.01 0.1 0.2 05 1 2 5 10 100
Odds ratio (95% confidence interval)

The odds ratio for clinical worsening is 0.46 (98% 0.15 to 1.48), which means that the
odds of occurrence of this endpoint is lower in shdenafil group and is 46% of this odds in
the placebo group. The result is not statisticsiliypificant.

The odds of necessity of additional treatment wjpoprostenol or bosentan in the SIL group
is 101% of this odds in the placebo group. The adts is 1.01 (95% CI: 0.08 to 54.03) and
the result is not statistically significant.

The odds ratio for necessity of hospitalization0i27 (95% CI:. 0.07 to 0.98); the odds of
occurrence of this endpoint is therefore lowerhia sildenafil group and is 27% of this odds
in the placebo group. The result reached statlstigaificance.

Additional EBM parameters calculated for necessityhospitalization are presented below:
relative risk (RR), relative risk reduction (RRRJpsolute risk reduction (ARR) and the NNT.

Table 96.
Necessity of hospitalization — additional EBM parareters; SIL vs. PL

0.29 (0.11 to 0.80) 0.71 (0.20 to 0.89) 0.07 (0.01 t0 0.17) 15 (7 tp 86

The relative risk is 0.29 (95% CI: 0.11 to 0.80)ielh means that the risk of necessity of
hospitalization is lower in the sildenafil groupdais 29% of this risk in the placebo group; the
result is statistically significant. The relativsk reduction is 0.71 (95% CI: 0.20 to 0.89). The
absolute risk reduction is 0.07 (95% CI: 0.01 tb/7Q, which means that the risk of occurrence
of this endpoint in the SIL group as compared te BL group is lower by 7 percentage
points. Sildenafil instead of placebo must be adstened to 15 patients for 12 weeks in order
to avoid one additional hospitalization due to poary arterial hypertension; NNT =15
(95% CI: 7 to 86).
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3.4.4.8. Hemodynamic parameters

3.4.4.8.1. Mean pulmonary artery pressure

Mean pulmonary artery pressure was assessed stualies included in the analysis. The
observation period varied between the clinicalldreand was 2 weeks in thHgharani 2003
study, 6 weeks in the trials &astry 2004and Singh 2006and 12 weeks in the SUPER-1
study.

Detailed results of specific studies are preseimehe table below.

Table 97.
Mean pulmonary artery pressure; SIL vs. PL

Mean SD Mean SD Mean SD
SIL 9 55.33 16.52 -25.44 23.16
Bharani -20.00 (nd)
68 80.78 21.30 < 0.005
PL 9 75.33 19.75 -5.44 3.83 p=b.
SIL 22 98.50 24.38 -8.86 16.61
Sastry -6.73 (nd)
i 107.36 24.98 0= 0.0
PL 22 105.23| 17.82 213 | 11.59 '
Singh SIL 20 78.3 15.3 -20.6 130 | -16.6 (-22.4to
2'886 98.8 205 -10.9)
PL 20 94.8 16.5 -3.9 89 p =0.0001
SIL 193 51.7 d d d -3.14 8.03
" s " -3.74 (nd)
SUPER-1 0 < 0,05
PL 65 56 16 nd nd 0.6 5.76 '

" Calculation based on available data

From the above data it may be concluded that inchatiical trials reduction of mean

pulmonary artery pressure was higher in the silflegeoup as compared to the placebo
group. In three studieBharani 2003 Singh 2006 SUPER-1)the result was statistically

significant. The exception was tieastry 2004study, in which the result did not reach
statistical significance (p = 0.09).

In the studies oBastry 2004and SUPER-1, in which most patients50%) suffered from
primary PAH, mean differences in change of pulmgratery pressure were slightly lower
than the respective mean values reported in thiaseat trials (Bharani 2003 Singh 2006),
in which patients with PAH associated with othesedises constituted the majority.

As apart of sensitivity analysis the results wernetaanalyzed separately for subgroups
created with respect to the percentage of patisittsprimary PAH or PAH associated with
other diseases as well as for all studies, regssddé the type of PAH. The results of those
metaanalyses are presented in the figure below.
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Figure 39.
Weighted mean difference in change of value of pulomary artery pressure; SIL vs. PL

Pulmonary hypertension associated with other diseas es <50%

Sastry 2004 —e— -6.73 (-15.19, 1.73)
SUPER-1 B -3.74 (-5.86, -1.62)
Results of metaanalysis [fixed] @ -3.87 (-5.63, -2.11)

Studies heterogeneity test: p=0.50

Pulmonary hypertension associated with other diseas es 250%

Bharani 2003 -20.00 (-35.35, -4.65)
Singh 2006 —a— -16.70 (-23.60, -9.80)
Results of metaanalysis [fixed] %— -17.26 (-23.55, -10.96)

Studies heterogeneity test: p=0.70

TOTAL
Results of metaanalysis [random] %— -10.44 (-18.46, -2.42)
Studies heterogeneity test: p=0.0008 [Trrryrrrrprrrrfrrrr T
-40 -30 -20 -10 0 10

Weighted mean difference (95% confidence interval)

Weighted mean difference calculated from the resaoft studies, in which patients with
primary PAH constituted the majority, is -3.87 mm{@%% CI: -5.63 to -2.11); p < 0.0001. It
means that reduction of mean pulmonary artery press higher by 3.87 mmHg in the
sildenafil group as compared to the placebo grénpe.result is statistically significant.

Weighted mean difference calculated for the popatatin which most patients were those
with PAH associated with other diseases, is -1hg@Hg (95% CI. -23.55 to -10.96) in favor
of the sildenafil group; p < 0.0001. The resultsabbve post-hoc subgroup analysis need to
be interpreted cautiously.

Due to positive result of the studies’ heteroggntast (p = 0.0008) the metaanalysis for the
whole population of patients was performed usingralom effect model. Weighted mean
difference in change of this parameter between thesapeutic groups is -10.44 mmHg
(95% CI: -18.46 to -2.42); reduction of mean pul@gnartery pressure is therefore higher by
10.44 mmHg in the sildenafil group as compared le placebo group. The result is
statistically significant.

3.4.4.8.2. Pulmonary vascular resistance

Pulmonary vascular resistance was assessed onbnenstudy included in the analysis:
SUPER-1. The observation period in this trial wasveeks.

Mean baseline values and mean values of changeldaseline after 12 weeks of observation
for patients in the sildenafil and placebo grougsmesented in the table below.
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Table 98.
Mean pulmonary vascular resistance; SIL vs. PL

Mean SD Mean SD
SIL 193 | 925.14 nd -175.67 | 37786 | ., s (334.4
SUPER-1 to -114.94)
PL 65 1051 512 49 425.74 '

" Calculation based on available data

Mean difference in change of pulmonary vasculaistasce between the therapeutic groups
as calculated from the results presented by thHeoesibf the SUPER-1 study is -224.67 dyn
slcnT (95% ClI: -334.4 to -114.94); reduction of this aaeter is therefore higher by 224.67
dyn s/cn? in the sildenafil group (doses of 20, 40 and 80aombined) as compared to the
placebo group. The result is statistically sigrifit

3.4.4.8.3. Cardiac index

This parameter was evaluated in two clinical stsidigastry 2004and SUPER-1. The
observation period was 6-12 weeks.

Detailed results of both studies are presentelddriable below.

Table 99.
Mean values of cardiac index; SIL vs. PL

Mean SD Mean SD Mean SD
Sast SIL 22 3.45 1.16 0.62 nd 0.65 (0.35 to
2%802/ 2.83 1.06 0.95)*
PL 22 2.80 0.90 -0.03 nd p <0.0001
SIL 193* 2.4* nd nd nd 0.27* 1.09*
0.29 (0.01 to
SUPER-1 0.57)*
PL 65 2.2 0.6 nd nd -0.02 0.62* '

" Calculation based on available data

In both assessed clinical studies increase of @aiddex was statistically significantly higher
in the sildenafil group as compared to the plaagioop.

Weighted mean difference in change of this paramfge an observation period of 6-
12 weeks is presented below.
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Figure 40.
Weighted mean difference in change of cardiac indesSIL vs. PL

Sastry 2004 . 0.65 (0.35, 0.95)
SUPER-1 . 0.29 (0.01, 0.57)

Results of metaanalysis [random] 0.47 (0.11, 0.82)
Studies heterogeneity test p=0.09 ' T

i B B e o e B e e e e B N B B e
0.0 0.2 0.4 0.6 0.8 1.0

Weighted mean difference (95% confidence interval)

Weighted mean difference in change of cardiac indelie between the groups is
0.47 l/min/nf (95% CI: 0.11 to 0.82), p = 0.0096; increase db tharameter is therefore
higher by 0.47 I/min/rhin the sildenafil group as compared to the plaagiooip; the result is

statistically significant.

3.4.5. Assessment of safety

3.4.5.1. Adverse events

Incidence of adverse events was assessed in altallitrials included in the analysis;
however, detailed numbers or percentages of patiantvhom specific adverse events were
observed, were presented only in the studi€astry 200and SUPER-1.

The authors of th&harani 2003and Singh 2006studies stated only that in an observation
period of 2 and 6 weeks, respectively, sildenafiswvell tolerated and neither serious adverse
events nor effects of the drug on sexual functiolibedo in male participants were observed.

Numbers and percentages of patients participatingaSastry 200aand SUPER-1 studies, in
whom specific adverse events were observed, asempted in the table below.
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Table 100.
Numbers and percentages of patients, in whom speicifadverse events were observed;
SIL vs. PL
N n Percen N n Percen
-tage -tage
Headach Sastry 2004 22 3 14% 22 1 5% n.s.
eadache -
SUPER-1 | 207 95 | 46% 70 27 39% n.s.*
Back o Sastry 2004/ 22 3 14% 22 1 5% n.s.*
ack pain - "
P SUPER-1 | 207 24 12% 70 8 11% n.s.*
I Sastry 2004 22 3 14% 22 6 27% n.s.*
imb pain - "
P SUPER-1 | 207 21 10% 70 4 6% n.s.*
| _ Sastry 2004 22 2 9% 22 3 14% n.s.x
nsomnia - -
SUPER-1 | 207 11 5% 70 1 1% n.s.*
Flushing SUPER-1 | 207 24 12% 70 3 4% n.s.*
Dyspepsia SUPER-1| 207 24 12% 70 5 7% n.s.*
Diarrhea SUPER-1 | 207 21 10% 70 4 6% n.s.*
Muscle pain SUPER-1 | 207 19 9% 70 3 4% n.s.*
Cough SUPER-1 | 207 14 % 70 4 6% n.s.*
Epistaxis SUPER-1 | 207 14 % 70 1 1% n.s.*
Fever SUPER-1 | 207* 13 6% 70 2 3% n.s.*
Flu-like symptoms SUPER-1 | 207 11 5% 70 2 3% n.s.*
Visual disorders SUPER-1 | 207 8 4% 70 0 0% n.s.*
Gastritis SUPER-1 | 207 7 3% 70 0 0% n.s.*
Generalized pain 8265552/ 22 1 5% 22 2 9%* n.s.*
Numbness of the Sastry o ok N
hands and feet 2004 22 4 18% 22 1 5% n.s.
Anorexia 52%832/ 22 3 14% 22 3 14%* n.s.*
Nausea and vomiting 52%832/ 22 1 5% 22 5 23%* n.s.*
Abdominal Sastry o ok %
S 2004 22 3 14% 22 6 27% n.s.
Constipation 52%832/ 22 3 14% 22 0 0% n.s.*
Vertigo 52%832/ 22 1 5% 22 4 18%* n.s.x
Syncope 82%552’ 22 0 0% 22 1 596 n.s.*

* Calculation based on available data

No statistically significant differences betweere thildenafil group and the placebo group
with regard to incidence of any of the assessecradvevents were found in any of the
studies.
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The figure below presents the odds ratios for $pgeadverse events. This parameter was
calculated in a metaanalysis for the total numbigratients in theSastry 200&and SUPER-1
studies for the following adverse events: headdghek pain, limb pain and insomnia. For the
remaining adverse events the odds ratios calcufededthe results of single clinical trials are
presented.

Figure 41.
Odds ratios for specific adverse events; SIL vs. PL

Studies heterogeneity test:
Headache  p=0.46 15~ 1.43 (0.83, 2.44)
Back pain p=0.34 —%— 1.19 (0.54, 2.64)
Limb pain p=0.12 —— 1.15 (0.50, 2.66)
Insomnia p=0.18 —— 1.74 (0.50, 6.07)
Flushing +—— 2.93 (0.84, 15.64)
Dyspepsia B e a— 1.70 (0.60, 5.95)
Diarrhea —_1 1.86 (0.60, 7.72)
Muscle pain o 2.26 (0.63, 12.25)
Cough —_—— 1.20 (0.36, 5.17)
Epistaxis 5.01 (0.73, 214.65)
Fever S E 2.28 (0.49, 21.26)
Flu-like symptoms S 191 (0.40, 18.11)
Visual disorders 4.65 (0.42, 208.68)
Gastritis 4.05 (0.35, 184.54)
Generalized pain 0.48 (0.00, 9.98)
Numbness of the hands and feet 4.67 (0.40, 240.53)
Anorexia 1.00 (0.12, 8.45)
Nausea and vomiting 0.16 (0.00, 1.71)
Abdominal complaints _— 0.42 (0.06, 2.41)
Constipation 5.63(0.29, 308.52)
Vertigo 0.21 (0.00, 2.50)
Syncope 0.49 (0.00, 8.51)
0.(I)l O.Il 0.|2 O.I5 1 2I 5I l(l) lOIO lO(IJO
Odds ratio (95% confidence interval)

The odds ratios for occurrence of headache, baick jpi@b pain and insomnia as calculated
in the metaanalyses are: 1.43 (95% CI: 0.83 to)2@4 0.25; 1.19 (95% CI: 0.54 to 2.64),
p=0.82; 1.15 (95% CI: 0.50to 2.66), p =0.90 dnd4 (95% CI: 0.50 to 6.07), p =0.57,
respectively. It means that the odds of occurresfcthese adverse events in the sildenafil
group is 143%, 119%, 115% and 174% of the respeciilds in the placebo group. However,
none of the results reached statistical signifieanc

For generalized pain, nausea and vomiting, abddnaimraplaints, vertigo and syncope the
odds of occurrence of these adverse events was Iowvlee sildenafil group as compared with
the placebo group. The oddss of occurrence forrémeaining adverse events (flushing,
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dyspepsia, diarrhea, muscle pain, cough, episteusy, flu-like symptoms, visual disorders,
gastritis, numbness of hands and feet and constipatvere higher in the sildenafil group
than the respective oddss in the placebo group.edexy the differences between the groups
are not statistically significant.

3.4.5.2. Withdrawal from the study

This endpoint was evaluated only in two clinicaldés included in the analysiSastry 2004
with an observation period of 6 weeks and SUPERt &an observation period of 12 weeks.

In the Sastry 2004study it was reported that none of the patiengésatitinued treatment due
to adverse events, while from the SUPER-1 trighiegatients were withdrawn: 2 patients due
to violation of the study protocol, 2 patients daavithdrawal of the consent for participation
in the trial and 4 patients due to adverse everdgsa( dysfunction, leg edema, cardiac
arrhythmia and headache). However, the authorsdigresent the percentages of patients,
in whom these adverse events were observed, wtrado the compared therapeutic groups.

3.5. Sildenafil vs. placebo — children

3.5.1. Results of search for the studies

Two primary randomized, double-blind clinical stesli in which sildenafil was compared to
placebo in newborns and children with pulmonaryersat hypertension, were identified
during the search of medical databa&ssquero 200&ndNamachivayam 200@oth clinical
trials were performed in single treatment centers.

Publications related to the studies included inahalysis, duration of the observation period
and theJadadscores for specific studies are presented inatie tbelow.

Table 101.
Characteristics of the clinical trials included inthe analysis; SIL vs. PL

Baquero 2006 Baquero 2006 42 hours

Namachivayam 2006 Namachivayam 2006 4 hours

The observation period was 4 hours in NM@&mnachivayam 2006tudy and 42 hours in the
Baquero 2006rial.

In the 5-pointJadadscale the study daquero 2006cored 5 points and tidamachivayam
2006trial — 4 points.

3.5.2. Population

In both clinical studies patients with pulmonarypbytension were enrolled. THgaquero
2006 study concerned newborns aged less than 3 daykearss with persistent pulmonary
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hypertension, above 35.5 weeks of gestation. T¢lesion criteria included severe, refractory
hypoxemia and pulmonary hypertension as evaluatecedhocardiography, necessity of
mechanical ventilation and oxygen index40, high risk of death, left-to-right shunt
confirmed by echocardiography and pulmonary artergssure at least 40 mmHg. The
patients with congenital heart diseases, such atngmary artery stenosis, atrial or
ventricular septal defect or anomalous pulmonanmyus drainage, were excluded from the
study.

In the study ofNamachivayam 200&ewborns or children with pulmonary hypertension
participated, to whom inhaled nitrogen oxide wasaistered at a dose of at least 10 ppm for
at least 12 hours and in whom mechanical ventilati@s necessary. Among the exclusion
criteria the authors listed previous unsuccessftah#t to discontinue treatment with nitrogen
oxide, use of intravenous vasodilators (nitrategpatocellular damage, oxygen fraction in
the inhaled air above 0.6, congenital heart diseagth anomalous pulmonary or systemic
venous drainage and impossibility of measurememudhonary artery pressure or the right
ventricle.

Table 102.
Baseline characteristics of the patients enrolledhiparticular studies; SIL vs. PL

SIL PL SIL PL SIL PL SIL PL
38.4 37.2 2.8 2.7 o o
Baquero 2006 7 6 2.6)% | (1.9)* (0.6) (0.6) 0% 0%
Namachivayam 2006 15 14 244% | 146 | 4.6 4.0 | 86.7%* | 71.4%*
Total 22 20

" calculation based on available data
*median (interquartile range)
** pertains to gestational age

The analysis included 42 fetuses or newborns; B2rmga were assigned to the sildenafil
group and 20 — to the placebo group. Charactesisiicpatients enrolled in the studies
differed with regard to mean age and body masthdnstudy ofBaquero 2006nean age of
the fetuses or newborns was 38 and 37 weeks, Vithiléhe Namachivayam 200@rial
children aged 24 and 15 weeks were qualified, 3K and PL groups, respectively. In the
Baquero 2006rial mean body mass in the sildenafil and placgloups was 2.8 and 2.7 kg,
respectively, while median body mass in M&machivayam 2006tudy was 4.6 and 4.0 kg,
respectively. In most newborns enrolled in Nemachivayam 2006tudy a congenital heart
disease was diagnosed, while children with pulmphagpertension associated with a disease
of that type were excluded from tBaquero 200@rial

3.5.3. Intervention

Patients enrolled in thBaquero 200&andNamachivayam 2006linical trials were randomly
assigned to the sildenafil (SIL) group or the pkac€L) group.
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Detailed dosage is presented in the table below.

Table 103.
Description of the interventions; SIL vs. PL

Sildenafil at an initial dose of 1 mg/kg (0.5 ml/kg), administered not
later than 30 minutes after randomization, and then every 6 hours.
Baquero 2006 | The dose was doubled (2.0 mg/kg or 1/0 mi/kg) if oxygen index did
not improve and arterial blood pressure remained stable after
administration of the previous dose.

Placebo — solvent 0.5-
1 ml/kg.

Placebo administered
an hour before
discontinuation of NO.

Namachivayam | Sildenafil at a dose of 0.4 mg/kg (range: 0.3-0.5 mg/kg)
2006 administered an hour before discontinuation of NO.

Sildenafil was administered at a dose of 1 mg/ktheBaquero 2006&tudy and 0.4 mg/kg in
the trial ofNamachivayam 2006n the study oBaquero 2006he drug at a concentration of
2 mg/ml was prepared by dissolution of a 50 mgetabl 25 ml of the Orabase solvent and
administered by an oropharyngeal tube. If oxygeteindid not improve and arterial blood
pressure remained stable after administration ®fptlevious dose, the dose of sildenafil was
increased to 2 mg/kg. In thamachivayam 200@rial the drugs were administered by
a nasogastric tube.

In the clinical trial ofBaquero 200@he treatment was discontinued if oxygen indexeksed
below 20 or after eight doses of sildenafil or pla@ were administered.

In the Namachivayam 2006tudy all patients were treated with NO at a dokat least
20 ppm for at least 12 hours prior to enrollmerite Tose of NO was reduced by 1 ppm every
30 min. Treatment with sildenafil or placebo wasraduced when the dose of NO was
reduced to 2 ppm, i.e. one hour before discontionat

3.5.4. Analysis of efficacy

3.5.4.1. Mortality

In both clinical studies included in the analysi®rtality in newborns and children was
evaluated. The observation period was 4 hoursdaiNdgmachivayam 200study and 42 hours
in theBaquero 2006@rial.

The numbers and percentages of patients, in whanetidpoint occurred, are presented in
the table below.

Table 104.
Numbers and percentages of patients who died; SlLsv PL

N N Percen- N n Percen-
tage tage
Baquero 2006 7 1 14.3%* 6 5 83.3%* p <0.02
Namachivayam 2006 15 0 0% 15 1 6.7%* n.s.

" Calculation based on available data
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In the study ofBaquero 2006the percentage of children who died during an ofag®on
period of 42 hours was statistically significantbwer in the sildenafil group than in the
placebo group. In th&lamachivayam 200&ial one patient assigned to the placebo group
died during an observation period of 4 hours. Théh@s of the study stated that death
occurred before nitric oxide was discontinued draintervention introduced.

A metaanalysis for the total number of patients wlied during an observation period of 4-
42 hours is presented in the figure below.

Figure 42.
Metaanalysis for the total number of patients who ¢d; SIL vs. PL

Baguero 2006 + 0.03 (0.001, 1.00)

0.31 (0.00, 39.00)

Namachivayam 2006

Results of metaanalysis [fixed] 0.10 (0.01, 0.89)
Studies heterogeneity test: p=0.43 : :

[ T | L | T T T 1
1.00E-05 0.001 0.01 0102051 2 5 10 100

Odds ratio (95% confidence interval)

The odds ratio is 0.10 (95% CI: 0.01 to 0.89); @.655; the odds of death is therefore lower
in the sildenafil group and is 10% of this oddgha placebo group. The result is statistically
significant.

Additional EBM parameters were calculated for #nglpoint: relative risk (RR), relative risk
reduction (RRR), absolute risk reduction (ARR) #melNNT.

Table 105.
Mortality — additional EBM parameters; SIL vs. PL

0.21 (0.04 to 1.01) 0.79 (-0.01 to 0.96) 0.25 (0.08 to 0.43) 4(3tp13

The relative risk is 0.21 (95% CI: 0.04 to 1.01hieh means that the risk of death is lower in
the sildenafil group and is 21% of this risk in filacebo group; the result is on the verge of
statistical significance. The relative risk redaoatiis 0.79 (95% CI. -0.01 to 0.96). The
absolute risk reduction is 0.25 (95% CI: 0.08 #3), which means that the risk of occurrence
of this endpoint in the SIL group as compared ® BL group is lower by 25 percentage
points. Sildenafil instead of placebo must be adstened to 4 patients for 4-42 hours in order
to avoid one additional death due to pulmonaryriaftdypertension; NNT =4 (95% CI:
3 to 13).
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3.5.4.2. Exacerbation of symptoms of PAH after disc  ontinuation
of treatment with nitric oxide

This endpoint was assessed only in the clinical of Namachivayam 2006n which all
patients were treated with NO at a dose of at [B@gipm for at least 12 hours. The dose of
NO was reduced by 1 ppm every 30 min. The obsenvateriod was 4 hours.

Numbers and percentages of patients, in whom elxatien of symptoms of the disease was
observed after discontinuation of treatment with, /4 presented in the table below.

Table 106.
Numbers and percentages of patients, in whom exadsation of symptoms of the disease
was observed after discontinuation of NO; SIL vs. P

N n Percen- N n Percen-
tage tage
Nam;t(:)fg\éayam 15 0 0% 14 10 71.4%* p < 0.001

" Calculation based on available data

In the study ofNamachivayam 200écidence of exacerbation of symptoms of PAH was
statistically significantly lower in the sildenafiroup as compared to the placebo group. The
odds ratio calculated from the above data is 09BP4CI: 0.00 to 0.15). It means that the
odds of occurrence of this endpoint in the sildimabup is 1% of this odds in the placebo
group and the result is statistically significant.

Additional EBM parameters calculated for this endpare presented in the table below.

Table 107.
Exacerbation of symptoms of the disease after disabnuation of NO — additional EBM
parameters; SIL vs. PL

0.04 (0.01 to 0.35) 0.96 (0.65 to 0.99) 0.72 (0.45 to 0.88) 2 (210 3)

The relative risk is 0.04 (95% CI: 0.01 to 0.35)ieh means that the risk of exacerbation of
symptoms of PAH in the sildenafil group is 4% afthisk in the placebo group and the result
is statistically significant. The relative risk redtion is 0.96 (95% CI: 0.65 to 0.99). The
absolute risk reduction is 0.72 (95% CI: 0.45 ®8), which means that the risk of occurrence
of this endpoint in the SIL group as compared ® BL group decreased by 72 percentage
points. Sildenafil instead of placebo must be adstened to 2 patients for 4 hours in order to
avoid one additional exacerbation of symptoms ef disease after discontinuation of NO,;
NNT =2 (95% CI: 2 to 3).
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3.5.4.3. Reintroduction of treatment with nitric ox ide

In the study oNamachivayam 200&n which all patients were treated with nitric d&iprior

to enrolliment, the possibility of complete discom@tion of such treatment after an
observation period of 4 hours was evaluated. Tdeations for reintroduction of treatment
with NO were: exacerbation of symptoms of pulmondwypertension with values of
pulmonary pressure reaching or exceeding thosgstémic pressure, drastic desaturation or
exacerbation of symptoms of pulmonary hypertensiith arterial hypotension.

Numbers and percentages of patients, in whom tes#ttmith nitric oxide was reintroduced
in an observation period of 4 hours, are presentéue table below.

Table 108.
Numbers and percentages of patients, in whom treatemt with NO was reintroduced;
SIL vs. PL

N n Percen- N n Percen-
tage tage
Name%%fg\éayam 15 0 0% 14 4 26.7%* p =0.042

" Calculation based on available data

Attempts to discontinue treatment with NO were sgstul in all patients in the sildenafil
group. This treatment could not be discontinued! patients in the placebo group. In one
patient exacerbation of symptoms was observed as as the NO dose was reduced to
1 ppm, in two patients after 10 minutes and in tepés treatment with NO was reintroduced
within 2 hours from discontinuation.

The odds ratio calculated from the above datadZ (©5% CI: 0 to 0.85), which means that
the odds of reintroduction of treatment with NQawer in the sildenafil group and is 7% of
this odds in the placebo group; the result issiadlly significant.

Additional EBM parameters calculated for this endpare presented below.

Table 109.
Reintroduction of treatment with NO — additional EBM parameters; SIL vs. PL

0.1 (0.01 to 0.93) 0.90 (0.07 to 0.99) 0.29 (0.05 to 0.55) 4 (2 t0 22)

The relative risk is 0.1 (95% CI: 0.01 to 0.93),iethmeans that the risk of necessity of
reintroduction of treatment with NO in the sildehgfroup is 1% of this risk in the placebo
group and the result is statistically significaldi§IT = 4 (95% CI: 2 to 22).

3.5.4.4. Mean pulmonary artery pressure

Mean pulmonary artery pressure was assessed oropeanstudy included in the analysis:
Namachivayam 2006 his hemodynamic parameter was assessed aftaurlahd again after
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4 hours of observation of the newborns and childistailed results of specific studies are
presented in the table below.

Table 110.
Mean pulmonary artery pressure; SIL vs. PL

Mean SD Mean SD Mean 95% CI
SIL 15 | 351 13.3 38| 148 13 -95.’13to

1 ) -23.7*

142 p < 0.001
2006 )

SIL 15 35.1 13.3 33.8 11.8 -1.3* nd

4 -6.9*
PL 14 31.0 9.0 36.6 9.9 5.6* nd

" Calculation based on available data
** Time after discontinuation of treatment with NO

From the above data it may be concluded that isereAmean pulmonary artery pressure one
hour after discontinuation of treatment with nitogide was lower by 23.7 mmHg in the
sildenafil group as compared to the placebo gréte.result was statistically significant.

Mean difference in change of this parameter afteodrs of observation was -6.9 mmHg; the
reduction was therefore higher by 6.9 mmHg in thdemafil group as compared to the
placebo group. The authors of the study providedimformation concerning statistical

significance of differences between the groupgHat observation period.

3.5.4.5. Oxygen index

Reduction of value of oxygen index is related t@iaved oxygenation of arterial blood. In
the study ofBaquero 2006the assigned treatment was discontinued if oxyt@maas
evaluated by oxygen index improved.

Numbers and percentages of patients, in whom oxygex was < 20 after administration of
6 or 7 doses of sildenafil or placebo, are presem¢he table below.

Table 111.

Numbers and percentages of patients, in whom oxygemdex decreased < 20; SIL vs. PL

N n Percentagg N n Percentage
6 7 2 28.6%* 6 0 0% n.s.*
Baquero
2006 7 7 5 71.4%* 6 0 0% S.s.*

" Calculation based on available data
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The odds ratio for decrease of oxygen index beldwaffer administration of 6 and 7 doses of
the assigned drug as calculated from data presantéde Baquero 2006study is 6.11
(95% CI: 0.07 to 141.23) and 40.33 (95% CI: 2.linénity), respectively; the odds of
improved oxygenation in the sildenafil group as pared with the placebo group is therefore
6.11 and 40.33 times higher, respectively. The Irasustatistically significant only for
7 doses of the drug; NNT = 2 (95% CI: 2 to 3).

3.6. Treprostinil vs. placebo

3.6.1. Results of search for the studies

In searched medical databases two primary randahuilbgcal studies fulfilling the inclusion
criteria were identified, in which treprostinil (BR used in combination with conventional
treatment was compared to placebo (PL) with coneeal treatment (CT)Simonneau 2002
andMcLaughlin 2003 It should be noted that the authors of Mhe&_aughlin 2003study did
not clearly specify whether conventional treatmests continued after enrollmenioth
studies were double-blind.

