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Early time course
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Treatment Algorithm 1998 - 2003

Pulmonary Arterial Hypertension

Oral anticoagulants Supportive Therapy and Exercise Limitation

Diuretics General Measures Birth Control
Oxygen (lla) Psychological Assistance

Digoxin l Infections Prevention

Acute Vasoreactivity Test

Vasoreactive I Non-vasoreactive

! '
Ore1 CCB 1) [ Epoprostorol |
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Drugs and Pathway Classes
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2003

Year

2008

2013 2015

ProstacyclinPCA
IPr-a

Endothelin ERA

Nitric Oxide PDE-5i
GC-s



Treatment Algorithm 2004

Pulmonary Arterial Hypertension

Oral anticoagulants (lla C) Supportive Therapy and Exercise Limitation

Diuretics (I C) General Measures (lla C) Birth Control
Oxygen(lla C) Psychological Assistance

Digoxin (llb C) Expert Referral Infections Prevention

Acute Vasoreactivity Test
Vasoreactive | Non-vasoreactive

[ 1

NYHA Class I-IV NYHA Class Il NYHA Class IV
4
Oral CCB (I C) Endothelin R Antagonists Bosentan (lla B)
. v Treprostinil (lla B)
Sustained Response or lloprost iv (lla C)
(NYHA i) Prostanoid Analogues
‘ 1 No improvement
Yes No = or deter_iorqtion:
Beraprost (llb B) Combination

Therapy? (lla B
Continue CCB o PYe L :

PDE-5 inhibitors
- BAS (lla C)

and/or
Lung Transplant (I C)

or
Continuous IV prostacyclin
Galie N, et al. Eur Heart J 2004; 25:2243-2278.
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Treatment Algorithm 2009

Avoid pregnancy (I-C) General measures and Diuretics (I-C)

Influenza and pneumococcal supportive therapy Oxygen* (I-C)

immunization (I-C) Oral anticoagulants:

Supervised rehabilitation (11a-B) IPAH, heritable PAH and PAH

Psycho-social support (lla-C) Expert Referral (I-C) due to anorexigens (lla-C)
Avoid excessive physical activity (llI-C) APAH (l1b-C)
Digoxin (l1b-C)

Acute vasoreactivity test
(I-C for IPAH)
(11b-C for APAH)

YASOREACTIVE NONVASOREACTIVE

WHO-FC I-lll INITIALTHERAPY

CCB (I-C) Recommendation- WHO-FC WHO-FC WHO-FC
Evidence LI} mn v

I-A Ambrisentan, | Ambrisentan, Bosentan, | Epoprostenol i.v.
Bosentan Sitaxentan, Sildenafil
Sildenafil Epoprostenol i.v.,
Sustained response lioprost inhaled

(WHO-FC I-lI) Tadalafilt Tadalafiit
Treprostinil s.c., inhaledt

Sitaxentan lloprost i.v., Teprostinil i.v. | Ambrisentan, Bosentan,
Sitaxentan, Sildenafil, Tadalafilf,
lloprost inhaled, and i.v.

YES Treprostinil s.c, i.v., Inhaledt

¢ Initial Combination Therapy

Continue CCB

Sequential combination therapy (1la-B) §

+/ sk , Galie.N et al Eur Heart J and
BAS (I-C) and/or S N Eur Respir J, 2009
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Updated Treatment Algorithm of

Pulmonary Arterial Hypertension
Updated Treatment Algorithm of

Pulmonary Arterial Hypertension

Nazzareno Galig, MD,* Paul A. Corns, MD,
John Granton, MD,| Zhi Cheng Jing, MD,{ Walter Klep D# chael D. McGoon,
cLaughlin, MD,7{ Ioana R. Preston, MD, {1 LewisJ. Rubin, M
r, MDD, 99 Anne Keogh, MD##

Adaani Frost, MD,t Reda E. Gi

(J Am Coll Cardiol 2013;62:D60-72)

Supervised exercise training (I-A)

'I General measures and supportive therapy |'

Psycho-social support (I-C)
Avoid strenuous physical activity

4

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

-

Continue CCB NO

A J

(I-C) i APAH (lIb-C)
Avoid pregnancy (I-C) ExPen Referral (-C) | Diuretics (I-C)
Influenza and pneumococcal * Oxygen (I-C)
immunization (|-C) — Digoxin (lib-C)
Acute vasoreactivity test
(I-C for IPAH) (llb -C for APAH)
WHO-FC I P NON VASOREACTIVE
(WHO-FC I-ll}
CCB (1-C)

INITIAL THERAPY WITH PAH APPROVED DRUGS

cause mortality (prospectively defined)

Japan and S.Korea(beraprost).

