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Clinical classification of pulmonary
hypertension (PH)

1. Pulmonary arterial hypertension

1.1 Idiopathic

1.2 Heritable
1.2.1 BMPR2 mutation
1.2.2 Other mutations

1.3 Drugs and toxins induced

1.4 Associated with:
1.4.1 Connective tissue disease
1.4.2 Human immunodeficiency virus (HIV] infection
1.4.3 Portal hypertension
1.4.4 Congenital heart disease (Table 6]
1.4.5 Schistosomiasis

Galié N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.



Hemodynamic classification of pulmonary
hypertension (PH) — Group 2

PH associated with left heart diseases

Post-capillary PH PAPm >25 mmHg
PAWP >15 mmHg
Isolated post-capillary PH DPG <7 mmHg and/or
(Ipc-PH) PVR <3 WU*

Combined post-capillary and pre-capillary PH DPG >7 mmHg and/or
(Cpc-PH) | PVR >3 WU

The use of PAH-approved therapies is not
recommended in PH-LHD

Galié N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.



Hemodynamic classification of pulmonary
hypertension (PH) — Group 3

PH associated with chronic lung diseases

Terminology ” Haemodynamics
(right heart catheterization]

COPD/IPF/CPFE without PH PAPm <25 mmHg

COPD/IPF/CPFE with PH PAPm 225 mmHg

COPD/IPF/CPFE with severe PH | PAPm >35 mmHg, or

PAPm 225 mmHg in the presence
of a low cardiac output

(Cl <2.5 L/min, not explained by
other causes)

The use of drugs approved for PAH is
not recommended in patients with
PH due to lung diseases

Galié N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.



Objectifs du traitement de ’HTAP

* Le traitement de 'HTAP tente de s’opposer aux effets
déléteres de :
— la vasoconstriction,
— l'obstruction vasculaire pulmonaire par remodelage et thrombose
— linsuffisance cardiaque droite.

* Obijectifs
— Ameélioration symptémes (classe NYHA) -
— Amélioration qualité de vie
— Amélioration capacités a I'effort (TM6, EF-X)

— Amélioration fonction VD . ijeCt'TS,
— | individualisés
- BNP ot

« Echo: TAPSE, S au Dti
« KT droit : POD, Qc/IC, RVP, PAP ?

— Amélioration de la survie .




Les algorithmes de traitement de 'HTAP

J4 sg = = Avoid pregnancy (I-C) General measures and Diuretics (I-C)
Les annees 8 0 (Ia p re h |st0 ire ... ) Influenpza End pc:eumococcal supportive therapy Oxygen* (I-C)
immunization (I-C) Oral anticoagulants:
Supervised rehabilitation (lla-B) IPAH, heritable PAH and PAH

Psycho-social support (lla-C) Expert Referral (I-C) due to anorexigens (l1a-C)
Avoid excessive physical activity (Ill-C) APAH (I1b-C)
Digoxin (11b-C)
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Galié N, et al. Eur Heart J & Eur Respir J 2009.



Current therapeutic approaches
Impact on survival?
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Traitement de ’'HTAP : philosophie

« Stratégie thérapeutique qui inclut
— L’évaluation initiale du risque

— L’évaluation de la réponse au traitement



>

Evaluation du risque dans 'HTAP (7)

A réaliser tous les 3 a 6 mois dans un centre de référence ou de
compétences chez les patients stables (I-C)

Sur la base d’'un ensemble de paramétres (I-C)

Signes d’insuffisance
Cliniques ventriculaire droite, progression
des symptdmes, syncope

Classe fonctionnelle NYHA :

marqueur pronostique +++
Mesure q P q

de la capacité
a I’effort

Distance parcourue au test
de marche de 6 minutes
et/ou épreuve d’effort

Taux plasmatique de NT-proBNP

Evaluation

de la fonction Imagerie (échocardiographie, IRM)

ventriculaire
droite

Hémodynamique

Information pronostique (risque faible, intermédiaire, élevé) de déceés a 1 an
=» A individualiser pour chaque patient (étiologie de 'HTAP, rapidité de la progression de la maladie, symptémes,

comorbidités, age et traitements)



ESC/ERS 2015 Guidelines for risk
assessment in PAH

Determinants of prognosis*®

, § Low risk <5% Intermediate risk 5-10% High risk >10%
(estimated |-year mortality)

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms N[e} Slow Rapid

Syncope No Occasional syncope® Repeated syncope*
WHO functional class L1l Il )\
6MWD >440 m 165440 m <|65m