In the study ofMcLauglin 20033 primary studies were presented; however, in dhlysis
only the results of the trial, in which treprostinias compared to placebo, were taken into
account.

Detailed characteristics of specific studies aesented in the table below.

Table 112.
Characteristics of the studies included in the angbis; TRE vs. PL

. Simonneau 2002
Simonneau 2002 Oudiz 2004 12 weeks 4

McLaughlin 2003 McLaughlin 2003 8 weeks 3

The observation period was 8 weeks in MelLaughlin 2003study and 12 weeks in the
Simonneau 2003tudy. The studies included in the analysis sc@g@mints (McLaughlin
2003)and 4 pointgSimonneau 2002 theJadadscale, respectively.

3.6.2. Description of the population

In both analyzed studies patients with pulmonatgra hypertension participated. In the
study of McLaughlin 2003patients with primary PAH diagnosed accordinghe National
Institutes of Healti{NIH) criteria were enrolled. In th8imonneau 2002tudy patients with
primary PAH, PAH associated with connective tissliseases or PAH associated with
congenital left-to-right shunt participated.

Patients qualified for theMcLaughlin 2003 study were in NYHA (New York Heart
Association)functional class IlI-1V despite conventional tne&nt, while those participating
in theSimonneau 200&ial — in NYHA functional class II, Il or IV.
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Moreover, the following parameters were listed agite inclusion criteria for both studies:
* 6-minute walk distance between 50 and 450 m;
* mean pulmonary artery pressure (MPAP) at leastrabig

* mean pulmonary capillary wedge pressure or endkysieft ventricular pressure
<15 mmHg;

* pulmonary vascular resistance >3 Wood units (& McLaughlin 2003study) or
> 3 mmHg/l/min (in theSimonneau 2002tudy).

From theSimonneau 2008tudy those patients were excluded, in whom orteefollowing
was documented:

* signs of thromboembolic disease as diagnosed bynsne& ventilation-perfusion
scintigraphy or pulmonary angiography;

* severe interstitial lung disease diagnosed by mednginctional tests and high
resolution computed tomography;

» portopulmonary hypertension or pulmonary hyper@msiassociated with HIV
infection;

* uncontrolled sleep-apnea syndrome;
» history of a disease of the left heart;
» other diseases associated with pulmonary hypedergsig. sickle cell anemia);

* introduction of a new long-term treatment for pulmaoy hypertension within the
previous month;

» discontinuation of any treatment for pulmonary hygesion (excepting
anticoagulants) in the previous week;

» use of prostaglandin derivatives within the pregi@0 days.

Detailed baseline characteristics of the patientslkd in specific clinical trials are presented
in the table below.
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Table 113.

Baseline characteristics of the patients enrolledhispecific studies

TRE| PL | TRE | PL | TRE | PL | TRE PL TRE PL TRE| PL | TRE | PL | TRE | PL

Simonneau | 233 | 236 (fg_'% (f;_'g)* 16% | 22% | 58%/424 58%/42%  1196/829%/8% 12%/81%/7%  100%60% (7%?5’)* (ff'%* (73_%‘)3* (35)7*

MC'-Z%UOQSh"“ 17 9 37 (17) 19% 100%/0%  100%/0% 0%/96%/4% nd nd (32753; (328745
Total™ | 250 | 245| 438| 437| 163% 2179 o0 | O8N | 100um30670| 11068206179 . . 32924 329.11

" calculation based on available data
weighted mean value (excepting data concerningtingber of patients)

144



The total number of patients enrolled in both eatdd studies is 495, of whom 250 were
assigned to the TRE group and 245 to the PL group.

Mean age was: 43.8 years in the TRE group and y&&ais in the PL group and the
percentage of men was 16.3% and 21.7%, respectiVély percentage of patients with
primary PAH was 60.8% in both groups.

The percentages of patients in specific NYHA fumeél classes: Il, Ill and IV were as
follows: 10%, 83% and 7% in the TRE group and 18280 and 7% in the PL group.

In the Simonneau 200&tudy mean duration of the disease before introclucof the
treatment was 4.3 years in the treprostinil grood 3.3 years in the placebo group. In the
study ofMcLaughlin 2003ho information concerning time from diagnosis \pasvided.

Mean 6-minute walk distance was similar in bothug®and was 329.2 m in the TRE group
and 329.1 m in the PL group.

In none of the studies any statistically significdifferences in baseline characteristics of the
patients were found.

From the above data it may be concluded that eselharacteristics of the patients in both
studies are similar with regard to mean age andpéreentage of men as well as the
percentage of patients in NYHA functional classdtid IV and the 6-minute walk distance.
However, they are different as to the percentageadients with primary PAH and PAH
associated with other diseases.

3.6.3. Description of the interventions

In both clinical trials included in the analysisetipatients were randomly assigned to the
treprostinil group or the placebo group. All patgerreceived additional conventional
treatment.

Details of dosage and the route of administratibrir@prostinil as well as drugs used in
conventional treatment are presented in the tadd®b

Table 114.
Description of the interventions; TRE vs. PL

Dose Route of administration

The initial dose of
treprostinil was

1.25 ngfkg/min and was CT: oral vasodilators

Continuous subcutaneous .
Placebo in

Simonneau increased during the |nfu_3|on_ by means of continuous anthoagu_la_nts_,
2002 studv: the maximum dosd & microinfusion pump infusion diuretics, digitalis
y: (MiniMed, Symar, CA). glycosides

after 12 weeks was
22.5 ng/kg/min.

The initial dose of
treprostinil was 2.5 to
5.0 ng/kg/min and was
increased every 24h by
2.5-5.0 ng/kg/min up to
a maximum dose of

20 ng/kg/min.

Continuous subcutaneous
infusion

McLaughlin

2003 Placebo nd

Agencja Oceny Technologii Medycznych
Al. Lotnikow 22, 02-668 Warszawa tel. +48 22 56 67 200 fax +48 22 56 67 202
e-mail: sekretariat@aotm.gov.pl
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In the Simonneau 200&tudy a period of initial conventional treatmest least 1 month) was
adopted before randomization of patients into twe therapeutic groups. Conventional
treatment included: oral vasodilators, anticoagislandiuretics, digitalis glycosides
(admissible). Treprostinil or placebo was admimede in subcutaneous infusion (into
abdominal subcutaneous tissue) by means of a MuiMeroinfusion pump. Treprostinil
was administered at the initial dose of 1.25 ngfkg/ which was then increased up to
22.5 ng/kg/min (the maximum tolerated dose) acomrdio symptoms and the type and
severity of adverse events. All patients, bothhiea TRE group and in the PL group, received
conventional treatment.

In the study of McLaughlin 2003 after initial assessment of general condition and
hemodynamic parameters the patients were randasslgraed to the TRE or PL groups. Both
treprostinil and placebo were administered in ¢ardus subcutaneous infusion. Treprostinil
was initially administered at a dose of 2.5 to igkg/min, which was then increased by 2.5-
5.0 ng/kg/min every 24h, according to response reatinent and the adverse events
encountered. The maximum dose administered wasy/k@/min. The drug was initially
administered in hospital settings; after a peribdlmservation and appropriate training of the
patient the treatment was continued in ambulatetiyngs.

3.6.4. Analysis of efficacy

3.6.4.1. Mortality

Mortality was assessed in the studySifmonneau 2002nly. The observation period was 12
weeks.

Numbers and percentages of patients who died asepted below.

Table 115.
Numbers and percentages of patients who died; TREsvPL
TRE Placebo Statistical
significance of
. differences
Study Population N n Percentag N n Percenta| between the
e ge groups;
TRE vs. PL
PAH associated
Simonneau with connective| 41 1 2.44%* 49 3 6.12%* n.s.
2002 tissue diseases
Total 233 9 3.86%* 236 10 4.24%" n.s.

* Calculation based on available data

From the data presented in the study it may beladad that the odds of death is lower in the
TRE group and is 91% of this odds in the convemtidreatment group; OR = 0.91 (95% CI:
0.32 to 2.54). The difference in mortality betwdmath groups is not statistically significant.
The odds of death in the population of patienthWAAH associated with connective tissue
diseases is lower in the TRE group and is 38% isf ddds in the conventional treatment
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group; OR =0.38 (95% CI. 0.01 to 5.04). The dd#fere in mortality between the assessed
groups is not statistically significant.

3.6.4.2. Quality of life

Quiality of life was assessed in tBanonneau 2002tudy using théMinnesota Living with
Heart Failure Questionnaire” This questionnaire evaluates the symptoms oft li@iéure and
the results of treatment with regard to four aspeghysical and psychical condition as well
as emotional and social function.

After 12 weeks of observation the patients treatgld TRE as compared to the control group
demonstrated statistically significantly higher moyement with regard to physical condition
(p = 0.0064). No statistically significant differ@ between the groups was observed with
regard to results of the whole questionnaire (p1F)

3.6.4.3. Exercise capacity — results of the 6-minut e walk test

In both studies exercise capacity was evaluatedgutsie 6-minute walk test (6MWT) and
observing changes in walk distance in the therapgubups. The observation period in the
studies ofSimonneau 200@ndMcLaughlin 2003vas 12 and 8 weeks, respectively.

Detailed results of specific studies are preseb&tow.

Table 116.
Results of the 6-minute walk test; TRE vs. PL

Mean SD Mean SD Mean SD
PAH TRE 41 280 83.2* 305 76.8* 24 76.87
(connecti 21 (-6.49 to
ve tissue 48.49)*
Simon- | diseases) PL 49 296 91* 303 98* 3 56*
neau
2002 TRE 233 326 76* nd nd 10%* nd 16
Total 2(;1 é)if
PL 236 327 92* nd nd O** nd p = 0.006
. TRE 15 373 103* 411 nd 37 65.84* 43 (-17.3to
McLaugh | Primary 103.3)*
-li PAH
lin 2003 PL 9 384 81 | 379 nd 6 | 84.00f

* Calculation based on available data
** Median value

In the Simonneau 2008tudy increase of exercise capacity from baselaleevwas observed

in the TRE group: median change from baseline vias Ithe range between the 25. and 75.
percentile was -24 to 47), while in the PL group aimnge was observed: median change
from baseline in this group was 0 m (the range betwthe 25. and 75. percentile was -
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44 to 32). The difference in median change betwbenwo groups, as calculated using the
Hodges-Lehmanmethod, was statistically significant and was 1§9%% CI. 4.4 to 27.6),

p = 0.006, in favor of the TRE group. The authdrghe study noted that increase of exercise
capacity was higher in more severely ill patientsl andependent of the etiology of the

disease.

In the population of patients with PAH associateithwconnective tissue diseases mean
difference in change of exercise capacity betwlergtoups as evaluated using the 6-minute
walk test was 21 m (95% CI: -6.49 to 48.49) in fawb the TRE group. The result is not
statistically significant.

In the McLaughlin 2003 study, in which patients with primary PAH partiaipd,
improvement in exercise capacity was observed & TRE group only; however, this
improvement was not statistically significant. Theean change of this parameter from
baseline value was: +37 m in the TRE group and 46 e PL group, respectively. Mean
difference in change of exercise capacity calcdldtem the above data is 43 m (95% CI: -
17.3 to 103.3); increase of this parameter is thezehigher by 43 m in the TRE group as
compared to the placebo group. The result is mistitally significant.

3.6.4.4. Assessment of dyspnea

3.6.4.4.1. Borg Dyspnea Score

Severity of dyspnea was assessed usingdtrg Dyspnea Scori@ both studies. In this scale
lower score reflects less severe dyspnea.

Values of change from baseline scores in both peerdc groups are presented in the table
below.

Table 117.
Borg Dyspnea Score; TRE vs. PL

N Change_from SD N Change_from SD
baseline baseline
PAH
(connectiv i . . -0.8
o tissue 41 0.6 3.2 49 0.2 3.5 (-2.2 10 0.6)*
Simonneau | diseases)
2002
-0.9
Total 233 -1.1* nd 236 -0.2* nd (-1.35t0 -
0.45)*
McLaughlin | Primary . . -1.0
2003 PAH 15 0 1.55 9 1.0 2.4 (-2.57 to 0.57)*

* Calculation based on available data
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In the Simonneau 2002tudy reduction of th8org Dyspnea Scorfom baseline values by

1.1 points in the TRE group and 0.2 points in thegPpup was observed. Mean difference in
change between the two groups was statisticallyifstignt and was -0.9 points (95% CI: -
1.35 to -0.45) in favor of the TRE group.

In the Simonneau 2008ubstudy concerning the population of patient$WAAH associated
with connective tissue diseases the authors obderwestatistically significant difference in
the Borg Dyspnea Scorbetween the TRE and PL groups. Mean differenceeduction of
dyspnea from baseline values was 0.8 (95% CI:te2®6), p = 0.168, in favor of the TRE
group.

In the study oMcLaughlin 2003no change in severity of dyspnea from baselinaesivas
observed in the TRE group, while in the PL grouwgrease of severity of dyspnea by 1 point
was noted. Mean difference in change between thgpgris not statistically significant and is
-1.0 points (95% CI: -2.57 to 0.57); reduction g6pnea is therefore higher by 1 point in the
Borg Dyspnea Scori@ the TRE group as compared to the PL group.

The figure below presents weighted mean differdncehange of théd8org Dyspnea Score
between the TRE and PL group in an observatiorogari 8-12 weeks.

Figure 43
Weighted mean difference in change of thBorg Dyspnea ScorefRE vs. PL

Simonneau 2002 I -0.90 (-1.35; -0.45)

McLaughlin 2003

= -1.00 (-2.57; 0.57)

Results of metaanalysis [fixed]

-0.91 (-1.34; -0.48)
Studies heterogeneity test: p=0.9045 : :

T T T T T T T T T T T T T T T T T T T 1
-3 -2 -1 0 1

Weighted mean difference (95% confidence interval)

Weighted mean difference in change of Barg Dyspnea Scoreetween the groups is -0.91

(95% CI: -1.34 t0 -0.48); p < 0.0001; reductionsefverity of dyspnea is therefore higher by
0.91 points in the TRE group as compared to thegRiup. The result is statistically

significant.
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3.6.4.4.2. Dyspnea — Fatigue Rating

In both studies th®yspnea — Fatigue Ratingcale was used for assessment of severity of
dyspnea and fatigue. This scale consists of 3 commts, each rated from O to 4. Lower score
reflects higher severity of the symptoms.

Assessment in this scale was presented in botlestud

Values of change from baseline scores in both peergc groups are presented in the table
below.

Table 118.
Changes inDyspnea — Fatigue RatingTRE vs. PL

Change Change
N from SD N from SD
baseline baseline
PAH
(connecnve a1 0.9 1.3 49 0 o 1 0.9 (0.16 to
Simonneau tissue 1.64)*
2002 diseases)
Total 233 1.0¢ nd | 236 0.1* nd 13
' ' (p = 0.0001)
McLaughlin Primary i .
5003 PAH 15 0.8 nd 9 0.7 nd 1.5% (NS)

* Calculation based on available data

Both in theSimonneau 2002nd theMcLaughlin 2003study decrease of severity of dyspnea
and fatigue was observed in the TRE group alon§ wibrsening in the PL group. In the
study ofMcLaughlin 2003the difference in change of the rating betweengttoeips was not
statistically significant, while in th&imonneau 200%ial it reached statistical significance
(p = 0.0001).

In the subgroup of patients with PAH associatedhwannective tissue diseases (the study of
Simonneau 2002)lecrease of severity of dyspnea and fatigue bypOi®ts as related to
baseline values was observed in the TRE groupewtalchange of this parameter was noted
in the PL group. The result is statistically sigrant.

3.6.4.5. Pulmonary transplantation

A case of pulmonary transplantation was reportethen study ofSimonneau 2002t was
performed in a patient qualified to the PL grouferaa study period of 12 weeks the patient
was still alive.
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Table 119.
Numbers and percentages of patients, in whom pulmamy transplantation was
performed; TRE vs. PL

N n Percen- N n Percen-
tage tage
Simonneau ok .
2002 233 0 0 236 1 0.4% n.s.

* Calculation based on available data

From the data presented in the study it may beladad that the odds of pulmonary
transplantation is lower in the TRE group and i%01&f this odds in the PL group. The odds
ratio calculated using th@eto method is 0.13 (95% CI: 0.002 to 6.91). The dédfere
between both groups with regard to this endpoinbisstatistically significant.

3.6.4.6. Withdrawal from the study due to clinical worsening

Clinical worsening of the disease being the caddbepatient’s withdrawal from the study
was reported in the study 8imonneau 2002n each group 6 patients did not complete the
study for this reason.

Table 120.
Numbers and percentages of patients, in whom cliréd worsening was the cause of
withdrawal from the study; TRE vs. PL

N n Percen- N Percen-
tage tage
Simonneau ok ok *
2002 233 6 2.6% 236 2.5% n.s.

* Calculation based on available data

From the data presented in the study it may beloded that the odds of the patient’s
withdrawal from the study due to exacerbation aghgioms of the disease is nearly equal in
both groups; OR = 1.01 (95% CI: 0.27 to 3.85). Tdwlt is not statistically significant.

3.6.4.7. Death, pulmonary transplantation or withdr  awal from the

study due to clinical worsening

This composite endpoint was evaluated inSihmmonneau 2002tudy.
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Table 121.
Numbers and percentages of patients, in whom deathbulmonary transplantation or
withdrawal from the study due to clinical worsening(a composite endpoint) occurred

N n Percen- N n Percen-
tage tage
Simonneau 2002 233 13 5.6%* 236 16 6.8%* n.s.*

* Calculation based on available data

From the data presented in the study it may beladad that the odds of death, pulmonary
transplantation or withdrawal from the study duecliaical worsening is lower in the TRE
group and is 81% of this odds in the PL group; OR81 (95% CI: 0.351t0 1.85). The
difference between both groups with regard to émidpoint is not statistically significant.

3.6.4.8. Hemodynamic parameters

3.6.4.8.1. Mean pulmonary artery pressure (mPAP)

Mean pulmonary artery pressure was assessed hoitattrials included in the analysis. The
observation period in this regard was 8 weeks é@MbLaughlin 2003study and 12 weeks in
the trial ofSimonneau 2002

Detailed results of specific studies are preseb&ow.

Table 122.
Mean pulmonary artery pressure; TRE vs. PL

Mean SD Mean SD
PAH TRE 41 52 12.8* -3 6.4* 2
connective

Simonneau ( tissue : PL 49 55 14* -1 7* (-4.79 10 0.79)*

2002 ot TRE | 233| 62 15 | 23| 7.6 3.00

ota

PL 236 60 15* 0.7 9.2+ | (-4.531t0-1.47)*

McLaughlin | Primary TRE 15 | 59% | 16.5* 0 11.6* 200
2003 PAH PL 9 64 18* 2 3 (-5.79t0 9.79)*

* Calculation based on available data
** Calculated for 17 patients in the TRE group

In the study ofSimonneau 200&duction of mean pulmonary artery pressure watssttally
significantly higher in the TRE group for the whaepulation of patients. For the population
of patients with PAH associated with connectiveuesdiseases reduction of this parameter as
related to baseline values was higher in the TR&umras compared to the PL group;
however, the result was not statistically significa
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In theMcLaughlin 2003tudy reduction of mean pulmonary artery pressw@® higher in the
placebo group as compared to the TRE group; howetrer result was statistically
insignificant.

The figure below presents a metaanalysis for tifierdnce in change of mean pulmonary
artery pressure between the TRE and PL group.

Figure 44.
Weighted mean difference in change of mean pulmongrartery pressure (mPAP); TRE
vs. PL

Simonneau 2002 l -3 (95%CI: -4.53; -1.47)

2 (95%Cl: -5.79; 9.79)

McLaughlin 2003 -

-2.71(95%CIl: -4.20; -1.23)
Results of metaanalysis (fixed)

Studies heterogeneity test: p=0.1242 v

-10 -5 0 5 10
Weighted mean difference (95% confidence interval)

From this metaanalysis it may be concluded thadrafh observation period of 8-12 weeks
reduction of mean pulmonary artery pressure isdrigly 2.71 mmHg in the TRE group as
compared to the PL group. Weighted mean differeamobange of this parameter between the
therapeutic groups is -2.71 mmHg (95% CI: -4.2a1t@3), p =0.0003. The result is

statistically significant.

3.6.4.8.2. Pulmonary vascular resistance index (PVRI)

Pulmonary vascular resistance was assessed inshadlfes. The observation period in this
regard was 8 weeks in tiMcLaughlin 2003study and 12 weeks in the trial 8fmonneau
2002

Detailed results of specific studies are preseb&ow.
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Table 123.
Pulmonary vascular resistance index; TRE vs. PL

Mean SD Mean SD
PAH TRE 41 25 19.2* -4 14 | 5(.9.461t0 -
(connective 0 5;4 .
Simonneau tissue PL 49 24 6.4* 1 I -54)

2002 Total TRE 233 26 15* -3.5 9.2* | 470 (-6.37 to -

PL 236 25 15 1.2 9.2* 3.03)*
McLaughlin Primary TRE 15 24.8™ | 10.7* -4.8 5.4* | .5.00 (-9.55 to -

2003 PAH PL 9 24.7 9.0* 0.2 5.7* 0.45)*

* Calculation based on available data
** Calculated for 17 patients

In the study ofSimonneau 2002duction of pulmonary vascular resistance watssttally
significantly higher in the TRE group as comparedhe control group, both with regard to
the whole population and the population of patiemith PAH associated with connective
tissue diseases. Mean difference in change of RMdRUulated from the above data is: -4.70
(95%CI: -6.37 to -3.03) for the whole populationdarb (95% CI: -9.46 to -0.54) for the
population of patients with PAH associated with mective tissue diseases; both results are
statistically significant.

According to data presented by the authors oMbkaughlin 2003study reduction of PVRI

by 20% was achieved in the TRE group; howevergthbfices between the assessed groups
are not statistically significant (p = 0.065). Medifference in change of PVRI calculated
from the above data is -5.00 (95% CI: -9.55 to5Pahd the result is statistically significant.

The figure below presents weighted mean differemcechange of pulmonary vascular
resistance index.
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Figure 45.
Weighted mean difference in change of pulmonary vasilar resistance index (PVRI);
TRE vs. PL

Simonneau 2002 + -4.7 (-6.37; -3.03)

McLaughlin 2003 -5 (-9.55; -0.45)

Results of metaanalysis (fixed) -4.73 (-6.30; -3.17)

Studies heterogeneity test: p=0.9047

Weighted mean difference (95% confidence interval)

In the metaanalysis of the results of two studtasistically significantly higher reduction of
pulmonary vascular resistance index in the TRE gasicompared to the placebo group was
found. Weighted mean difference in change of thasameter between the groups in an
observation period of 8-12 weeks is 4.73 unifs(85% CI: -6.30 to -3.17), p < 0.0001. The
result is statistically significant.

3.6.4.8.3. Cardiac index (Cl)

Cardiac index is a parameter expressing the reldietween cardiac output and the body
surface area (cardiac output at rest is dividethbybody surface area in square meters).
Cardiac index was assessed in both studies inclindibeé analysis.

Detailed results of specific studies are preseb&ow.

Table 124.
Cardiac index; TRE vs. PL

Mean SD Mean SD
( PAH TRE 41 2.1 0.64* 0.2 0.64* 0.3
connective )
Simonneau | tissue diseases PL 49 21 0.7* -0.1 0.7* (0.02 t0 0.58)*
Atz | TRE 233 | 24 153*| 012 | 061 018
Tota :
PL 236 2.3 1.54* 006 | o061 (0.07,0.29)*
- TRE 15 2.3 0.8* 0.4 0.77*
McLaughlin Primary PAH 0.4 .

* Calculation based on available data
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In both studies increase of cardiac index was highéhe TRE group as compared to the PL
group, both with regard to the whole population dne population of patients with PAH
associated with connective tissue diseases. Howtheedifference between the groups was
significant only in the trial o8imonneau 2002

The figure below presents a metaanalysis for diffee in change of cardiac index in an
observation period of 8-12 weeks.

Figure 46.
Weighted mean difference in change of cardiac indefCl); TRE vs. PL

Simonneau 2002 . 0.18 (0.07; 0.29)

McLaughlin 2003 0.40 (-0.19; 0.99)

Results of metaanalysis (fixed)

0.19 (0.08; 0.30)
Studies heterogeneity test: p=0.4443

| T T T T T T T T | T T T T |
-0.5 0 0.5 1.0
Weighted mean difference (95% confidence interval)

Weighted mean difference in changes of cardiac xinie 0.19 I/min/m (95% CI:
0.08 to 0.30); increase of cardiac index is theeefagher by 0.19 I/min/fin the TRE group
as compared to the PL group. The result is stedityi significant.

3.6.4.8.4. Mixed venous blood oxygen saturation

Mixed venous blood oxygen saturation was assesskoth studiesSimonneau 200and
McLaughlin 2003

Detailed results of specific studies are preseb&tow.
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Table 125.
Mixed venous blood oxygen saturation; TRE vs. PL
) Mean
Baseline value Change from difference in
Study Population Inter\éentlo N between the
groups
Mean SD Mean SD (95% CI);
TRE vs. PL
PAH TRE 41 61 12.8* 0 12.8*
(connective 3.00
tissue N . | (-2.59t0 8.89)*
Simonneau diseases) PL 49 61 14 3 14
2002
TRE 233 62 15* 2.0 12.2*
Total 3.4 .
PL 236| 60 | 15% | 14| 108+ (13210548
McLaughlin Primary TRE 15 62.1 12.37 -2.0 7.75 0
2003 PAH PL 9 617 g 4% 20 3% (-5.32t0 5.32)

* Calculation based on available data
** Calculated for 17 patients in the TRE group

In the study ofSimonneau 2003tatistically significantly higher increase of ratk venous
blood oxygen saturation was observed in the TREigras compared with the PL group.
Mean difference in change of this parameter caledl&rom the above data is: 3.4% (95%CI:
1.32 to 5.48) for the whole population and 3% (96%0-2.59 to 8.89) for the population of
patients with PAH associated with connective tissligeases. The result is statistically
significant for the whole population only.

In the McLaughlin 2003study no differences in change of this parameterewobserved
between the assessed groups.

The figure below presents a metaanalysis for diffee in change of mixed venous blood
oxygen saturation.
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Figure 47.
Weighted mean difference in change of mixed venoimood oxygen saturation; TRE vs.

PL
Simonneau 2002 + 3.4 (1.32;5.48)

McLaughlin 2003 0 (-5.32; 5.32)

Results of metaanalysis (fixed)

Studies heterogeneity test: p=0.1699 2.77 (0.89; 4.66)

T T T T T T T T T T T T T T T T T T T
-6 -3 0 3 6

Weighted mean difference (95% confidence interval)

Weighted mean difference in change of mixed vertwoed oxygen saturation is 2.77 p.p.
(95%CI: 0.89 to 4.66). It means that increase aofemiivenous blood oxygen saturation is
higher by 2.77 p.p. in the TRE group as comparetthédPL group. The result is statistically
significant.

Neither in theSimonneau 2002tudy nor in theMcLaughlin 2003trial were the following
endpoints taken into account:

» change of the NYHA functional class
* number of hospitalizations

It should be noted that mortality and necessitguwimonary transplantation was assessed only
in the subgroup of patients with PAH associatedhwiinnective tissue diseases in the study
of Simonneau 2002

3.6.5. Assessment of safety

Safety of the compared treatment options was asdess both studies included in the
analysis. The observation period in this regard &ageeks in theMcLaughlin 2003study
and 12 weeks in the trial &monneau 2002

The table below presents numbers and percentageatiehts participating in the studies of
Simonneau 200@ndMcLaughlin 2003in whom specific adverse events were observed.
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Table 126.

Numbers and percentages of patients in th8imonneau 2002nd McLaughlin 2003
studies, in whom specific adverse events were obged; TRE vs. PL

N n Percen N n Percen-
-tage tage
Pain at the injection Simonneau 2002| 233 | 200 85% 236| 62 27% p < 0.0001
site McLaughlin 2003| 16 15 88% 9 2 22% p =0.0016
N Simonneau 2002| 233 12 5% 236 14 6% n.s.
Vomiting -
McLaughlin 2003| 17 4 24% 9 0 0% n.s.
Reactionatthe | o\ hheay 2002 233 | 196 83% | 236| 62  27% p < 0.0001
injection site
Bleeding or Ividity at | - g nneay 2002) 233 | 79 | 34% | 236 0| 4% n.s.
the injection site 2
Headache Simonneau 2002 233 64 27% 236| 54 23% n.s.
Diarrhea Simonneau 2002 233 58 25% 236| 34 16% p < 0.009
Nausea Simonneau 2002 233 52 22% 236 41 18% n.s.
Skin rash Simonneau 2002 233 32 14% 236| 26 11% n.s.
Jaw pain Simonneau 2002 233 31 13% 236 11 5% p < 0.001
Sudden vasodilation | Simonneau 2002 233 25 11% 236| 11 5% p<0.01
Vertigo Simonneau 2002 233 21 9% 236| 19 8% n.s.
Edema Simonneau 2002 233 21 9% 236 6 3% p < 0.002
Gastrointestinal | - g onneay 2002 233 | 3 | 1.3% | 236| 0 0% nd
bleeding
Blood transfusion Simonneau 2002 233 2 0.9% 236 0 0% nd
Hypotension McLaughlin 2003| 16 4 24% 9 0 0% n.s.
Bradycardia McLaughlin 2003| 17 2 12% 9 0 0% n.s.
Vasovagal symptoms| McLaughlin 2003| 17 0 0% 9 2 22% n.s.
Syncope McLaughlin 2003| 17 1 6% 9 3 33% n.s.
Insomnia McLaughlin 2003| 17 1 6% 9 3 33% n.s.
Hematoma/
induration of the McLaughlin 2003| 17 16 94% 9 2 22% p = 0.0004
injection site
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In the study ofSimonneau 20080 significant abnormalities in hematological avdhemical
laboratory tests were found in either of the groupsoth groups the most common adverse
reaction was pain at the injection site (observemtenoften in the treprostinil group). In
18 patients in the TRE group and 1 in the PL grthgtreatment was discontinued due to
unacceptable pain at the injection site in the abdal wall. Other adverse events related to
prostacyclin, such as diarrhea, jaw pain, flushengedema of the lower extremities, were
observed more often in the TRE group. Most of #maining adverse events listed in the
table were also observed more frequently in the GRip; however, difference between the
groups was significant with regard to 6 types ofeade events: pain at the injection site,
reaction at the injection site, diarrhea, jaw pairgden vasodilation and edema.

