Hemodynamic classification of pulmonary
hypertension (PH)

Screening Diagnosis
Transthoracic echo Right Heart Catheterisation
(TRJV > 2.8 m/s) (Mean PAP > 25 mmHg)
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* Precapillary PH . PAWP < 15 mmHg (PAH: PVR > 3 Wood units)
* Post-capillary PH : PAWP > 15 mmHg (isolated if dPAP-PAWP < 7 mmHgQ)

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



Hemodynamic classification of pulmonary
hypertension (PH)

Definition Characteristics®
PH PAPm 225 mmHg
Pre-capillary PH PAPm 225 mmHg

PAWP <15 mmHg

Post-capillary PH PAPm 225 mmHg
PAWP >|5 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 >3WU-e

Vachiéry JL, et al. J Am Coll Cardiol 2013.
Galie N. et al. ESC/ERS Guidelines. Eur Heart J & Eur Respir J 2015.



Clinical classification of pulmonary
hypertension (PH)

1. Pulmonary arterial hypertension 3. Pulmonary hypertension due to lung diseases and/or hypoxia

1.1 Idiopathic 3.1 Chronic obstructive pulmonary disease
1.2 Heritable 3.2 Interstitial lung disease
1.2.1 BMPR2 mutation 3.3 Other pulmonary diseases with mixed restrictive and
1.2.2 Other mutations obstructive pattern
1.3 Drugs and toxins induced 3.4 Sleep-disordered breathing
1.4 Associated with: 3.5 Alveolar hypoventilation disorders
1.4.1 Connective tissue disease 3.6 Chronic exposure to high altitude
1.4.2 Human immunodeficiency virus (HIV] infection 3.7 Developmental lung diseases (Web Table I1i)
:22 gg;tga;:){zler?:an:ggease (Fablalé) 4. Chronic thromboembolic p_ulmonary hypertension and other
1.4.5 Schistosomiasis pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions
4.2.1 Angiosarcoma

1.1 Idiopathic 4.2.2 Other intravascular tumors
1.2 Heritable 4.2.3 Arteritis
1".2.1 EIF2AK4 mutation 4.2.4 Congenital pulmonary arteries stenoses
1".2.2 Other mutations 4.2.5 Parasites (hydatidosis)
1".3 Drugs, toxins and radiation induced z - - z
Rt with® ). Pulmongry hypertension with unclear and/or multifactorial
: St : mechanisms
1".4.1 Connective tissue disease
i 1".4.2 HIV infection _ 5.1 Haematological disorders: chronic haemolytic anaemia,
1”. Persistent pulmonary hypertension of the newborn myeloproliferative disorders, splenectomy _
2. Pulmonary hypertension due to left heart disease 2.2 SyEEe Fhso_rders: sarco_ld05|s, pu_lmonary h_|st|ocyt05|s,
lymphangioleiomyomatosis, neurofibromatosis
2.1 Left ventricular systolic dysfunction 5.3 Metabolic disorders: glycogen storage disease, Gaucher disease,
2.2 Left ventricular diastolic dysfunction thyroid disorders
2.3 Valvular disease 5.4 Others: pulmonary tumoral thrombotic microangiopathy,
2.4 Congenital/acquired left heart inflow/outflow tract obstruction fi!)rosing mediastinitis, chronic renal failur:e (with/without
and congenital cardiomyopathies dialysis), segmental pulmonary hypertension

2.5 Congenital/acquired pulmonary veins stenosis

Galie 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

Galie 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

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



Clinical classification of pulmonary
hypertension (PH) — Group 1: PAH

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

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



PAH: A rare, but not an orphan disease

» Rare: prevalence 15-50/million (incidence 6/million/year)

« Pathophysiology: pulmonary artery endothelial cell dysfunction...

« Drugs: 10 agents approved in the last 15 years (orphan drug status)
* Lung/heart—lung transplantation: if refractory to medical therapy
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5-HT, 5-hydroxytryptamine; ET-1, endothelin 1 ; FGF-2, fibroblast growth factor 2; SMC, smooth muscle cell.