Peak VO, >15 ml/min/kg Peak VO, Peak VO, <I | ml/min/kg
Cardiopulmonary exercise testing (>65% pred.) I 1-15 ml/min/kg (35-65% pred.) (<35% pred.)
VE/VCO; slope <36 VE/NCO; slope 36—44.9 VE/NCO; slope 245

BNP <50 ng/l BNP 50-300 ng/l BNP >300 ng/l
NT-proBNP <300 ng/l NT-proBNP 3001400 ng/l NT-proBNP >1400 ng/l

RA area 18-26 cm?
No or minimal, pericardial
effusion

NT-proBNP plasma levels

RA area >26 cm?
Pericardial effusion

RA area <18 cm?

Imaging (echocardiography, CMR imaging) Nt per el s

RAP <8 mmHg RAP 8-14 mmHg RAP >[4 mmHg
Haemodynamics Cl >2.5 I/min/m? Cl 2.0-2.4 I/min/m? Cl <2.0 I/min/m?
SvO; >65% SvO, 60-65% SvO, <60%

Galié N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.



Evaluation de la réponse au traitement (1)

Objectif thérapeutique a individualiser pour chaque patient

[ Objectif thérapeutique ]

l l

[ Réponse adaptée J [ Réponse inadaptée J

au traitement au traitement

l l

Atteindre et maintenir Risque intermédiaire
un risque faible* (I-C) ou éleve” (l1a-C)

* La plupart des valeurs utilisées pour I'évaluation du risque repose sur des avis d’experts.
Les facteurs individuels du patient sont a prendre en compte.



Evaluation de la réponse au traitement (2)

Modalités de suivi a individualiser pour chaque patient

3-6 mois

Evaluation En cas
d’aggravation
clinique

Tous les Tous les apres tout
3-6 mois 6-12 mois changement
de traitement

initiale (avant
traitement)

Examen clinique,

CF NYHA, ECG v v v v v
TM6 et score de Borg v v v v v
Epreuve d’effort v v v
Echographie cardiaque v v v v
Biologie courante

incluant BNP/NT- v v/ v v v
proBNP

Biologie autre v v v
GDS (ou Sp0,) v v v v
Cat_heterlsme cardiaque v v v v
droit




Traitement de ’'HTAP

Trois etapes

1. Mesures générales, traitement conventionnel, adresser le patient
a un centre de référence ou de compétences de I'HTP,
test de vasodilatation en aigu (au NO)

2. Traitement médical
— Antagonistes calciques chez les patients répondeurs au NO

— Traitements approuvés pour 'HTAP chez les patients non répondeurs au NO,
selon le risque et le niveau de preuve / la classe de recommandation
des médicaments

3. Evaluation de la réponse au traitement
— Association de médicaments approuveés
— Transplantation pulmonaire



Mesures générales et traitement symptomatique
(2015 guidelines — Treatment algorithm)

Recommendations Recommendations

Diuretic treatment is
recommended in PAH patients with
signs of RV failure and fluid
retention

It is recommended that PAH patients
avoid pregnancy

Immunization of PAH patients against
influenza and pneumococcal infection is
recommended

Continuous long-term O, therapy is
recommended in PAH patients
when arterial blood O, pressure is
consistently <8 kPa (60 mmHg)®

Psychosocial support is recommended in
PAH patients

Supervised exercise training should be
considered in physically deconditioned
PAH patients under medical therapy

Oral anticoagulant treatment may
be considered in patients with
IPAH, HPAH and PAH due to use of
anorexigens

In-flight O, administration should

be considered for patients in WHO-FCIII
and |V and those with arterial blood O,
pressure consistently <8 kPa (60 mmHg)

Correction of anaemia and/or iron
status may be considered in PAH
patients

In elective surgery, epidural rather than
general anaesthesia should be preferred
whenever possible

The use of angiotensin-converting
enzyme inhibitors, angiotensin-2
receptor antagonists, beta-blockers
and ivabradine is not recommended
in patients with PAH unless
required by co-morbidities (i.e. high

. ) blood pressure, coronary artery
Galié N, et al. Eur Heart J & Eur Respir J 2015 disease or left heart failure)

Excessive physical activity that leads to
distressing symptoms is not
recommended in PAH patients




Traitement de ’'HTAP : mesures géneérales

Ce qui ne change pas

/. La grossesse est contre-indiquée dans 'HTAP (I-C)
- La mortalité est importante
- Informer la patiente des risques

