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PAH-specific therapies target the three
signalling pathways involved in PAH

—

Endothelin pathway NO-cGMP pathway Prostacyclin pathway
@e -pro-ET | pro- ET) Grgmmeﬂ L- mtrulh@ @chidonic acid | p@
Endothelln 1 Nitric OX|de Prostacyclin (Pgl2)
Vasoconstriction Vasodilatation Vasodilatation
Proliferation Anti-proliferation Anti-proliferation
ETA / \ ETB JjGC stimulator '
Endothelin receptor@ PDE-5 |nh|b|tors Prostacyclln
antagonists derlvatlves

Adapted from Humbert M, et al. N Engl J Med 2004; 351:1425-36.



PAH-specific therapies target the three
signalling pathways involved in PAH

—

Endothelin pathway NO-cGMP pathway Prostacyclin pathway
Endothelin receptor PDE-5 inhibitors :
antagonists (ERASs) or sGC stimulators Prostanoids

Ambrisentan Riociguat Beraprost
Bosentan Sildenafil Epoprostenol i.v.
Macitentan Tadalafil lloprost i.v., inhaled

Treprostinil i.v., s.c., inhaled
) SN I S
o N

Adapted from Galié N, et al. J Am Coll Cardiol 2013; 62:D60-72.



Overview of RCTs in PAH

Beraprost (ALPHABET, US)

Bosentan (351, BREATHE1) SERAPHIN
Epoprostenol (3 RCT) PATENT
Sildenafil (SUPER1) IMPRES
Treprostinil (UT15) STEP ARIES FREEDOM C2
STRIDE2 EARLY PHIRST FREEDOM M
SERAPH COMB! PACES TRIUMPH FREEDOM C1 COMPASS-2
BREATHE?2 IMATINIB SELEXIPAG AMBITION
/ BREATHES Iversen VARDENAFIL GRIPHON
[ I | I I I I I I I I
1990 2005 ‘06 ‘07 ‘08 ‘09 “10 “M ‘12 “13 ‘14

Monotherapy
Monotherapy and/or sequential combination

Initial combination

Modified from Galié N, et al. Eur Heart J 2010; 31:2080-2086.



RCTs with monotherapy in PAH

Improvement in exercise capacity (3-4 months)

Epoprostenol Treprostinil lloprost Bosentan Ambrisentan  Sildenafil Tadalafil
80 - (IPAH)  (PAH-SSc) (AIR) (BREATHE-1)  (AERIES) (SUPER-1) (PHIRST)
60 - Active treatment
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40 - | Control”
Treatment effect +47m + 108 m* +18m +36m +44 m +42m +44 m#
P <0.003 <0.001 0.005 0.004 < 0.001 <0.001 <0.001

* Control = placebo except for epoprostenol trials (‘Conventional therapy’)

Barst, NEJM 1996.
Badesch, Ann Int Med 2000.

Simonneau, AJRCCM 2002. Rubin, NEJM 2002.
Galie, Circulation 2008. Galie, Circulation 2009.

Olschewski, NEJM 2002.

#: monotherapy only

Galie, NEJM 2005.



Malgré les progres théerapeutiques, le pronostic a
long terme de ’'HTAP est insatisfaisant

Survie actuelle avec les

100 - 90,5 + 2.2% traitements spécifiques
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Délai depuis le diagnostic (ans)



Comment faire mieux ?



Traitement « précoce » et stratéegie
« goal-oriented » dans ’HTAP

Ultimate goals: No functional impairment and prolongation of life

2
5 tttttt
e Regular monitoring allows
o escalation of treatment
S
2
©
S | Early intervention ~
w ~ ~
>
Progressive remodelling
Late intervention and right heart failure
in absence of treatment
Time

Sitbon O and Galié N. Eur Respir Rev 2010.



Traiter « précocement »

Etude EARLY: bosentan dans ’HTAP de CF II
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HR = 0.227
(95% Cl: 0.065, 0.798)
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Time from treatment start (weeks)

Atrisk92 90 89 86 84 83 77 18 9
93 92 87 85 84 83 80 27 15

Placebo

Bosentan

6-MWD (m) 431 * 91
PVR (dyn.sec.cm15) 805 * 369

438 + 86

839 + 531 Galiée N, et al. Lancet 2008.