Infection of the injection site was not observedany of the patients. Moreover, in 3 patients
in the TRE group gastrointestinal bleeding was plezk (one of the patients received
naproxen), which resolved spontaneously without@dmycal sequelae.

In the study ofMcLaughlin 2003the most commonly observed adverse events in Rie T

group were: hematoma or induration and pain atrffeetion site — differences between the
groups were statistically significant. Frequency tbfee other adverse events (vomiting,
hypotension and bradycardia) was also higher ifTRE group, but no statistical significance
was found. On the other hand in the control groagovagal symptoms, syncope and
insomnia occurred more often (however, no stas#ticsignificant differences were found

between the groups).

Pain at the injection site and vomiting were the twdverse events taken into account in both
studies(Simonneau 200andMcLaughlin 2003)Odds ratios calculated for these reactions in
a metaanalysis of the results of both studies agepted below.

Figure 48.
Metaanalysis for the total number of patients who eported pain at the injection site;
TRE vs. PL

Simonneau 2002 . 17.01 (10.40;do 28.02)

McLaughlin 2003 52.50 (3.09 to 2513.43)

Results of metaanalysis [fixed] 17.65 (11.14 to 27.96)
_ . 1410 27.

Studies heterogeneity test: p=0.3889

T | 1
2 5 10 100 1000 1.00E+05

Odds ratio (95% confidence interval)

The odds ratio calculated in the metaanalysis &n @t the injection site is 17.65 (95% CI:
11.14 to 27.96), p < 0.0001. It means that the @ddscurrence of this adverse event is more
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than 17 times higher in the TRE group as comparetd PL group. The result is statistically
significant.

The NNH is 2 (95% CI: 2 to 2). It means that adsiiration of treprostinil instead of placebo
to 2 patients for a period of 8-12 weeks is assediavith one additional case of pain at the
injection site.

A metaanalysis for the total number of patientswimom vomiting was observed during 8-
12 weeks of treatment with treprostinil or placeisqresented below.

Figure 49.
Metaanalysis for the total number of patients, in vaom vomiting was observed; TRE vs.

Simonneau 2002 . 0.86 (0.36 to 2.06)

McLaughlin 2003 = 6.33 (0.36 to »)

Results of metaanalysis [fixed]

. . 1.05 (0.50 to 2.21)
Studies heterogeneity test: p=0.1043

Odds ratio (95% confidence interval)

The odds ratio calculated in the metaanalysis @& 195% CI: 0.50 to 2.21), p =0.96. It
means that the odds of occurrence of this endpoitite TRE group is similar to this odds in
the PL group. The result is not statistically sfigaint.

Odds ratios calculated for the remaining adversmisvare presented below.
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Figure 50.
Odds ratios for specific adverse events calculatédom the results of theSimonneau
2002and McLaughlin 2003studies; TRE vs. PL

reaction at the injection site - 14.87 (9.21; 24.11)
hematoma/lividity at the injection site - 0.67 (0.46; 1.00)
headache = 1.28 (0.82; 1.98)
diarrhea = 1.84 (1.13; 3.02)
nausea ™= 1.37 (0.84; 2.22)
skin rash -— 1.29 (0.71; 2.33)
jaw pain —— 3.14 (1.49; 7.09)
sudden vasodilation —— 2.46 (1.13; 5.67)
vertigo —-— 1.13 (0.56; 2.29)
edema — 3.80 (1.44; 11.69)
hypotension 5.67 (0.27; =)
bradycardia 2.27 (0.07; )
vasovagal symptoms %l—— 0.11 (0.00; 1.88)
syncope —_— 0.13 (0.002; 2.08)
insomnia e 0.13 (0.002; 2.08)
hematoma/induration of the injection site R 56.00 (3.31; 2670.59)
0.0|01 0.(|)1 O.I1 I0.|512I 5|1(I) 10|0 1060 1.00|é+05
QOdds ratio (95% confidence interval)

The odds of occurrence of insomnia, syncope, vagvaymptoms or hematoma or lividity
of the injection site is lower in the group treateith treprostinil and is 13%, 13%, 11% and
67% of the respective odds in the control groupe ©dds ratio for insomnia or syncope is
0.13 (95% CI: 0.00to 2.08), for vasovagal symptom$l (95% CIl. 0.00 to 1.88), for

hematoma or lividity of the injection site 0.67 $95CI: 0.46 to 1.00). Only the result for

hematoma or lividity of the injection site reachstdtistical significance. In order to avoid one
additional case of hematoma or lividity of the gtjen site treprostinil must be administered
instead of placebo to 11 patients for 12 weeks; NNH. (95% CI: 6 to 203).

The odds of occurrence of the remaining adversatsvis higher in the TRE group as
compared to the placebo group. The odds ratiosulead for the following adverse events
reached statistical significance:

* reaction at the injection site: OR = 14.84 (95% @R1 to 24.11), NNH =2 (95% CI:
210 2)

» diarrhea: OR = 1.84 (95% CI: 1.13 to 3.02), NNH1=(25% CI: 6 to 42)

* jaw pain: OR = 3.14 (95% CI: 1.49 to 7.09), NNHZ(®5% CI: 8 to 28)

* sudden vasodilation: OR = 2.46 (95% CI: 1.13 t&h.BINH = 17 (95% CI: 9 to 77)
* edema: OR = 3.8 (95% CI: 1.44 to 11.69), NNH =9%% CI: 9 to 42)

* hematomal/induration of the injection site: OR =086.(95% CI. 3.31; 2670.59),
NNH =2 (95% CI: 2 to 3).
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3.7. Bosentan vs. sildenafil

3.7.1. Results of search for the studies

Only one single-center, randomized, double-blingdgtfulfilling the inclusion criteria was
identified, in which bosentan (BOS) was directlymmared with sildenafil (SIL) in patients
with pulmonary arterial hypertension: SERAPH. Cbddy of this clinical trial scored
5 points in theladadscale. The observation period was 16 weeks.

3.7.2. Description of the population

In the SERAPH study patients with pulmonary hypesten, both primary and associated
with connective tissue diseases, such as scler@demsystemic lupus erythematosus, in
WHO functional class Il were enrolled. In all patis diagnosis of PAH was based on the
results of heart catheterization and defined asnmealmonary artery pressure over

25 mmHg. In addition in all patients symptoms oflnponary arterial hypertension were

present despite conventional treatment with diosetiligoxin and anticoagulants and the 6-
minute walk distance ranged from 150 to 450 m.

Among the exclusion criteria elevated liver enzynfes3 times above the upper limit of

normal values), previous treatment with bosentasildenafil and necessity of treatment with

prostanoids were listed.

Baseline characteristics of the patients enrolfedthe SERAPH study are presented in the
table below.

Table 127.
Baseline characteristics of the patients enrollechithe SERAPH study; BOS vs. SIL

Number of patients 12 14
Mean age (SD) [years] 41.1 (nd) 44.4 (nd)
Percentage of men 16.7% 21.4%
Percentage of patients with primary PAH 91.7% 85.7%
zs(rec;ir&tear%?aof patients with PAH associated with 8.3% 71%
rask
Mean time from diagnosis (SD) [months] 31 (40) 40 (44)
Percentage of patients treated with warfarin 92% 93%
Percentage of patients treated with diuretics 50% 71%
Percentage of patients treated with digoxin 66% 43%
Eﬁ;ﬁir;tlatﬂ(e)cokferr)gtients treated with calcium 42% 706
Mean 6-minute walk distance (SD) [m] 304.6 (74.1) 290 (88.5)

" Calculation based on available data
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In the SERAPH study 26 patients with PAH were dathlof whom 12 were assigned to the
bosentan group and 14 to the sildenafil group. Mage of patients in the bosentan and
sildenafil group was 41 and 44 years, respectivetge from diagnosis of PAH: 31 and
40 months and the percentage of men 17% and 2X§ectvely. Patients with primary PAH
constituted the majority of the population: 92%he BOS group and 86% in the SIL group;
those treated with warfarin: 92% and 93%.

The authors of the SERAPH study found no statibyicagnificant differences in baseline
characteristics of the patients assigned to theriias group and the sildenafil group.

3.7.3. Description of the interventions

In the SERAPH study the patients were randomlygassl to the bosentan group (BOS) or
the sildenafil group (SIL). In both therapeutic gps all patients received additional
conventional treatment with warfarin, diureticggakin or calcium channel blockers.

The patients in the BOS group received bosentacetdaily at an initial dose of 62.5 mg for
a period of four weeks, after which the dose waseased to 125 mg twice daily. The initial
dose of sildenafil was 50 mg twice daily. After fomeeks the dose of the drug was increased
to 50 mg three times daily. The study was doubiledbl

The observation period was 16 weeks.

3.7.4. Analysis of efficacy

3.7.4.1. Mortality

In the SERAPH clinical trial only one patient inethsildenafil group died during an
observation period of 16 weeks. In the bosentangrm deaths were observed.

The odds ratio calculated using tRetomethod is 0.16 (95% CI: 0.003 to 7.96). It mednad t
the odds of death is lower in the bosentan groupiarl6% of this odds in the sildenafil
group. The result is not statistically significant.

3.7.4.2. Quality of life

In the SERAPH study quality of life was assesseadgughe Kansas City Cardiomyopathy
Quiality-of-Life questionnaire, consisting of 23 questions rateithén5-pointLiekert scale (in
which 1 represents maximum limitation and 5 — muititions) related to eight domains
(physical symptoms, symptoms stability, social tation, self-efficacy, quality of life,
functional status and clinical summary). Total ecoanged from O to 100; higher score
reflected better health status.

Mean changes from baseline scores and mean difeerenthis change between the groups
(bosentan and sildenafil) are presented in the tablow.
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Table 128.
Quiality of life; BOS vs. SIL

Mean (95% CI)

BOS 12 6 -6to 17
-22 (-35t0-9)

SIL 13 27 191to 36

In the SERAPH study quality of life after an obssion period of 16 weeks was improved
both in the bosentan group and in the sildenaéligr however, change from baseline score
was statistically significant in the sildenafil ggonly.

From the above data it may be concluded that isered the quality of life score assessed
using theKansas City Cardiomyopathy Quality-of-Lifeiestionnaire was lower by 22 points
in the bosentan group as compared to the sildegadip. Mean difference in change from

baseline score between the assessed therapeutipsgwas -22 points (95% CI: -35 to -9;

p = 0.002). The result was statistically significaHowever, results need to be interpreted
cautiously as above analysis was not intentiomdatt(one patient who died in sildenafil

group was excluded).

3.7.4.3. Results of the 6-minute walk test

In the SERAPH clinical trial exercise capacity o€ patients was assessed using the 6-minute
walk test. The observation period with regard ie 8ndpoint was 16 weeks.

Mean changes in exercise capacity from the basehhges in the bosentan group and the
sildenafil group are presented below.

Table 129.
Results of the 6-minute walk test; BOS vs. SIL

Mean SD Mean 95% ClI
BOS 12 304.6 74.1 59 29 to 89
-55 (-108 to -2)
SIL 13 290 88.5* 114 67 to 160

" Data for 14 patients in the sildenafil group

After 16 weeks of observation in both groups (btemenand sildenafil) a statistically
significant increase in exercise capacity assesseg the 6-minute walk test was noted.

Mean difference in change of this parameter betwkertherapeutic groups as calculated by
the authors of the SERAPH study was -55 meters (@5%L108 to -2; p = 0.044), increase of

the 6-minute walk distance was therefore lower Bymeters in the bosentan group as
compared to the sildenafil group. The result wasistically significant. The results need to

be interpreted cautiously as above analysis wamtaition-to-treat (one patient who died in

sildenafil group was excluded).
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3.7.4.4. Borg Dyspnea Score

Severity of dyspnea was assessed in the SERAPH sigidg theBorg Dyspnea Scoren
which lower score reflects lower severity of thenggoms. The patients were observed for
a period of 16 weeks.

Baseline scores and changes from baseline valuestintherapeutic groups are presented in
the table below.

Table 130.
Borg Dyspnea Score; BOS vs. SIL

Mean SD Mean 95% ClI
BOS 12 3.7 1.6 0.2 14t01.7
1.7 (-0.24 to 3.64)
SIL 13 4.8 2.4 -15 -3.0t0 0.0

" Data for 14 patients in the sildenafil group
" Calculation based on available data

In an observation period of 16 weeks no statidticagnificant change from baseline value of
theBorg Dyspnea Scomas noted in any of the assessed therapeutic group

Mean difference in change between the groups asileééd from the data presented in the
SERAPH study is 1.7 points (95% CI: -0.24 to 3.6d)disfavor of bosentan. However, the
result is not statistically significant. The resutieed to be interpreted cautiously as above
analysis was not intention-to-treat (one patient wled in sildenafil group was excluded).

3.7.4.5. Cardiac index

Among the investigated hemodynamic parameters oaldiac index was assessed in the
SERAPH study. The observation period was 16 weeks.

The table below presents mean baseline valuesop#rameter, changes from baseline and
the difference in change between the bosentan gaodphe sildenafil group after 16 weeks
of observation.

Table 131.
Mean values of cardiac index; BOS vs. SIL

Mean SD Mean 95% ClI
BOS 12 2.2 0.1 0.3 0.1t00.4
0(-0.2t00.2)
SIL 13 2.3 0.1 0.3 0.1t00.4

" Data for 14 patients in the sildenafil group
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After 16 weeks of observation of patients with pairary arterial hypertension both in the
bosentan group and in the sildenafil group cardid@ex increased from baseline value by
0.3 I/min/nf and the result was statistically significant. Nfiedlences in this parameter were
observed between the assessed groups. Mean diffeoéchanges was 0 I/minfrt®5% ClI: -
0.2 t0 0.2). The results need to be interpretedimagly as above analysis was not intention-
to-treat (one patient who died in sildenafil grougs excluded).

3.7.5. Assessment of safety

In assessment of safety in the SERAPH study fregjuef adverse events and necessity of
unplanned hospitalizations, discontinuation oftireant or change of the dose of administered
drugs were taken into account.

Numbers and percentages of patients, in whom speevients were observed during an
observation period of 16 weeks, are presented below

Table 132.
Assessment of safety; BOS vs. SIL

N A Percen- N n Percen-
tage tage
All adverse events 12 3 12% 14 1 7% n.s.
Palpitation 12 0 0% 14 1 7% n.s.
Hemoptysis 12 1 8% 14 0 0% n.s.
Necessity of diuretic
dose increase du_e to 12 > 179 14 0 0% ns.
symptoms of fluid
retention
Hepatic disorders 12 0 0% 14 0 0% n.s.
Withdrawal from the 12 0 0% 14 0 0% ns.
study
Necessity of 12 3 12% | 14 0 0% n.s.
hospitalization
Necessity of change in
dosage of the 12 0 0% 14 0 0% n.s.
investigated drugs

" Calculation based on available data

In the SERAPH clinical trial frequency of adversets and unplanned hospitalizations was
slightly higher in the bosentan group as compacethé sildenafil group. The authors of the
study observed no cases of hepatic disorders, el from the study or necessity of

change in dosage of the investigated drugs in &ttyecassessed therapeutic groups.
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The odds ratio for all adverse events assessetherges 4.33 (95% CI: 0.28 to 244.61); the
odds of occurrence of any adverse event in thenbasegroup is therefore 4.33 times higher
than this odds in the SIL group; however, the tasulot statistically significant.

The odds of occurrence of hemoptysis or necessiiparease of dose of diuretics due to
symptoms of fluid retention is 8.73 and 9.55 tiniégher in the bosentan group than the
respective odds in the sildenafil group; &= 8.73 (95% CI: 0.17 to 445.08) for hemoptysis
and ORyepo=9.55 (95% CI: 0.56 to 163.09) for diuretic daserease. None of the results
reached statistical significance.

The odds ratio for palpitation calculated using tReto method is 0.16 (95% CI:
0.003 to 7.96), which means that the odds of oetwe of this endpoint in the bosentan
group is 16% of this odds in the sildenafil grotfpwever, the result is not statistically
significant.

The odds of unplanned hospitalization in the basengroup is 10.54 times higher as
compared to the sildenafil group. The odds ratiouwated using thé>eto method is 10.54
(95% CI: 0.99 to 112.35) and the result is notistiaally significant.

3.8. Epoprostenol vs. iloprost

3.8.1. Results of search for the studies

Epoprostenol (EPO) was directly compared to ilop(dsO) only in one randomized, cross-
over study fulfilling the inclusion criterigBcott 1990The identified clinical trial was carried
out in a single center. No blinding was used inSkett 199Cstudy and itsladadcredibility
score was 2 points.

3.8.2. Description of the population

Patients participating in th8cott 1990study were those with severe primary pulmonary
hypertension who did not respond to previous treatmwith vasodilators and were qualified
for cardiopulmonary transplantation. Patients gitmificant worsening of such symptoms as
dyspnea and fatigue, classified in NYH@&New York Heart Associationll, Il or IV
functional class, were enrolled. In all patienténpenary hypertension associated with other
diseases was excluded by means of chest X-ray,ilateri-perfusion scintigraphy,
pulmonary scintigraphy and heart catheterizatiomdne of the patients proximal obliteration
of pulmonary arteries by thrombi was revealed blynanary scintigraphy or angiography.

Baseline characteristics of the patients enroheithe Scott 199Gstudy are presented below.

Table 133.
Baseline characteristics of the patients enrolledhithe Scott 1990study; EPO vs. ILO

Number of patients 12
Mean age (SD) [years] 37.6 (11.1)
Percentage of men 50%
Percentage of patients with primary PAH 100%
Mean time from diagnosis (SD) [months] 33.5(32.9)
Percentage of patients treated with vasodilators 100%

" Calculation based on available data
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Twelve patients with primary PAH diagnosed 33.5 thoprior to enrollment (on average)
participated in th&cott 199Gstudy; 50% of them were men and mean age wasy8ars. All
patients were treated with vasodilators and mosthem received also diuretics and oral
anticoagulants.

3.8.3. Description of the interventions

Participants of theScott 1990study were randomly assigned to two therapeutaups:
epoprostenol (EPO) or iloprost (ILO). The patientsually received three doses of the
assigned drug; after a pause of 15 minutes theg wessed over to the other group.

Both drugs were administered in intravenous infaisibhe initial dose of epoprostenol was
2 ng/kg/min and was increased every 15 minutes mgth@r 2 ng/kg/min. lloprost was
administered at an initial dose of 1.5 ng/kg/misely 15 minutes the dose was increased by
another 1.5 ng/kg/min. Both epoprostenol and ilspreere administered until peripheral
arterial pressure or pulmonary vascular resistaraereduced by 20% or adverse events were
observed. Before each subsequent infusion of eptggrol hemodynamic measurements were
performed.

Mean maximum dose of EPO was 6 (SD =2) ng/kg/mmd that of ILO: 3.4 (SD =1.8)
ng/kg/min.

3.8.4. Analysis of efficacy

In the Scott 1990study only hemodynamic parameters (i.e. secon@agpoints) were
evaluated, including mean pulmonary artery pressmean pulmonary vascular resistance,
cardiac index and arterial blood oxygen saturatkefficacy of the drugs was assessed after
discontinuation of treatment with anticoagulantdl. patients were fasting for 8 hours before
catheterization and were administered intravenoagegam at a dose of 5-10 mg. The
observation period was 45 minutes.

Detailed results are presented in the table below.

Table 134.
Mean values of hemodynamic parameters; EPO vs. ILO

Mean SD Mean SD
Mean pulmonary EPO 12 676 138 63.8 18.0 0.8
artery pressure . . :
[n%rﬁHg] ILO 12 63.0 139 | (-12.07 to 13.67)
Pulmonary EPO 12 12.5 6.0
vascular 17.1 6.5 0.7 (-5.5 to 4.1)
resistance ILO 12 13.2 6.0
[mmHg/min/l]
i EPO 12 2.8 0.7
Cardiac index 1.9 0.7 0.3 (-0.26 to 0.86)
[I/min/m?] ILO 12 2.5 0.7
Arterial blood EPO 12 63.3 7.2
oxygen 57.1 8.1 -3.2(-8.1t0 1.7)
saturation [%] ILO 12 66.5 4.8

" Calculation based on available data
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In both therapeutic groups values of mean pulmonaery pressure and pulmonary vascular
resistance after 45 minutes of treatment were |dkaem baseline values.

Difference in final values of mean pulmonary artgmessure between the groups was
0.8 mmHg (95% CI: -12.07 to 13.67), in disfavorepbprostenol; the result is not statistically
significant.

Mean difference in pulmonary vascular resistandevéen the groups (EPO and ILO) was -
0.7 mmHg/l/min (95% CI. -5.5t04.1), i.e. the valwas lower by 0.7 mmHg in the
epoprostenol group as compared to the iloprostpgrbawever, the result is not statistically
significant.

Mean value of cardiac index was higher by 0.3 I/miin the epoprostenol group as
compared to the iloprost group. Mean difference &&d/min/nf (95% Cl: -0.26 to 0.86) and
the result is not statistically significant.

After 45 minutes of treatment arterial blood oxygaturation was lower by 3.2 p.p. in the
EPO group as compared to the ILO group. Mean d@iffee in final values of this parameter
was -3.2 p.p. (95% CI: -8.1 to 1.7). The resultmid reach statistical significance.

3.8.5. Assessment of safety

The authors of th&cott 199Gstudy reported the number of patients, in whomeesky events
were observed during treatment with epoprostendbprost.

Numbers and percentages of patients, in whom aglexants were observed during

45 minutes of treatment, are presented below.

Table 135.
Assessment of safety; EPO vs. ILO

| e e | | e
Headache 12 3 25% 12 2 17% n.s.
Abdominal pain 12 1 8% 12 0 0% n.s.
Vomiting 12 0 0% 12 1 8% n.s.

" Calculation based on available data

The Peto odds ratio for headache is 1.62 (0.24 to 11.1'Hickv means that the odds of
occurrence of this adverse event is higher in fflapeostenol group and is 162% of this odds
in the iloprost group. The result is not statidticaignificant.

The odds ratio calculated using theto method for abdominal pain is 7.39 (95% CI:
0.15 to 372.38); the odds of occurrence of thispeint is therefore 7.39 times higher in the
epoprostenol group as compared to the iloprost mrand the result is not statistically
significant.

The odds of occurrence of vomiting is lower in ERRO group and is 14% of this odds in the
ILO group; ORyeto= 0.14 (95% CI. 0.003 to 6.82). The result is statistically significant.
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4. DISCUSSION AND LIMITATIONS

Available data

The analysis of efficacy and safety of bosentamppepstenol, iloprost, sildenafil and
treprostinil in treatment of pulmonary arterial lyfension was based on the results of
19 randomized, controlled clinical studies. Theestation period ranged from 45 minutes to
28 weeks.

Adult patients with primary PAH or PAH associatedthaother diseases (most often with
connective tissue diseases) constituted the laggesip of patients in the analyzed studies.
For three comparisons the number of patients rafrged 12 to 42 (epoprostenol vs. iloprost,
bosentan vs. sildenafil, sildenafil vs. placebahiidren) and for the others — from 215 to 495.
One of the studies included fetuses in tHerBnester and newborns up to three days of age.

Credibility of the clinical trials included in thanalysis as assessed using the 5-point Jadad
scale ranged from 2 to 5 points.

Methods applied and results obtained

Analysis of efficacy and safety was carried outcadimg to “Guidelines on Health
Technology Assessment (HTA)”. At first the analysisluded primary clinical studies taken
into consideration in three credible systematidaws (Kanthapillai 2004, Paramonthayan
2005 Liu 2006),to which other primary clinical studies publishegter the final search dates
reported in those reviews were then added.

The most important health-related effects evaluatedhe clinical trials included in the
analysis were: mortality, quality of life, effect the treatment on exercise capacity, change of
severity of dyspnea and assessment of safety.

Effect of the applied treatment on mortality wasessed in all comparisons excepting
epoprostenol vs. iloprost. Performed metaanalys&adenit possible to conclude that only for
the comparisons of epoprostenol vs. placebo irepatiwith primary PAH and sildenafil vs.
placebo in children the results were statisticalgnificant and confirmed reduction of
mortality as a result of use of the investigataeydr

Quality of life was evaluated in 5 studies for Sngared therapies: two of them concerned
adult patients with primary PAH (epoprostenol viacpbo(Barst 1996)and sildenafil vs.
placebo (Sastry 2004)),while the other comparisons pertained to patiemth PAH of
various etiology (iloprost vs. placel§@lschewski 2002)yreprostinil vs. placeb@imonneau
2002) and bosentan vs. sildenafftERAPH)).The authors of the studies used 4 different
guestionnaires for assessment of quality of lifer patients with primary PAH treated with
epoprostenol or sildenafil statistically signifitamprovement with respect to some of the
evaluated aspects, such as dyspnea, emotionaiorgagieep and fatigue, were demonstrated
in comparison with placebo. In the studies compailoprost or treprostinil to placebo,
patients with various types of PAH were enrolledatiStically significantly higher
improvement was demonstrated for treprostinil viecgbo only for the part related to
physical condition, while differences between thmeugs with respect to global result were
not statistically significant. In the SERAPH triglpmparing bosentan with sildenafil, it was
demonstrated that the effect of sildenafil on tkeeased parameter is higher than that of
bosentan.
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Influence of the treatment on exercise capacity eaduated in 15 clinical studies pertaining
to 6 comparisons. Exercise capacity was not assessethe comparison of sildenafil vs.
placebo in children and epoprostenol vs. iloproke assessment was carried out by various
means: the NYHA/WHO functional classification (irl 4tudies), the 6-minute walk test
(13 studies) and the treadmill test (2 studiesth&population of patients with various types
of PAH statistically significantly higher improvemiein exercise capacity was demonstrated
for bosentan, iloprost, sildenafil and treprostiad compared to placebo. In some studies
analysis in subgroups was also performed. In patignth primary PAH treatment with
iloprost or epoprostenol proved significantly mefécacious than placebo, while in patients
with PAH associated with connective tissue disedlsessame effect was demonstrated for
epoprostenol. In addition, in thBERAPH study, also concerning PAH associated with
connective tissue diseases, higher efficacy ofesdédil as compared to bosentan was
demonstrated.

Change in severity of dyspnea was analyzed in ddiet concerning 6 comparisons. This
endpoint was not assessed only for the followinghgarisons: sildenafil vs. placebo in
children and epoprostenol vs. iloprost. Assessroedispnea was performed using the Borg
Dyspnea Score, the Dyspnea — Fatigue Rating andlgdider Dyspnea Index. Statistically
significantly higher reduction of dyspnea was destated for treatment with epoprostenol,
iloprost and treprostinil; for the comparison oégrostinil vs. placebo in a subgroup of
patients with primary PAH no difference in efficassas found between the assessed groups.
Similarly, no significant differences in reductioh dyspnea were demonstrated between the
groups for the comparison of bosentan vs. placelile the comparison of sildenafil vs.
placebo in adult patients produced ambiguous e¢umttheBharani 2003study statistically
significantly higher reduction of dyspnea was otedrin the sildenafil group as compared to
the placebo group, while in tf®JPER 1study the results were the opposite). No stasiiyic
significant difference in reduction of severityayfspnea was demonstrated between bosentan
and sildenafil.

Assessment of safety was carried out for all themarisons excepting sildenafil vs. placebo
in children, due to a short observation period.dtistically significant differences between
the bosentan or sildenafil group and the placelmummwere demonstrated with respect to
incidence of adverse events in adult patientstfercomparisons of epoprostenal, iloprost or
treprostinil vs. placebo some adverse events wbserged statistically significantly more
often in the experimental groups than in the cdngmups. In patients treated with
epoprostenol the incidence of jaw pain, diarrhed reusea was significantly higher than in
patients receiving placebo. In the studies compailioprost with placebo serious syncope,
flushing and jaw pain occurred statistically sigrahtly more often in the experimental
group, while for the comparison of treprostinil ysacebo the same applied to diarrhea, jaw
pain, flushing, edema and local reactions relateddtug administration, i.e. reaction,
hematoma or induration at the injection site.

In the studies comparing bosentan with sildenafid epoprostenol with iloprost no
statistically significant differences in incidenoé adverse events were found. It should be
noted that 4 drug manufacturers (Actelion, GlaxdBKiine, Pfizer, United Therapeutics
Corporation) presented their respect®eriodic Safety Update Reportspwever, these data
are deemed confidential and therefore are notdetlun this analysis. Access to these reports
is granted to the Consultation Board of the AgefaryHealth Technology Assessment in
Poland, which prepares recommendations for thed#iniof Health.

Identified limitations and their effect on interpretation of the results
The most important limitations of identified evidenmay be related to the number and
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baseline characteristics of the patients enrolkesoime studies, used therapeutic doses of the
investigated drugs, evaluated endpoints, varioedilility of the studies as well as relatively
short observation periods.

In many of the studies included in the analysisepé$ with PAH of various etiology were
enrolled without subsequent analysis in subgroMmseover, only 2 of the identified studies
with very short observation periods pertained tiddedn (a total number of 42 children) and
in one of then{Baquero 2006jetuses were also included.

Three comparisons (sildenafil vs. placebo in ckifigibosentan vs. sildenafil, epoprostenol vs.
iloprost) were based on studies, in which a smathiper of patients participated (12, 26 and
42 patients, respectively), which may limit thekxternal validity and therefore make it
difficult to demonstrate superiority of one of ttheigs or to generalize the conclusions of the
analysis for the whole population concerned (ehgdien), in which a given treatment may
be possibly used.

It should be also noted that different doses ofdtheys were used in particular studies (this is
true for treprostinil, sildenafil, iloprost and gpostenol) and that doses or pharmaceutical
forms of drugs used in some studies differed frbosé registered by EMEA (for sildenafil
and iloprost).