- Pas de consensus sur la meilleure méthode de contraception
= progestatifs, DIU au Iévonorgestrel (risque rare de réaction
vagale a l'insertion chez les patientes avec HTAP sévére)

- Discuter l'interruption médicale de grossesse

- Suivi de grossesse par une équipe multidisciplinaire
comportant des obstétriciens et des experts de 'HTAP

- Les ARE sont contre-indiqués au cours de la grossesse




Traitement de ’'HTAP : mesures géneérales

Ce qui ne change pas

« La grossesse est contre-indiquée dans 'HTAP (I-C)

* Une réadaptation supervisée est encouragee chez les patients
déconditionnés (lla-B)
— Dans des centres de référence ou de compétences de 'HTAP
et de réadaptation
— Chez les patients stables cliniquement, sous un traitement pharmacologique
optimisé
— Meéthode, intensité, durée du programme de réadaptation non encore définies



Survival of patients

Quelle place pour les anticoagulants ?

EU COMPERA Registry: 2414 PAH, incl. 1283 incident cases
800 idiopathic PAH: Oral AC in 66%
483 other forms of PAH (incl. 208 PAH-SSc): Oral AC in 43%

Idiopathic PAH Non-idiopathic PAH PAH-SSc
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—— no anticoagulation

— anticoagulation Olsson KM, et al. Circulation. 2014;129:57-65.



Test de vasoréactivité en aigu

Le but du test de vasoreactivité en aigu est de détecter les patients
susceptibles de répondre favorablement aux inhibiteurs calciques au

long cours.

Il permet d’'identifier les patients ayant le meilleur pronostic
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HTAP : Effets des inhibiteurs calciques

Survival (%)

Pumonary-Artery Prassure (mm Hg)

Response/warfarin
100 |- \%—-A—-b-b--a——b—-d-qﬁ-—b--d
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\-:Qr\—o- .- - -0-0—0—-0-0
75k \
\0\
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Cumulative Survival

Subjects
atrisk, n

"M
L Long-term CCB responders
8 1
6 1
4
Long-term CCB failure
2 ]
0 .
T L T LS T T LS 2l LS T
0 2 4 6 8 10 12 14 16 18
(Years)
38 33 30 22 13 8 3 3 2 1
19 12 7 4 0

Sitbon O, et al. Circulation 2005

Long-term CCB

responders

Long-term CCB
failure

Only a minority of iPAH patients respond
favorably to CCBs (<10%)




Vasoréactivité / Traitement par inhibiteurs calciques
(2013 5" WSPH — Treatment algorithm)

Supervised exercise training (I-A) General measures and supportive therapy [ Oral anticoagulants:
Psycho-social support (I-C) IPAH, heritable PAH and PAH
Avoid strenuous physical activity due to anorexigens (lla-C)

Avoid pregnancy (I-C) Expert Referral (-c) Diuretics (I-C)

Influenza and pneumococcal Oxygen (I-C)
immunization (I-C) = Digoxin (IIb-C)
Acute vasoreactivity test
(1-C for IPAH) (Ilb -C for APAH)

Baisse de PAPm > 10 mmHg
CCB (I-C) blsked ) + Débit cardiaque normal

Continue CCB NO Surveillance et contrble des effets a long-terme

Sitbon O, et al. Circulation. 2005;111:3105-3111.
34 World PAH Symposium. J Am Coll Cardiol 2004;43:1S-90S.
ACCP Guidelines. Chest 2004;126:1S-92S.

Galié N, et al. ESC Guidelines. Eur Heart J 2004;25:2243-78. Galie N, et al. J Am Coll Cardiol 2013;62:D60-72.



Vasoréactivité / Traitement par inhibiteurs calciques
(2013 5" WSPH — Treatment algorithm)

Supervised exercise training (I-A) General measures and supportive therapy [ Oral anticoagulants:
Psycho-social support (I-C) IPAH, heritable PAH and PAH
Avoid strenuous physical activity * due to anorexigens (lla-C)
(I-C) y APAH (lIb-C)

Avoid pregnancy (I-C) Expert Referral (-c) Diuretics (I-C)

Influenza and pneumococcal ‘ Oxygen (I-C)

immunization (I-C) Digoxin (lIb-C)

Acute vasoreactivity test
(I-C for IPAH) (llb -C for APAH)

WHO-FC I-lll Sustained response NON VASOREACTIVE
(WHO-FC I-1l

—

Continue CCB NO

v
INITIAL THERAPY WITH PAH APPROVED DRUGS

CCB (I-C)