Définir les objectifs a partir des facteurs

pronostiques connus

Stable and
not
satisfactory

Assessment Stable and
parameter satisfactory
Clinical evidence No
of RV failure
Rate of progression Slow
Syncope No
WHO-FC L
6-MWD Longer (> 500 m)
Peak VO2
CPET > 15 ml/min/kg
BNP/NT-proBNP

plasma levels

Normal or near-normal

Echocardiographic
findings

No pericardial effusion

TAPSE > 2.0 cm

Haemodynamics

RAP < 8 mmHg
and Cl 2 2.5 I/min/m2

Only some of
the “green”
parameters are
fulfilled
(Grey zone)

Adapted from Galié N, et al. Eur Heart J 2009 and Eur Respir J 2009.




Objectifs therapeutiques dans ’'HTAP
Placer Ia barre plus haut...

Treatment Goals of Pulmonary Hypertension

Vallerie V. MecLaughlin, MD," Sean Patrick Gane, MD, Puld,i Luke 5. Howard, DPi,
Hanno H. Leuchte, MDY Michael A. Mathier, MD,| Sanjay Mchea, MD,®
Massimillane Palazani, MD# Myung H. Pack, MD,™ Victor F. Tapson, M1, |

Ohvier Sithon, MDD, Puld!

Functional class

lorli
Echocardiography/CMR

Normal/near-normal RV size and function
Hemodynamics

Normalization of RV function (RAP =8 mm Hg and ClI =2.5 to 3.0 I/min/m*)
6-min walk distance

=380 to 440 m; may not be aggressive enough in young individuals
Cardiopulmonary exercise testing

Peak V0. >15 ml/min/kg and EqCO. <45 I/min/l/min
B-type natriuretic peptide level

Normal

5th WSPH — Task Force 8 McLaughlin VV, et al. J Am Coll Cardiol 2013; 25 (Suppl): D73-D81.



Strategie « goal-oriented » dans ’HTAP

Set treatment
goals

deteriorating

1
s sctoin

Establish
@ patient’s Unstable and

clinical status

Review
treatment No change Treatment escalation
regimen

Adapted from Galié N, et al. Eur Heart J 2009 and Eur Respir J 2009.




Traitement combiné séquentiel

Bosentan
Bosentan
lloprost

lloprost

Imatinib

Imatinib

Rlocigua

Selexipag

Selexipag
Sildenafil
Sildenafil
Tadalafil
Trepostinil
Trepostinil

Trepostinil

EARLY
COMPASS-2
STEP
COMBI

Phase Il

IMPRES

)/

None or sildenafil (16%) 185
Sildenafil 334
Bosentan 67
Bosentan 40

Bosentan &/or sildenafil

&/or prostanoids %

Bosentan &/or sildenafil

&/or prostanoids 20

None, bosentan or prostanoids 44

GRIPHON None, ERA and/or PDES5i 1156
Phase Il Bosentan &/or sildenafil 43

PACES Epoprostenol 264
NCT00323297 Bosentan 104
PHIRST None or bosentan (54%) 405
Inhaled- TRIUMPH Bosentan or sildenafil 235
Oral- FREEDOM C1 Bosentan &/or sildenafil 354
Oral- FREEDOM C2 Bosentan &/or sildenafil 310

24
g2
12
12

24

17
16
12
16
12
16
16

PVR +, A6MWD (NS)
Morbi-mortality (NS)
A6MWD (NS)
A6MWD (NS)
A6MWD (NS)

A6MWD +

AoMWD +

Morbi-mortality +

PVR +
ABMWD +
ABMWD (NS)
ABMWD (NS)
ABMWD +
ABMWD (NS)
ABMWD (NS)



PATENT : Riociguat dans 'HTAP
Design de I’'étude

Analyse du criter
et des criteres s

Maintenance
4 semaines

Titration
8 semaines

ase d’extension en ouvert,
dosage jusqu’a 2,5 mg 3x/j

Dose exploratoire

Ghofrani HA, et al. N Engl J Med 2013.



Amélioration de la DM6 chez les patients naifs
de traitement ou pre-traités

Critere principal: Population totale
(n=254/126)

+36 m

p<0.0001
(95% CI: 2052 m)

Population naive de traitement
(n=123/66)
+38 m
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Population pré-traitée (n=131/60)
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B Riociguat
"Placebo
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Ghofrani HA, et al. N Engl J Med 2013.



