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The Invention relates to pharmaceutical compositions for the treatment of pulmonary arterial hypertension comprising a
prostacyclin or a prostacyclin analogue, preferably epoprostenol, and an endothelia receptor antagonist, preferably bosentan.
The Invention further provides methods for treating a subject suffering from pulmonary arterial hypertension using the
compositions of the invention. The concomitant administration of prostacyclin or a prostacyclin analogue and an endothelia
receptor antagonist not only increases the efficacy compared to administration of each alone but also reduces the side effects
assoclated with prostacyclin or prostacyclin analogues.
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Abstract

* The invention relates to phannaéeuﬁcal compositions for the treatment of pulmonary
arterial hypertension comprising a prostacychn or a prostacychn analogue, preferably
epoprostenol, and an endothelin reoeptor antagomst preferably bosentan. The invention
further provides metho ds for treatmg a subj ect suffering from pulmonary arterial
hypertenswn using the composmons of the 1nvent10n The concomitant administration of

prostacyclin or a pro staoychn analo gue and an endothelin receptor antagonist not only

- increases the efficacy compared to admml stration of each alone but also reduces the side
10

effects associated with prostacyclin or prostacychn analogues.
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, ,P‘harmaceutioal} Composition for-'th‘e Treatment of Pulmonary Arterial Hypertension

The invention relates to ‘pharmaceutical compositions for the treatment of pulmonary
arterial hyperteneion comprising a prostacyclin.or a prostacyclin analogue 'and an endothelin
receptor antagomst characterized in that the side effects of the pro stacychn or the
prostacyclin analo gue are greatly reduced by the concomitant admunstra‘uon of the
prostacyclin or the prostacyclin analo gue and the endothelin receptor antagonist.

Plﬂmonarsr hypertension 1s a disease defined by a progressive elevation of
pulmonary artery pressure and pu]monary vascular resistance, leading to 11 1ight ventricular

failure and death. Pulmonary hyp ertension 1s asso ciated with endothehal dysfunction,

characterized by a decreased expression of the vasodilators mtnc ox1de and prostacyclin,

- and by an increased expressmn of the growth factor and vasoconstrictive substanoe

endothelin-1 and its receptors..

Prostacyclin and prostacyclin analogues such as epoprostenol, treprostinil, iloprost,
beraprost significantly improve hemodyna;rnic parametera and clinical syinptoms in patients
with pulmonary : ai"terial hyp ertensi on. The maj or mechanism of action of pro staoyc lin and
prostacyclin analogues is Vasodllatlon whereas 1mprovement in pulmonary vascular
hypertrophy and inhibition of platelet aggregatlon may also play a role. However, the use of

prostacyclm Or prostaoychn analogues 1S assornated with a number of side effects such as

jaw pain, headaches, flushing, tachycardla and systemic hypotensmn

Endothelin receptor antagomsts such as bo sentan (4~tert—-butyl—N-[6 -(2-hydroxy-
ethoxy)-5-(2-methoxy-phenoxy)-2,2 ’-b1pynm1_dm—4—yl] -benzene-sulfonam1de) are also
efficacious in the treatment of pulmonary arterial hypertension. Bosentan improves
hemodynam1c parameters (cardiac index, pulmonary artery pres sure, pulmonary vascular
resistance), increases exercise capacity, improves WHO functional class, and decreases the
rate of clinical worsening in patients Wlth pulmonary arterial hypertension. Bosent_an does
not signiﬁcantlymodify,heart rate or mean arterial blood pressure in patients with
pulmonary arterifal hypertension. |

The mechanism of action of endothelin receptor antagonists is competitive
antagonism of tlie binding of ET-1 on ET receptors, thereby decreasing pulmonary
vasoconstriction and vascular remodeling Endothelin receptor antagonists by their
inhibition of the endothehn system, further inhibit the activation of other neurohormonal

systems, and in partlcular reduce symp athetic nerve act1V1ty, decrease catecholamine

concentrauons and blunt reactive tachycardia in response to a decrease 1n blood pressure.

-1- |  NY2-1349668.2
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The combination of bosentan and a prostacyclin, eSpe'cially epoprostenol
(5Z,9q,11a,1 3E,1 58)-6,9-—epoxy-1 1,1 S-dihydroxyprostaQ-S,l3-dien-1-oic acid, sodium salt
(cf., US Patent 4 53’9' 333) has been evaluated in a clinjcal study. The authors of Am J
Respir Crit Care Med, 165:1209- 1216 2002, who were runmng on behalf of Actelion
Pharmaceuticals Ltd the clinical trials of the combination of these two drugs, speculated that
this combination may have additional efficacy. The outcome of the trial was, however,
entirely unexpected. - | \

The basis of the present application is the unexpected finding in the clinical trial
initiated and supervised by Actelion Pharmaceutlcals Ltd that the comblnatron of bosentan
with epoprostenol not only has additional efﬁcacy, but also decreases the risk of side effects

related to epoprostenol cons1derably Indeed In patients treated with bosentan and

epoprostenol, there were fewer reported cases of jaw pain, headaches and systemic

hypotension, a lcsser decrease in blood pressure and a lesser increase in heart rate as
compared to patlents treated with epoprostenol alone. This may allow to combme two
efficacious trcatments with a better safety profile as compared to a prostacyclin or
prostacychn analogue alone, and also to decrease the risk of exaggeration of side effects
upon stopping the administration of a prostacychn or prostacyclin analogue.