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



PAH treatment: Targeting 3 major
dysfunctional pathways (2004 — 2014)

DRUG THERAPY

. . Advances in Therapeutic Interventions for Patients
Treatment of Pulmonary Arterial Hypertension With Pulmonary Arterial Hypertension

w . . Marc Humbert, MD, PhD; Edmund M.T. Lau, MD, PhD; David Montani, MD, PhD;
Marc Humbert, M.D., Ph.D., Olivier Sitbon, M.D., and Gérald Simonneau, M.D. Xavier Jais, MD; Oliver Sitbon, MD, PhD; Gérald Simonneau, MD

Endothelin pathway |

Prostacyclin pathway

Vessel
Endothelial I Nitric oxide pathway lumen

Prostacyclin pathway
Arachidonic acid =)= prostaglandin I,
Pre-pro-endothelin = pro-endothelin

Prostacyclin Pro-endotein-1 ﬁ‘
L-arginine —3 L-citrulline @ derivatives ~—
Endothelin
receptory

L-arginine
y =

/A
| . Arachidonic acid
l Prostacyclin = ——— — — -y - L
(prostaglandinl;)
Endothelin-1 8 40 /2
Nitric oxide .
B
S)

e ) e
cells 1

Endothelin-1 @, ’
(Vasoconstriction and proliferation) T Ni"‘f.,g""r’,? e i
. — fasodilalation and antiproliferation) e rostacyclin
Endothelin —}w — l, @[ Salis / - /\ { < ) (Vasodila!au‘onandcyanﬁpmmeration} =2
receptor " = == 9—— xogenous Vasodilatation J S~ Endoifcin m = —

antagonists [ ¥ —Endothelin p— » cGMP nitric oxide | | 5 s 4 | — recsplorA = ‘-‘“” e —

3 © receptorg . — anti-proliferation = S -

Vasoconstriction phosphadiesterase ) < 5 =
proliferation

% Vasodilatation
.- IpElS anti-proliferation

§| Dual ET receptor
antagonists

- Selective ETA
B receptor antagonists
| e et

Smooth muscle—""

phosphodiesterase |
cells S type 5 inhibitor

Non-prostanoid .
& IP receptor agonists

N Engl J Med 2004;351:1425-36. Circulation 2014;130:2189-208.



PAH-specific therapies target the 3 signaling
pathways involved in PAH: “Old drugs”

Endothelin pathway NO-cGMP pathway Prostacyclin pathway

Endothelin receptor PDES inhibitors Prostanoids

antagonists (ERAS) 3
* Beraprost

* Epoprostenol iv

 lloprost iv, inhaled

« Treprostinil iv, sc,
inhaled, oral

Ambrisentan « Sildenafil
 Bosentan « Tadalafil

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



Supporting evidence in PAH: 2 decades of clinical trials

Terbogrel STEP
Treprostinil Sildenafil
AIR Sildenafil STRIDE2 ARIES R
Epoprostenol BREATHE1 e SUPER EOMB  Saney
ERAPH TRIUMPH
Epoprostencs ALPHABET STRIDEL BREATHES PACES
Epoprostenol Bosentan Beraprost
KA Ea l | | | | == [ I
1990 1996 2000 01 ‘02 ‘03 ‘04 '05 '06 '08 ‘09 10
Freedom C & C2 IMPRES
Freedom M SERAPHIN AMBITION
PATENT GRIPHON
| | | | | |
| | | | | |
‘10 “11 “12 “13 ‘14 ‘15
Monotherapy

Monotherapy and/or sequential combination

« N=33 published studies. > 6,700 patients with PAH (all FC/etiologies)

« 3 time periods: prostacyclins, oral drugs and combination therapies
Adapted from Galié et al. Eur Heart J. 2010;31:2080-6.




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
E
o 40 -
=
=
© 20 4
£
()
()]
2 0 — ] -
k< | | I || L
©)
20
-40 A
Treatment effect +47m + 108 m* +18m +36m +44 m +44 m +42m +44 m*
p <0.003 <0.001 0.005 0.004 0.0002 < 0.001 <0.001 <0.001
* Control = placebo except for epoprostenol trials (‘Conventional therapy’) #: monotherapy only
Barst, NEJM 1996. Simonneau, AJRCCM 2002. Rubin, NEJM 2002. Galie, NEJM 2005.

Badesch, Ann Int Med 2000. Olschewski, NEJM 2002. Galie, Circulation 2008. Galié, Circulation 2009.