Criteres de jugement dans les études

cliniques dans ’HTAP

Test de Marche de 6 mn

Test de Marche de 6 mn

ADM®G’ n’est pas prédictif de la
morbi-mortalité

- Méthode simple, reproductible et
valide pour évaluer les capacités
d’exercice a court terme

- ADMG®’ initialement considéré comme
prédictif de I'évolution

- Etudes a court terme non
adaptées pour I'évaluation des
meédicaments dans une maladie
grave et eévolutive

- Initialement accepté par les Autorités
pour enregistrement des
medicaments

| |
2000 2003 2004 w

4th World Recommandations internationales : nécessité de

sSymposium ] ; _ o ,
on Pulmonary conduire des etudes de morbi-mortalité dans 'HTAP

Hypertension

McLaughlin VV, et al. J Am Coll Cardiol 2009




SERAPHIN : Schéma de I’'étude

||

< ................ >
Screening
28days | Placebo
N\ Variable double-blind treatment duration N\
(event-driven)
< ................................................ > ....... >. ....... > ................................................. >
Randomisation End of study

May 2008 - December 2009

Patients were censored at end of double-blind treatment

(EOS; 285 events)
March 2012

Pulido T, et al. N Engl J Med 2013; 369: 809-18.



SERAPHIN : Critére principal de jugement

ET
Aggravation
clinique de ’'HTAP
ou ET

ou

ou

ou

——
Tous les éevénements ont ete confirmés en aveugle

par un comité d’adjudication indépendant



SERAPHIN : Critére principal de jugement
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Macitentan 10 mg: 45%
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,,-% 60 "1 - Macitentan 3 mg: 30%
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40
3
)
= Treatment difference 3 mg 10 mg
— 2Blacitentan 10 mg
© _ Hazard ratio (HR) 0.70 0.55
-==f Macitentan 3 mg
Log-rank p-value 0.01 < 0.001
Placebo
S
0 6 12 18 24 30 36
Time from treatment start (months)
Patients at risk
242 203 187 171 155 91 41 Macitentan 10 mg
250 213 188 166 147 80 32 Macitentan 3 mg
250 188 160 135 122 64 23 Placebo

Pulido T, et al. N Engl J Med 2013; 369: 809-18.



SERAPHIN : Evénements composant le critere
de principal de jugement

Patients avec un événement, n (%) 116 (46,4) 76 (31,4)

Type de 1er événement, n (%)

Aggravation de 'HTAP 93 (37,2) 59 (24,4)
Initiation d’un prostanoide IV ou SC 6 (2,4) 1(0,4)
Déces toutes causes 17 (6,8) 16 (6,6)

Pulido T, et al. N Engl J Med 2013; 369: 809-18.



SERAPHIN : Patients SANS traitement
spécifique préalable

- 100
A 9

Risk reduction of primary
endpoint event vs placebo

(@)
orfr
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Macitentan 10 mg: 55%
Macitentan 3 mg: 47%

o
<

|
|
I'-".atiLnts without the event (%)

40+
ZHI_aCitentan 10 mg Treatment difference 3 mg 10 mg
Mhcitentan 3 mg Hazard ratio (HR) 0.53 0.45
Plhcebo Log-rank p-value 0.007 <0.001
O T T T T T T
0 6 12 18 24 30 36
Patients at risk Time from treatment start (months)
88 74 68 64 58 38 17 Macitentan 10 mg
86 74 63 59 56 29 13 Macitentan 3 mg
96 66 54 45 42 24 13 Placebo

Pulido T, et al. N Engl J Med 2013; 369: 809-18.



SERAPHIN : Patients AYANT un traitement

spécifique préalable

(®))
o

Risk reduction of primary
endpoint event vs placebo

Macitentan 10 mg: 38%
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c . Treatment difference 3m 10 m
—e 28Iamtentan 10 mg r g g

‘E’ Hazard ratio (HR) 0.83 0.62
T

Log-rank p-val 0.27 0.009
Pihcebo og-rank p-value
0

0 6 12 18 24 30
Time from treatment start

Patients at risk lfmonths)
154 134 119 107 97 53
164 139 125 107 91 51
165 122 106 20 80 40

36

24 Macitentan 10 mg
19 Macitentan 3 mg
10 Placebo
Pulido T, et al. N Engl J Med 2013; 369: 809-18.



SERAPHIN : Déces jusqu’a la fin du traitement

207 -
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% Macitentan 10 mg@
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- 242 209 188 172 157 m 242 209 188 172 157 91 41
= 91 41 m 250 198 163 139 124 67 24
250 198 163 139 123
Délai dépuis le ¢ebut du traitement (mois) Délai depuis le début du traitement (mois)

Pulido T, et al. N Engl J Med 2013; 369: 809-18.