Various and relatively short periods of observatimom ca. 1 hour to 28 weeks) may
constitute another serious limitation, making ftidult, or in some cases impossible, to assess
one of the most important health-related outcomesinortality. It should be noted that some
authors regard exercise capacity as an importaginoistic parameter, especially in idiopathic
pulmonary hypertension. This endpoint was evaludtesing the NYHA/WHO functional
classification or the 6-minute walk test) for 6tbé compared therapeutic options. However,
demonstration of a relation between mortality arereise capacity would require a separate
analysis, which in turn is not an objective of tteport.

The studies included in efficacy and safety analgsie of various credibility as evaluated
using the Jadad scale. The main cause of lowerbdigdwas lack of double-blind design,
which may result in insufficient elimination of @uitial confounders. Six (out of 19) clinical
trials were not double-blin(Barst 2006, Rubin 1990, Barst 1996, Badesch 200€;hewski
2002, Scott 1990Moreover, in 2 studies no information was providedo patients lost from
the study(Singh 2006, Scott 199@nd in 8 studies the method of randomization wats n
described(Rubin 2002, Barst 1996, Thurm 1991, Olschewski22@harani 2003, Singh
2006, McLaughin 2003, Scott 1990).

No therapeutic options related to combination tresit (i.e. simultaneous use of two or more
drugs) were taken into consideration in this analyEhis decision was consistent with the
application of the Minister of Health, which pertad to monotherapy only, as well as with
“Guidelines on diagnostics and treatment of pulmyraaterial hypertension” (2005) of the
European Society of Cardiology, in which such thgris considered a relatively new option.

Obtained results as compared with other analyses noerning the same problem

Three credible systematic reviews pertaining to pineblem of treatment of pulmonary
arterial hypertension were identified:

1. Liu C, Chen J., Endothelin receptor antagonists for pulmonary aser
hypertension; Cochrane Database of Systematic Reviews 2006,

2. Paramothayan NS, Lasserson TJ, Wells AU, Walters Bidstacyclin for pulmonary
hypertension in adults”"Cochrane Database of Systematic Reviews 2005
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3. Kanthapillai P, Lasserson TJ, Walters Eijldenafil for pulmonary hypertension”
Cochrane Database of Systematic Reviews 2004

In the systematic review dfiu 2006 efficacy and safety of the whole group of endathel
receptor antagonists (to which, among others, liasdmelongs) was evaluated. Both in this
analysis and in the review mentioned above poséfiect of treatment on exercise capacity
(as measured using the 6-minute walk test or thédNlassification) was demonstrated
along with no effect on mortality (mainly due toslort observation period) and no
statistically significant difference in incidencéaverse events as compared to placebo. The
results for assessment of reduction of severitydggpnea as measured using the Borg
Dyspnea Score were different: in thhéu 2006 review statistically significantly higher
reduction of this parameter was noted for treatnvatit bosentan as compared to placebo;
however, this result was obtained for the wholeugrof patients, treated with a dose of 125
or 250 mg twice daily, while in this analysis traant effects for the registered dose (125 mg
twice daily) were assessed and found statisticadlignificant.

In the systematic review oParamothayan 200%rugs classified as prostacyclins were
evaluated: epoprostenol, iloprost, treprostinil dmetaprost, of which beraprost was not
included in this analysis. For the remaining thdeegs in both reports the same studies were
taken into account and similar endpoints were assesin both analyses treatment with
epoprostenol, iloprost or treprostinil was foundh@ve no significant effect on mortality,
while statistically significantly higher improventem exercise capacity and decrease of
severity of dyspnea as compared to placebo (askéssa mixed group of patients) was
demonstrated, especially for therapy with inhalémprost and epoprostenol. Analyzes
performed in thé?aramothayan 2008eview made it possible to conclude that treatmetit
treprostinil results in no statistically signifidanhange in exercise capacity or severity of
dyspnea in patients with primary PAH, which is detent with the results of this analysis. In
both reviews statistically significantly higher ingpement in quality of life was demonstrated
for treatments with epoprostenol and iloprost asgared to placebo. For group treated with
treprostinil no significant improvement in this pareter was found as compared to control

group.

In the review ofKanthapillai 2004,in which (among others) efficacy of sildenafil was
compared to that of placebo, 2 studies were takEndccount, both with a small number of
participants and a short observation period (tvweostudies pertained to other comparisons).
In that report statistically significantly highenprovement in two aspects of quality of life
(dyspnea and fatigue) as well as in exercise cgpasimeasured using the 6-minute walk test
and reduction of dyspnea were noted in the groapted with sildenafil as compared to
placebo. Efficacy of sildenafil with respect to lessification into a lower NYHA class or
improvement in emotional function (being a partaskessment of quality of life) was not
demonstrated. In this analysis another 2 laterissudere taken into account, including one
large multicenter double-blind study (SUPER-1). ¢ontrast to conclusions of the
Kanthapillai 2004review, in this analysis statistically significatifferences in efficacy were
noted between sildenafil and placebo with respeciniprovement in exercise capacity
according to the NYHA/WHO classification, while ddference in reduction of dyspnea was
found.

Another systematic review, i.e. Shah PS, OhlssopSHdenafil for pulmonary hypertension
in neonate’s Cochrane Database of Systematic Reviews 200Glished in July 2007, should
also be taken into consideration. Two small randeahistudies with short observation periods
(42 and 72 hours) were taken into account in taew: Baquero 200GndHerrea 2006 of
which the latter was available only in abstractrfoHigher efficacy of sildenafil as compared
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to the control group was demonstrated in that wevigith respect to mortality and
improvement in arterial blood oxygen saturation,iclthis consistent with this analysis.
Nevertheless, further studies are required in om@&stablish optimal dosage of the drug and
assess safety as well as compare sildenafil witkeropulmonary vasodilators; long term
observation of children with respect to neurologevelopment is also necessary.

It should also be noted that thational Institute for Health and Clinical Excellea(NICE)
is currently preparing a report titletDrugs for the treatment of pulmonary arterial
hypertension”,scheduled for publication in April 2008.

It should be taken into consideration the init@mpletion date of the report (that is 2007) and
the possibility of an appearance of new evidendgisiarea and changes in drug licenses.
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5. FINAL CONCLUSIONS

Bosentan vs. placebo

Analysis of bosentan vs. placebo was based on #damoder randomized trials, in which
a total number of 408 patients with pulmonary aatdnypertension were enrolled, of whom
249 patients were randomized to receive bosentdria® patients — placebo.

OR (95% Cl)

Death 0.47 (0.05; 4.63)

Decrease of exercise capacity according to the WHO/NYHA classification r 0.44 (0.16; 1.22)

Hospitalisation 0.42 (0.16; 1.15)

Clinical worsening* 0.53 (0.26; 1.07)

Clinical worsening** 0.05 (0.00; 0.66)

Necessity of treatment change — 0.55 (0.16; 1.93)

¢¢T®¢¢L

Withdrawals due to clinical worsening 0.06 (0.02; 0.23)

In favor of BOS In favor of PL
Increase of exercise capacity by two WHO/NYHA classes N 7.18 (0.44; 116.03)
Increase of exercise capacity by one WHO/NYHA classes e 2.25(1.21; 4.18)
I 1 1 T T 1 T 1
In favor of PL In favor of BOS

[

Clinical worsening defined as death, necessity olimpnary transplantation, hospitalization due toHPA
necessity of introduction of additional treatmemid/&@r lack of clinical improvement, exacerbation tbg
symptoms resulting in the patient’s withdrawal frtme study or atrial septostomy.

™ Clinical worsening defined as development of rigkntricular failure or exacerbation of the sympsoof
PAH.

In this analysis statistically significant diffei@s were noted between the bosentan group and
the placebo group in an observation period of 12+&8ks with respect to increase of exercise
capacity by one WHO/NYHA class, defined as recfasgion of the patient from functional
class Ill to class Il. The odds of occurrence a$ tandpoint was 2.25 times higher in the
bosentan group as compared to the placebo group. ddds ratio is 2.25 (95% CI:
1.21t0 4.18) and the NNT is 7 (95% CI: 4 to 21p Blignificant differences between the
assessed therapeutic groups were demonstratedesplect to increase of exercise capacity
by two functional classes or decrease of exercagmaty according to the WHO/NYHA
classification, or with respect to mortality, fremecy of hospitalization, clinical worsening
(defined as death, necessity of pulmonary transgii@m, hospitalization due to PAH,
necessity of introduction of additional treatmemtd@r lack of clinical improvement,
exacerbation of the symptoms resulting in the p#sewithdrawal from the study or atrial
septostomy) and necessity of treatment change.
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WMD (95% Cl)

Exercise capacity - 6-minute walk distance i_> 43.33 (27.55, 59.12)
Cardiac index n 1.00 (0.60, 1.40)
In favor of PL In favor of BOS

Pulmonary artery pressure < -5.89 (-9.31, -2.48)

Pulmonary vascular resistance index % -424.93 (-588.78, -261.08)

| T T 1T | T T 1T | T T 1T T T 1T |
-600 -400 -200 0 200
In favor of BOS In favor of PL

Mean difference in change of exercise capacityl(gdad using the 6-minute walk test) was
43.33 m (95% CI. 27.551t059.12) in an observatpmriod of 16-28 weeks. Increase of
exercise capacity is therefore higher by 43.33 raeite patients treated with bosentan as
compared to those receiving placebo. The resufitasistically significant. No significant
differences between the assessed therapeutic gweengs noted with respect to severity of
dyspnea, which in the included studies was assessed the Borg Dyspnea Score.

However, there is a statistically significant diface between the assessed groups in favor of
bosentan with respect to effect on hemodynamicnpai@rs. Weighted mean difference in
change of pulmonary artery pressure between then@s group and the placebo group is
5.89 mmHg (95% CI: -9.31 to -2.48), while that inlpponary vascular resistance index is
424.93 dyn*s*crit (95% Cl: -588.78 to -261.08). Mean difference lrarge of cardiac index
calculated from the results of a single clinicaltis 1.00 (95% CI: 0.60 to 1.40), in favor of
the bosentan group.
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OR (95% CI)

0.64 (0.26; 1.59)

Any adverse event <>

Serious adverse events

0.73 (0.12; 5.38)

Headache —d 1.09 (0.57; 2.08)

Peripheral edema _+ 2.37 (0.86; 6.53)
T T

Hepatic disorder 1.42 (0.29; 6.96)

Vertigo _e 0.79 (0.37; 1.68)
Cough —— 0.44 (0.09; 1.73)
Nausea - 0.13 (0.02; 0.97)
Syncope 1.43(0.32; 7.22)

Sinus congestion

1.32 (0.27; 6.99)

Flushing 2.30 (0.50; 14.28)
Chest pain > 3.45 (0.30; infinity)
Fatigue 1.58(0.17; 19,48)
Exacerbation of symptoms of PAH —_—— 0.45 (0.14; 1,32)
Dyspnea = 0.25 (0.02; 1,37)
\Withdrawal from the study due to adverse reactions % 0.84 (0.39; 1,81)

In disfavor of PL In disfavor of BOS

Assessment of safety of bosentan as compared tehgademonstrated no statistically
significant differences with respect to seriouseade events or all adverse events evaluated
together, including vertigo, cough, syncope, sinasgestion, flushing, chest pain, fatigue,
exacerbation of symptoms of PAH, dyspnea and wétlvdl due to adverse events. The odds
of occurrence of nausea in the group treated WiiiSBs 13% of this odds in the PL group,
and the result is statistically significant.

Epoprostenol vs. placebo

In searched medical databases three primary ram@édmclinical studies fulfilling the
inclusion criteria were identified, in which epoptenol used in combination with
conventional treatment (EPO) was compared to cdio@l treatment alone (CT) in patients
with pulmonary arterial hypertension (N = 215). Agart of sensitivity analysis separate
metaanalyses were performed for the whole populadiopatients and for two subgroups:
patients with primary PAH (2 studies; N =104) atitbse with PAH associated with
collagenoses (1 study; N = 111).
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OR (95% Cl)
PRIMARY PULMONARY HYPERTENSION

Death + 0.09 (0.02, 0.56)
Decrease of exercise capacity according to NYHA —_— 1.33(0.24, 9.29)
Pulmonary transplantation = 0.48 (0.01, 9.56)
In favor of EPO In favor of CT
Increase of exercise capacity according to NYHA e 26.44 (4.49, 155.81)
Decrease of pulmonary artery pressure by 10 mmHg - 12.00 (0.83, 619.03)
In favor of CT In favor of EPO

HYPERTENSION ASSOCIATED WITH COLLAGENOSES
Death e 0.77 (0.14, 3.81)
New digital ulcers or ischemic demarcation events » 0.89 (0.30, 2.59)

In favor of EPO In favor of CT

Increase of exercise capacity according to NYHA 65.40 (5.69, 2742.21)

In favor of CT In favor of EPO
TOTAL
Death +— 0.29 (0.05, 1.51)
In favor of EPO In favor of CT
Increase of exercise capacity according to NYHA e 37.99 (8.43, 171.22)
I 1 1 T T 1 T T 1
In favor of CT In favor of EPO

From this metaanalysis it may be concluded thaip#drents with primary PAH the odds of
death in an observation period of 8-12 weeks waseidoin the group of epoprostenol in
combination with conventional treatment and was 9%this odds in the group of

conventional treatment alone. The result is steéiby significant; OR =0.09 (95% CI:

0.02 to 0.56); NNT =5 (95% CI: 4 to 13). No statislly significant differences between the
groups with respect to this endpoint were demotestréor the population of patients with
PAH associated with connective tissue diseasesrdhé whole population of patients.

In one of the clinical trials statistically sigraéint improvement in quality of life assessed
using theChronic Heart Failure Questionnair¢in which higher score reflects improved
quality of life) was demonstrated in patients wptthmary PAH. After an observation period
of 12 weeks the difference in median values betwtbenassessed groups was 7.0 points
(95% CI: 4.0to 10.0) for dyspnea, 5.0 points (95%6 3.0 to 7.0) for fatigue, 7.0 points
(95% CI: 3.0; 10.0) for emotional function and pdints (95% CI: 1.0 to 4.0) for control of
the symptoms, in favor of the group receiving epstgnol and conventional treatment.
Quality of life assessed using thNettingham Health Profilequestionnaire, in which lower
score represents higher quality of life, was diatfly significantly improved in two out of
six areas. Difference in median values betweengifweips was -14.7 points (95% CI: -
24.5 to -4.9) for emotional reaction and -21.7 p®i{®5% CI. -34.3 to -9.1) for sleep in favor
of the EPO group.
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The odds of increase of exercise capacity accordmghe NYHA (New York Heart
Association)classification (i.e. of reclassification into aver NYHA class) in the whole
population of patients was nearly 38 times higimethie group receiving epoprostenol with
conventional treatment as compared to the growo¥entional treatment alone; OR = 37.99
(95% CI: 8.43; 171.22); NNT = 3 (95% CI: 2 to 4prFpatients with primary PAH the odds
ratio is 26.44 (95% CI: 4.49 to 155.81); NNT = 3% CI: 2 to 4) and for patients with PAH
associated with collagenoses: OR =65.40 (95% 39 ® 2742.21); NNT =3 (95% CI:

2 to 4). It means that the odds of improvementxerese capacity according to the NYHA
classification in the group of epoprostenol witmeentional treatment was 26.44 and 65.40
times higher than the respective odds in the gafigmnventional treatment alone. The results
are statistically significant.

No statistically significant differences betweem thssessed groups were demonstrated with
respect to frequency of pulmonary transplantation new digital ulcers or ischemic
demarcation events. From the results of a singldysit was estimated that in patients with
PAH associated with collagenoses severity Rdynaud’'s phenomenon was higher by
2.19 points (95% CI: 0.86 to 3.52) in the epopnostgroup as compared to the conventional
treatment group. The result is statistically sigaift.

WMD (95% CI)
Exercise capacity in the 6-minute walk test 46.94 (17.30, 76.59)
Dyspnea and fatigue <_> 2.00 (1.55, 2.45)
Cardiac index > 0.58 (0.38, 0.78)
Cardiac output +* 0.20 (-1.11, 1.51)
Arterial blood oxygen saturation <> 0.65 (-1.47, 2.76)
Mixed venous blood oxygen saturation 6— 4.35(1.32, 7.38)
In favor of CT In favor of EPO
Borg Dyspnea Score - -2.50 (-3.50, -1.50)
e -6.27 (-8.68, -3.86)
Pulmonary artery pressure
-5.34 (-6.86, -3.82)
Pulmonary vascular resistance @
2,19 (0,86, 3,52)
Severity of Raynaud’s phenomenon -
| T T T | T T T T | T T T T | T T T T |
In favor of EPO In favor of CT

Weighted mean difference in change of the 6-minvatk distance for patients with primary
PAH was 46.94 m (95% CI: 17.30 to 76.59), in fawdrthe group of epoprostenol with
conventional treatment. The result was statisycalignificant. In patients with PAH
associated with connective tissue diseases therelifite between the median final values of
this parameter was 108 m (95% CI: 55.2 to 180H®;&minute walk distance after 12 weeks
of observation was therefore longer by 108 m ingteup of epoprostenol and conventional
treatment as compared to conventional treatmengalo

Statistically significantly higher reduction of gysea and fatigue estimated in two clinical
trials and dyspnea assessed using the Borg Dysfoneee in one study also favor the
epoprostenol group. Weighted mean difference imgbaof the score was 2 points (95% CI:
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1.55t0 2.45) and 2.5 points (95% CI. -3.5 to -1./®spectively, in favor of the group of
epoprostenol in combination with conventional tneextt.

In performed analysis statistically significantlyigher improvement in hemodynamic
parameters, such as pulmonary artery pressure,opalry vascular resistance and cardiac
index, was demonstrated in the group of epoprostend conventional treatment. For the
whole population of patients weighted mean diffeeenn change of pulmonary artery
pressure is -6.27 mmHg (95% CI: -8.68 to -3.86at tbf pulmonary vascular resistance: -
5.34 mmHg/l/min (95% CI: -6.86 to -3.82) and thétardiac index: 0.58 I/min/m(95% Cl:
0.3810 0.78). For mixed venous blood oxygen s#tmathe result reached statistical
significance for the whole population of patien®MD = 4.35 p.p. (95% CI. 1.32 to 7.38)
and for the population of patients with PAH asstdawith collagenoses: WMD = 4.69 p.p.
(95% CI: 0.94 to 8.30). Weighted mean difference cimange of this parameter is not
statistically significant for patients with primaBAH; neither is mean difference in cardiac
output in patients with primary PAH (evaluated frtme results of a single study) nor arterial
blood oxygen saturation, regardless of the poparadf patients.

OR (95% CI)
Syncope —a— 0.31(0.07, 1.14)
Pallor —a— 0.43(0.18, 0.98)
Ascites —=! 0.62 (0.25, 1.55)
Anorexia —— 2.17 (0.95, 5.02)
Nausea —a— 3.56 (1.36, 9.83)
Diarrhea —a 17.33 (4.61, 94.37)
Jaw pain _ 327.00 (27.58, 11155.05)
Depression . 3.79 (0.67, 38.63)
Withdrawal from the study —_—— 7.39 (0.45, 120.32)
T UL T 1 T T 1
0.01 0.10.20.51 2 510 100 1000 1.00E+05
In disfavor of CT In disfavor of EPO

In safety assessment no significant differencesvéxmt the therapeutic groups were found
with respect to frequency of withdrawal from theidst or the following adverse events:

syncope, ascites, anorexia or depression. The afddscurrence of pallor was lower in the

group of epoprostenol and conventional treatmedtvaas 43% of this odds in the group of
conventional treatment alone; OR = 0.43 (95% ClI8Q0o 0.98), NNT =5 (95% CI: 3 to 48).

The odds of occurrence of nausea, diarrhea or @wwas found to be higher in the group of
epoprostenol and conventional treatment as comgardte group of conventional treatment
alone; OR = 3.56 (95% CI: 1.36 to 9.83); NNH = 5%®CI: 3 to 13) for nausea, OR =17.33
(95% CI: 4.61t0 94.37); NNH =3 (95% CI: 2 to 4r fdiarrhea and OR=327.00 (95% CI:
27.58 t0 11155.05), NNH =2 (95% CI: 2to 2) fowjgain. The results are statistically
significant.

181



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

lloprost vs. placebo

In comparative analysis of efficacy and safetylopriost vs. placebo in patients with PAH

only two randomized clinical trials were taken irgocount, of which only one allowed for

assessment of primary endpoints; all patients at g8tudy received oral vasodilators in
addition to the assigned treatment. The analysisidied a total number of 216 patients: 107
assigned to the iloprost group and 109 in the blaggoup.

The analysis of efficacy after 12 weeks of obseovatiemonstrated statistically significantly
higher increase of exercise capacity in the ilopgssup as compared to the placebo group;
for the odds of improvement by one NYHA functiogklss in the population of patients with
primary PAH OR =4.92 (95% CI. 1.19 to 28.66), NNDB (95% CI: 4 to 24) and for the
whole population OR = 2.25 (95% CI: 1.02 to 5.18NT =9 (95% CI: 5 to 79). For patients
with PAH associated with other diseases no stediyi significant differences between the
therapeutic groups with regard to this endpointendemonstrated.

After an observation period of 12 weeks the oddsediiction of exercise capacity (measured
using the 6-minute walk test) by at least 10% fatignts with primary PAH in the iloprost
group was 12% of this odds in the placebo group=AR12 (95% CI: 0.02 to 0.49); NNT =4
(95% CI: 3 to 8) and the result was statisticaigyngicant. No significant differences between
the iloprost group and the placebo group with resp® occurrence of reduction of exercise
capacity (measured using the 6-minute walk testitdgast 10% were found for patients with
PAH associated with other diseases or the whol@lptipn of patients.

For the composite endpoint of increase of exeraapacity according to the NYHA
classification and as measured by the 6-minute veskit was demonstrated that the odds of
occurrence of this endpoint in the iloprost groftpral2 weeks of observation was 4.40 times
higher for patients with primary PAH and 3.93 timagher for the whole population of
patients as compared to the placebo group. Foemgatiwith primary PAH OR =4.40
(95% CI: 1.05 to 25.89), NNT =7 (95% CI: 4 to 4)d for the whole population OR = 3.93
(95% CI: 1.31 to 14.11), NNT =9 (95% CI: 5 to 28he results were statistically significant.
For patients with PAH associated with other disease significant differences between the
assessed therapeutic groups were demonstrated.

182



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil

in the treatment of pulmonary arterial hypertension

PRIMARY PULMONARY HYPERTENSION

Death =

Decrease of exercise capacity according to NYHA il

Decrease of exercise capacity 210% in the 6-minute walk test

In favor of ILO

Increase of exercise capacity by 1 NYHA class

Increase of exercise capacity 210% in the 6-minute walk test

Increase of exercise capacity according to NYHA and in the 6-minute walk test
In favor of PL

PULMONARY HYPERTENSION ASSOCIATED WITH OTHER DISEAS ES

In favor of PL

I

In favor of ILO

Death il

Decrease of exercise capacity according to NYHA

Decrease of exercise capacity 210% in the 6-minute walk test
In favor of ILO

Increase of exercise capacity by 1 NYHA class

Increase of exercise capacity 210% in the 6-minute walk test

I

In favor of PL

I —

-

Increase of exercise capacity according to NYHA and in the 6-minute walk test

In favor of PL

In favor of ILO

Decrease of exercise capacity 210% in the 6-minute walk test

In favor of ILO

Increase of exercise capacity by 1 NYHA class
Increase of exercise capacity 210% in the 6-minute walk test

Increase of exercise capacity according to NYHA and in the 6-minute walk test

TOTAL
Death =
Clinical worsening - =
Death or clinical worsening - |
Decrease of exercise capacity according to NYHA B — E—
a1

In favor of PL

OR (95% Cl)
0.49 (0.01, 9.76)
0.31 (0.03, 1.85)

0.12 (0.02, 0.49)

4.92 (1.19, 28.66)
2.10 (0.87, 5.12)

4.40 (1.05, 25.89)

0.25 (0.00, 3.97)
2.13 (0.29, 24.43)

1.32 (0.44, 4.01)

1.44 (0.51, 4.14)
1.44 (0.51, 4.14)

3.34 (0.55, 35.12)

0.24 (0.01, 2.55)
0.54 (0.14, 1.87)
0.39 (0.10, 1.26)
0.74 (0.20, 2.55)
0.47 (0.21, 1.02)

2.25(1.02, 5.13)
1.76 (0.93, 3.37)

3.93 (1.31, 14.11)
T

In favor of PL

In favor of ILO

Mean difference in change of the score for dysgtteaMahler Dyspnea Index) for the whole
population of patients was 1.12 points (95% CI1:30al1.81), in favor of the iloprost group.

The result was statistically significant.

No statistically significant differences betweer tissessed groups were found with regard to
the following endpoints: death, exacerbation of gioms of the disease, improvement in
exercise capacity by two NYHA functional classes;réase of exercise capacity according to
the NYHA classification or increase of exercise aify by at least 10%. In the analyzed
clinical trial no pulmonary transplantation was @&gary in any of the patients with

pulmonary hypertension observed for 12 weeks.
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Mean difference (95% CI)
Mahler Dyspnea Index 1.12(0.43, 1.81)

' 0.24 (0.01, 0.47)
Cardiac output

Arterial blood oxygen saturation 1.20 (0.08, 2.32)

Mixed venous blood oxygen saturation 2.10(0.13, 4.07)
Diffusion capacity of the lungs

—-— -1.60 (-7.76, 4.56)
Vital capacity of the lungs

| -0.55 (-1.65, 0.55)

Mean pulmonary artery pressure * 0.10 (-1.85, 2.05)
Mean pulmonary vascular resistance - -105.00 (-187.41, -22.59)
| T T T T | T T T T | T T T T | T T T T T T T T |
In favor of ILO In favor of PL

In the whole population of patients statisticalligngficant improvement in values of
hemodynamic parameters measured before inhalatien fjean difference in change of
pulmonary vascular resistance, cardiac outputriaftblood oxygen saturation and mixed
venous blood oxygen saturation) was also obseiMedn difference in change was -105.00
dyn - s - cm® (95% Cl: -187.41 to -22.59) for pulmonary vascutasistance, 0.24 I/min
(95% CI: 0.01 to 0.47) for cardiac output, 120 §98% CI: 8; 232) for arterial blood oxygen
saturation and 210 p.p. (95% CI: 13 to 407) for edixvenous blood oxygen saturation. No
statistically significant differences were foundiween the iloprost group and the placebo
group with respect to mean difference in changene&n pulmonary artery pressure. The
differences between the therapeutic groups wee rad$ significant for such parameters as
vital capacity and diffusion capacity of the lungs.

Quality of life assessed with thEBuroQol questionnaire improved after 12 weeks of
observation of patients with PAH in the iloprosbigp and remained the same in the placebo
group. No statistically significant difference beewn the assessed therapeutic groups was
noted (p =0.11). Mean quality of life score in thiAS EuroQol scale was statistically
significantly improved in the iloprost group andgktly worsened in the placebo group. The
authors of theDlschewski 200&tudy reported a statistically significant diffece between
the groups (p = 0.026).
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Serious adverse events OR (95% CI)
Right ventricular failure and pulmonary edema — 0.38 (0.08, 1.38)
Syncope —a— 7.77 (1.32, 45.66)
Worsening —— 0.80 (0.15, 3.84)
Hypoxemia ———&%—— 0.14 (0.01, 2.18)
Pneumonia s e 7.54 (0.47,121.34)
Tachycardia = 2.04 (0.10, 121.55)
Abnormal laboratory test results —_—1— 7.54 (0.47,121.34)
Chest pain —_— 1.01 (0.07, 14.19)
Dyspnea —_— 1.01 (0.07, 14.19)
Total —-— 1.18 (0.60, 2.33)

Other adverse reactions

Severe cough - 1.81 (0.96, 3.46)
Headache T 1.71 (0.85, 3.47)
Flushing — 3.73 (1.57, 9.53)
Flu-like symptoms —T— 1.46 (0.57, 3.89)
Peripheral edema —— 0.78 (0.33, 1.86)
Nausea —1— 1.72 (0.62, 5.01)

Jaw pain —— 4.40 (1.13, 24.94)
Hypotension e 1.94 (0.62, 6.63)
Diarrhea —— 0.80 (0.28, 2.24)
Vertigo — 0.61 (0.19, 1.81)
Syncope —— 1.65 (0.46, 6.64)
Total — 1.11 (0.41, 3.08)

I T T 1 T T 1 T ]
0.01 0.10.20.51 2 510 100 1000
in disfavor of PL in disfavor of ILO

Assessment of safety of the compared interventdemonstrated statistically significantly
higher incidence of serious syncope in the ilopgrsup as compared to the placebo group.
The odds ratio was 7.77 (95% CI: 1.32 to 45.66);dtds of occurrence of this endpoint was
therefore 7.77 times higher in the iloprost groggampared to the placebo group; NNH = 23
(95% CI: 10to 83). In an observation period of wigeks no statistically significant
differences were found with respect to other seri@dverse events, including right
ventricular failure, reaction of worsening (definasl an event causing concern for possible
exacerbation of symptoms of the disease), hypoxepnaumonia, tachycardia, abnormal
laboratory test results, chest pain, dyspnea drsgabus adverse events evaluated together.

For other adverse events a higher odds of occuerehftushing and jaw pain (3.73 times and
4.40 times, respectively) was noted in the ilopgysup as compared with the placebo group.
The odds ratio for occurrence of flushing was 393 CI: 1.57 to 9.53) and for jaw pain —
4.40 (95% CI: 1.13 to 24.94). The results wereisteally significant. The NNH for flushing
was 6 (95% CI. 4 to 14) and for jaw pain: 12 (95% &to 54). No statistically significant
differences between the groups were noted withrdegaother adverse events, such as severe

185



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

cough, headache, flu-like symptoms, peripheral ejemausea, hypotension, diarrhea,
vertigo, syncope and all adverse events evaluatgthier.

Sildenafil vs. placebo — adult patients

Four randomized, double-blind clinical studies weédentified, in which sildenafil was
compared to placebo in treatment of pulmonary iaftérypertension in adult patients. The
analysis included a total number of 379 patientsyltom 258 were assigned to the sildenafil
group and 121 received placebo. In most studiesestional treatment was used in both
therapeutic groups in addition to the investigateds.