 Positive opinion for approval of the CHMP of EMA

YELLOW: Morbidity and mortality as primary end-point in randomized controlled study or reduction in all-

*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

Recommendation  Evidence*

WHO-FC

WHO-FC
1l

WHO-FC
v

Ambrisentan

Bosentan

Macitentantt

Riociguatt
Sildenafil
Tadalafil

Ambrisentan

Bosentan

Epoprostenol i.v.
lloprost inhaled
Macitentanti

Riociguatt

Sildenafil

Tadalafil

Treprostinil s.c., inhaled+t

Epoprostenol i.v.

lloprost i.v. t
Treprostinil i.v.

Ambrisentan, Bosentan
lloprost inhaled and i.v¥
Macitentanti

Riociguatt

Sildenafil, Tadalafil
Treprostinil s.c., i.v., Inhaled+

Beraprostt

Initial Combination Therapy

Initial Combination Therapy

¥

INADEQUATE CLINICAL)
RESPONSE

/

Sequential combination therapy (I-A)
ERAs

+/\+
N

- A
INADEQUATE CLINICAL
RESPONSE

7

Prostanoids — *—— PDE-5i or
sGCS

CONSIDER ELIGIBILTY
FOR LUNG
TRANSPLANTATION

—

Referral for

LUNG TRANSPLANTATION

on MAXIMAL THERAPY
\_ _/

¥
| BAS (lla-C) )-




Time-course of completed and published RCTs in PAH (41) —

Therapy strategy

9061 PAH patients in RCTs

FREEDOM M

rerboarel :'TEI:, FREEDOM C2

erbogre ing PATENT
Treprostinil Sastry  STRIDE2 AT NG IMPRES

BREATHE2 COowMBI Iversen
Epoprostenol SSc Zhuang
BREATHE1 STRIDE1 BREATHE5ARIES -1/2  SELEXIPAG AMBITION
Epoprostenol IPAH ALPHABET SUPER EARLY FREEDOM C1 C%I;\’#;Z(S)gz
Bosentan 4 raprost.us SERAPH PACES VARDENAFIL
Year ‘90 96 ‘00 ‘O1 ‘02 ‘03 ‘04 ‘05 06 ‘09 “10 ‘11 “12 “13 ‘14 ‘15

RCTs on monotherapy vs placebo or vs monotherapy (21)
RCTs on monotherapy and/or sequential combination vs placebo (18)
RCTs on initial combination vs monotherapy (2)

Modified from Galie N, et al. Eur Heart J 2010; 31:2080-6.



Evolution from exercise capacity to outcome RCTs

6MWD trials (2001 — 2013) Outcome trials (2013 — 2015)
Study 351 E—— n=32
ERES O N n=213  compass: INNNNNNNNNNNNNN =334
AR IS n=203 _
serapin [N = 742
Treprostinil sc - n=470
STEP s n=67 _
ARIES-1 n =202
ARIES-2 N n=192 0 20 40 60 80 100 120
EARLY N n = 185 i
pHIRST [ n = 405
PACES [N n =267
Channick RN, et al. Lancet 2001; Rubin LJ, et al. N Engl J Med 2002;
PATENT - n =443 Galié N, et al. Lancet 2008; Galié N, et al. Circulation 2008; Galié N, et al. N Engl J Med 2005;

Simonneau G, et al. Am J Respir Crit Care Med 2002;

[ | McLaughlin VV, et al. Am J Respir Crit Care Med 2006;
20 40 Weeks Galié N, et al. Circulation 2009; Simonneau G, et al. Ann Intern Med 2008;
Olschewski H, et al. N Engl J Med 2002; McLaughlin VV, et al. Eur Respir J 2015;

Pulido S, et al. New Engl J Med 2013; Sitbon O, et al. Eur Respir J 2015;

*Mean study drug exposure. TMedian study drug exposure. ¥Target enrollment. Galié N, et al. New Engl J Med 2015.
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Approved drugs by pathway