Effect of PAH-specific therapies on PVR after 3-
6 months

Initial mono Initial mono Initial mono RX
Rx with ETRA Rx with PDES5i with SC/IV PGil,
i i ]

Bosentan'
Macitentan3
*Sildenafil#
Tadalafil®

AN
C
©

i
C
)
n

-

o)
£

<

Epoprostenol’

N
oS
1

Percent fall in PVR

w
S
1

*Sildenafil:
-12% for 20 mg TID (approved dose)
-28% for 80 mg TID dose

&
@)}
L

1. Channick RN. Lancet 2001; 2. Galie N. J Am Coll Cardiol 2005; 3.Pulido T. N Engl J Med 2013; 4. Galie N. N Engl J Med 2005;
5. Galie N. Circulation 2009; 6. Simonneau G. Am J Respir Crit Care Med 2002; 7. Barst RJ. N Engl J Med 1996.



A meta-analysis of randomized controlled trials
in pulmonary arterial hypertension

Nazzareno Galie*, Alessandra Manes, Luca Negro, Massimiliano Palazzini,

Maria Letizia Bacchi-Reggiani, and Angelo Branzi European Heart Journal (2009) 30, 394403
Study %
ID RR (95% Cl) Weight
Rubin et al."” — wt ] 0.36 (0.04, 3.00) 5.21
Barstetal® < . i 0.06 (0.00, 0.96) 2.92 e 23 RCTs
Badesch et al. —r*'l— 0.79(0.22,2.77) 14.59
Langleben etal® =] o 1.66 (0.07, 39.30) 2.32 .
Simmoneau et al?' . 0.92(0.38,2.21) 29.81 ¢ Average duratlon 143 WkS
Galié et al.” ; 1.00 (0.06, 15.65) 3.07 .
Olschewski et al.® -— 0.25(0.03,222) 491 * 3140 patlents
Rubin et a/.2* - 0.24 (0.02, 2.60) 4.08
Barst et al.® » 0.47 (0.04,5.01) 4.12 _ : :
Sastry et al.?® ] 0.39 (0.02,8.73) 242 ¢ A” cause morta“ty rate In the
Barst et al.® — e 1.54 (0.06, 37.19) 2.29 — 0
Galié et al.*® = 1.01(0.11,955) 4.60 control QrOUP 3.8%
Galié et al.*' —T 0.41(0.11, 1.49) 13.77 .
Galié et al.*2 — 0.99 (0.06, 15.58) 3.05 'f‘ Active treatments:
Simonneau et al.* = ; 0.07 (0.00, 1.15) 2.85
Channick et al.?° ! (Excluded) 0.00 ° 0 I I I
e : i 43% reduction in mortality
Galie et al." ) (Excluded) 0.00
Barst et al."® i (Excluded) 0.00 ° RR 057 (95%C| 035—092
McLaughlin et al.' : (Excluded) 0.00
Hoeper et al.' . (Excluded) 0.00 e P=0.023
Overall <> 057 (035,083 10000  |N\_
T T : T T

0.01 0.1 1 10 100
Favours treatments | favours controls



Despite drug discovery and development PAH
remains a devastating condition

Current survival with

100 - 905 + 2.2% PAH-targeted therapie
(US REVEAL Registry)
74.5 1+ 2.5%
80 64.5 + 2.5%
’3 6820 o 2. (0]
> Q88-2% 58.9 + 2.7%
— 601 S~oL ®
> T~ ©46-9%
g 404 0 TT=a___ 3_5.6% 32.0%
a | TOT=-—-__C O
20 Historical survival without
any specific therapy
0
0 1 2 3 4 5 6 7

Time from diagnosis (years)

Benza RL, et al. Chest. 2012;142:448-56.



How to do better?

B Do better with what we have

B Prevention: Detect and treat “early”

(m Treat more aggressively and be ambitious! )

B Goal-oriented treatment strategy and sequential
combination therapy

9 B Changing strategy: Initial combination therapy y

B Consider new drugs targeting novel pathways
(TKIs? Statins? 5-HT? Oxidative stress?...)



Strategies for combination therapy in PAH

1. Sequential combination after clinical deterioration
— Slow sequential combo
— Add drug B sometimes months/years after drug A
— Likely the worst strategy...