OR (95% ClI)

Death %— 0.61 (0.09, 4.36)

Clinical worsening | 0.46 (0.15, 1.48)

Hospitalization ——— 0.27 (0.07, 0.98)
Additional treatment 1.01 (0.08, 54.03)

In favor of SIL In favor of PL
Increase of exercise capacity according to NYHA/WHO % 6.94 (2.78, 17.31)
I T 1 T T 1 ]
0.01 0102 051 2 5 10 100
In favor of PL In favor of SIL

Statistically significant differences in efficacyeve observed between the interventions with
respect to increase of exercise capacity accortbhnthe NYHA/WHO classification, i.e.
reclassification into a lower NYHA/WHO functionalass. The odds ratio calculated in
a metaanalysis of the results of two studies gt %% Cl: 2.78 to 17.31); the odds of
occurrence of this endpoint after an observatiomogdeof 6-12 weeks was therefore nearly
7 times higher in the sildenafil group as comparethe placebo group; NNT =4 (95% CI:
3to 6). After an observation period of 6 weeks th#erence between mean values of
exercise capacity in both groups according to tNéiN classification as calculated from the
results of a single clinical trial was -0.8 clas$65% CI. -1.14 to -0.46), in favor of the
sildenafil group.

It was also observed that in an observation peabd?2 weeks sildenafil as compared to
placebo decreased the risk of hospitalization dysutmonary arterial hypertension by 73%;
OR =0.27 (95% CI: 0.07 to 0.98); NNT = 15 (95% Tlo 86).

No statistically significant differences were notbdtween the sildenafil group and the
placebo group with regard to mortality, clinical isening (defined as death, necessity of
hospitalization, necessity of pulmonary transplaota due to PAH or introduction of
additional treatment with epoprostenol or bosentamecessity of introduction of additional
treatment with bosentan or epoprostenol.
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WMD (95% ClI)
Quality of life (dyspnea) o 4.33(0.87, 7.79)
Quality of life (fatigue) n 1.66 (-1.30, 4.62)
Quiality of life (emotional function) o 2.62(-3.38, 8.62)
Exercise capacity — 6-minute walk test @ 55.82 (38.03, 73.61)
Exercise capacity — treadmill test é— 203.29 (124.03, 282.55)
Cardiac index 0.47 (0.11, 0.82)
In favor of PL In favor of SIL
Exercise capacity according to the NYHA classification . -0.80 (-1.14, -0.46)
Pulmonary artery pressure < -10.44 (-18.46, -2.42)
Pulmonary vascular resistance — -224.67 (-334.40, -114.94)
LI IS LI L HLELEL B LB R
-400 -200 0 200 400 600
In favor of SIL In favor of PL

However, in performed analysis statistically sigiaht differences were observed between
the sildenafil group and the placebo group withpees to exercise capacity evaluated using
the 6-minute walk test and the treadmill test. Afém observation period of 2-12 weeks
weighted mean difference between the groups ingdharh exercise capacity (from baseline
values) assessed in the 6-minute walk test wa256.895% CI. 38.03 to 73.61) and for the
treadmill test in an observation period of 6 week®03.29 s (95% CI: 124.03 to 282.55), in
favor of sildenafil.

Sildenafil as compared to placebo statisticallyngigantly improved quality of life in the
aspect of dyspnea, as evaluated using @ieonic Heart Failure QuestionnaireThe
difference of mean values between the groups wa3 pbints (95% CI: 0.87 to 7.79), in
favor of the sildenafil group. No statistically sificant differences between the groups were
demonstrated with regard to quality of life in @spect of fatigue or emotional function.

From the results of a single study it was also kated that reduction of severity of dyspnea
(measured using the Borg Dyspnea Score) was high#r23 points in the sildenafil group as
compared to the placebo group. Mean difference hange was -1.23 points (p < 0.01).
Nevertheless, in another clinical trial no statiatliy significant differences in this regard were
noted between the evaluated interventions.

In performed analysis significantly higher improvam in hemodynamic parameters was
found in the sildenafil group as compared to treeg@bo group. Weighted mean difference in
change of pulmonary artery pressure for patierftsylmm the majority were patients with
primary PAH, those with PAH associated with othésedses and for both populations
combined is -3.87 mmHg (95% CI: -5.63 to -2.11)[.26 mmHg (95% CI: -23.55 to -10.96)
and -10.44 mmHg (95% CI: -18.46 to -2.42), respety, in favor of sildenafil. Increase of
cardiac index was higher by 0.47 I/mirf/in the sildenafil group as compared to the placebo
group. Weighted mean difference in change of thesameter between the assessed
interventions is 0.47 I/min/Mm (95% CI: 0.11t0 0.82). Mean difference in changg
pulmonary vascular resistance as calculated from thsults of asingle study is
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-224.67 dyrs/cn? (95% ClI: -334.4 to -114.94); reduction of this graeter was therefore
higher by 224.67 dys/cnTin the sildenafil group as compared to the plaagoop.

OR (95% CI)
Headache 4 1.43 (0.83, 2.44)
Back pain —— 1.19 (0.54, 2.64)
Limb pain —— 1.15 (0.50, 2.66)
Insomnia —— 1.74 (0.50, 6.07)
Flushing e 2.93 (0.84, 15.64)
Dyspepsia e 1.70 (0.60, 5.95)
Diarrhea —_1— 1.86 (0.60, 7.72)
Muscle pain —_ 2.26 (0.63, 12.25)
Cough e 1.20 (0.36, 5.17)
Epistaxis 5.01 (0.73, 214.65)
Fever —_— 2.28 (0.49, 21.26)
Influenza S 1.91 (0.40, 18.11)
Visual disorders 4.65 (0.42, 208.68)
Gastritis 4,05 (0.35, 184.54)
Generalized pain 0.48 (0.00, 9.98)
Numbness of the hands and feet 4.67 (0.40, 240.53)
Anorexia 1.00 (0.12, 8.45)
Nausea and vomiting 0.16 (0.00, 1.71)
Abdominal complaints R 0.42 (0.06, 2.41)
Constipation 5.63 (0.29, 308.52)
Vertigo 0.21 (0.00, 2.50)
Syncope 0.49 (0.00, 8.51)
0.61 O.Il O.I2 O.I5 1 2I 5I 16 lOIO lO(IJO
In disfavor of PL In disfavor of SIL

Analysis of safety of sildenafil as compared tocplao demonstrated no statistically
significant differences between the assessed gmwitpsespect to frequency of the following

adverse events: headache, back pain, limb paiomnes, flushing, dyspepsia, diarrhea,
muscle pain, cough, epistaxis, fever, influenzapal disorders, gastritis, generalized pain,
numbness of the hands and feet, anorexia, naustav@niting, abdominal complaints,

constipation, vertigo or syncope.

Sildenafil vs. placebo — children

Two primary randomized double-blind clinical stugliulfilling the inclusion criteria were
identified, in which sildenafil was compared to q@ho in children, newborns or fetuses
above 35.5 weeks of gestational age with pulmoratgrial hypertension. The analysis
included a total number of 44 patients, of whomw22e assigned to the sildenafil group and
20 received placebo. The observation period wa2 Hedirs.
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OR (95% CI)
Death % 0.10 (0.01, 0.89)
Exacerbation of symptoms after discontinuation of NO e 0.01 (0.00, 0.15)
Reintroduction of NO é-i 0.07 (0.00, 0.85)
In favor of SIL In favor of PL
Oxygen index <20 after 6 doses of the assigned drug = 6.11 (0.07, 141.23)
Oxygen index <20 after 7 doses of the assigned drug L 40.33 (2.10, infinity)
[ T T 1 T 11 T ]
0.01 0.0.2051 2 510 100 1000
In favor of PL In favor of SIL

From the results of the analysis performed it wascluded that the odds of death during an
observation period of 4-42 hours was statisticalgnificantly lower in the sildenafil group
and was 10% of this odds in the placebo group; @RLE (95% CI: 0.01 to 0.89); NNT =4
(95% CI: 3 to 13).

From the results of a single clinical trial, in whithe patients were previously treated with
nitric oxide, it was evaluated that the odds of cexbation of symptoms of pulmonary
hypertension in an observation period of 4 houl®Wong discontinuation of NO was lower
in the sildenafil group and was 1% of this oddsthe placebo group. The odds ratio for
exacerbation of symptoms of the disease is 0.1 (85%0.00 to 0.15); NNT =2 (95% CI:
2 to 3). The result is statistically significantigificant differences between the compared
therapeutic groups were also noted with respectet®ssity of reintroduction of treatment
with nitric oxide; OR =0.07 (95% CI: 0.00 to 0.8INT =4 (2to 22) and decrease of
oxygen index below 20 after administration of 7e®®f the assigned drug; OR =40.33
(95% CI: 2.10 to infinity); NNT = 2 (95% CI: 2 tg.3For decrease of oxygen index below 20
after administration of 6 doses of the assignedjdhe differences between the sildenafil
group and the placebo group were not statisticadjgificant.

In patients treated with nitric oxide mean diffezenin change of pulmonary artery pressure
between the sildenafil group and the placebo giauan observation period of 1 hour was
-23.7 mmHg (p < 0.001); increase of mean pulmormargry pressure was therefore lower by
23.7 mmHg in the sildenafil group as compared &placebo group. The result is statistically
significant.

In summary, only two clinical studies were includedthe above analysis, both with very
short observation periods (4 and 42 hours), peidrim a small population (44 patients in
both studies combined) of children and newborn$ \pitllmonary arterial hypertension. In
performed analysis significant differences werenfiblbetween the therapeutic groups, in
favor of the sildenafil group, with respect to nadityy, exacerbation of symptoms of PAH
after discontinuation of previous treatment withrioi oxide, necessity of reintroduction of
treatment with nitric oxide, decrease of oxygerewég 20 after administration of seven doses
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of the drug and mean pulmonary artery pressureaddessment of safety of the compared
therapeutic options was performed due to shortrgben periods in the identified studies.

Treprostinil vs. placebo

Two randomized clinical trials were taken into aotbin comparative analysis of efficacy
and safety of treprostinil vs. placebo in treatmeftpatients with pulmonary arterial
hypertension(Simonneau 200andMcLaughlin 2003).The analysis included a total number
of 495 patients: 250 assigned to the treprostimug and 245 to the placebo group. All
patients received additional conventional treatmést a part of sensitivity analysis, apart
from a metaanalysis of the whole population ofgr@s, a separate analysis for patients with
PAH associated with connective tissue diseasesperdsrmed (a subgroup of patients in the
Simonneau 200&tudy; N = 90).

OR (95% CI)
Total

death —_— 0.91 (0.32; 2.54)
pulmonary transplantation* - 0.13 (0.002; 6.91)

death, pulmonary transplantation or clinical worsening i 0.81(0.35; 1.85)
Withdrawal from the study due to clinical worsening —— 1.01 (0.27; 3.85)

In favor of TRE In favor of PL

PAH asociated with connective tissue diseases

death = 0.38(0.01; 5.04)

In favor of TRE In favor of PL

[ | T T T T 1
0.001 0.01 0102051 2 510

* Odds Ratio calculated using tRetomethod

The analysis of efficacy based on the results @Simonneau 200&tudy with an observation
period of 12 weeks demonstrated no significanedgiices between the treprostinil group and
the placebo group with regard to mortality (eitfarthe whole population of patients or the
patients with PAH associated with connective tisdisgases), pulmonary transplantation,
a composite endpoint of death, pulmonary transptamt or clinical worsening, or
withdrawal from the study due to clinical worsenitgficacy of treprostinil as compared to
placebo in reducing mortality was not demonstratéde difference in mortality between the
groups was statistically insignificant.

Quiality of life was assessed in a single studygifiie“Minnesota Living with Heart Failure
Questionnaire”, in which physical and psychical condition of thatipnt as well as their
emotional and social function is evaluated. Afte2 wleeks of treatment statistically
significantly higher improvement in quality of lifeith regard to physical condition was
demonstrated in the treprostinil group as compaecethe control group (p =0.0064). No
statistically significant difference between thewgps was observed with regard to the results
of the whole questionnaire (p = 0.17).
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WMD (95% CI)
PRIMARY PAH
Borg Dyspnea Score L -1.00 (-2.57; 0.57)
Mean pulmonary artery pressure —— 2.00 (-5.79; 9.79)
Pulmonary vascular resistance index - -5.00 (-9.55; -0.45)
In favor of TRE In favor of PL
6 MWT 43.00 (-17.30; 103.30)
Cardiac index 0.40 (-0.19; 0.99)
Mixed venous blood oxygen saturation - 0.00 (-5.32; 5.32)
In favor of PL In favor of TRE
PAH ASS. WITH CONNECTIVE TISSUE DISEASES
6 MWT T 21.00 (-6.49; 48.49)
Dyspnea and fatigue . 0.90 (0.16; 1.64)
Cardiac index 0.30 (0.02; 0.58)
Mixed venous blood oxygen saturation - 3.00 (-2.59; 8.89)
In favor of PL In favor of TRE
Borg Dyspnea Score L -0.80 (-2.20; 0.60)
Mean pulmonary artery pressure - -2.00 (-4.79; 0.79)
Pulmonary vascular resistance index - -5.00 (-9.46; -0.54)
In favor of TRE In favor of PL
TOTAL
Borg Dyspnea Score < -0.91 (-1.34; -0.48)
Mean pulmonary artery pressure G -2.71 (-4.20; -1.23)
Pulmonary vascular resistance index € -4.73 (-6.30; -3.17)
In favor of TRE In favor of PL
6 MWT* —=— 16.00 (4.40; 27.60)
Cardiac index 0.19 (0.08; 0.30)
Mixed venous blood oxygen saturation > 2.77 (0.89; 4.66)
In favor of PL In favor of TRE
[rrrrprrrrrprrrr]
-20 30 80 130

* median value was specified for the populatiompafients described in tf&monneau 200&tudy

In both studies exercise capacity was assessed tl®n6-minute walk test (6MWT). From

the results of a single studimonneau 2002jt was concluded that after 12 weeks of
observation increase of the 6-minute walk distawes higher by 16 m in the treprostinil

group as compared to the placebo group. Mean diftaxr in median change was 16 m
(95% ClI: 4.4 to 27.6), p = 0.006 and the resudttaistically significant.

Severity of dyspnea was evaluated using the BorgpBga Score and the Dyspnea — Fatigue
Rating. For the whole population of patients weaghinean difference in change of the Borg
Dyspnea Score was -0.91 points (95% CI: -1.34 #8)0in favor of the treprostinil group and
the result is statistically significant. For thebpopulations of patients (those with primary
PAH and those with PAH associated with connectisgue diseases) differences between the
groups were not statistically significant.
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From the results of a single study it was also destrated that reduction in Dyspnea —
Fatigue Rating is statistically significantly higha the treprostinil group as compared to the
placebo group, both for the whole population ofgyds and for patients with PAH associated
with connective tissue diseases. Mean differenahange between the groups was 1.3 points
(p =0.0001) and 0.9 (95% CI: 0.16 to 1.64), respeky. For patients with primary PAH no
statistically significant differences between th@ups with regard to this endpoint were
noted.

In performed analysis statistically significantfdiences between the treprostinil group and
the placebo group were observed for the whole @tjom of patients with regard to all
hemodynamic parameters. Weighted mean differenaghamge of mean pulmonary artery
pressure was -2.7 mmHg (95% CI: -4.20 to -1.23at thf pulmonary vascular resistance
index was -4.73 units/m95% CI: -6.30 to -3.17), of cardiac index — OlA8in/m? (95% CI:
0.08 to 0.30) and of mixed venous blood oxygenrasitn — 2.77% (95% CI. 0.89 to 4.66),
in all cases in favor of the treprostinil group.

For patients with primary PAH mean difference irache of pulmonary vascular resistance
index between the groups was -5 unifs(86% Cl: -9.55 to -0.45) in favor of treprostirio
statistically significant differences were notedtvieen the groups with respect to the
remaining hemodynamic parameters (mean pulmondgryapressure, cardiac index and
mixed venous blood oxygen saturation).

For hemodynamic parameters assessed in patiem$wi associated with connective tissue
diseases differences between the groups weretistatis significant for pulmonary vascular
resistance index (mean difference in change wa 4its/nf (95% CI: -9.46 to -0.54) in
favor of treprostinil) and cardiac index (mean eliéince in change: 0.30 I/mirfr®5% ClI:
0.02 to 0.58) in favor of treprostinil). For thatibpopulation of patients no statistically
significant differences were found between thertstinil group and the placebo group with
respect to mean pulmonary artery pressure and mnviedus blood oxygen saturation.
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OR (95% CI)
pain at the injection site* e 17.65 (11.14; 27.96)
reaction at the injection site - 14.87 (9.21; 24.11)
diarrhea - 1.84(1.13; 3.02)
jaw pain —a— 3.14 (1.49; 7.09)
sudden vasodilation —— 2.46 (1.13; 5.67)
edema —a— 3.80 (1.44; 11.69)
hematoma or induration of the injection site —_— 56.00 (3.31; 2670.59)
hematoma or lividity of the injection site - 0.67 (0.46; 1.00)
vomiting* 5 1.05 (0.50; 2.21)
headache - 1.28 (0.82;1.98)
vertigo -+ 1.13 (0.56; 2.29)
nausea ll 1.37 (0.84; 2.22)
skin rash - 1.29 (0.71; 2.33)
hypotension - 5.67 (0.27; «)
bradycardia = 2.27 (0.07; «)
vasovagal symptoms %I—— 0.11 (0.00; 1.88)
syncope = 0.13 (0.002; 2.08)
insomnia ——&%—— 0.13 (0.002; 2.08)
0.0|01 0.(|)1 OICDIZ)|51 2I 5|1(|) 10|0 1050 1.00|é+05
in disfavor of PL in disfavor of TRE

* the result presented in the figure was obtaimea metaanalysis of 2 studies

In safety assessment no statistically significaffeicetnces between the therapeutic groups
were found with respect to frequency of the follogvadverse events: hematoma or lividity at
the injection site, vomiting, headache, vertigousea, skin rash, hypotension, bradycardia,
vasovagal symptoms, syncope or insomnia. In thagteeated with treprostinil the oddss of
occurrence of reaction at the injection site, diaa; jaw pain, sudden vasodilation, edema or
hematoma or induration of the injection site werghbr than the respective oddss in the
control group. OR =14.87 (95% CI: 9.21 to 24.14INH =2 (95 CI: 2 to 2) for reaction at
the injection site; OR =1.84 (95% CI: 1.13to 3,0ANH =11 (95% CI: 6 to 42) for
diarrhea; OR =3.14 (95% CI: 1.49to 7.09), NNH2= (95% CI. 8 to 28) for jaw pain;
OR =2.46 (95% CI: 1.13t05.67), NNH =17 (95% QIto 77) for sudden vasodilation;
OR =3.8 (95% CI: 1.44t011.69), NNH =16 (95% Qo 42) for edema; OR=56.00
(95% ClI: 3.31; 2670.59), NNH =2 (95% CI: 2 to 3r fhematoma or induration of the
injection site. The results are statistically sfgaint.

Bosentan vs. sildenafil

Only one randomized double-blind clinical study wedsntified, in which bosentan was
directly compared to sildenafil. The analysis imgd 26 patients with PAH, of whom
12 were assigned to the bosentan group and 14eteildtenafil group. All patients received
additional conventional treatment with warfarin,umditics, digoxin or calcium channel
blockers. The observation period was 16 weeks.

193



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

WMD (95% ClI)
Quality of life —— -22.00 (-35.00, -9.00)
Exercise capacity — 6-minute walk distance L -55.00 (-108.00, -2.00)
Cardiac index M 0.00 (-0.20, 0.20)
In favor of SIL In favor of BOS
Borg Dyspnea Score M 1.70 (-0.24, 3.64)
| L | LU | LELELEL | LU | LI |
-120 -95 -70 -45 -20 5
In favor of BOS In favor of SIL

Analysis of efficacy demonstrated statisticallyrsigantly higher improvement in quality of
life (evaluated using th&ansas City Cardiomyopathy Quality-of-Lifgiestionnaire) in the
sildenafil group as compared to the bosentan gratter an observation period of 16 weeks
mean difference in change of the score betweemdlentan group and the sildenafil group
was -22 points (95% CI: -35 to -9).

Mean difference in change of exercise capacity gmesl using the 6-minute walk test)
between the bosentan group and the sildenafil greag-55 meters (95% CI: -108 to -2), in
disfavor of the bosentan group; the result reachatistical significance.

No statistically significant differences betweerm thssessed therapeutic groups were found
with respect to mortality, the Borg Dyspnea Scoreardiac index. The results need to be
interpreted cautiously as above analysis was rteniion-to-treat (one patient who died in
sildenafil group was excluded).

OR (95% CI)

Death -

0.16 (0.03, 7.96)

Any adverse reaction

- 4.33(0.28, 244.61)
Palpitation = 0.16 (0.003, 7.96)
Hemoptysis = 8.73(0.17, 445.08)

Symptoms of fluid retention

= 9.55 (0.56, 163.09)

Necessity of hospitalization I — 10.54 (0.99, 112.35)
I T T T 1 T T 1 T ]
0.001 0.01 0102051 2 510 100 1000
In disfavor of SIL In disfavor of BOS
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Assessment of safety of the compared therapeutiorngp demonstrated no statistically
significant differences between the bosentan grangh the sildenafil group with respect to
palpitation, hemoptysis, necessity of increase adedof diuretics due to symptoms of fluid
retention or all adverse events evaluated togetierecessity of hospitalization.

Epoprostenol vs. iloprost

Epoprostenol was directly compared to iloprost anlyone randomized cross-over clinical
study. The identified clinical trial was not doultiend. The study enrolled 12 patients with
severe primary pulmonary hypertension who did respond to previous treatment with
vasodilators and were qualified for cardiopulmon@ansplantation. The observation period
was 45 minutes.

Analysis of efficacy demonstrated no statisticafignificant differences between the
epoprostenol group and the iloprost group with eespo the following hemodynamic

parameters: mean pulmonary artery pressure, pulimaaacular resistance, cardiac index or
arterial blood oxygen saturation.

Mean difference (95% CI)
Mean pulmonary artery pressure [mm Hg] L 0.80 (-12.07, 13.67)
Pulmonary vascular resistance [mmHg/min/I] —— -0.70 (-5.50, 4.10)
In favor of EPO In favor of ILO
Cardiac index [I/min/m2] = 0.30 (-0.26, 0.86)
Arterial blood oxygen saturation [%)] —a— -3.20 (-8.10, 1.70)
| T T T T | T T T T | T T T T |
15 -5 5 15
In favor of ILO In favor of EPO

In assessment of safety of the compared therapegmiions no statistically significant
differences between the groups were found withaetsio frequency of the following adverse
events: headache, abdominal pain and vomiting.
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ORpeto (95% CI)
Headache — 1.62 (0.24, 11.17)
lAbdominal pain i 7.39 (0.15, 372.38)
Vomiting L 0.14 (0.003, 6.82)
! T T 1 T T T 1 T 1
0.001 0.01 0102 051 2 5 10 100 1000
In disfavor of ILO In disfavor of EPO

In summary, performed analysis demonstrated nesttaily significant differences between
the epoprostenol group and the iloprost group wébpect to either efficacy or safety.
However, it should be noted that credibility of #n@alysis may be limited due to a very small
population of patients with primary PAH (12 pat®nt a short observation period
(45 minutes) and relatively low general credibiliy the clinical trial taken into account
(2 points in theladadscale).

Summary

Nineteen randomized clinical trials, in which aalohumber of 1795 patients with PAH
participated, were included in the systematic neviSummary of evidence according to the
GRADE proposal is presented in the annexes.

Performed systematic review and metaanalysis mapgessible to conclude that two drugs
out of five investigated interventions (bosentampoprostenol, iloprost, sildenafil and
treprostinil) are significantly more efficaciousath conventional treatment or placebo with
respect to mortality in short observation perioBer the comparison of epoprostenol vs.
conventional treatment in patients with primary PAtan observation period of 8-12 weeks,
the odds ratio is 0.09 (95% CI: 0.02 to 0.56), NN% (4 to 13), while for the comparison of
sildenafil vs. placebo in children and fetuses, aim observation period of 4-42 hours
OR =0.10 (95% CI: 0.01 to 0.89), NNT =4 (95% Glo 13). It should be noted that proper
assessment of survival rate of patients with PAHumes randomized clinical trials with
longer observation periods (over 6 months).

For all comparisons assessment of quality of ligswased on the results of single studies, in
which different scales were used. For this endpstatistically significant differences in favor
of the investigated drugs were noted for the foll@yv comparisons: epoprostenol vs.
conventional treatment (tiéhronic Heart Failure Questionnairand theNottingham Health
Profile in the aspect of emotional reaction and sleepitesifil vs. placebo (th€hronic
Heart Failure Questionnaire)n the aspect of dyspnea and treprostinil vs. gidacin the
aspect of physical condition (thd&innesota Living with Heart Failure Questionnaire).

In four comparisons: (bosentan vs. placebo, epogmotvs. placebo, iloprost vs. placebo and
sildenafil vs. placebo) exercise capacity of thegoés was evaluated according to the NYHA
or WHO classification. Analysis based on the resaftl to 3 randomized clinical studies for
each comparison demonstrated that all the foursdrfficiently increase exercise capacity
according to this classification in the whole paidn of patients with PAH, both primary
and associated with other diseases (bosentanacehm: OR = 2.25 (95% CI: 1.21 to 4.18),
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NNT =7 (95% CI: 4to 21); epoprostenol vs. placel3y.99 (95% CI: 8.43to 171.22),
NNT =3 (95% CI. 2 to 4); iloprost vs. placebo: @R.25 (95% CI: 1.02 to 5.13), NNT =9
(95% CI: 5t079), sildenafil vs. placebo: OR =4.995% CI: 2.78to 17.31), NNT =4
(95% CI. 3to 6). From a metaanalysis of the resfittr the total number of patients in
2 studies comparing epoprostenol with conventidredtment and a subgroup of patients in
a single clinical trial, in which iloprost was coarpd to placebo, it may also be concluded
that in patients with primary PAH the probabilitiiincrease of exercise capacity according to
the NYHA/WHO classification was significantly highboth in the epoprostenol group and
the iloprost group as compared to the placebo gfeppprostenol vs. placebo: OR = 26.44
(95% CI: 4.49 to 155.81), NNT =3 (95% CI: 2 to 4lpprost vs. placebo: 4.92 (95% CI:
1.19 to 28.66)). Exercise capacity according to MAKMHO in patients with PAH associated
with other diseases was assessed for two compariepoprostenol vs. placebo, based on one
study, and iloprost vs. placebo in a subgroup adiepts in a single clinical trial. However,
statistically significant differences between therapeutic groups with regard to this outcome
were observed only for the comparison of epopradtes. placebo, in favor of epoprostenol
(OR =65.40 (95% CI: 5.69 to 2742.21), NNT = 3 (96%2 to 4)).

Exercise capacity in the 6-minute walk test waduatad in 4 randomized studies comparing
bosentan to placebo, 2 studies comparing epopmstenconventional treatment, a single
clinical trial, in which iloprost was compared tdagebo, 1 study assessing sildenafil vs.
placebo and 2 trials comparing treprostinil to plaw. In performed analyses statistically
significant improvement in this parameter was foumdour intervention groups (bosentan,
iloprost, sildenafil, treprostinil) as compared ttoe placebo groups in the populations of
patients with primary PAH and PAH associated witheo diseases evaluated together.
Weighted mean difference in change was 43.33m (85%27.55t059.12) for the
comparison of bosentan vs. placebo; 36.4 m (p 84).0or iloprost vs. placebo; 55.82 m
(95% CI: 38.03 to 73.61) for sildenafil vs. placednad 16.00 m (95% CI: 4.40 to 27.60) for
treprostinil vs. placebo. For patients with primdAH statistically significant differences
between the groups were observed only in case efctmparison of epoprostenol vs.
conventional treatment, in favor of the epoprostegmup: WMD =46.94 m (95% CI:
17.30 to 76.59). In the two remaining comparisalgpiost vs. placebo and treprostinil vs.
placebo) differences between the assessed grodpsotlireach statistical significance. For
patients with PAH associated with other diseasés émdpoint was evaluated in three
comparisons: epoprostenol vs. placebo — based samgke study, iloprost vs. placebo and
treprostinil vs. placebo — based on subgroups téma in single clinical trials. However, no
significant differences between the assessed grouge demonstrated in any of the
comparisons.

Severity of dyspnea was evaluated in all the corapas; however, different scales were used
for this assessment. In four comparisons the BoygpbBea Score was used (bosentan vs.
placebo, epoprostenol vs. placebo, sildenafil \&cabo and treprostinil vs. placebo), in two
comparisons the Dyspnea — Fatigue Rating was addlity applied and in the comparison of
iloprost vs. placebo severity of dyspnea was esé@chasing the Mahler Dyspnea Index. In
performed analysis statistically significant difeces between the assessed interventions in
the Borg Dyspnea Score were found for the followicgmparisons: epoprostenol vs.
conventional treatment — in the population of pasewith PAH associated with other
diseases: (mean difference in change: -2.5 (95%33:to -1.5)) and treprostinil vs. placebo
— in the whole population of patients (WMD =-0.995% CI. -1.34 to -0.48)). For the
comparison of sildenafil vs. placebo this endpevas assessed in two clinical trials. In one
study, in which asmall number of patients (18wudlials) participated, statistically
significantly higher reduction of severity of dyganwas observed in the sildenafil group as
compared to the placebo group (mean differencéhamge was -1.23 (p < 0.01)), while the
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result obtained in a larger clinical trial (a totaimber of 277 patients) did not reach statistical
significance. Reduction of severity of dyspnea #&mithue was significantly higher in the
groups of epoprostenol and treprostinil as comp#oethe control groups. Weighted mean
difference in change of this parameter betweeregaprostenol group and the control group
was 2.00 (95% CI: 1.55to 2.45) for the whole pagoh of patients, 2.00 (95% CI:
1.00 to 3.00) for patients with primary PAH and®(95% CI: 2.00 to 3.00) for patients with
PAH associated with other diseases; for treprdsiisi placebo the results were: 1.3
(p = 0.0001) for the whole population of patientsl ®.9 (95% CI: 0.16 to 1.64) for patients
with PAH associated with other diseases. For pttievith primary PAH no significant
differences with respect to this endpoint were thinetween the treprostinil group and the
placebo group. Mean difference in change of thelbtabyspnea Index between the iloprost
group and the placebo group was 1.12 (95% CI: t4381) in favor of iloprost and the
result is statistically significant.