Endothelin pathway NO-cGMP pathway Prostacyclin pathway

Endothelin receptor PDES5 inhibitors Prostanoids
antagonists (ERAs)
» Sildenafil Beraprost
 Ambrisentan » Tadalafil Epoprostenol iv
 Bosentan lloprost iv, inhaled
* Macitentan Treprostinil iv, sc,
inhaled, oral

sGC stimulators IP receptor agonists

* Riociguat « Selexipag

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



Treatment Strategies Evolution

Risk
oriented
Initial
Sequential Combo

Combo
Monotherapy

—
1998 2003 2008 2013 2015 2018

Year



2015 ESC/ERS Guidelines — Combination therapy is widely

recommended and supported by clinical trial data

EUROPEAN
SOCIETY OF
CARDIOLOGY ®

General measures

PAH confirmed by (Table 16)
expert center

CCB Therapy . Acute vasoreactivity test
(Table 18) Vasoreactive (IPAH/HPAH/DPAH only)

ﬁ Non-vasoreactive —.l

Low or intermediate risk High risk
(WHO FC II-1lI)* (WHO FC Iv)®

Supportive therapy
(Table 17)

Initial oral Initial combination
combination® including i.v. PCA®

(Table 20) (Table 20)

Inadequate clinical response Consider referral for
(Table 15) lung transplantation

}

Double or triple sequential combination
(Table 21)

Inadequate clinical response

(Table 15)
}

Consider listing for lung transplantation?
(Table 22)

Galié N, et al. Eur Heart J 2016; 37:67-119.



PAH Patients Risk Stratification




2015 ESC/ERS Guidelines — Risk stratification in PAH

EUROPEAN
SOCIETY OF
CARDIOLOGY ®

Determinants of Estimated 1-year mortality

prognosis Low risk < 5% Intermediate risk 5-10% High risk > 10%
Clinical signs of right Absent Absent Present
heart failure
symptoms

Clinical Evaluation

Syncope No Occasional syncope Repeated syncope
FC v
>440 m 165 - 440 m <165 m
Peak VO, > 15 ml/min/kg Peak VO, 11 - 15 ml/min/kg Peak VO, < 11ml/min/kg
(> 65% pred.) (35-65% pred.) (< 35% pred.)
VE/VCO, slope < 36 VE/VCO, slope 36 - 44.9 VE/VCO, slope 2 45

NT-proBNP BNP < 50 ng/I BNP 50-300 ng/I
plasma levels NT-proBNP < 300 ng/l NT-proBNP 300-1400 ng/I

BNP > 300 ng/l
NT-proBNP > 1400 ng/l

—_ 2
Imaging RA area < 18 cm? RA area 18-26 cm

2
. . . No or minimal pericardial RA area s cm
(echo, CMR) No pericardial effusion effusion Pericardial effusion

RAP < 8 mmHg RAP 8-14 mmHg RAP > 14 mmHg
Hemodynamics Cl 2 2.5 I/min/m? Cl 2.0-2.4 I/min/m?2 Cl < 2.0 I/min/m?2
SvO, > 65% SvO, 60-65%

SvO, < 60%

Right Ventricular Function

Exercise Capacity I

Galié N, et al. Eur Heart J 2016; 37:67-119; Galié N, et al. Eur Respir J 2015; 46:903-75.



2015 ESC/ERS Guidelines — Risk stratification in PAH

Clinical Evaluation

Exercise Capacity

Right Ventricular Function

Estimated 1-year mortality

EUROPEAN

SOCIETY OF
CARDIOLOGY ®

Determinants of
prognosis Low risk < 5%

Intermediate risk 5-10%

High risk > 10%

Clinical signs of right

heart failure

Progression of
symptoms

Syncope

FC

6MWD

CPET

NT-proBNP
plasma levels

Imaging
(echo, CMR)

Hemodynamics

Galié N, et al. Eur Heart J 2016; 37:67-119; Galié N, et al. Eur Respir J 2015; 46:903-75.