Treatment: Targeting 3 major dysfunctional
pathways
In PAH (2004)

( A

DRUG THERAPY

Treatment of Pulmonary Arterial Hypertension

\\ Marc Humbert, M.D., Ph.D., Olivier Sitbon, M.D., and Gérald Simonneau, M.D.)
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cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate.

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



Treatment: Targeting 3 major dysfunctional
pathways
iIn PAH (2014)

[ Recent Advances in Pulmonary Hypertension \

Advances in Therapeutic Interventions for Patients
With Pulmonary Arterial Hypertension

Marc Humbert, MD, PhD; Edmund M.T. Lau, MD, PhD; David Montani, MD, PhD;
Xavier Jais, MD; Oliver Sitbon, MD, PhD; Gérald Simonneau, MD
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cAMP, cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate; ET, endothelin; ETA, endothelin receptor A; GTP, guanosine

triphosphate; NO, nitric oxide; PGI,, prostaglandin |,; sGC, soluble guanylate cyclase.
Humbert M et al. Circulation 2014;130:2189-208.



PAH-specific therapies target the 3 signaling
pathways involved in PAH

Endothelin pathway NO—-cGMP pathway Prostacyclin pathway

Endothelin receptor PDES inhibitors Prostanoids

antagonists (ERAS) or sGC stimulators
» Beraprost

. gmbrlstentan . R.IOCIgUE.l'[ * Epoprostenol iv
osc?n an ) Slldena_fll * lloprost iv, inhaled
« Macitentan »  Tadalafil L
« Treprostinil Iv, sc,
iInhaled
+ +
+

cGMP, cyclic guanosine monophosphate; iv, intravenous; NO, nitric oxide; PDES5, phosphodiesterase type 5; sc, subcutaneous; sGC, soluble
guanylate cyclase.

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



RCTs with monotherapy in PAH

Improvement in exercise capacity (3-4 months)

Epoprostenol Treprostinil lloprost Bosentan Ambrisentan Sildenafil Tadalafil
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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. Galie, Circulation 2009.



Effect of PAH-specific therapies on PVR after 3-
6 months
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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, 394-403
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T T ; T T

0.01 0.1 1 10 100
Favours treatments | favours controls



Unmet need in the modern management era

Despite drug discovery and development PAH remains a devastating condition

[ Survival in Patients With Idiopathic, Familial, and \
Anorexigen-Associated Pulmonary Arterial Hypertension in
the Modern Management Era

Marc Humbert, MD, PhD: Olivier Sitbon, MD, PhD; Ari Chaouvat, MD, PhD; Michéle Bertocchi, MD:
Gilbert Habib, MD; Virginie Gressin, MD; Azzedine Yaici, MD; Emmanuel Weitzenblum, MD;
Jean-Francois Cordier, MD; Francois Chabot, MD, PhD; Claire Dromer, MD:;
Christophe Pison, MD, PhD); Martine Reynaud-Gaubert, MD, PhD; Alain Haloun, MD;
Marcel Laurent, MD; Eric Hachulla, MD, PhD: Vincent Cottin, MD, PhD; Bruno Degano, MD, PhD;
XKavier Jars, MD; David Montani, MD, PhD; Rogério Souza, MD, PhD; Gérald Simonneau, MD /
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Humbert M et al. Circulation 2010;122:156—-63.



PAH management: How to do better?

EVOLUTION OF THE VISION REALISING THE VISION
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Early treatment of PAH

Functional capacity

Ultimate goals: no functional impairment and prolongation of life

tttttt

Regular monitoring allows
escalation of treatment

Early intervention ~
~
~ -~
-
Progressive remodeling
| ate intervention and right heart failure
in absence of treatment
Time

Sitbon O, Galie N. Eur Respir Rev 2010;19:272-8.