Esp ecrally preferred are pharmaceutrcal compo srt1ons for the treatment of pulmonary
arterial hypcrtensr_on comprising epoprostenol and the other bosentan, charactenzed in that
the side effects of chprostenol are strongly reduced by the concomitant administration of
epoprostenol and bo sentan or by preferably admu:ustermg bosentan within a time frame of
ninety six hours after chprostenol has been administered.

The use of the pharmaceutical compositions mentioned above is leading to an
improvement of the patients as compfaredf to the use of prostacyclin or prostacyclin |
analogues alone. Therefore a new method of treatin g patients with epoprostenol and
bosentan has been estabhshed Or In a more general manner a method of treating patients
suffering from pu]monary artenial hypertensmn with a prostacyclin or a prostacyclin
analogue followed by administering an endothelin antagomst has been found.

The dose of the prostacyclin may vary between about 1 ng/kg/mm a:nd about 25 0
ng/kg/min dependlng on the length it has been already administered. Preferably, the dosage
1s between about 1 ng/kg/mln and about 100 ng/kg/mm more. preferably between about 1
ng/kg/min and about 50 ng/kg/mm and most preferably about 2 ng/kg/min. With
increasing time, the dose is increased. A prcferred use of the pharmaceutical compositions

resides 1n admmlstenng for two days 2 ng/kg/mm then i Increasing every two weeks the dose
by 2 ng/kg/min up to the preferred target dose of 14+ 2 ng/kg/mm After the first two days

-2 o | 3 NY?2 - 1349668.2



CA 02412856 2002-11-27

of treatment withﬁprostacyclin or an analogue thereof, bosentan is administered twice a day

ot n dose of eithef 62.5 mg or 125 mg. The resulting advantages and benefits are disclosed
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" 1in the following d_escription of a -clinical' trial, which 1llustrates the invention.

‘In general a dose range for the 'prostacyclin-.of about 0.01 to about 200 mg per
kilogram body werght convemently about 0.01 to about 10 mg per krlogram body weight, 15
used. The dose range for the endothelin antagomst may be between about 0.01 mg to about
10 mg per kilogram body weight, convementlyabout 0.5 mg to about 3.0 mg per kilogram
body weight. The preparahon ofa pharmaceutlcal composrtlon containing a prostacychn has
been descnbed in US Patent No. 4,5 39 333 which 3 is mcorporated by reference in its
entirety.

The prep: aratlon of a pharmaceutrcal composrtron containing an endothelin
antagonist, €.g. bosentan 1S descnbed in US Patent No. 5,292,740 and 1s also mcorporated

by reference 1n 1its entirety.

Summary of a clinical trial (protocol AC- 052—355)
' This was a double-blind, randomlzed placebo controlled study to assess the effects
of bosentan on hemodynamlcs safety and tolerablhty in patients with severe pulmonary

arterial hypertension when combined with the initiation of epoprostenol therapy.

Study design: The duration of the study was 16 weeks, 2:1 bosentan: placebo
randomization. All patlents received the startmg epoprostenol dose of 2 ng/kg/rmn for 2
days, then they were randomized to receive either bosentan or placebo. Every 2 weeks
thereafter, epoprostenol was increased by 2 ng/kg/mm up to the target dose of 14 £ 2
ng/kg/min by week 16. All patients recelved epoprostenol to gether with elther bosentan or
placebo for 16 w_eeks. Hemodynarmcassessments were performed at baseline (prior to start

of therapy) and again after 16 weeks of therapy. Safety monitoririg was performed

- throughout the study duration.

Primary endpomt Percent change from basehne 1n total pulrnonary resistance (TPR) to
week 16. The sample s1Zze was cstrmated for an empected mean dlfference in TPR of 28%.

Se'condary endpoints Changes 'ﬁ'om"baseline to Week 16 1in CI (Cardiac Index), PVR

(Pulmonary Vascular Remstance) mRAP (mean pulmonary arterial pressure), and mRAP
(mean right atrial pressure) changes from baseline to week 16 in walk distance (6-min walk
test), dyspnea fati gue ratmg, WHO functional class and safety and tolerability.

-3- ' . NY2-1349668.2
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Results: : . ,
Thirty-three patients entered the study: 11 patients received epoprOsrenol alone,
while 22 patients received bosentan with epoprostenol. The results are summarized in Table

1 below.

Hemodynamic Efficacy:

The results show a positive trend toward an 1mprovement in hemodynamic
parameters, specifically incr-ease in Cardiac Index (CI) and decreases in Total Pulmonary
Resistance (TPR) mean Pulmonary Arterial Pressure (mPAP) and mean Right Atrial
Pressure (mRAP) in patients who recerved bosentan with epoprostenol compared to those

who received epoprostenol alone. The Hemodynamrc efficacy data are summarized in Table

1 below.