2. Sequential combination if treatment goals are not met
(goal-oriented treatment strategy)

— Rapid (“aggressive”) sequential combo
— Add drug B rapidly (3-6 months) after drug A

3. Initial (“upfront”) combination therapy
— Treatment initiation with 2 or 3 drugs
— Really different than option 2?

— Some physicians are reluctant
“I prefer to keep a drug with me if my patient deteriorates...”
« “I'm affraid by side effects...”



Sequential combination therapy with 6MWD
as primary endpoint: results are not uniform...

Drug tested Study Background [()vl;;aetii(:'; Primary endpoint
Bosentan' EARLY None or sildenafil (16%) 185 24 PVR +, AGMWD (NS)
lloprost? STEP Bosentan 67 12 ABMWD (NS)

lloprost3 COMBI Bosentan 40 12 A6MWD (NS)
l;Sildenafil“ PACES Epoprostenol 264 16 AG6MWD (POS) ]
Sildenafil®  NCT00323297 Bosentan 104 12 ABMWD (NS)
Tadalafil® PHIRST None or bosentan (54 %) 405 16 A6MWD (NS)
IiTreprostinil7 Inhaled- TRIUMPH  Bosentan or sildenafil 235 12 A6MWD (POS) J
Treprostinil?  Oral- FREEDOM C1 Bosentan &/or sildenafil 354 16 A6MWD (NS)
Treprostinil® Oral- FREEDOM C2 Bosentan &/or sildenafil 310 16 A6MWD (NS)

1. Galie N. Lancet 2008. 2. McLaughlin V. AmJ Respir Crit Care Med 2006. 3. Hoeper M. Eur Respir J 2006.
4. Simonneau. Ann Intern Med 2008. 5. NCT00323297. 6.Galié N. Circulation 2009.
7. McLaughlin V. J Am Coll Cardiol 2010. 8. Tapson V. Chest 2012. 9. Tapson V. Chest 2013.



Combination therapy in PAH:
New drugs / New strategies

Endothelin pathway NO-cGMP pathway Prostacyclin pathway

Endothelin receptor
antagonists (ERASs)

sGC stimulators Non prostanoids
Riociguat IP receptor agonist

Macitentan Selexipag (oral)
Drug tested Study Background ?x:tuz;' Primary endpoint
Bosentan ~ COMPASS-2' Sildenafil 334 92 Zggfhtgrﬁrféfb‘i’g{t‘;‘(’,zs)
Macitentan  SERAPHIN (00 L anoids 742 =100 o morbidiy (POS)
ssoipsg CRPHOW  NEIOERACI gy g0 Tmewioenel
ATDNSSRtAN AMBITION*  None (incident cases) 500 =74 Zi/rgﬁttfpcggi)ca' failure

1. McLaughlin VV, et al. Eur Respir J 2015. 2. Pulido T, et al. N Engl J Med 2013.
3. Sitbon O, et al. N Engl J Med 2015. 4. Galié N, et al. N Engl J Med 2015.



SERAPHIN: macitentan reduced the risk of the primary
outcome composite of death or morbidity due to PAH

100 +

Treatment difference m

Hazard ratio 0.55
Log-rank p-value < 0.001

o]
o
1

60 -

Patients without the event (%)

40
Risk reduction of primary
20 - endpoint event vs placebo
—— Macitentan 10 mg Macitentan 10 mg: 45%
Placebo
O | | | | | |
0 6 12 18 24 30 36

PAH worsening was the main component of the primary endpoint

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




Selexipag reduced the risk of the primary outcome
composite of death or morbidity due to PH

100+
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Selexipag
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Selexipag vs placebo: Risk reduction 40%
HR =0.60; 99% CI 0.46-0.78; p <0.0001

Patients without an event KM (%

o

6 12 18 24 30 36
Months

(@)

Hospitalisation for PAH worsening and disease progression
were the main components of the primary endpoint

1. Sitbon O, et al. N Engl J Med 2015;373:2522-33.




ESC/ERS 2015 Guidelines for risk
assessment in PAH

Determinants of prognosis*®

, § Low risk <5% Intermediate risk 5-10% High risk >10%
(estimated |-year mortality)

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms N[e} Slow Rapid

Syncope No Occasional syncope® Repeated syncope*
WHO functional class L1l Il )\
6MWD >440 m 165440 m <|65m

Peak VO, >15 ml/min/kg Peak VO, Peak VO, <I | ml/min/kg
Cardiopulmonary exercise testing (>65% pred.) I 1-15 ml/min/kg (35-65% pred.) (<35% pred.)
VE/VCO; slope <36 VE/NCO; slope 36—44.9 VE/NCO; slope 245

BNP <50 ng/l BNP 50-300 ng/l BNP >300 ng/l
NT-proBNP <300 ng/l NT-proBNP 3001400 ng/l NT-proBNP >1400 ng/l

RA area 18-26 cm?
No or minimal, pericardial
effusion

NT-proBNP plasma levels

RA area >26 cm?
Pericardial effusion

RA area <18 cm?