Goal-oriented therapy (risk assessment)

\

(- Treatment Goals of Pulmonary Hypertension

Vallerie V. McLaughlin, MD,” Sean Patrick Gaine, MD, PuD,j Luke S. Howard, DPHIL, T
Hanno H. Leuchte, MD,§ Michael A. Mathier, MD,|| Sanjay Mehta, MD,¢
Massimillano Palazzini, MD,# Myung H. Park, MD,* Victor F. Tapson, MD,+t

\__Olivier Sitbon, MD, PuD1# Y,

Functional class

I orll
Echocardiography/CMR

Normal/near-normal RV size and function
Hemodynamics

Normalization of RV function (RAP <8 mm Hg and Cl >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 VO, >15 ml/min/kg and EqCO> <45 I/min/l/min
B-type natriuretic peptide level

Normal

Cl, cardiac index; CMR, cardiovascular magnetic resonance; EQCO,, breathing equivalent for CO,;
RAP, right atrial pressure; RV, right ventricle; VO,, oxygen consumption.

McLaughlin VV et al. J Am Coll Cardiol 2013;62:D73-81.



ESC/ERS 2015 Guidelines for risk
assessment in PAH

Determinants of prognosis*®
(estimated |-year mortality)

Clinical signs of right heart failure

Progression of symptoms

Syncope

WHO functional class

6MWD

Cardiopulmonary exercise testing

NT-proBNP plasma levels

Imaging (echocardiography, CMR imaging)

Haemodynamics

Low risk <5% Intermediate risk 5-10% High risk >10%

Absent Absent Present

No Slow Rapid

No Occasional syncope®

L1l Il \
>440 m 165440 m <165 m

Peak YO, >15 ml/min/kg Peak VO, Peak VO, <I | ml/min/kg
(>65% pred.) I 115 ml/min/kg (35-65% pred.) (<35% pred.)
VEINCO; 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

Repeated syncope®

RA area >26 cm?
Pericardial effusion

RA area <18 cm?
No pericardial effusion

RAP <8 mmHg RAP 8-14 mmHg
Cl 2.0-2.4 I/min/m?

SvO, 60—65%

RAP >14 mmHg
Cl <2.0 l/min/m?
SvO; <60%

Cl >2.5 I/min/m?
SvO; >65%

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



Suggested assessment and timing for the
follow up of patients with PAH

At baseline Every 3-6 Every 6-12 3-6 months after. In case of clinical
months* months* changes in therapy?® worsening

Medical assessment and

e ; + + + + +
determination of functional class
ECG + + + + +
6MWT/Borg dyspnoea score + + + + +
CPET + : 22
Echo + + + +
Basic lab® + + + + +
Extended lab* it 2 2
Blood gas analysis*

Should be considered

Some centres perform RHCs at regular intervals during follow-up

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



Sequential combination therapy:
results are not uniform...

t[;rsutgd Study Background I?lejlreztli(cs);] Primary endpoint
Bosentan EARLY None or sildenafil (16%) 185 24 PVR +, AGMWD (NS)
Bosentan COMPASS-2 Sildenafil 334 92 Morbi-mortality (NS)
lloprost STEP Bosentan 67 12 AG6MWD (NS)

lloprost COMBI Bosentan 40 12 AB6MWD (NS)

Imatinib Phase I z;)osre;rtggtfrfgir dssildenafil 59 24 AR (M),

( . Bosentan &/or sildenafil N
Imatinib IMPRES &Jor prostanoids 202 24 A6MWD +

Selexipag Phasell Bosentan &/or sildenafil 43 17 PVR +

ﬁSiIdenaﬁI PACES Epoprostenol 264 16 AGMWD + /
Sildenafil  NCT00323297 Bosentan 104 12 A6MWD (NS)

Tadalafil PHIRST None or bosentan (54%) 405 16 A6MWD (NS)
Trepostinil Inhaled- TRIUMPH Bosentan or sildenafil 235 12 A6MWD +

Trepostinil  Oral- FREEDOM C1 Bosentan &/or sildenafil 354 16 A6MWD (NS)

Trepostinil  Oral- FREEDOM C2 Bosentan &/or sildenafil 310 16 AB6MWD (NS)