In safety analysis no statistically significantfdiences were found between the bosentan
group and the placebo group as well as the sildegraip and the placebo group with regard
to incidence of any of the assessed adverse evanéssessment of incidence of jaw pain
significant differences were observed between thepestenol, iloprost and treprostinil
groups and the respective control groups, in d@sfaf the investigated drugs. The odds of
occurrence of jaw pain in the epoprostenol, iloparsl treprostinil group was 327.00, 4.40
and 3.14 times higher than this odds in the respmeatontrol group (epoprostenol vs.
conventional treatment: OR =327.00 (95% CI: 27®b81155.05), NNH =2 (95% CI:
2 to 2); iloprost vs. placebo: OR =4.40 (95% Cl13lto 24.94), NNH =12 (6 to 54);
treprostinil vs. placebo: OR =3.14 (95% CI: 1.49t09), NNH = 12 (8 to 28). In addition,
treatment with epoprostenol was related to a sty significantly higher odds of
occurrence of nausea (OR =3.56 (95% CI: 1.3688)9.NNH =5 (95% CI: 3 to 13)) and
diarrhea (OR = 17.33 (95% CI: 4.62 to 94.37), NNH 5% CI: 2 to 4) as compared to the
conventional treatment group. The risk of serioyscepe or flushing is higher for patients
treated with iloprost as compared to placebo; tldglsoratio is: OR =7.77 (95% CI:
1.32 t0 45.66), NNH =23 (95% CI: 10 to 83) for isas syncope and 3.73 (95% CI:
1.57 t0 9.53), NNH =6 (95% CI: 4 to 14) for flusbi respectively. Use of treprostinil (as
compared to placebo) is related to significantlghler incidence of the following adverse
reactions: edema (OR = 3.80 (95% CI: 1.44 to 11.8%H = 16 (95% CI: 9 to 42)), pain at
the injection site (OR = 17.65 (95% CI: 11.14 to95§, NNH = 2 (95% CI: 2 to 2), reaction
at the injection site (OR =14.87 (95% Cl: 9.22P#11), NNH=2 (95% CI. 2to 2),
hematoma or induration at the injection site (OB6-00 (95% CI: 3.31 to 2670.59), NNH = 2
(95% CI: 2to 3) and sudden vasodilation (OR =2(896% CI: 1.13t0 5.67), NNH =17
(95% CI: 9to 77). It should be noted that analysfisafety of the investigated drugs was
based on a limited number of randomized clinicatis, with relatively short observation
periods. In order to perform a complete safety ymigl more RCTs fulfilling the inclusion
criteria of this analysis with longer observatiogripds (at least 6 months) should be carried
out. Analysis of observation studies, without atooingroup, with longer observation periods,
was not an objective of this report.
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6. INDEX OF ABBREVIATIONS

ABI Absolute Benefit Increase

ARR Absolute Risk Reduction

n.d. no data (available)

BOS bosentan

Cl Confidence Interval

DLco Diffusion Capacity of the Lungs

EBM Evidence Based Medicine

EPO epoprostenol

FvC Forced Vital Capacity

FEV, Forced Expiratory Volume in one second
ILO iloprost

CT Conventional Treatment

n.a. not applicable (calculation not possible)
NNH Number Needed to Harm; the number of patieintsyhom a specific health

technology must be used instead of the comparatoa fgiven time to cause
one additional adverse outcome

NNT Number Needed to Treat; the number of patjemtsvhom a specific health
technology must be used instead of the comparatoa fgiven time to cause
one additional positive outcome

n.s. not significant (statistically)
NYHA New York Heart Association
PL placebo

RB Relative Benefit

RBI Relative Benefit Increase
RR Relative Risk

RRR Relative Risk Reduction
SD Standard Deviation

SIL sildenafil

PAH Pulmonary Arterial Hypertension
TRE treprostinil

VAS Visual Analogue Scale

VC Vital Capacity

VS. versus

WHO World Health Organization
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8. ANNEXES

8.1. Characteristics of the systematic reviews used

Table 136.

Characteristic of the Kanthapillai 2004review

Sildenafil for pulmonary hypertension

Kanthapillai P, Lasserson TJ, Walters EH

Cochrane Database of Systematic Revi2@@4, Issue 4. Art. No.: CD003562. DOI:
10.1002/14651858.CD003562.pub2.

August ', 2004

October 1%, 2005 (date of the last addition of new studiesgate of the last search specified)

Evaluation of efficacy and safety of sildenafil adistered in any form to patients with primary or
secondary pulmonary hypertension

Double- or single-blind RCTSs, in which efficacy aradety of sildenafil in treatment of primary or
secondary PAH was assessed.

Patients (adults and children) treated with antjodents, with a diagnosis of pulmonary hypertensay
those studies, in which average pulmonary artezgqure exceeded 25 mmHg, were included; studies,
which the patients suffered from other seriousaties, were not included.

« sildenafil vs. placebo

« sildenafil vs. prostacyclin

« sildenafil + prostacyclin vs. prostacyclin
« sildenafil + inhaled N&vs. NO

« high dose vs. low dose of sildenafil

 Primary:
o improvement in the NYHA classification
« Secondary:
0 Hemodynamic parameters (¢@vel, pulmonary artery pressure and others)
0 Arterial blood gasometry (ABG)
o0 Exercise capacity
0 Quality of life/ health status
Dyspnea
Mortality

o O o©o

Hospitalizations/ necessity of interventions

3 nitric oxide
4 carbon oxide
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0 Adverse events

Bharani 2003

o sildenafil vs. placebo

0 Randomized, double-blind, cross-over study

0 2Xx2weeks
o N=9

Ghofrani 2002

0 NO + sildenafil (12.5 or 50 mg), NO + sildenafil(h or 50 mg) + iloprost

o randomized, open-label study (no blinding)

0o 120 minutes in the groups of sildenafil alone a8d ih the sildenafil + iloprost groups

o N=30

Ghofrani 2002a

oiloprost vs. sildenafil

orandomized parallel open-label study without blingdi

060 minutes

oN =16

Sastry 2004

o sildenafil vs. placebo

0 randomized, double-blind, cross-over study

0 6 weeks (without the wash-out phase)

o N=22
Endpoint Relative | Result + 95%
outcome | Cl/SD
measure

Primary:

improvement in the NYHA classification — in favdrsildenafil (cross- OR 6.33

over) [0.26; 152.86];
ns.

Secondary:

Hemodynamic parameters — as compared to placeliacandex (cross- | I/m? 0.65

over) [0.41; 0.89]

pulmonary artery pressure (cross-over) mmHg -11.14 [-17.56;
-4.72]

. . 4.40

pulmonary vascular resistance as compared to pyadia (cross-over) WMD [-23.72; 32.52];
ns.

Exercise capacity — in favor of sildenafil as congglto placebo: treadmill seconds |211.70 [153.78;

(cross-over study) 269.62]

treadmill (parallel study) 246.00 [52.64;
439.36]

6-minute walk test — in favor of sildenafil as caangd to placebo meters 93.37 (26.54)

Dyspnea (CHFQ) (cross-over) — in favor of placebo QHF | 4.33[1.21;
7.45]
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Dyspnea (the Borg Dyspnea Score: 0-10) as comparngiddebo after the | the Borg |-1.55 [-2.51; -
6-minute walk test — in favor of sildenafil (crogsger) Dyspnea | 0.59]
Score
Fatigue (cross-over) — in favor of sildenafil CHFQ| .6€.[0.08;
3.24]
Emotional function (cross-over) — in favor of sl CHFQ 2.62[-0.12;
5.36]; ns.

The review was based on 4 small short-term stutties;esults should therefore be interpreted witicim
care. No statistically significant result for amynpary endpoint was observed.

Contrary to the protocol, studies without blindingrerincluded. The study of SUPER-1 (RCT, N=277,
12 weeks) was not included since it was publisiet the last search for the studies in the review.

Table 137.

Characteristics of theParamothayan 200%eview

Prostacyclin for pulmonary hypertension in adults

Paramothayan NS, Lasserson TJ, Wells AU, Walters EH

Cochrane Database of Systematic Revi2@@5, Issue 2. Art.No.:CD002994. DOI:
10.1002/14651858.CD002994.pub?2.

July 11", 2005

July 11", 2005 (date of the last addition of new studiesgate of the last search specified)

Evaluation of efficacy and safety of prostacyclidats analogues in primary PAH and secondary PAH
associated with vascular collagenoses, primarith wystemic scleroderma and CREST.

Double- or single-blind studies with a control godiparallel or cross-over), in which efficacy aradesy of
prostacyclin (or its analogues) in primary PAH ecaendary PAH associated with vascular collagenasss
assessed.

Adult patients with a diagnosis of primary PAH ecendary PAH associated with vascular collagenoses.

« intravenous epoprostenol + conventional treatmsntenventional treatment
« intravenous iloprost + conventional treatment ehventional treatment
« oral, inhaled or subcutaneous prostacyclin anal®gaeplacebo

e Primary:
0 Exercise capacity — results of the 6-minute wati te
o0 Improvement in the NYHA classification
« Secondary:
o Hemodynamic parameters (E@vel, pulmonary artery pressure and others)
Pulmonary function tests
Symptoms and signs of PAH
Dyspnea (the Borg Dyspnea Score and others)
Mortality
0 Adverse events

O O ©0 o

Badesch 2000
0 intravenous epoprostenol + conventional treatmsntenventional treatment
o randomized, controlled, open-label study (blindethvestigators)

5 carbon oxide
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0 12 weeks
o N=111
Barst 1996
0 intravenous epoprostenol + conventional treatmentenventional treatment
o randomized, controlled, open-label study (blindethvestigators)
0 12 weeks
o N=81
Barst 2003
oberaprost + conventional treatment vs. placebonvestional treatment
0RCT; double-blind
052 weeks
oN =116
Galié 2002
beraprost + conventional treatment vs. placebonveuational treatment
RCT; double-blind
12 weeks
N =130
McLaughlin 2003
0 subcutaneous treprostinil vs. placebo
o RCT; double-blind
0 8 weeks
o N=26
Olschewski 2002
o inhaled iloprost + conventional treatment vs. ptece conventional treatment
o RCT; double-blind
0 12 weeks
o N=203
Rubin 1990
0 intravenous prostacyclin vs. conventional treatment
o RCT;
0 8 weeks (randomized phase), 18 months (non-randeohpibase)
o N=23
Simonneau 2002
0 subcutaneous treprostinil + conventional treatrenplacebo + conventional treatment
o RCT; double-blind
0 12 weeks
o N=470
Thurm 1991
o i.v. iloprost vs. placebo

(0]
0]
0]
(0]

o RCT; double-blind
o 3days
o N=14
Endpoint Relative Result +
outcome 95% ClI
measure
Intravenous prostacyclin vs. conventional treatment
Primary:
Exercise capacity — 6-minute walk test — in favbpmstacyclin SMD (meters)0.69 [0.40;
0.97] (ca. 90
m)
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Improvement in the NYHA classification — in favdrprostacyclin OR 37.99 [8.43;
171.22];

Secondary:

Change of pulmonary artery pressure — in favor o$gcyclin WMD -6.30 [-8.68;
(mmHg) -3.92]

Change of pulmonary vascular resistance — in fai/prastacyclin WMD -5.32 [-6.83;
(mmHg/l/min)| -3.82]

Change of cardiac index — in favor of prostacyclin M/ 0.58 [0.38;
(I/min/m?) 0.78]

Change of cardiac output — in favor of prostacyclin WMD (I/min) |0.22 [-0.71;

1.15]; ns.

Systemic arterial oxygen saturation — in favor @fgbacyclin WMD (%) 0.64 [-1.40;

2.69]; ns.
Change of systemic oxygen transport — in favor osfacyclin WMD 63.94 [-
(ml/min) 110.02;
237.9]; ns.
Mortality — in favor of prostacyclin OR 0.32 [0.06;
1.58]; ns.

Intravenous iloprost vs. conventional treatment

Primary: no results

Secondary:

Carbon oxide diffusion capacity — in favor of contienal treatment WMD -1.58 [-7.67;
(ml/min/ 4.51]; ns.
mmHg)

Vital capacity at rest — in favor of conventionaatment WMD (1) -0.55 [-1.63;

0.53]; ns.

Inhaled iloprost vs. placebo:

Primary:

Exercise capacity — 6-minute walk test — changmfbaseline — in favor of | m 36.40[12.04

iloprost 60.76]

Improvement in the NYHA classification — in favdritoprost OR 2.13[1.02;

4.48]

Secondary:

Change of pulmonary artery pressure in relatioretsebne values — in favor| WMD -4.40 [-6.65;

of iloprost -2.15]; ns.

Change of pulmonary vascular resistance in relatdraseline values —in | WMD -335 [-

favor of iloprost 417.86;

-252.14]

Change of cardiac output — in favor of iloprost WMD 0.74 [0.48;

1.00]
Dyspnea (the Mahler Dyspnea Index) — in favor gibst WMD 1.120.43;
1.81]
Mortality — in favor of iloprost OR 0.19 [0.02;
1.69]; ns.
Clinical worsening — in favor of iloprost OR 0.5410;
Adverse events — in favor of placebo OR 1.18[0.63;
2.21]; ns.

Subcutaneous treprostinil vs. placebo

Primary:
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Exercise capacity — results of the 6-minute wadk te WMD (m) n.a.
Secondary:
Dyspnea WMD n.a.
Change of pulmonary artery pressure in relatioretsebne values — in favor| WMD -2.71 [-4.20;
of treprostinil -1.23]
Change of pulmonary vascular resistance in relatdraseline values —in | WMD -4.73 [-6.31;
favor of treprostinil -3.15]
Change of cardiac index in relation to baselineesd in favor of treprostinil WMD 0.19 [0.08;
0.30]
Mortality OR 1.01[0.35;
2.94]; ns.
Quality of life WMD n.a.
Dyspnea WMD n.a.
Withdrawal from the study due to clinical worsening OR 1.02 [0.32;
3.20]; ns.
Withdrawal from the study due to adverse eventsfavor of placebo OR 13.47 [2.57
70.48]
Adverse events OR 1.05 [0.50;
2.21]; ns.

Oral beraprost vs. placebo

Although relative effects with respect to exeraapacity seem significant, they are much less prooed in
studies with a control group receiving placebo.loyement in exercise capacity is higher in subgsafp
patients with primary PAH than those with secondafH. Despite positive effects with regard to thigcome
the Barst 2003 study (concerning beraprost, which et a subject of this analysis) demonstratedafat
12 months the effect was no longer statisticatiygicant. As to mortality, the results were ndattistically
significant for any of the investigated intervemtio Thus, there is no reason to consider prostacsul
alternative for transplantation. Prostacyclin srahalogues improve the NYHA class; however, tigenauch
doubt whether this may be treated as improvemequatity of life (for which there is usually no dat

Serious adverse events of prostacyclin and itogoak (based not only on RCTSs):
0 increased probability of sepsis,
o catheter-related thrombosis (PAH associated witineotive tissue diseases),
0 edema due to venous stenosis.
Less serious adverse events include (among offagrgain, diarrhea, and headache.
Better assessment of adverse events would requiteestwith longer observation period.

Table 138.
Characteristics of the Liu 2006 review

Endothelin receptor antagonists for pulmonary arteiial hypertension
Liu C, ChenJ

Cochrane Database of Systematic Reviews 2866¢ 3. Art.N0.:CD004434. DOI:
10.1002/14651858.CD004434.pub3.

May 22 2006

August ', 2005 (date of the last addition of new studiesglate of the last search specified)

Evaluation of efficacy and safety of endothelinegtor antagonists in treatment of pulmonary arteria
hypertension.

Randomized or quasi-randomized clinical trials.
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Adults and children with a diagnosis of PAH requirtreatment, to whom anticoagulants were
administered.

Endothelin receptor antagonists in comparison @ity other intervention.

* Primary:
0 6-minute walk distance
0o WHO or NYHA (New York Heart Association) functionelass — improvement in the classificatio
0 Borg Dyspnea Score, Dyspnea — Fatigue Rating
0 mortality
Secondary:
0 Hemodynamic parameters (mean pulmonary artery yressd others)
o Pulmonary function tests
0 Adverse events
Barst 2004
0 sitaxsentan vs. placebo
o RCT; double-blind
0 12 weeks
o N=178
Barst 2004a
0As above (?)
Barst 2004b
0As above (?)
Channick 2001
0 bosentan vs. placebo
0 RCT; triple-blind
0 12 weeks
0o N=32
Galié 2003
0 bosentan vs. placebo
0 RCT; triple-blind
0 16 weeks
o N=85
Humbert 2004
0 bosentan + intravenous epoprostenol vs. placebtravenous epoprostenol
o RCT; double-blind
0 16 weeks
o N=33
Rubin 2002
0 bosentan vs. placebo
o0 RCT; triple-blind
0 16 weeks
o N=213
Wilkins 2005
0 bosentan vs. sildenafil
o Randomized trial; double-blind

0 16 weeks

o N=26

Endpoint Relative | Result + 95% ClI
outcome
measure

Endothelin receptor antagonists vs. placebo
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Primary:
Exercise capacity — 6-minute walk test — in favbERA WMD 37.08 [22.37; 51.08]
(meters)
Improvement in the NYHA classification — in favarBRA RR 1.60[1.17; 2.19];
Change of the Borg Dyspnea Score — in favor of ERA BVM | -0.83 [-1.65;
-0.01]
Mortality — in favor of placebo RR 1.32 [0.36; 4.86%.

Secondary:

in favor of ERA

Change of pulmonary artery pressure in relatioratebne values +WMD

-4.36 [-6.77; -1.94]

Change of pulmonary vascular resistance in relatidraseline WMD -286.73 [-369.1; -204.36]
values — in favor of ERA

Change of cardiac index in relation to baselineesd in favor of | WMD 0.51[0.22; 0.81]

ERA

Hepatic toxicity — in favor of placebo OR 1.44 [0,3.66]; ns.
ERA vs. sildenafil

Primary:

Exercise capacity — 6-minute walk test — in favbsittenafil WMD -55.00 [-109.92; -0.08]
Mortality — in favor of bosentan OR 0.36 [0.01; §;ns.
Secondary:

Symptoms of PAH WMD 1.70[-0.42; 3.82]; ns.
Change of cardiac index in relation to baseline esilu WMD 0.00 [-0.14; 0.14]; ns.

Pulmonary arterial hypertension is related to higirtality. The studies demonstrated that anticaaysl|
are the only drugs reducing mortality (in the perdjve of long-term observational studies). Howetteis
is true for primary PAH only — the authors of tleeiew did not identify any studies that would comfi
efficacy of anticoagulants in secondary PAH. Trdas@tion remains the most efficacious method imge
of mortality. A significant observed adverse ev@aported in the Krum 1999 study) was elevation of
hepatic transaminase level in 16.5% of patientsivaty 500 mg of bosentan twice daily. However hwit
lower doses (125 and 250 mg twice daily) of bosenmsignificant elevation of this enzyme was obsér

8.2. Assessment of the systematic reviews used —
the QUOROM questionnaire

Table 139.

QUOROM - assessment of the “Sildenafil for pulmonay hypertension (Review)”

Identification of the report as

a metaanalysis (or

to make the analysis reproducible

and combining results presented in enough detail as

e systematic review) of randomized clinical trials v 1
Aim Structured format used v 1
Clinical guestion clearly defined ™ 1
Data sources Database or other information source specified ™ 1
Inclusion criteria (population, intervention, main
Abstract X .
outcomes, study design), methods used for validity
Methodology of d b . dv ch L v
the review assessment, data abstraction, study characteristics 1
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Results

Characteristics of the included and excluded RCTs
presented along with qualitative and quantitative
results (e.g. estimations, confidence intervals) and
subgroup analysis

Conclusions

Key findings presented

Introduction

Clinical problem clearly described, the biological
rationale for the intervention and the rationale
for the review presented

Methods

Search

Information sources (e.g. databases, registers,
personal files, experts, agencies, hand-searching)
and restrictions applied (years, type and language of
the publication) described in detail

Study selection

Inclusion and exclusion criteria specified
(population, intervention, main outcomes, study
design)

2-3

Validity
assessment

Criteria and methods of assessment (e.g. masked
conditions, quality assessment) presented

Data abstraction

Appropriate methods applied (e.g. completed
independently, in duplicate)

Study
characteristics

Sufficient description of study design, participant
characteristics, details of intervention, outcome
definition and methods of assessment of clinical
heterogeneity

4,9-12

Quantitative data
synthesis

The principal measures of effect (e.g. relative risk),
methods of combining results (statistical testing and
confidence intervals), handling of missing data,
assessment of statistical heterogeneity, rationale for
any a priori sensitivity or subgroup analysis and bias
assessment presented

3-4, 15-
19

Results

Course of
metaanalysis

Reasons for exclusion of publications at subsequent
stages of selection specified

Study
characteristics

Descriptive data for each trial (e.g. age, sample size,
intervention, dose, duration, follow-up) presented

9-12

Quantitative data
synthesis

Agreement on the selection and validity
assessment; simple summary results (for each
treatment group in each trial, for each primary
outcome); data needed to calculate effect sizes and
confidence intervals in intention-to-treat analysis
(e.g. a 2x2 table containing the numbers of patients,
mean values with SD, percentages of patients)
presented

15-19

Discussion

Key findings summarized; clinical inferences based
on internal and external validity discussed; the
results interpreted in light of the totality of available
evidence; potential biases in the review process
(e.g., publication bias) described; future research
suggested
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Table 140.

QUOROM - assessment of the “Prostacyclin for pulmoary hypertension in adults (Review)”

Identification of the report as a metaanalysis (or

e systematic review) of randomized clinical trials v 1
Structured format used v 1
Aim Clinical guestion clearly defined ™ 1
Data sources | Database or other information source specified ™ 1
Inclusion criteria (population, intervention, main
Methodology outcomes, stt:jdy deglgn), methodsdusehd for va]ld!ty v
of the review assessment, data abstraction, study characteristics 1
Abstract and combining results presented in enough detail as to
make the analysis reproducible
Characteristics of the included and excluded RCTs
presented along with qualitative and quantitative
e results (e.g. estimations, confidence intervals) and o 1
subgroup analysis
Conclusions | Key findings presented v 1
] Clinical problem clearly described, the biological
Lntroductlo rationale for the intervention and the rationale for the ] 2-3
review presented
Information sources (e.g. databases, registers,
personal files, experts, agencies, hand-searching) and ™
Search . ; 3-4
restrictions applied (years, type and language of the
publication) described in detail
Study Inclusion and exclusion criteria specified (population, 3
selection intervention, main outcomes, study design) v
Validity Criteria and methods of assessment (e.g. masked 4
assessment | conditions, quality assessment) presented v
Data Appropriate methods applied (e.g. completed 4
abstraction independently, in duplicate) i
Methods — — - —
Sufficient description of study design, participant
Study characteristics, details of intervention, outcome v
characteristics | definition and methods of assessment of clinical
heterogeneity
The principal measures of effect (e.g. relative risk),
methods of combining results (statistical testing and
Quantitative confidence intervals), handling of missing data,
. o ; . v 27-61
data synthesis | assessment of statistical heterogeneity, rationale for
any a priori sensitivity or subgroup analysis and bias
assessment presented
Course of Reasons for exclusion of publications at subsequent
. : - W 4, 22-24
metaanalysis | stages of selection specified
Study Descriptive data for each trial (e.g. age, sample size, 4 18-24
characteristics | intervention, dose, duration, follow-up) presented v '
Agreement on the selection and validity assessment;
Results simple summary results (for each treatment group in
Quantitative each trial, for eaqh primary out.come);.data nee_ded to v 510,
.| calculate effect sizes and confidence intervals in
data synthesis | . . . - 18-22
intention-to-treat analysis (e.g. a 2x2 table containing
the numbers of patients, mean values with SD,
percentages of patients) presented
Key findings summarized; clinical inferences based on
internal and external validity discussed; the results
Discussion interpreted in light of the totality of available evidence; v 10-13

potential biases in the review process (e.g., publication
bias) described; future research suggested

213




Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

Table 141.
QUOROM - assessment of the “Endothelin receptor aagonists for pulmonary arterial hypertension
(Review)”
Identification of the report as
Title a metaanalysis (or systematic review) | Yes 1
of randomized clinical trials
Structured format used Yes 1
Aim Clinical problem clearly defined Yes 1
Database or other information source
Data sources o Yes 1
specified

Inclusion criteria (population,
intervention, main outcomes, study
Methodology of the design), methods used for.vaIidity

. assessment, data abstraction, study | No
Abstract review characteristics and combining results
presented in enough detail as to
make the analysis reproducible

Characteristics of the included and
excluded RCTs presented along with
Results qualitative and quantitative results No
(e.g. estimations, confidence
intervals) and subgroup analysis

Conclusion Key findings presented Yes 1

Clinical problem clearly described,
the biological rationale for the
intervention and the rationale for the
review presented

Introduction Yes

Information sources (e.g. databases,
registers, personal files, experts,
agencies, hand-searching) and
restrictions applied (years, type and
language of the publication)
described in detail

Search Yes 3

Inclusion and exclusion criteria
Study selection specified (population, intervention, Yes 3
main outcomes, study design)

Criteria and methods of assessment
Validity assessment | (e.g. masked conditions, quality Yes 3
assessment) presented

Appropriate methods applied (e.g.
Data abstraction completed independently, in No
Methods duplicate)

Sufficient description of study design,
participant characteristics, details of

Study . intervention, outcome definition and Yes 4
characteristics s

methods of assessment of clinical

heterogeneity

The principal measures of effect (e.g.
relative risk), methods of combining
results (statistical testing and
confidence intervals), handling of
missing data, assessment of Yes 4
statistical heterogeneity, rationale for
any a priori sensitivity or subgroup
analysis and bias assessment
presented

Quantitative data
synthesis
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Reasons for exclusion of publications

Course of . at subsequent stages of selection Yes 4
metaanalysis o
specified
Stud Descriptive data for each trial (e.g.
y age, sample size, intervention, dose, |Yes 10, 11,12,13,14
characteristics

duration, follow-up) presented

Agreement on the selection and
validity assessment; simple summary
results (for each treatment group in
each trial, for each primary outcome);
Quantitative data data needed to calculate effect sizes
synthesis and confidence intervals in intention-
to-treat analysis (e.g. a 2x2 table
containing the numbers of patients,
mean values with SD, percentages of
patients) presented

Results

Yes 4,5, 6, 16-22

Key findings summarized; clinical
inferences based on internal and
external validity discussed; the results
interpreted in light of the totality of
available evidence; potential biases in
the review process (e.g., publication
bias) described; future research
suggested

Discussion Yes 6,7
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8.3. Detailed results of search for the studies

Table 142.
Results of search in the PubMed database

Search: January 29", 2007

#1 | pulmonary hypertension | 22384
#2 Sildenafil 2896
#3 | Syldenafil 1

#4 | Acetildenafil 2487
#5 | Desmethylsildenafil 2485
#6 Homosildenafil 2486
#7 Hydroxyhomosildenafil 2487
#8 | UK 92480-10 2485
#9 | UK-92,480-10 2485
#10 | Viagra 2611
#11 | Revatio 2485
#12 | #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #%0OROR #11 2982
#13 |#12 AND #1 339
#14 | Treprostinil 118
#15 | Remodulin 83
#16 | UT15 0

#17 | UT-15 85
#18 | #14 OR #15 OR #16 OR #17 124
#19 |#18 AND #1 82
#20 | lloprost 1843
#21 | Ciloprost 1423
#22 | Ventavis 1423
#23 | ZK-36374 1428
#24 | ZK 36374 1428
#25 | ZK36374 1423
#26 | #20 OR #21 OR #22 OR #23 OR #24 OR #25 1850
#27 |#26 AND #1 224
#28 | Bosentan 1084
#29 | Tracleer 814
#30 | Ro 47-0203 821
#31 | Ro-47-0203 821
#32 | #28 OR #29 OR #30 OR #31 1091
#33 |#32 AND #1 299
#34 | Epoprostenol 11055
#35 | Epoprostanol 10830
#36 | PGI2 12682
#37 | Prostaglandin 102131
#38 | Prostacyclin 15476

216



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

#39 | PGX 38
#40 | Flolan 10834
#41 | #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 04518
#42 |#41 AND #1 1789
#43 | phosphodiesterase inhibitors 67167
#44 |#43 and #1 626
#45 | vasodilator agents 266511
#46 |#45 AND #1 2606
#47 | endothelin receptor antagonists 3620
#48 | endothelin receptor antagonist 2856
#49 | #47 OR #48 4141
#50 |#49 AND #1 417
#51 | #50 OR #46 OR #44 OR #42 OR #33 OR #27 OR {R% T3 4098
452 #51 Limits: English, French, German, Spanish, Bolmiblished in the last 2 75
years, Clinical Trial, Randomized Controlled Tridljmans
Table 143.
Results of search in the EmBase database
Search: January 30", 2007
#1 | pulmonary hypertension | 29283
#2 Sildenafil 6282
#3 | Syldenafil 1
#4 | Acetildenafil 5
#5 | Desmethylsildenafil 2
#6 Homosildenafil 6
#7 Hydroxyhomosildenafil 6
#8 | UK 92480-10 2
#9 | UK-92,480-10 0
#10 | Viagra 6339
#11 | Revatio 6282
#12 | #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #%0OROR #11 6341
#13 |#12 AND #1 842
#14 | Treprostinil 408
#15 | Remodulin 413
#16 | UT15 451
#17 | UT-15 451
#18 | #14 OR #15 OR #16 OR #17 454
#19 |#18 AND #1 378
#20 | lloprost 3295
#21 | Ciloprost 3295
#22 | Ventavis 3295
#23 | ZK-36374 3299
#24 | ZK 36374 205
#25 | ZK36374 3299
#26 | #20 OR #21 OR #22 OR #23 OR #24 OR #25 3299
#27 |#26 AND #1 754
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#28 | Bosentan 2085
#29 | Tracleer 2085
#30 | Ro 47-0203 145
#31 | Ro-47-0203 2089
#32 | #28 OR #29 OR #30 OR #31 2089
#33 |#32 AND #1 899
#34 | Epoprostenol 18124
#35 | Epoprostanol 2
#36 | PGI2 18855
#37 | Prostaglandin 133224
#38 | Prostacyclin 22108
#39 | PGX 18167
#40 | Flolan 18127
#41 | #34 OR #35 OR #36 OR #37 OR #38 OR #39 OR #40 54263
#42 |#41 AND #1 2927
#43 | phosphodiesterase inhibitors 4664
#44 |#43 and #1 179
#45 | vasodilator agents 24888
#46 | #45 AND #1 378
#47 | endothelin receptor antagonists 1764
#48 | endothelin receptor antagonist 6041
#49 | #47 OR #48 6414
#50 |#49 AND #1 909
#51 | #50 OR #46 OR #44 OR #42 OR #33 OR #27 OR {H¥ 13 4136
452 #51 Limits: English, French, German, Spanish, Bojmiblished in the last 2 206
years, Clinical Trial, Randomized Controlled Tridlymans
Table 144.
Results of search in the Cochrane database
Search: January 30", 2007
#1 |pulmonary hypertension 11209

Sildenafil OR Syldenafil OR Acetildenafil OR Desrngsildenafil OR
#2 |Homosildenafil OR Hydroxyhomosildenafil OR UK 92480 OR UK-| 412
92,480-10 OR Viagra OR Revatio

#3 | Treprostinil OR Remodulin OR UT15 OR UT-15 | 15

) lloprost OR Ciloprost OR Ventavis OR ZK-36374 OR 28374 OR 293
ZK36374

#5 | Bosentan OR Tracleer OR Ro 47-0203 OR R0-47-0203 |58

46 Epoprostenol OR Epoprostanol OR PGI2 OR Prostagta@R 943
Prostacyclin OR PGX OR Flolan

#7 | phosphodiesterase inhibitors OR vasodilator tageR endothelin | 3706

218



Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

| receptor antagonists OR endothelin receptor antsgon

#8 #2 OR #3 OR #4 OR #5 OR #6 OR #7 4768

#9 |#1 AND #8 248

#10 |#9 Limits: published in the last 2 years 44

Table 145.