Imaging (echocardiography, CMR imaging) Nt per el s

RAP <8 mmHg RAP 8-14 mmHg RAP >[4 mmHg
Haemodynamics Cl >2.5 I/min/m? Cl 2.0-2.4 I/min/m? Cl <2.0 I/min/m?
SvO; >65% SvO, 60-65% SvO, <60%

Galié N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.



Survie globale selon objectifs atteints a la
premiére reévaluation sous traitement (6 mois)

French PH Registry o
2006-2016 ——4 criteria
N=1017 —3 criteria
IHA PAH
—2 criteria
Criteria:
« FCI- 1 criterion
« 6MWD >440 m
 RAP <8 mmHg —0 criterion
Cl >2.5 L/min/m?
0,2 -
p<0,00001
0 . . . . .
0 1 2 3 4 5 Years
4 criteria 175 153 128 102 63 48
3 criteria 247 204 175 140 102 72
2 criteria 275 219 171 122 78 49
1 criterion 225 183 128 91 62 45
O criterion 95 61 44 22 18 14

Boucly A, et al. Abstract ATS 2017.



Evolving paradigm: From sequential to
initial combination therapy

Evolving Paradigm

Sequential Combination Up-Front Combination

0 \ 2 or 3 drugs
+

(especially in patients who

present with high-risk

@ features)
\:_/

Lb Impact on Outcomes <—|

Humbert M, et al. Circulation 2014.



Upfront triple combination therapy:

Effect on FC and 6 MWD

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

mFCI/Ml =FCIl  FCIV

18 - 17 °
16
10
8
1

Baseline 4 months* Last visit**

Patients (n)

[55 QES . N
ONPOOOLOWODN M
| | | | | | |

#32 £ 19 months
*p < 0.01 versus baseline; ** p < 0.01 versus 4 months

700
600
_500
54
E 00
= 300
“© 200
100
0

Baseline 4 months Last visit #

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



Upfront triple combination therapy:
Effect on haemodynamics

mPAP (mmHg)

100 - &g 5- 3500 -

:g' = . &~ 3000 -

70: § ] E 2500 -

60 - < 3 2 2000 -

50 - g >

40 - c 24 E T 1500 -

30- o X 1000 -

20- s 11 2 500 - é é

10 - a

0 1 1 1 o 0 1 1 1 0 1

Baseline Month Final follow- Baseline Month Final follow- Baseline Month Final f0||0W
4 up visit# 4 up visit# 4 up visit#
Baseline Month 4 Final follow-up*

RAP (mmHg) 11.9+5.2 49+ 49" 5.2+35"
mPAP (mmHg) 65.8 + 13.7 457 £ 14.0* 44 4 + 13.4*
CI (I/min/m?2) 1.66 £ 0.35 3.49 + 0.69* 3.64 + 0.65*
PVR (d.s.cm™®) 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.



The AMBITION trial

Initial Use of Ambrisentan plus Tadalafil
in Pulmonary Arterial Hypertension

N. Galie, J.A. Barbera, A.E. Frost, H.-A. Ghofrani, M.M. Hoeper, V.V. McLaughlin,
A.J. Peacock, G. Simonneau, J.-L. Vachiery, E. Griinig, R.). Oudiz,
A.Vonk-Noordegraaf, R.J. White, C. Blair, H. Gillies, K.L. Miller, J.H.N. Harris,
J. Langley, and L.J. Rubin, for the AMBITION Investigators*

« Event-driven study
* Initial combo AMB+TADA vs monotherapy AMB or TADA
* N=500 treatment-naive patients with PAH (31% FC II)

Galie N, et al. N Engl J Med 2015;273:834:44.



The AMBITION trial: main result

A Combination Therapy vs. Pooled Monotherapy
100-

804 Combination therapy

60_ e R
Pooled monotherapy

404

20- Hazard ratio, 0.50 (95% Cl, 0.35-0.72)
P<0.001

Participants with No Event (%)

0 | T | | T | | 1
0 24 43 /2 96 120 144 168 192

Weeks

No. at Risk
Combination therapy 253 229 18 145 106 71 36 4
Pooled monotherapy 247 209 155 108 77 49 25 5

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

Galie N, et al. N Engl J Med 2015;273:834:44.