Sequential combination therapy:
Recent studies

Duration

Background N (weeks) Primary endpoint

None (50%),
Riociguat PATENT bosentan 443 12 A6MWD +
or prostanoids

None (36%),
Macitentan SERAPHIN  PDES5I (61%) 742 =100
or oral/inhaled prostanoids

None (21%),
Selexipag GRIPHON ERA (13%), PDESI (32%) 1156 =70
or both (34%)

Time to first event of
death or morbidity +

Time to first event of
death or morbidity +




Evolving paradigm: From sequential to
initial combination therapy

Sequential combination Upfront combination

! .

2 or 3 drugs

(especially in patients
who present with high
risk features)

» 7 impact on outcomes <—J

Humbert M, et al. Circulation 2014.




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)

mECI/Il mFCII = FCIV
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*p < 0.01 versus baseline; ** p < 0.01 versus 4 months
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Sitbon O, et al. Eur Respir J. 2014;43:1691-7.



Upfront triple combination therapy:
Effect on haemodynamics

MPAP (mmHg)

100~ g 5- 3500 -
90 - = &> 3000 -
80 - = 44 =
70+ S S 2500 -
60~ = 31 2 2000 -
504 8 >
40 - c 2 E ) 1500 4
30- 0 X 1000 A
© =
20- 5 17 O 500 - é él
10+ <
0 1 1 1 U 0 1 1 1 0 1 1 1
Baseline Month Final follow- Baseline Month Final follow- Baseline Month Final follow-
4 up visit* 4 up visit# 4 up visit#
Baseline Month 4 Final follow-up*
RAP (mmHgQ) 11.9+5.2 4.9 + 4.9* 5.2 + 3.b*
MPAP (mmHg) 65.8 £ 13.7 45.7 + 14.0* 44 4 + 13.4*
ClI (I/min/m?) 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.



Upfront triple combination therapy:
Long-term outcome / survival

 Long-term follow-up (n=19)
— Median follow-up: 58.7 months (IQR: 52.5 — 70.0 months)
— Two patients underwent LT (after 3.8 and 41.4 months)
— 17 patients well and alive in NYHA FC I-1I
— 7 patients with mPAP < 35 mmHg (incl. one < 20 mmHQ)

e Survival (n=19)

| dlvyear | 2year | 3year | Syear _

Actual 100% 100% 100% 100%
Expected* 75% 60% 49% -
[95% CI] [68%-82%] [50%-70%)] [38%-60%)]
Transplant-free 94% 94% 94% 89%

* according to the French equation (Humbert M, et al. Eur Respir J 2010)

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



Survival of patients with idiopathic, heritable and
anorexigen-associated PAH (n=74)

At risk, n

1 -

0,8 -

0,6 -

0,4 -

0,2

0

0

74

Actual survival

[IC 95%]

Expected survival

[IC 95%]

12

66

96
[91-100]

86
[83-88]

24

Time (months)

51

94
[88-99]

75
[71-79]

36 48 60
27 14 6
84 75

[72-95] [61-90]

66

[62-71]

Humbert M, et al. Eur Respir J 2010; 36:549-55.
Sattler C, Sitbon O, et al. ERS Congress 2015.



2015 ESC/ERS guidelines treatment algorithm

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

(WHO FC Il (WHO FC IV)2
v R |

Initial Initial oral Initial combination

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

including i.v. PCA°
(Table 19)

Galieé 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)

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



Current PAH management: Summary

= Many progresses have been made in treatment strategies
= Sequential combinations delay time to clinical worsening

= More aggressive sequential combination in a goal-oriented approach
likely more efficacious (no proof)

= Initial combination therapy is likely the way forward

* |ncluding a parenteral prostacyclin in the most severe patients (high risk
and/or FC V)

= |nitial dual oral combination therapy with ERA and PDE-5 inhibitor is
superior to monotherapy in patients with low/intermediate risk (FC IlI-lII)

= No direct comparison neither in between different combinations of
drugs nor in between sequential and initial combination strategies