GRIPHON study (phase lll): ProstaGlandin 12

Receptor agonist In Pulmonary arterial HypertensiON

(
MGRIPHON

Progtienption (P | Resiotot sgtent i fursdiary oo Fhoesmii i
Actelion press release’ 16 June 2014. NCT01106014: www.clinicaltrials.gov



http://www.clinicaltrials.gov/

Changing strategy — Initial combination
therapy: What is the evidence?

.. Humbert M, et al. Eur Respir J 2004; 24:353-9.

. 2. Kemp K, et al. J Heart Lung Transplant 2012; 31:150-8.

- 3. Sitbon O, et al. Eur Respir J. 2014; 43: 1691-1697.
4. GSK Press Release — 8 September 2014.



Upfront triple combination therapy In
pulmonary arterial hypertension: a pilot
study

Olivier Sitbon"??, Xavier Jais'?3, Laurent Savale'??, Vincent Cottin®,

Emmanuel Bergot®, Elise Artaud Macari'*?®, Héléne Bouvaist®, Claire Dauphin’,
Francois Picard® Sophie Bulifon#*, David Montani"??, Marc Humbert'?? and
Gérald Simonneau'?3

Sitbon O, et al. Eur Respir J. 2014;43:1691-7.



Upfront triple combination therapy:
Effect on FC and 6MWD

Prospective, observational analysis of idiopathic or heritable PAH patients (n = 19)
treated with upfront combination therapy (epoprostenol, bosentan and sildenafil)

#32 + 19 months ) .
*p < 0.01 versus baseline; ** p < 0.01 versus 4 months Sitbon O, et al. Eur Respir J. 2014;43:1691-7.



Upfront triple combination therapy:
Effect on haemodynamics

100- | ? - 1 : 3500 - i

90 - s 000 -
TBO- I EA 7 g
T 0. | £ @500-
EGO- H %‘3 - 2000-
e | = .
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204 - =1 -

10 g Q500 - El EI

0 - Oo A 0 - T T T
Baseline Month Finallfollow- Baseline Month Finallfollow- Baseline Month Final follow-
4 up visit# 4 up visit# 4 up visit#
Baseline Month 4 Final follow-up#

RAP (mmHg) 11.9+52 4.9 +4.9% 5.2 + 3.5*
mPAP (mmHg) 65.8 + 13.7 45.7 + 14.0* 44.4 +13.4*%
Cl (I/min/m2) 1.66 £ 0.35 3.49 + 0.69* 3.64 + 0.65*
PVR (d.s.cm-5) 1718 + 627 564 + 260* 492 + 209*

#32 + 19 months ) .
*p < 0.01 versus baseline Sitbon O, et al. Eur Respir J. 2014;43:1691-7.



Upfront triple combination therapy:
Long-term outcome / survival

I T A

Actual 100% 100% 100%
Transplant-free 94% 94% 94%
Expected® 75% 60% 49%
[95% CI] [68%-82%] [50%-70%] [38%-60%)]

Sitbon O, et al. Eur Respir J. 2014;43:1691-7.



Upfront triple combination therapy

Epoprostenol Epoprostenol + bosentan Epo + bosentan + sildenafil
monotherapy combination therapy combination therapy
(n=46) (n=23) (n=18)
20007 20007
15007
9 )
£ £
9 Q
7 : %
31000 tritheirar
14 14
> >
o o
5004
0-
Baseline 4-mo. Baseline 4-mo.
-29 *17% -48 ¥ 17% - 69 * 8%

Kemp K, et al. J Heart Lung Transplant 2012;31:150-8.
Sitbon O, et al. Eur Respir J. 2014;43:1691-7.



The AMBITION trial

pulmonary arterial hypertensiON

Event-driven trial
|

front combination therapy (ambrisentan AND tadala
vs Monotherapy (ambrisentan OR tadalafil)




AMBITION: Primary endpoint
Time to first clinical failure event

Non-elective hospitalisation (CW)
Lung transplantation

Atrial septostomy

Initiation of prostanoid therapy

Decrease in 6MWD > 15% vs baseline
With FC llI-IV (2 visits >14 days)

> 6 months on therapy
ALL sease progression
Sustained FC IlI-IV > 6 months

-=> All events adjudicated



AMBITION: Primary endpoint
Time to f rst adjudicated clinical failure event

First-line treatment of PAH with the combination of
ambrisentan 10 mg and tadalafil 40 mg reduced
the risk of clinical failure by 50% compared to
pooled ambrisentan and tadalafil monotherapy arm
(hazard ratio = 0.502; p=0.0002).