Results of search in the Biomed Central database

Search: January 29", 2007

#1 |pulmonary hypertension (all words) inall fields 11025

4o sildenafil OR syldenafil OR acetildenafil OR deshysildenafil OR 200
UK 92480-10 OR UK-92,480-10 OR viagra OR revatio

#3 |#1 AND #2 54

#4 | treprostinil OR remodulin OR UT15 OR UT-15 10

#5 |#1 AND #4 8

46 iloprost OR ciloprost OR ventavis OR ZK-36374 OR 26374 OR 40
ZK36374

#7 | #1 AND #5 24

#8 | bosentan OR Tracleer OR Ro 47-0203 OR R0-47-0203 |75

#9 |#1 AND #9 |49 |

#10 epoprostenol OR epoprostanol OR PGI2 OR prostagidabi 1263
prostacyclin OR PGX OR flolan

#11 |#1 AND #10 151

#51 | #3 OR #5 OR #7 OR #9 OR#11 | 202
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8.4. Description of the process of search for
primary studies

PubMED, EMBASE,
Cochrane and BIOMED
Central databases
527 articles

References of the Cochran
Collaboration reviews:
17 articles

Materials of consultants an(
drug manufacturers:
6 articles

Based on abstraci491
articles were excluded

59 articles included based on
abstracts;

4 articles included based
on references of the
studies analyzed as

complete texts

Based on complete
texts,30 articles were
excluded

33
publications pertaining to
19
included clinical studies
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8.5. Characteristics of the studies included in the analysis

8.5.1. Bosentan vs. placebo

Table 146.
Characteristics of theChannick 2001study

Study design Multicenter, randomized, double-blind, parallel clinical study
Jadad score 4
Inclusion criteria for patients Severe symptomatic PAH — primary or secondary to scleroderma;

WHO functional class IlI-1V;

Previous treatment with vasodilators, anticoagulants, diuretics, cardiac glycosides or oxygen;
6-minute walk distance between 150 and 500 m;

Mean pulmonary arterial pressure over 25 mmHg;

Pulmonary capillary wedge pressure below 15 mmHg;

Pulmonary vascular resistance over 240 dyn/s/cms.

Exclusion criteria for the patients Functional class IV;

Introduction or discontinuation of treatment with anticoagulants, diuretics, cardiac glycosides or oxygen within
one month prior to enrollment;

Long-term treatment with epoprostenol;

Treatment with glibenclamide or cyclosporine within one month prior to enrollment (in order to avoid potential
drug interactions).

Baseline characteristics of the population

Parameter Bosentan Placebo

Agencja Oceny Technologii Medycznych
Al. Lotnikéw 22, 02-668 Warszawa tel. +48 22 56 67 200 fax +48 22 56 67 202
e-mail: sekretariat@aotm.gov.pl

www.aotm.gov.pl
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Total number of patients 21 11

Mean age (SD) [years] 52.2 (12.2) 47.4 (14.0)
Percentage of men 19% 0%
Percentage of patients with primary PAH 81% 91%

Percentage of patients with PAH secondary to

0, 0,
scleroderma 19% 9%
Percentage of patients in WHO functional class Il 100% 100%
Percentage of patients in WHO functional class IV 0% 0%

Bosentan at a dose of 62.5 mg twice daily for the first
Description of the interventions four weeks, then at a dose of 125 mg twice daily until | Placebo
any treatment-related adverse events occurred

Exercise capacity after 12 weeks of treatment defined as the 6-minute walk distance

Cardiovascular hemodynamic parameters (pulmonary vascular resistance, cardiac index, mean pulmonary
pressure, pulmonary capillary wedge pressure, mean right ventricular pressure) measured by means of right
ventricular catheterization;

Endpoints
Borg Dyspnea Score;
Change of the WHO functional class;
Withdrawal from the study due to exacerbation of the symptoms.
Observation period 28 weeks
Information concerning patients lost from the study 25 patients lost from the study, 15 from the bosentan group and 10 from the placebo group
Description of the randomization method Computed, using the Almedica system for drug marking
Description of the method of blinding Double-blind study, no detailed description
Comments (conflicts of interest, sources of financi ng) none
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Table 147.
Characteristics of theRubin 2002study

Study design Multicenter, randomized, double-blind clinical study with three parallel groups
Jadad score 3
Inclusion criteria for patients Severe, symptomatic PAH — primary or secondary to a connective tissue disease (scleroderma or systemic

lupus erythematosus);

WHO functional class IlI-1V (for patients in class IV stable condition required);

Previous treatment with vasodilators, anticoagulants, diuretics, cardiac glycosides or oxygen;
6-minute walk distance between 150 and 450 m;

Mean pulmonary arterial pressure at rest over 25 mmHg;

Pulmonary capillary wedge pressure below 15 mmHg;

Pulmonary vascular resistance over 240 dyn/s/cms.

Exclusion criteria for the patients Introduction or discontinuation of any treatment for pulmonary hypertension within one month prior to
enrollment;

Treatment with epoprostenol within 3 months prior to enrollment;

Treatment with glibenclamide or cyclosporine (in order to avoid potential drug interactions).

Baseline characteristics of the population

Parameter Bosentan 125 mg Bosentan 250 mg Placebo
Total number of patients 74 70 69
Mean age (SD) [years] 50.4 (15.9) 47.0 (15.6) 47.2 (16.2)
Percentage of men 23% 19% 22%
Percentage of patients with primary PAH 7% 64% 70%
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Eggcr((a)r&tear?ﬁaof patients with PAH secondary to 18% 29% 20%
E%f:gtr?/tgr?ecr: apgtslﬁgts with PAH secondary to system ic 5% 7% 10%
Percentage of patients in WHO functional class Il 89% 92% 94%
Percentage of patients in WHO functional class IV 11% 8% 6%
Bosentan (Tracleer) at a dose of Bosentan (Tracleer) at a dose of
oesepon o nemrenior
twice daily for 12 weeks. twice daily for 12 weeks.
Endpoints Exercise capacity after 16 weeks of treatment defined as the 6-minute walk distance

Borg Dyspnea Score (0-10 points, where 10 represents most severe dyspnea);
Change of the WHO functional class;

Time from randomization to worsening defined as death, pulmonary transplantation, hospitalization due to
pulmonary hypertension, lack of improvement or withdrawal from the study due to worsening, necessity of
introduction of treatment with epoprostenol or atrial septostomy;

Safety (adverse events)

Observation period 16 weeks + additional 12 weeks (28 weeks)

Information concerning patients lost from the study Due to adverse events 6% of patients were lost from the bosentan groups and 7% from the placebo group.
Description of the randomization method No description

Description of the method of blinding No description

Comments (conflicts of interest, sources of financi ng) The study was financed by the Actelion company (Allschwil, Switzerland). All the authors had financial relations

with the Actelion company.
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Table 148.
Characteristics of theBarst 2006study

Study design With respect to bosentan — randomized, open-label, multicenter (international) study
Jadad score 3
Inclusion criteria for patients 1. PAH - idiopathic or associated with connective tissue diseases or congenital heart diseases

(operated atrial or ventricular septal defect or patent Botall's duct operated at least a year before
enrollment or unoperated secondary atrial septal defect (with oxygen saturation = 88%)).

2. Mean pulmonary arterial pressure = 25 mmHg at rest, pulmonary capillary wedge pressure or left
ventricular end-diastolic pressure < 15 mmHg and pulmonary vascular resistance = 3 Wood units

baseline 6-MWD = 150 m and < 450 m
4. body mass = 50 kg for patients aged < 18 years

Exclusion criteria for the patients Significant interstitial lung disease, portal hypertension, chronic disease of the liver, HIV infection, hepatic
disorder (transaminase level > 1.5 times higher than the upper limit), renal insufficiency, history of left
ventricular failure or obstructive sleep-apnea syndrome, previous failure with bosentan treatment, use of a PD5
inhibitor, an ET receptor antagonist or any new treatment for PAH within 30 days prior to enrollment.

Baseline characteristics of the population

Parameter Bosentan Placebo

Total number of patients 60 62

Mean age (SD) [years] 49 £ 16 (range 18 — 77) 53 =15 (range 22-77)
Number of women 47 (78%) 47 (76%)

NYHA class Il 22 (37%) 23 (37%)

NYHA class Il 37 (62%) 35 (57%)

NYHA class IV 1 (2%) 4 (6%)
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Description of the interventions

Bosentan (administered orally): placebo

4 weeks: 62.5 mg twice daily, then increased to 125
mg twice daily

Endpoints

Primary: change of the 6-MWD after 18 weeks Tests

Secondary:<Ochange of the WHO functional class, time to clinical worsening, change of the Borg Dyspnea
Score

Assessment of safety — based on adverse events and laboratory tests (hepatic enzymes)

Observation period

18 weeks

Information concerning patients lost from the study

8 patients

Description of the randomization method

Computed randomization

Description of the method of blinding

None since the drug was available for a specific patient only;

Assessment of some parameters (e.g. the 6-MWT, the WHO functional class, the Borg Dyspnea Score) was
blinded

Comments (conflicts of interest, sources of financi ng)

The authors of the study work as consultants for the sponsor — Encysive Pharmaceutics

Table 149.
Characteristics of the BREATHE-5 study

Study design

Double-blind, multicenter, randomized clinical trial

Jadad score

5

Inclusion criteria for patients

Patients aged over 12 years in NYHA functional class lll, with Eisenmenger’s syndrome. Arterial blood oxygen
saturation between 70 and 90%. 6-MWD between 150 and 450 meters.

Exclusion criteria for the patients

Patent Botall's duct (due to complications in measurement of hemodynamic parameters), combined congenital
heart disease, left ventricular failure (left ventricular ejection fraction < 40%); restrictive lung disease (total lung
capacity < 70% of the normal value); obstructive pulmonary disease (forced expiratory volume in one second
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[FEV1] < 70% of the normal value and FEV1/FVC < 60%), recently diagnosed coronary artery disease

Baseline characteristics of the population

Parameter Intervention group Control group

Total number of patients 37 17

Mean age (SD) [years] 37.2[SD 12] 44.2 [SD 8.5]

Percentage of men 38% 41%

Ventricular septal defects 65% 71%

Atrial septal defects 22% 29%

Atrioventricular septal defects 14% 0%

Descrpton of e erventons G o v e 125 mg i iy " | Comventonal et +placebo

Endpoints

Hemodynamic parameters; 6-minute walk distance

Observation period

16 weeks

Information concerning patients lost from the study

4 patients were lost from the study; the procedure for lost patients was as follows: in case of death, necessity
of transplantation or loss from the study the worst outcomes are assumed (e.g. the 6-minute walk distance

0 m); in case of patients lost from the study due to reasons other than worsening of the patient’s condition, the
last recorded result was repeated in subsequent measurements

Description of the randomization method

Randomization was controlled by means of packing of the drugs for the study. The patients were randomized
in sequence, beginning from the lowest drug number.

Description of the method of blinding

Placebo looking like bosentan was used. The patients, physicians, monitors and the sponsor’s personnel
remained "blinded" until the clinical database was closed.

Comments (conflicts of interest, sources of financi

ng)

7 out of 8 authors declared conflict of interest; the study was supported by Actelion Pharmaceuticals Ltd. Some
investigators received grants from the following companies: Actelion, Pfizer, Schering, Encysive, Myogen,
GlaxoSmithKline, Lilly, NITROX, NMT Medical and AGA Medical.
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8.5.2. Epoprostenol vs. placebo

Table 150.
Characteristics of theRubin 1990study

Study design Open-label study consisting of two phases: randomized and non-randomized
Jadad score 3
Inclusion criteria for patients Patients with PAH, mainly not responding to or not tolerating other vasodilating therapy.

Exclusion criteria for the patients -

Baseline characteristics of the population

Parameter Intervention group Control group

Total number of patients 11 12

Mean age (SD) [years] 37.45[12.65] 35.00 [15.49]
Percentage of men 36% 25%

Percentage of patients in NYHA functional class Il 9% 8%

Percentage of patients in NYHA functional class Il 82% 50%

Percentage of patients in NYHA functional class IV 9% 42%

Description of the interventions lc:rg;?/\;?icc))%zIet$g§trr?15etr?tnOI (continuous infusion) + Conventional treatment

Endpoints Hemodynamic parameters; the 6-minute walk test

Observation period 8 weeks (randomized phase) and up to 18 months (non-randomized phase)
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Information concerning patients lost from the study

4 died, 1 lost from the study due to adverse events (pulmonary edema)

Description of the randomization method

The investigator called a central phone number, where a subsequent envelope containing the patients

assignment (the experimental or control group) was opened;

Description of the method of blinding

No blinding

Comments (conflicts of interest, sources of financi ng)

No data concerning conflicts of interest or sources of financing

Table 151.
Characteristics of theBarst 1996study

Study design

Randomized, open-label clinical trial

Jadad score

3

Inclusion criteria for patients

Symptomatic PAH

Exclusion criteria for the patients

Baseline characteristics of the population

Parameter Intervention group Control group
Total number of patients 41 40

Mean age (SD) [years] 40 (3) 40 (2)
Percentage of men 24% 30%

NYHA class lll 76% 73%

NYHA class IV 24% 27%

Description of the interventions

Conventional treatment + prostacyclin

Conventional treatment
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Endpoints

Exercise capacity, hemodynamic parameters, quality of life

Observation period

12 weeks

Information concerning patients lost from the study

3 patients underwent pulmonary transplantation (excluded from the study); for 8 patients who died the worst
possible results were assumed in the first variant of the analysis (in the second variant those patients were not
taken into account);

Description of the randomization method

No description

Description of the method of blinding

No blinding

Comments (conflicts of interest, sources of financi ng)

The study was partially sponsored by Glaxo Wellcome Inc.; no information concerning conflicts of interest

Table 152.
Characteristics of theBadesch 200&tudy

Study design

Randomized, controlled, open-label study

Jadad score

3

Inclusion criteria for patients

Pulmonary arterial hypertension secondary to scleroderma; age at least 16 years; 6-minute walk distance at
least 50 m; moderate to severe PAH without a diagnosis of thromboembolic disease or interstitial lung disease

Exclusion criteria for the patients

Any long-term treatment for pulmonary hypertension or scleroderma introduced within a month prior to
enrollment; any other treatment for pulmonary hypertension or scleroderma discontinued within a week prior to
enrollment excepting anticoagulants; any treatment with prostaglandins.

Baseline characteristics of the population

Parameter Intervention group Control group
Total number of patients 56 55
Mean age (SD) [years] 53.00 [13.1] 57.3[10.3]
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Percentage of men 9% 18%

Percentage of patients in NYHA class I 2% 7%

Percentage of patients in NYHA class IlI 75% 82%

Percentage of patients in NYHA class IV 23% 11%

Description of the interventions Epoprostenol + conventional treatment Conventional treatment

Endpoints

Exercise capacity, hemodynamic parameters, survival rate

Observation period

12 weeks

Information concerning patients lost from the study

Causes of death specified in both groups.

Description of the randomization method

Stratified block randomization; the investigators contacted the center in order to assign a patient to a specific
group.

Description of the method of blinding

No blinding

Comments (conflicts of interest, sources of financi ng)

The study was financed by Glaxo Wellcome Inc. (participation in data collection and analysis); some of the
authors declared conflicts of interest;

8.5.3.

Table 153.
Characteristics of theThurm 1991study

lloprost vs. placebo

Study design

Randomized, double-blind, parallel clinical study

Jadad score

3

Inclusion criteria for patients

Pulmonary hypertension secondary to systemic scleroderma fulfilling the criteria of the American College of
Rheumatology;
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Raynaud’s phenomenon (at least 8 episodes per week).

Exclusion criteria for the patients Smoking

Baseline characteristics of the population

Parameter lloprost Placebo
Total number of patients 6 7
Mean age (SD) [years] 55.2 (14.5) 45.7 (8.7)
Percentage of men 17% 29%
Percentage of patients with primary PAH 0% 0%

Percentage of patients with PAH secondary to system ic

scleroderma 100% 100%

Intravenous iloprost (continuous infusion) at a dose of
Description of the interventions 0.5-2.0 ng/kg/min for 6 hours on each of 3 days of
treatment

Intravenous placebo (continuous infusion) for 6 hours
on each of 3 days of treatment

Spirometric measurements and diffusion capacity of the lungs (DLco) measured by the single breath method
) (measured twice within 5 minutes in upright position; the measurement was repeated twice after 20 minutes of
Endpoints rest in supine position; the final result was the mean value of the two measurements).

Alveolar volume was calculated by helium dilution during a breath hold of 10 seconds.

Observation period 3 days

Information concerning patients lost from the study One patient was lost from the iloprost group due to technical reasons
Description of the randomization method None

Description of the method of blinding None

Comments (conflicts of interest, sources of financi ng) None
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Table 154.
Characteristics of theOlschewski 2003tudy

Study design

Multicenter, randomized, parallel clinical study

Jadad score

2

Inclusion criteria for patients

PAH — primary or secondary to appetite suppressant drugs, scleroderma or chronic thromboembolic disease;

NYHA functional class IlI-IV;
6-minute walking distance (without encouragement) 50-500 m;
Mean pulmonary arterial pressure over 30 mmHg;

Previous treatment with anticoagulants, diuretics, cardiac glycosides, calcium channel blockers (at a stable
dose for at least 6 weeks prior to enroliment) or oxygen;

Exclusion criteria for the patients

Treatment with the investigated drugs, prostanoids or beta-blockers;
Pulmonary capillary wedge pressure at rest over 15 mmHg;

Cardiac index at rest below 1.5 or over 4 lI/min/m? of the body surface area;
Vascular diseases;

Bilirubin concentration over 3 mg/dl;

Creatinine clearance below 30 ml/min;

Forced vital capacity (FVC) below 50%;

Forced expiratory volume in one second (FEV1) below the mean normal value minus twice the standard
deviation;

Clinical instability.

Baseline characteristics of the population

Parameter lloprost Placebo
Total number of patients 101 102
Mean age (SD) [years] 51.2 (13.2) 52.8 (12.0)
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Percentage of men 31.7% 33.3%
Percentage of patients with primary PAH 50.5% 50.0%
Pgrcentagg of patients with PAH secondary to treatm  ent 4.0% 4.9%
with appetite suppressant drugs

Percentage of patients with PAH secondary to vascul  ar o 0
collagenosis 12.9% 21.6%
Percentage of patients with PAH secondary to chroni c o 0
thromboembolic disease 32.1% 23.5%
Percentage of patients in NYHA functional class Il 59.4% 57.8%
Percentage of patients in NYHA functional class IV 40.6% 42.2%

Description of the interventions

lloprost (llomedin) administered in inhalation by
means of a nebulizer (HaloLite, MedicAid) at a dose
of 2.5 or 5.0 pg/ml in one inhalation (depending on
tolerance of the first dose). The amount of drug
remaining in the nebulizer was discarded after each

inhalation. This action was repeated 6-9 times a day.

Frequency of inhalations and the dose administered
was adjusted individually during the first 8 days of
treatment, according to a pre-defined dosage
algorithm.

Placebo administered in inhalation by means of
a nebulizer

Endpoints

Increase of the 6-minute walk distance by 10%;

Functional improvement according to the NYHA classification without clinical worsening or death within

12 weeks of treatment;

Change of the 6-minute walk distance;
Change of the NYHA functional class;
Change of the Mahler Dyspnea Index;
Hemodynamic parameters;

Quality of life;
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Clinical worsening;
Death;
Necessity of transplantation;

Adverse events.

Observation period

12 weeks

Information concerning patients lost from the study

Patients lost from the study constituted 4.0% of the iloprost group and 13.7% of the placebo group.

Description of the randomization method

None

Description of the method of blinding

None

Comments (conflicts of interest, sources of financi ng)

Study sponsored by the Schering company (Berlin, Germany). All the authors had financial relations with
Shering.

8.5.4. Sildenafil vs. placebo — adults

Table 155.
Characteristics of theBharani 2003study

Study design

Prospective, randomized, double-blind, placebo-controlled, cross-over study

Jadad score

4

Inclusion criteria for patients

NYHA functional class 2 Il
Systolic pulmonary pressure = 35 mmHg with normal left ventricular function (evaluated by Doppler imaging)

Patients with PAH of various etiology

Exclusion criteria for the patients

Contraindications to sildenafil;

Reversible cause of PAH, e.g. valvular disease

Baseline characteristics of the population
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Parameter

Total number of patients 9

Mean age (SD) [years] 32.11 (18 - 60)
Percentage of men 44%
Percentage of patients with idiopathic PAH 33.3% (3)

Percentage of patients with secondary PAH associate  d

0
with interstitial lung disease 22.2% (2)
Percentage of .patllents with PAH secondary to chroni c 11.1% (1)
thromboembolic disease
Percentage of patients with PAH secondary to 0
Eisenmenger’s syndrome 33.3% (3)
Percentage of patients in WHO functional class Il 33.3% (3)
Percentage of patients in WHO functional class Il 55.6% (5)
Percentage of patients in WHO functional class IV 11.1% (1)

The patients received sildenafil at a dose of 25 mg or placebo every 8 hours for 2 weeks followed by a pause
of 2 weeks and subsequent treatment with the other intervention (cross-over design).

IDESEEIED o U2 TS In addition the patients received conventional treatment (warfarin, nifedipine, diuretics, digoxin).

Primary: Exercise capacity — 6-MWD

Endpoints Secondary efficacy measures: Change of symptoms, the NYHA class, modified Borg Dyspnea Score, systolic
pulmonary arterial pressure at rest

Observation period 2 weeks for each intervention (cross-over design)

Information concerning patients lost from the study No patients lost from the study
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Description of the randomization method

None

Description of the method of blinding

None

Comments (conflicts of interest, sources of financi

ng)

No information

Table 156.
Characteristics of theSastry 2004tudy

Study design

Randomized, double-blind, cross-over clinical study

Jadad score

4

Inclusion criteria for patients

Primary pulmonary arterial hypertension;

Patients aged 12-65 years;

NYHA functional class Il or Ill;

Mean pulmonary arterial pressure over 30 mmHg;

Ability to perform exercise tests.

Exclusion criteria for the patients

NYHA functional class IV;
Significant left-to-right shunt;
Valvular heart disease;

Systolic left ventricular failure;
Systemic hypertension;

Secondary pulmonary hypertension;

Other concomitant diseases.

Baseline characteristics of the population

Parameter

Sildenafil

Placebo
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Total number of patients 22
Age range [years] 16 - 55
Percentage of men 45.5%
Percentage of patients with primary PAH 100%
Percentage of patients with secondary PAH 0%
Percentage of patients in NYHA functional class Il 82%
Percentage of patients in NYHA functional class Il 18%

Sildenafil at a dose adjusted to body mass: patients

with body mass below 25 kg received sildenafil at a

dose of 25 mg 3 times daily, between 26 and 50 kg -

o ) . 50 mg 3 times daily, over 50 kg - 100 mg 3 times

Description of the interventions daily. Placebo

Additional treatment, including digoxin, diuretics and
oral anticoagulants, remained at the physician’'s
discretion.

Endpoints

Treadmill test (time);

Cardiac index;

Pulmonary systolic pressure;

Quality of life assessed using the Chronic Heart Failure Questionnaire consisting of 16 questions, of which 5
are related to assessment of dyspnea, 4 — fatigue and 7 — emotional function;

Adverse events.

Observation period

6 weeks

Information concerning patients lost from the study

Two patients were lost — one in the sildenafil group and one in the placebo group

Description of the randomization method

Computed

Description of the method of blinding

Patients, physicians and other personnel (e.g. performing echocardiography or supervising exercise tests)
were not informed about the patient’s assignment.

Comments (conflicts of interest, sources of financi ng)

None
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Table 157.
Characteristics of theSingh 2006study

Study design

Single-center, randomized, double-blind, cross-over clinical study

Jadad score

3

Inclusion criteria for patients

PAH - idiopathic or secondary to Eisenmenger’'s syndrome

Exclusion criteria for the patients

Coronary artery disease;
Significant renal or hepatic disorder;
Contraindications to sildenafil;

PAH related to causes other than listed above.

Baseline characteristics of the population

Parameter

Patients with idiopathic PAH

Patients with PAH secondary to Eisenmenger’s

syndrome

Total number of patients 10 10
Median age (range) [years] 35 (3-45) 15 (4 - 35)
Percentage of men 10% 40%
Percentage of patients in NYHA functional class Il 50% 30%
Percentage of patients in NYHA functional class Il 50% 60%
Percentage of patients in NYHA functional class IV 0% 10%

Sildenafil Placebo

Description of the interventions

Adults: sildenafil at a dose of 25 mg from the first day
of treatment. Drug administered every 6 hours. If no
hypotension occurred, the drug was administered at

Placebo.

Additional treatment was allowed: digoxin, diuretics
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a dose of 100 mg 3 times dalily. and oral anticoagulants.

Children with a body mass of less than 30 kg: initial
dose — 3.125 mg, then 25 mg 3 times daily.

Children with a body mass > 30 kg: initial dose —
6.25 mg, then 50 mg 3 times daily.

Additional treatment was allowed: digoxin, diuretics
and oral anticoagulants.

Endpoints

Exercise capacity evaluated using the 6-minute walk test;
Clinical improvement;

Change of the NYHA functional class (in relation to baseline);
Time of exercise;

Metabolic equivalent (units) according to the Bruce protocol;

Reduction of pulmonary arterial pressure measured by echocardiography.

Observation period

6 weeks. After a washout period of 2 weeks the patients were crossed over to the other group.

Information concerning patients lost from the study

None

Description of the randomization method

Randomization performed by the Department of Pharmacology. No detailed description.

Description of the method of blinding

Blinding performed by the Department of Pharmacology. No detailed description.

Comments (conflicts of interest, sources of financi ng)

None.
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Table 158.
Characteristics of the SUPER-1 study

Study design Multicenter, randomized, double-blind, parallel clinical study

Jadad score 4

PAH - idiopathic, associated with connective tissue diseases or secondary to a surgical intervention due to
congenital systemic-to-pulmonary shunt performed within 5 years prior to enroliment;

Inclusion criteria for patients Mean pulmonary arterial pressure over 25 mmHg;
Pulmonary capillary wedge pressure at rest below 15 mmHg;

Conventional treatment.

Treatment with intravenous epoprostenol, oral bosentan, intravenous or inhaled iloprost, subcutaneous

Exclusion criteria for the patients treprostinil or L-arginine.

6-minute walk distance below 100-450 m.

Baseline characteristics of the population

Parameter Sildenafil 20 mg Sildenafil 40 mg Sildenafil 80 mg Placebo
Total number of patients 69 67 71 70
Mean age (SD) [years] 47 (14) 51 (15) 48 (15) 49 (17)
Percentage of men 29% 30% 21% 19%
Percentage of patients with idiopathic PAH 64% 64% 65% 60%
Percentage of patients with PAH secondary to

scleroderma 13% 16% 14% 11%
Percentage of patients with PAH secondary to system ic o o o 0
lupus erythematosus 9% 4% 8% 6%
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Percentage of patients with PAH secondary to other

connective tissue diseases 9% 9% % 14%
Percentage of patients in WHO functional class | 0% 0% 0% 1%
Percentage of patients in WHO functional class Il 35% 34% 39% 46%
Percentage of patients in WHO functional class Il 58% 66% 59% 49%
Percentage of patients in WHO functional class IV 7% 0% 1% 4%

Description of the interventions

Sildenafil at a dose of
20 mg 3 times daily for
12 weeks, then for

6 weeks sildenafil at

a dose of 40 mg and

80 mg for the rest of the
treatment period

Sildenafil at a dose of

40 mg 3 times daily for
12 weeks, then the same
dose for 6 weeks and

80 mg for the rest of the
treatment period

Sildenafil at a dose of
80 mg 3 times daily from
the second week of
treatment. For the first

7 days the patients
received sildenafil at

a dose of 40 mg 3 times
daily.

Placebo

Endpoints

Exercise capacity defined as the 6-minute walk distance;

Mean change in pulmonary arterial pressure in relation to baseline values;
Borg Dyspnea Score (0 — no dyspnea, 10 — most severe dyspnea);
Functional classification of pulmonary arterial hypertension according to WHO;

Time from randomization to worsening defined as death, transplantation, hospitalization due to pulmonary
arterial hypertension or introduction of additional treatment for PAH with intravenous epoprostenol or oral

bosentan;
Adverse events.