Risk Stratification, Treatment Strategies and

Treatments Algorithm




reatment naive PAH confirmed by General measures?
patient expert center Supportive therapy®
2

Acute vasoreactivity test]

CCB Therapy* (IPAH/HPAH/DPAH only)

Vasoreactive

Non Vasoreactive ‘L

Galié et al. Eur Respir J. 2019 Jan 24;53(1)



reatment naive PAH confirmed by General measures?
patient expert center Supportive therapy®
2

Acute vasoreactivity test
(IPAH/HPAH/DPAH only)

CCB Therapy*©

Vasoreactive

Non Vasoreactive

intermediate riskd] High risk¢

Residual Role for Initial Initial oraI Initial Combination Con5|der

monotherapy' combination® including iv PCA" [l referral
For lung Tx

Galié et al. Eur Respir J. 2019 Jan 24;53(1)



reatment naive PAH confirmed by General measures?
patient expert center Supportive therapy®
2

Acute vasoreactivity test
(IPAH/HPAH/DPAH only)

CCB Therapy*©

Vasoreactive

Non Vasoreactive

intermediate riskd] High risk¢

i iti inati Consider
Residual Role for Initial Initial oral Initial combination £ |
monotherapy's combination® including iv PCA" BRI
For lung Tx

after 3-6 months of treatment

e

Patient already

on treatment

Structured Follow-up’

Galié et al. Eur Respir J. 2019 Jan 24;53(1)



reatment naive PAH confirmed by General measures?
patient expert center Supportive therapy®
2

Acute vasoreactivity test
(IPAH/HPAH/DPAH only)

CCB Therapy*©

Vasoreactive

Non Vasoreactive

intermediate riskd] High risk¢

i iti inati Consider
Residual Role for Initial Initial oral Initial combination £ |
monotherapy's combination® including iv PCA" BRI
For lung Tx

after 3-6 months of treatment

e

Patient already

on treatment

Triple sequential

- L] . I
Structured Follow-up' combination

Galié et al. Eur Respir J. 2019 Jan 24;53(1)



reatment naive PAH confirmed by General measures?
patient expert center Supportive therapy®
2

Acute vasoreactivity test]

CCB Therapy* (IPAH/HPAH/DPAH only)

Vasoreactive

Non Vasoreactive

intermediate riskd] High risk¢

Residual Role for Initial Initial oraI Initial Combination Consnder

monotherapy' combination® including iv PCA" [l referral
For lung Tx

after 3-6 months of treatment

e

Patient already

on treatment

Triple sequential
combination'

Structured Follow-up’

R after 3-6 months of treatment

Maximal medical therapy™ 4
and listing for lung Tx" Intermediate or ;I NES

Galié et al. Eur Respir J. 2019 Jan 24;53(1)




reatment naive PAH confirmed by General measures?
patient expert center Supportive therapy®
2

Acute vasoreactivity test]

CCB Therapy* (IPAH/HPAH/DPAH only)

Vasoreactive

Non Vasoreactive

intermediate riskd] High risk¢
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Galié et al. Eur Respir J. 2019 Jan 24;53(1)




Table 14: Suggested assessment and timing for the prospective
and structured follow-up of patients with PAH

Medical assessment and
determination of functional class

ECG

6MWT/Borg dyspnoea score

CPET

Echo

Basic lab®

Extended lab*

Blood gas analysis®

Right heart catheterization

a|ntervals to be adjusted according to patient needs. PBasic lab includes blood count, INR (in patients receiving vitamin K

antagonists), serum creatinine, sodium, potassium, ASAT/ALAT (in patients receiving ERAs), bilirubin and BNP/NT-

proBNP. cExtended lab includes TSH, troponin, uric acid, iron status (iron, ferritin, soluble transferrin receptor) and other

variables according to individual patient needs. 9From arterial or arterialized capillary blood; may be replaced by peripheral

oxygen saturation in stable patients or if BGA is not available. ¢Should be considered. 'Some centers perform RHCs at Galie N, et al. Eur Respir J 2015; 46:903-75;
regular intervals during follow-up. Galie N, et al. Eur Heart J 2016; 37:67-119.




Residual role of monotherapy

1. IPAH patient responders to acute vasoreactivity tests and with near-
normalization of symptoms, exercise capacity, PAP and PVR on high doses
of CCBs

2. Historical PAH patients on long-term monotherapy (> 5-10 years) and stable
with a low-risk profile

3. PAH patients > 75 years old with multiple risk factors for heart failure with
preserved left ventricular ejection fraction (high blood pressure, diabetes
mellitus, coronary artery disease, atrial fibrillation, obesity)

4. PAH patients with suspicion or high probability of pulmonary veno-occlusive
disease



Residual role of monotherapy

5. Patients with PAH associated with HIV or portal hypertension, stable and
with a low-risk profile with monotherapy (no proven efficacy of initial
combination)

6. Patients with PAH due to uncorrected CHD and stable on monotherapy
(no proven efficacy of initial combination)

/. PAH patients with very mild disease (i.e. WHO FC |, PVR <4 WU,
MmPAP < 30 mmHg, near normal RV at echocardiography)