The strategy works with different combinations

Bos + PDE-5i Amb + PDE-5i Sil + ERA Tad + ERA
(n=78) (n=19) (n = 69) (n = 28)

Change in PVR (%)
b N A
o o o o
] ] ] |

-40 -
-50 —
p=0.74 p=0.03
Mean £ SD -44% * 20% -42% * 21%
95%CI [-48%; -39%] [-51%; -32%]

Sitbon O, et al. Eur Respir J 2016;47:1727-36.



Percent decrease in PVR

Initial therapy: The more the better

Initial mono Rx Initial mono RX Initial mono RX Initial combo
with ETRA with PDEDS5i with IV PGl, with IV PGl,
| |\ 1 1
O _

‘—C (\IC coC zr_: '-:_: «(31) %
S S S © © o c
c c c c © o Q
-10 - s | & | 2| 2| B & B
m o] © (0)) o
= > 3
—~20 - < L

3-6 months
1
w
o
|
Initial combo: epo + bosentan®

-40 - *Sildenafil:
Q -12% for 20 mg TID (approved dose)
S 50 -28% for 80 mg TID dose

Initial combo: epo + bosentan + sildenafil®

60 - 1. Channick RN. Lancet 2001; 2. Galie N. JAm Coll Cardiol 2005;
3. Pulido T. N Engl J Med 2013; 4. Galie N. N Engl J Med 2005;
5. Galie N. Circulation 2009; 6. Simonneau G. Am J Respir Crit Care Med 2002;
7. Barst RJ. New Engl J Med 1996; 8. Kemp K. J Heart Lung Transplant 2012;
'70 9. Sitbon O. Eur Respir J 2014; 10. Bachetti C. Am J Respir Crit Care Med 2015;
11. Sitbon O. Eur Respir J, 2016.

Initial dual
oral combo
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Des nouvelles cibles thérapeutiques ?

Inflammation

~ Cytokines, Chemokines
-~ Lymphocytes neogenesis

EBMPR-Il | TGF-p
axis

Growth factors

Tocilizumab , Ubenimex

PDGF, VEGF, EGF Rituximab Familial PAH (BMPR2 mutation)
IPAH: s expression BMPR2 signal

Tyrosine kinase inhibitors
Imatinib

Tacrolimus ~ BMPR2 signaling

‘ Vasoactive
mediators

~ Serotonin (5-HT), Thromboxane A2
. Vaso-intestinal peptide, Apelin

I Z e
- . '1: a N
Mitochondrial ‘ W
metabolism \

\\\
Oxydant stress N
Resistance to apoptosis

Bardoloxone, ASK-1 inhibitor SSRIs, 5-HT receptors antagonists



Over the last 10 years, many failures in trials
with therapies targeting new pathways

* Anti thromboxane A2 (Terbogrel)

« Vasointestinal Peptide (VIP)

« Statins (Simvastatin)

« Specific serotonin reuptake inhibitors

« SHT 2B/2A receptors antagonists (Terguride)
« Multiple TKI (Sorafenib)

« TKI (Imatinib)

« [-blockers (Bisoprolol)

T and maybe some others?



2015 ESC/ERS guidelines treatment algorithm

General measures
Treatment PAH confirmed by (Table 15)
naive patient expert center b Supportive therapy
l (Table 16)
CCB Therapy < ( Acute vasoreactivity test
(Table 17) Vasoreactive L (IPAH/HPAH/DPAH only)
¢— Non Vasoreactive *
Low or intermediate risk High risk

(WHO FC II-lll)y? (WHO FC IV)
v R |

Initial Initial oral Initial combination

monotherapy® combination®
(Table 18) (Table 19)

including i.v. PCA°
(Table 19)

Galié N, et al. ESC/ERS Guidelines. Eur Respir J & Eur Heart J. 2015.



2015 ESC/ERS guidelines treatment algorithm

Initial Initial oral Initial combination
monotherapy® combination® including i.v. PCA®
(Table 18) (Table 19) (Table 19)
Patient already Inadequate clinical Consider referral for
on treatment responde > lung transplantation
(Table 14)

|

Double or triple sequential combination

(Table 20)

Inadequate clinical responde
(Table 14)

Consider listing for lung transplantation®

(Table 21)

Galié N, et al. ESC/ERS Guidelines. Eur Respir J & Eur Heart J. 2015.