Hospitalisation for worsening of PAH was the main
component of the primary endpoint

The combination was also statistically significant
vs the individual ambrisentan and tadalafil
monotherapy groups for the primary endpoint.



Expert consensus recommendations for
combination therapy have improved with

Increasing experience >

1. Galié N, et al. J Am Coll Cardiol 2004; 43:81S-88S. 2. Barst RJ, et al. J Am Coll Cardiol 2009; 54:578-84.
3.Galie N, et al. Eur Heart J 2009; 30:2493-537. 4. Galié N, et al. J Am Coll Cardiol 2013; 62:D60-72.




9 traitements approuves dans ’'HTAP

Antagonistes

Beraprost** — oral

. . L . Inhibiteurs  Activateur GC
recepteurs Prostacyclines et dérivés PDE-5 (oral) soluble (oral)
ET-1 (oral)

Bosentan Epoprostenol (Flolan® et Sildenafil Riociguat
(Tracleer®) génériques, Veletri®) — IV | (Revatio®) (Adempas®)

Ambrisentan lloprost (Ventavis®) — Tadalafil
(Volibris®) Inhalation (Adcirca®)
Macitentan Treprostinil (_RemoduI|n®)

(Opsumit®) SC, IV, inhalation*, oral*

*Approuvée uniquement aux Etats Unis ; Non approuvé en Europe
**Approuvé uniquement au Japon et en Corée du Sud




Supervised exercise training (I-A)
Psycho-social support (I-C)
Avoid strenuous physical activity

I'I General measures and supportive therapy

¥

|'| Oral anticoagulants:

IPAH, heritable PAH and PAH
due to anorexigens (lla-C)

(I-C) e APAH (lIb-C)
Avoid pregnancy (I-C) Expert Referral (- Diuretics (I-C)
Influenza and pneumococcal * Oxygen (I-C)
immunization (I-C) Digoxin (llb-C)
Acute vasoreactivity test
(I -C for IPAH) (lIb -C for APAH)
WHO-FC I-lll Sustained response NON vhSOREACT[vE
(WHO-FC I-1l)
CCB (I-C)

Continue CCB

-

NO
\ 4

INITIAL THERAPY WITH PAH APPROVED DRUGS

1)o(




INITIAL THERAPY WITH PAH APPROVED DRUGS

YELLOW: Morbidity and mortality as primary end-point in randomized controlled study or reduction in all-
cause mortality (prospectively defined)
*Level of evidence is based on the WHO-FC of the majority of the patients of the studies.

TApproved only: by the FDA (macitentan, riociguat, treprostinil inhaled); in New Zealand (iloprost i.v); in
Japan and S.Korea(beraprost).
1 Positive opinion for approval of the CHMP of EMA

Recommendation

Evidence*

WHO-FC
Il

WHO-FC
I

WHO-FC
IV

Ambrisentan
Bosentan
Macitentant}
Riociguatt
Sildenafil
Tadalafil

Ambrisentan

Bosentan

Epoprostenol i.v.

lloprost inhaled
Macitentanti

Riociguatt

Sildenafil

Tadalafil

Treprostinil s.c., inhaledt

Epoprostenol i.v.

lloprostiv. T
Treprostinil i.v.

Ambrisentan, Bosentan
lloprost inhaled and i.v¥
Macitentant}

Riociguatt

Sildenafil, Tadalafil
Treprostinil s.c., i.v.,, Inhaledt

Beraprostt

Initial Combination Therapy

Initial Combination Therapy




2013 5th WSPH - Treatment Algorithm

I INITIAL THERAPY WITH PAH APPROVED DRUGS |

* CONSIDER ELIGIBILTY
INADEQUATE CLINICAL | sl FOR LUNG
; RESPONSE TRANSPLANTATION

Sequential combination therapy (I-A) —

ER 4 ™
< INADEQUATE CLINICAL Referral for

m RESPONSE > | UNG TRANSPLANTATION

on MAXIMAL THERAPY
Prostanoids 9 1 S (I-C)

_*,.-TP'
.

T
BAS (lla-C)

Galie N, et al. J Am Coll Cardiol 2013;62:D60-72.