, Table I
Hemodynamic Efficacy Results: '

TPR
(dyn*sec/cm_s) ~

Epoprostenol Alone

' 1628 + 511

1 -22.6 £20.4%
=386 + 403

(-14.3%)

Baseline 1 L.75£0.66
| 37.9 + 44.1%
0.57 :to..68 |

| 30.0%)

% mean change

Absolute change |
% median changel:

Bosentan & epoprostenol

1.73+0.43
48.7 + 51.4%

10.75+0.64

1 (39.7%)

1697 + 666
-36.3+20.1%
-681 + 569
(-36.8%)

Baseline 59.2 £ 13.4 mmHg

-0.0 + 19.8% .
| -6.7 = 12.8 mmHg
N/A ‘

% mean change

Absolute change |

% median change

In Table 1 the results are expressed as changes from basehne at week 16. Mean = SD

(standard deviation) and median change (in brackets).

Safety and Tolerability
Vital signs

-4 - ' | NY?2 - 1349668.2
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Concomitant administration of bosentan with epoprosteno] reduced the fall in
systolic blood pressure resulting from monotherapy W1th epoprostenol and also prevented

~ the epoprostenol-induced i Increase mn heart rate.

5 _ \', - " Table2

Mean and medlan changes from baselme to week 16

1 Epgprost_enol; alone Bosentan & epOprostenol

98+109% | -3.9%143% L

Systolic blood pressure (mmH 2)

| Heart Rate (bpm) |
0.5+ 13.9%

-3.0

Mean =+ standard deviatio_n
median '

| Symptomatlc Adverse Events .
15 The frequency of epoprostenol- related s1de effects (Jaw pain, flushing, headache and

hypotenswn) was lower in patlents receiving the combined bosentan and ep oprostenol

therapy compared to those receiving epoprostenolalone (Table 3)..

‘ Table 3
20 Summary of treatment emergent adverse events
- ‘ Epoprostenol alone Bosentan + Epoprostenol
Adverse event | i ~ No. % o . Ne. - \%' |
PAIN IN JAW | 10 909% 13 59.1%
25 FLUSHING 5 - 45.5% 6 o 27.3%
HEADACHE 4 36.4% 6 273%
HYPOTENSION 2 182% : ’

,3 O The combmatlon of bosentan with epoprostenol or any other prostacyclm analo gues .

leads to an add1t10nal efficacy and less prostanmd—related snde effects.

Results: In addition to the mprovement in efficacy, there were less s1de effects related to

prostacyclin analo gues when bo sentan 1s added to a pro stacychn analogue
35 o '~
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What is claimed is:

1. A pharmaceutical composition for the treatment of pulmonary arterial

hypertension comprising: (i) an effective amount of a prostacyclin or a prostacyclin

S analogue; and (ii) an effective amount of endothelin receptor antagonist.

2. The pharmaceutical composition of claim 1, wherein the prostacyclin is

epoprostenol.

10 3. The pharmaceutical composition of claim 2, wherein the endothelin

receptor antagonist 1s bosentan.

4. The pharmaceutical composition of claim 1, 2, or 3, wherein (1) and (i1)
are pre-mixed.
15
5. The pharmaceutical composition of claim 1, 2, or 3, wherein (1) and (i1)

are not pre-mixed.

6. A method of treating a subject having pulmonary arterial hypertension
20 comprising administering to the subject an effective amount of a prostacyclin or a

prostacyclin analogue in combination with an effective amount of endothelin receptor

antagonist.

7. The method of claim 6, wherein the prostacyclin is epoprostenol.
25

- 8. The method of claim 6, wherein the endothelin receptor antagonist is

bosentan.

9. The method of claim 7, wherein the endothelin receptor antagonist is

30 bosentan.

10. The method of claim 6, 7, 8, or 9, wherein the prostacyclin is
administered at a dose between about 1 ng/kg/min and about 25 ng/kg/min and the

endothelin receptor antagonist at a dose between about 0.01 mg and about 10 mg per

35 kilogram body weight.

-6 -  NY2- 1349668.2
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11. The method of claim 10, wherein the prostacyclin is administered at a
dose between about 2 ng/kg/min and about 14 ng/kg/min and the endothelin receptor

antagonist at a dose between about 0.5 mg and about 3.0 mg per kilogram body weight.

12. The method of claim 9, wherein epoprostenol is administered to the

subject at a dose of 2ng/kg/min for two days followed by a dose increased by 2 ng/kg/min

every two weeks up to the target dose of 14 + 2 ng/kg/min and, i addition, after the first
two days, bosentan 1s administered at a dose of 62.5 mg or 125 mg twice a day.

i0
13. A use of an effective amount of a prostacyclin or a prostacyclin
analogue in combination with an effective amount of an endothelin receptor
antagonist for treating a subject having pulmonary arterial hypertension.
15 | o
14. A use of an effective amount of a prostacyclin or a prostacyclin
analogue in combination with an effective amount of an endothelin receptor
antagonist for the production of a medicament for treating a subject having pulmonary

arterial hypertension.
20
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