Observation period

12 weeks. The study was extended to 1 year.

Information concerning patients lost from the study

During an observation period of 12 weeks 13 patients were lost; 6 patients refused to participate in the
extended study. Over 1 year of observation a total number of 56 patients were lost.

Description of the randomization method

Central, stratified with respect to the walk distance (< or =2 325 m) and etiology of PAH.

Description of the method of blinding

A double-blinding method was applied.

Comments (conflicts of interest, sources of financi ng)

The study was financed by Phizer Global Research and Development (Kent, Great Britain)
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8.5.5. Sildenafil vs. placebo — children

Table 159.
Characteristics of theBaquero 2006study

Study design Single-center, randomized, double-blind, parallel clinical study

Jadad score 5

Newborns or fetuses above 35.5 weeks of gestational age;

Severe hypoxemia and pulmonary hypertension confirmed by echocardiography;
) o ) Necessity of artificial ventilation and oxygen index = 40;

Inclusion criteria for patients ] .
Symptomatic, severe, refractory hypoxemia;
Left-to-right shunt confirmed by echocardiography;

Pulmonary arterial pressure = 40 mmHg.

Congenital abnormalities;

Any congenital heart disease, including pulmonary stenosis, atrial septal defect, anomalous pulmonary venous

Exclusion criteria for the patients drainage, ventricular septal defect;

Baseline characteristics of the population

Parameter Sildenafil Placebo
Total number of patients 7 6
Mean gestational age (SD) [weeks] 38.4 (2.6) 37.2(1.9)
Percentage of male newborns 57% 50%
Birth weight (SD) [g] 2803 (617) 2710 (554)
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Percentage of the newborns born by cesarean section 71% 83%
Percentage of the newborns with meconium aspiration 57% 33%
Percentage of patients with acute respiratory distr ess 43% 67%

syndrome

Description of the interventions

Sildenafil at a concentration of 2 mg/ml.

A 50 mg tablet was dissolved in 25 ml of Orabase.
Frozen components were deemed outdated after
1 month. The drug was administered by an
oropharyngeal tube. The drug at a dose of 1 mg/kg
(0.5 mi/kg) was administered not later than

Placebo solvent (0.5-1 ml/kg) administered by an
oropharyngeal tube. Placebo (1 mg/kg or 0.5 ml/kg)
was administered not later than 30 minutes after
randomization, and then every 6 hours. The dose was
30 minutes after randomization, and then every doubled if oxygen index did not improve and arterial

6 hours. The dose was doubled (2.0 mg/kg or blood pressure remained stable after administration of
1/0 ml/kg) if oxygen index did not improve and arterial | the previous dose.

blood pressure remained stable after administration of
the previous dose.

Endpoints

Improvement in oxygen index defined as decrease by at least 6 with relation to the previously calculated value.
Decrease of this parameter by more than 10% was considered significant;

Gastric tolerance;
Arterial blood pressure;
Ventilation parameters (oxygen saturation and partial pressure in the alveolar air);

Survival.

Observation period

42 hours after administration of the first dose of the drug.

Information concerning patients lost from the study

One newborn was lost in the sildenafil group and 5 in the placebo group. The cause of the loss was death.

Description of the randomization method

Sealed envelopes containing numbers were used.

Description of the method of blinding

Physicians were not informed, which drug is administered to a specific newborn. Masking was performed at the
dispensary by preparing containers for oral solutions looking the same for sildenafil and placebo and marked
with a sealed identification code.

Comments (conflicts of interest, sources of financi ng)

One of the authors took part in another clinical study concerning sildenafil and sponsored by Phizer.
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Table 160.

Characteristics of theNamachivayam 2006tudy

Study design

Double-blind, randomized, controlled clinical trial

Jadad score

4

Inclusion criteria for patients

Children undergoing artificial ventilation in the pediatric intensive care unit who received inhaled NO at a dose

of 10 ppm or higher for at least 12 hours.

Exclusion criteria for the patients

Previous unsuccessful attempt to discontinue treatment with NO, use of intravenous vasodilators (nitrates),
hepatocellular damage, oxygen fraction in the inhaled air above 0.6 at the time of recruitment, congenital heart
diseases with anomalous pulmonary or systemic venous drainage and impossibility of measurement of

pulmonary artery pressure or the right ventricle.

Baseline characteristics of the population

Parameter

Sildenafil

Placebo

Total number of patients

15

14 (15)

Median age (interquartile range)

0.47 (0.13-1.31)

0.28 (0.1-0.81)

Body mass (interquartile range) [kg] 4.6 (3.1-8.8) 4.0 (3.6-8.8)
Percentage of patients with a congenital heart dise  ase 0.87 0.71
Time of mechanical ventilation before enrollment 94 (54-122) 70 (36-175)

(interquartile range) [h]

Description of the interventions

Sildenafil 0.4 mg/kg an hour before discontinuation of
NO

Placebo an hour before discontinuation of NO

Endpoints

Relapse of pulmonary hypertension, hemodynamic parameters, duration of the stay in the intensive care unit.

245




Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

Observation period 4 hours

Information concerning patients lost from the study One child died immediately after randomization into the control group (out of 15 randomized into this group).

Description of the randomization method Random permuted blocks of 10 patients.

Description of the method of blinding The patients, parents, investigators and analysts were “blinded”. Study drugs were prepared by the
pharmaceutical department of the hospital, in which the study was carried out.

Comments (conflicts of interest, sources of financi ng) The authors declared no conflicts of interests; no information concerning sources of financing was provided.

8.5.6. Treprostinil vs. placebo

Table 161.
Characteristics of theMcLaughlin 2003 study

Study design Study | Study Il Study Il
Multicenter, open-label, short-term Multicenter, open-label, short- Multicenter, randomized, double-
study term study blind, placebo-controlled study
Jadad score 3

NYHA functional class Ill or IV;

mean pulmonary arterial pressure = 25 mmHg;

Inclusion criteria for patients pulmonary capillary wedge pressure or left ventricular end-diastolic pressure < 15 mmHg
pulmonary vascular resistance > 3 Wood units

6-MWD (in Study I11): 50 — 450m

Baseline characteristics of the population

Parameter Epoprostenol iv. vs. treprostinil iv. Treprostinil iv. vs. treprostinil Treprostinil sc. vs. placebo
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SC.
Total number of patients 14 25 26

Age [years] 35412 42411 3717
Age range 12-57 22-71 12-73
Percentage of men, n (%) 4(29) 2(20) 5(19)
Percentage of women, n (%) 10(71) 20 (80) 21(81)
(I?)/eogcentage of patients in NYHA functional class Il , n 13(93) 19(76) 25(96)
(PO/eO;centage of patients in NYHA functional class IV, n 1(7) 6(24) 1(4)

Description of the interventions

Epoprostenol i.v.: beginning from
a dose of 2 ng/kg/min up to the
maximum tolerated dose at which
hemodynamic effects were
achieved (6.4+0.8 ng/kg/min

Treprostinil i.v.: from the initial dose
of 5 up to the final dose of

60 ng/kg/min — maximum tolerated
dose was 24.6+4.0 ng/kg/min.

The patients were observed for 24h
after administration of drugs

Treprostinil:

1* administration: iv. 10ng/kg/min
followed by a pause of 150 min.

2" administration: sc. at doses of:
5, 10 and 20 ng/kg/min (3 cohorts)

The patients were observed for 24h
after administration of drugs

Dose of treprostinil: from the initial
dose of 2.5 ng/kg/min to
a maximum of 20 ng/kg/min.

Primary endpoints Not specified Not specified Not specified
Secondary endpoints Not specified Not specified Not specified
Observation period Ca. 36 hours Ca. 36 hours 8 weeks
Information concerning patients lost from the study 1 5 4
Description of the randomization method Not specified
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Description of the method of blinding Not specified
Comments . . Hemodynamic parameters and
Hemodynamic parameters were Hemodynamic parameters were . ! .
exercise capacity were measured,;
measured and adverse events measured and adverse events .
severity of dyspnea and adverse
assessed assessed
events were assessed
conflicts of interest, sources of financing Financed by United Therapeutics Corporation
Table 162.
Characteristics of theSimonneau 200&tudy
Study design Randomized (by permuted blocks), double-blind clinical study
Jadad score 4

PAH — primary or associated with connective tissue diseases or congenital systemic-to-pulmonary shunts;
Patients aged 8-75 years;

NYHA functional class Il, Il or IV

Hemodynamic parameters:

Inclusion criteria for patients )
¢ mean pulmonary arterial pressure = 25 mmHg;

« mean pulmonary capillary wedge pressure < 15 mmHg;
«  pulmonary vascular resistance > 3 mmHg/l/min;

No signs or symptoms of thromboembolic disease.

Significant interstitial pulmonary disease

Portopulmonary hypertension or pulmonary hypertension associated with HIV infection
) o ) Uncontrolled sleep-apnea syndrome

Exclusion criteria for the patients
History of a disease of the left heart

Other diseases associated with pulmonary hypertension (e.g. sickle cell anemia)

Baseline exercise capacity below 50 m or over 450 m of the 6-MWD
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New long-term treatment for PAH introduced within previous months
Any treatment for PAH discontinued within previous weeks excepting anticoagulants

Use of any prostaglandin derivatives within the previous 30 days

Baseline characteristics of the population

Parameter Treprostinil (plus conventional treatment) Placebo (plus conventional treatment)
Total number of patients 469 (233 — treprostinil group, 236 — placebo group)

Age range [years] 446 £1.0 44.4 +0.9
Percentage of men, n (%) 36 (16) 51 (22)
Percentage of women, n (%) 197 (85) 185 (78)
Ethnic groups, n (%):

black 13 (6) 8(3)
white 198 (85) 198 (84)
others 22 (9) 30 (13)
Percentage of patients in NYHA functional class I, n (%) 25 (11) 28 (12)
Percentage of patients in NYHA functional class lll |, n (%) 190 (82) 192 (81)
Percentage of patients in NYHA functional class IV, n (%) 18 (8) 16 (7)
6-MWD (m) 326 +5 327 +6
Patients with primary PAH, n (%) 134 (58) 136 (58)
A L e aa 190
R e G 55 25 122
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Time from diagnosis of PAH (years)

43+05

3.3+£05

Description of the interventions

Treprostinil plus conventional treatment (oral
vasodilators, oral anticoagulants, diuretics and/or
digoxin).

Treprostinil was administered subcutaneously by
means of a microinfusion pump.
Initial dose — 1.25 ng/kg/min

Maximum dose after 12 weeks— 22.5 ng/kg/min.—
according to improvement in PAH signs and
severity of adverse events

Placebo plus conventional treatment (oral
vasodilators, oral anticoagulants, diuretics and/or
digoxin)

Primary endpoints

Exercise capacity (6-MWT)
Signs of PAH (a composite endpoint — 16 parameters)
Dyspnea — Fatigue Rating

Death, transplantation or clinical worsening

Secondary endpoints

Borg Dyspnea Score
Hemodynamic parameters
Quality of life

Adverse events

Observation period

12 weeks

Information concerning patients lost from the study

Five patients were switched from subcutaneous treprostinil to intravenous epoprostenol due to worsening

Description of the randomization method

Permuted blocks

Description of the method of blinding

None

Comments (conflicts of interest, sources of financi ng)

Study financed by United Therapeutics Corporation
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8.5.7.

Table 163.
Characteristics of the SERAPH 2005 study

Bosentan vs. sildenafil

Study design

Double-blind, randomized clinical trial

Jadad score

5

Inclusion criteria for patients

Patients in WHO class llI, with idiopathic PAH or PAH secondary to connective tissue diseases, qualified for

treatment with bosentan;

Exclusion criteria for the patients

Elevated liver enzymes, previous treatment with bosentan or sildenafil, clinical necessity of treatment with

prostanoids;

Baseline characteristics of the population

Parameter Bosentan Sildenafil
Total number of patients 14 12

Mean age (range) [years] 44.4 (28-62) 41.1 (27-55)
Percentage of men 21% 17%
Primary PAH 86% 92%
Secondary PAH 14% 8%

BMI (SD) 26.5 (4.5) 26.7 (10.1)

Description of the interventions

Sildenafil (50 mg twice daily for 4 weeks; later 50 mg
3 times daily)

Bosentan (62.5 mg twice daily for 4 weeks; later
125 mg twice daily)

Endpoints

Hemodynamic parameters; the 6-minute walk test, the Borg Dyspnea Score
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Observation period

16 weeks

Information concerning patients lost from the study

Information concerning death of the only patient who did not complete the study.

Description of the randomization method

Computer-generated randomization list.

Description of the method of blinding

Gelatin capsules looking identical.

Comments (conflicts of interest, sources of financi ng)

A project grant of the British Heart Foundation; 5 out of 13 authors declared conflicts of interest

8.5.8. Epoprostenol vs. iloprost

Table 164.
Characteristics of theScott 1990study

Study design

Primary, single-center, randomized, cross-over clinical study without blinding

Jadad score

2

Inclusion criteria for patients

Patients with severe primary pulmonary hypertension who did not respond to previous treatment with
vasodilators and were qualified for cardiopulmonary transplantation;

Significant worsening of such symptoms as dyspnea and fatigue,

NYHA (New York Heart Association) functional class Il, Ill or IV.

Exclusion criteria for the patients

Pulmonary hypertension associated with other diseases excluded by chest X-ray, ventilation-perfusion
scintigraphy, pulmonary scintigraphy and heart catheterization;

Proximal obliteration of pulmonary arteries by thrombi in pulmonary scintigraphy or angiography.

Baseline characteristics of the population

Parameter

Epoprostenol lloprost
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Total number of patients 12

Mean age (SD) [years] 37.6 (11.1)

Percentage of men 50%

Primary PAH 100%

Mean time from diagnosis (SD) [months] 33.5(32.9)
Epoprostenol in infusion at the initial dose of lloprost in infusion at the initial dose of 1.5 ng/kg/min.

Description of the interventions 2 ng/kg/min, increased every 15 minutes by another 2 | The dose was increased every 15 minutes by another
ng/kg/min. 1.5 ng/kg/min.

Endpoints

Hemodynamic parameters (mean pulmonary artery pressure, pulmonary vascular resistance, cardiac index,
arterial blood oxygen saturation);

Safety (adverse events )

Observation period 45 minutes
Information concerning patients lost from the study -
Description of the randomization method None
Description of the method of blinding No blinding
Comments (conflicts of interest, sources of financi ng) None
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8.6. Jadad scale

Table 165.
Jadad scale
Study Score

Evaluator
Was the study randomized? yes/no (1/0)
Was the study double-blind? yes/no (1/0)
Was the randomization method described and was it correct? yes/no (1/-1)
Was the “double-blinding” method described and was it
correct? yes/no (1/-1)
Was information concerning patients lost or excluded from the

X yes/no (1/0)

study provided?

Agencja Oceny Technologii Medycznych
Al. Lotnikow 22, 02-668 Warszawa tel. +48 22 56 67 200 fax +48 22 56 67 202
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8.7. Characteristics of the excluded studies

Table 166.
Characteristics of the excluded studies

Barbaro 2006

Open-label, observational study

Barst 1994 Open, uncontrolled study without randomization
Barst 1997 Editorial article
Barst 2003 Uncontrolled study without randomization

Fattouch 2005

The study concerned perioperative period; the i of patients did not match
the inclusion criteria (patients with pulmonary byfgnsion associated with mitral
stenosis undergoing cardiac surgery); used prodiaajerivative not specified;
sodium nitroprusside used as a comparator.

Fattouch 2006

Perioperative study; the population of patientsraitimatch the inclusion criteria.

Gatzoulis 2004

Open-label study without a control group

Gessler 2001

The aim of the study was comparison of hemodynaafiécts of administration of
iloprost by means of different nebulizers; no compars assumed in this analysis
were used in the study

Ghofrani 2002

None of the investigated comparators. Sildenafs wampared to sildenafil used in
combination with iloprost.

Ghofrani 2002a

Short-term (60 min) study concerning only hemodyitgmarameters in patients wit
pulmonary hypertension secondary to pulmonary filsr¢the population of patients
did not match the inclusion criteria). Durationtioé study did not allow for
assessment of the primary endpoints.

Hoeper 2004 Uncontrolled study without randomization
Humbert 2004 None_of the mves_tlgate_d comparators. Epoprostemsicompared to epoprosteno
used in combination with bosentan.
Humbert 2005 Review article
Short-term study carried out in the postoperatieeqal in patients with pulmonary
Kramm 2005 hypertension in the course of thromboembolic disgatio underwent pulmonary

endarterectomy (the population of patients didmatch the inclusion criteria).

McLaughlin 2006

Patients’ population inadequate. Patients treaftdlbvwsentan were included

Ocal 2005

Study carried out in the perioperative period; tgpéhe prostacyclin used not
specified

Olschewski 2003

The aim of the study was comparison of hemodynaffigcts of administration of
iloprost by means of different nebulizers; no comapars or endpoints assumed in
this analysis were used in the study

Provencher 2005

Uncontrolled study without randomization

Provencher 2006

Uncontrolled study without randomization
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Radovancevic 2005

No interventions taken into account in this analyBi the study prostaglandin E1
and nitric oxide were used)

Rosenzweig 2005

Uncontrolled study without randomization

Sayqgili 2004

Case report

Schulze-Neick 2005

Study without randomization

Sitbon 2004 Uncontrolled study without randomization
Sitbon 2005 Clinical trial with a historical control group
Shim 2006 Inadequate population according to the Venice raitef PAH

von Scheidt 2006

Study without randomization; no interventions tak&o account in this analysis (if
the study prostaglandin E1 were used), no comparato

Voswinckel 2006

Short-term (60-180 min) open-label study with irdthtreprostinil

Wensel 2000

Uncontrolled study without randomization

Williams 2005

Study without randomization with a historical cahtgroup
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8.8.  Summary of evidence according to the GRADE pro  posal

Table 167.
Summary of evidence concerning bosentan, epoprostniloprost, sildenafil and treprostinil as compaked to conventional treatment in patients with pulmaary
arterial hypertension according to the GRADE proposl

Number of patients Qutcome

Number

Intervention Population of the Study design Jenkision: Obser_vation Interven- OR N
studies (range) period tion Control (95% CI) (95% CI)
WMD (95% CI)
Mortality
Bosentan Total 4 RCT 3-5 16-28 weeks 249 159 0.47 (0.05.68# -
Total 3 RCT 3 8-12 weeks 106 95 0.25 (0.04to 1.57) | -
Epoprosten0| Prlmary PAH 2 RCT 3 8-12 weeks 50 40 0.08 (000&7) 4 (3 to 10)
EQeHai‘zioc'ated I EHE RCT 3 12 weeks 56 55 | 0.7 (0.14 to 3.81) -
Total 1 RCT 2 12 weeks 101 102 0.24 (0.01to 2.55) | -
lloprost Primary PAH 1 RCT (subgroup 2 12 weeks 51 51 (00401 to 9.76) -
EQeHaz;lZiouated i G 1 RCT (subgroup), 2 12 weeks 50 51 0.25 (0.00 t3)3.9 -
Total - adults 3 RCT 4 2-12 weeks 238 101 0.619@04.36)** -
Sildenafil Primary PAH - adults 1 RCT 4 6 weeks 22 22 0.18Qq@o 6.82) -
]‘Te‘iltﬁe‘s"h"dre“ e 2 RCT 4-5 4-42 hours 22 21 0.10 (0.01t0 0.89) | (3t 13)
Total 1 RCT 4 12 weeks 233 236 0.91(0.32t0 2.54) | -
Treprostinil ; :
PAH associated with othey RCT (subgroup) 4 12 weeks 41 49| 038001850 |-
diseases
Quality of life
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Al. Lotnikéw 22, 02-668 Warszawa tel. +48 22 56 67 200 fax +48 22 56 67 202
e-mail: sekretariat@aotm.gov.pl

www.aotm.gov.pl




Clinical effectiveness analysis of bosentan, epsterml, iloprost, sildenafil and treprostinil
in the treatment of pulmonary arterial hypertension

Chronic Heart Failure Questionnaire:
Dyspnea: 7.0 (4.0 to 10.0)

Fatigue: 5.0 (3.0to0 7.0)

Emotional function: 7.0 (3.0 to 10.0)
Control of the symptoms: 2.5 (1.0 to 4.0)
Nottingham Health Profile:

Emotional reaction: -14.7 (-24.5 to -4.9)
Energy level: -36.8 (-60.8 to 0.0)

Pain: 0.0 (-5.8 to 0.0)

Physical abilities: -9.2 (-19.9 to 2.0)
Sleep: -21.7 (-34.3t0 -9.1)

Social isolation: 0.0 (-20.1 to 0.0)

Epoprostenol | Primary PAH 1 RCT 3 12 weeks 35-39 26-31

EuroQol:
lloprost Total 1 RCT 2 12 weeks 101 102 | Questionnaire: 0.02 (-0.06 to 0.1)

VAS: 5.4 (-0.14 to 10.94)

Chronic Heart Failure Questionnaire:
Dyspnea: 4.33 (0.87 to 7.79)

Fatigue: 1.66 (-1.3 to 4.62)

Emotional function: 2.62 (-3.38 to 8.62)

Sildenafil Primary PAH - adults 1 RCT 4 6 weeks 22 22

Minnesota Living with Heart Failure

- Questionnaire:
Treprostinil Total 1 RCT 4 12 weeks 233 236 Physical condition: nd (p = 0.0064)

Total: nd (p =0.17)

Increase of exercise capacity by one WHO/NYHA funainal class

Bosentan Total 3 RCT 3-4 16-28 weeks 149 138 2.25(1.2118% 7 (410 21)
Total 3 RCT 3 8-12 weeks 106 95 37.99 (8.43t027)1.| 3 (2to 4)

Epoprostenol | Primary PAH 2 RCT 3 8-12 weeks 50 40 26.44 (4.4956.81) | 3 (210 4)
g@g‘a‘;‘:"dme" I EHE RCT 3 12 weeks 56 55 | 65.40 (5.6910274201) B ®
Total 1 RCT 2 12 weeks 101 102 2.25(1.02t05.13) | 9(5t0 79)

lloprost Primary PAH 1 RCT (subgroup 2 12 weeks 51 51 41979 to 28.66) 6 (4 to 24)
Siég'a‘";‘zzo"iamd I EHE RCT (subgroup) 2 12 weeks 50 51| 144051841 | -

Sildenafil Total 2 RCT 4 2-12 weeks 213 78 6.94 (2.78 to 1)7.31| 4 (3 to 6)

Increase of exercise capacity in the 6-minute wallest

Bosentan Total 4 RCT 3-5 16-28 weeks 292 159 43.33 m (270F0.12)
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Primary PAH 2 RCT 3 8-12 weeks 51 49 46.90 m (170606.19)
Epoprostenol i :
PAH associated with other RCT 3 12 weeks 56 55 | 99.5m (nd)
iseases
Total 1 RCT 2 12 weeks 101 102 36.4 m (p = 0.004)
lloprost Primary PAH 1 RCT (subgroup 2 12 weeks 51 51 BB @IS)
Z.AH dssocIaled ITGHEr 1 RCT (subgroup), 2 12 weeks 50 51 12.0 m (NS)
iseases
Sildenafil Total 3 RCT 3-4 2-12 weeks 236 99 55.82 m (38.083461)
Total 1 RCT 4 12 weeks 233 236 16 m (4.4 to 27.6)
Treprostinil Primary PAH 1 RCT 3 8 weeks 15 9 43 (-17.3 t0 1P3.3
E.AH SSEEEIEE G GLU: S RCT (subgroup) 4 12 weeks 41 49| 21 (-6.49 t09)8.4
iseases
Dyspnea
Bosentan Total 1 RCT 3 16 weeks 74 69 Borg Dyspnea Scoré:(-0.95 to 0.15)
Total 2 RCT 3 12 weeks 97 86 Dyspnea — FatiguenBa#.00 (1.55 to 2.45)
Epoprostenol Primary PAH 1 RCT 3 12 weeks 41 31 Dyspnea — Fatigating: 2.00 (1.00 to 3.00)
PAH associated with other Dyspnea — Fatigue Rating: 2.00 (2.00 to 3.00)
diseases 1 RCT 3 12 weeks 56 55 Borg Dyspnea Score: -2.5 (-3.5 t0 -1.5)
lloprost Total 1 RCT 2 12 weeks 101 102 Mabhler Dyspnea Intleb? (0.43 to 1.81)
Borg Dyspnea Score: -1.23 (p < 0.01Bharani
Sildenafil Total 2 RCT 4 2-12 weeks 216 79 | 2003
-0.68 (n.s.)- SUPER-1
) ) Dyspnea — Fatigue Rating: 1.3 (p = 0.0001)
Tkl 2 RCT 3-4 8-12 weeks 248 245 Borg Dyspnea Score: -0.91 (-1.34 to -0.48)
- . Dyspnea — Fatigue Rating: 1.5 (n.s.)
Treprostinil Primary PAH 1 RCT 3 8 weeks 15 9 Borg Dyspnea Score: -1.0 (-2.57 to 0.57)
PAH associated with other Dyspnea — Fatigue Rating: 0.9 (0.16 to 1.64)
diseases 1 RCT 4 12 weeks 41 49 Borg Dyspnea Score: -0.8 (-2.2 to 0.6)
Adverse events (all)
Bosentan Total 2 RCT 3-4 18-28 weeks 81 73 0.64 (0.26 t®1.5 -
lloprost Total 1 RCT 2 12 weeks 101 101 1.11 (0.41; 3.08) -

Serious adverse events
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Bosentan Total 1 RCT 5 16 weeks 37 17 0.73 (0.12 to 5.38) -
lloprost Total 1 RCT 2 12 weeks 101 102 1.18 (0.60t0 2.33) | -
Syncope
Bosentan Total 1 RCT 3 16 weeks 74 69 1.43 (0.32 to 7.22) -
Epoprostenol | Total 1 RCT 3 12 weeks 56 55 0.31 (0.07 to 1.14) -
Syncope:
lloprost Total 1 RCT 2 12 weeks 101 102 é‘frfo(&i@;‘éfbg‘:‘)?_77 -
(1.32 to 45.66) 23 (10 to 83)
Sildenafil Total 1 RCT 4 6 weeks 22 22 0.49 (0.00 to 8.51) -
Treprostinil Total 1 RCT 3 8 weeks 17 9 0.13 (0.002 to 2.8) -
Nausea
Bosentan Total 1 RCT 3 18 weeks 60 62 0.13 (0.02 to 0.97) (71® 28547)
Epoprostenol | Total 1 RCT 3 12 weeks 56 55 3.56 (1.36109.83) | (3® 13)
lloprost Total 1 RCT 2 12 weeks 101 101 1.72 (0.621t05.01) | -
Sildenafil Total 1 RCT 4 6 weeks 22 22 'a'_altés(%f’_‘o%”g)‘l’%“f)““g: .
Treprostinil Total 1 RCT 4 12 weeks 233 236 1.37 (0.84t0 2.22) | -
Diarrhea
Epoprostenol | Total 1 RCT 3 12 weeks 56 55 17.33 (4.611t094.37)3 (2to 4)
lloprost Total 1 RCT 2 12 weeks 101 101 0.80 (0.28 t0 2.24) | -
Sildenafil Total 1 RCT 4 12 weeks 207 70 1.86 (0.60 to 7.72) -
Treprostinil Total 1 RCT 4 12 weeks 233 236 1.84 (1.13t0 5.67) | 11 (6 to 42)
Jaw pain
Epoprostenol | Total 1 RCT 3 12 weeks 56 55 iﬂsof? 0(52))7 5810 2(2t02)
lloprost Total 1 RCT 2 12 weeks 101 101 4.40 (1.13t0 24.94) 12 (6 to 54)
Treprostinil Total 1 RCT 4 12 weeks 233 236 3.14 (1.49t0 7.09) | 12 (8 to 28)
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Flushing

Bosentan Total 1 RCT 3 16 weeks 74 69 2.30 (0.50 to 14.28) -
lloprost Total 1 RCT 2 12 weeks 101 101 3.73 (1.57 t0 9.53) | 6 (4 do14)
Sildenafil Total 1 RCT 4 12 weeks 207 70 2.93 (0.84 to 15.64)| -

Edema

Treprostinil Total 1 RCT 4 12 weeks 233 236 3.80 (1.44 t0 11.69)| 16 (9 to 42)
Pain at the injection site

Treprostinil Total 2 RCT 3-4 8-12 weeks 249 245 17.65 (11.127t86) | 2 (2to 2)
Reaction at the injection site

Treprostinil Total 1 RCT 4 12 weeks 233 236 14.87 (9.21t0 24.11 2 (2to 2)
Hematoma or induration of the injection site

Treprostinil Total 1 RCT 3 8 weeks 17 9 5(22(1) t0 2670.59) 2(2t03)
Sudden vasodilation

Treprostinil Total 1 RCT 4 12 weeks 249 245 2.46 (1.13t05.67) | 17 (9to 77)

* OR calculated from the results of a single st(it4 patients in the BOS group and 69 in the PL gyom 3 other clinical trials no case of death whserved in the analyzed observation

period

** OR calculated from the results of two studie@92atients in the SIL group and 92 in the PL gjpirpl study no case of death was observed iaula¢yzed observation period
" For dichotomic parameters OR and NNT/NNH weredated; for continuous parameters — WMD
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8.9.  Final review of the report (17.12.2008)

“Clinical effectiveness analysis of bosentan, epopr ostenol, iloprost, sildenafil and
treprostinil in treatment of pulmonary arterial hyp ertension. Systematic review of

randomised controlled trials”
Reviewers: Dr Yen-Fu Chen and Dr David Moore

The report is clearly written, well structured and the findings of the review readily accessible.
Considering when this review was undertaken, no relevant but available studies appear to
have been omitted and comprehensive analyses of all relevant data have been undertaken.
The authors have appropriately addressed our comments in the final version where

comments were related to the remit of the report.

This is a complex and detailed topic, with limited availability of data and what data is
accessible is often difficult to interpret due to multiple factors relating to heterogeneous
patient populations, outcome measures and the design and conduct of studies. We wish to

congratulate the authors for undertaking a thorough review in the face of such complexity.
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