8. Combination therapy unavailable or contraindicated (e.g. severe liver
disease)



Risk stratification at baseline and 1st follow-up (PAH)

BASELINE EVALUATION FIRST FOLLOW-UP
(TREATMENT RESPONSE)

— Low Intermediate —— High

Dardi F, et al. European Heart Journal (2018) 39 (Supplement), 924




Even patients deemed to be low-risk continue to experience

disease progression

Mortality in patients who were categorized as low-risk

at baseline
Low-risk
S 60-
©
2
£ 40-
’ 24°%
o
Ak : oy
mortality within 5 years
; Data from COMPERA registry
0 1 2 3 4 5
Time since PAH diagnosis (years)
Patients at risk 196 156 111 75 47 31

*Follow-up risk assessment between 3 months and 2 years after treatment initiation.

Survival (%)

100 ~

80 -

60 -

40

20 1

0 -

at follow-up

Low-risk

32%

mortality within 5 years
Data from COMPERA registry

0 1 2 3 4 5
Time since follow-up risk assessment (years)

261 203 145 101 74 35
Hoeper MM, et al. Eur Respir J 2017; 50:1700740.



Patients who experience morbidity events have an increased

risk of death

Landmark analyses from SERAPHIN

100+
Patients with a morbidity event
80 7 — Patients with no morbidity event
S
> 607 HR(95% ClI): 3.39 (1.94, 5.92)
£
5 40-
=
20 7] ittt
e | | | | | |
0 6 12 18 24 30 33
Atrisk: 1ime from Month 3 landmark (months)
38 29 27 49) 23 13 8

— 682 654 636 611 496
Median follow-up: 20 months

241 151

Risk of death
Morbidity event vs no prior

morbidity event
HR (95% CI)

VETELEWAE 3.39 (1.94, 5.92)

Risk of death up to EOS increased = 3
fold for patients who experienced a

morbidity event prior to Month 3 landmark,
compared with those who did not

McLaughlin V, et al. J Am Coll Cardiol 2018; 71:752-63.



Patients who experience morbidity events have an increased

risk of death

Landmark analyses from GRIPHON

100+
Patients with a morbidity event
80 1 — Patients with no morbidity event
S
> 607 HR(95% Cl): 4.48 (2.98, 6.73)
£
o 401
=
20 | //’f—
0 4= | | | | | |
0 6 12 18 24 30 33
At risk: 1ime from Month 3 landmark (months)
62 45 30 25 15 10 7

— 1065 1009 808 585 421
Median follow-up: 27 months

217 127

Risk of death
Morbidity event vs no prior

morbidity event
HR (95% CI)

Main analysis 4.48 (2.98, 6.73)

Risk of death up to EOS increased = 4
fold for patients who experienced a

morbidity event prior to Month 3 landmark,
compared with those who did not

McLaughlin V, et al. J Am Coll Cardiol 2018; 71:752-63.



Complications




eft Main Coronary Artery Compression in ®
Patients With Pulmonary Arterial
ypertension and Angina

Nazzareno Galié, MD,* Francesco Saia, MD,” Massimiliano Palazzini, MD,* Alessandra Manes, MD,°
Vincenzo Russo, MD,” Maria Letizia Bacchi Reggiani, PuD,* Gianni Dall’Ara, MD,* Enrico Monti, MD,?
Fabio Dardi, MD,* Alessandra Albini, MD,* Andrea Rinaldi, MD,* Enrico Gotti, MD,* Nevio Taglieri, MD,*
Cinzia Marrozzini, MD,b Luigi Lovato, MD,b Maurizio Zompatori, MD,* Antonio Marzocchi, MD?

6% of the overall PAH patients population
40% of patients with angina and angina-like symptoms
PA diameter > 40 mm is a risk factor

Galie N et al. J Am Coll Cardiol 2017;69:2808-17.



PAH and angina or angina-like symptoms

CENTRAL ILLUSTRATION: LMCA Compression in PAH

Coronary Computed Tomography Angiography Selective Coronary Angiography

. . : LMCA Severe Stenosis LMCA Severe Stenosis
LMCA Dislocation LMCA Severe Stenosis Before PCI

After PCl

T

T

Event Rate

T T
12 24
Follow-up (Months)

Number at Risk
6
5

48 39 14
48 34 14

Death or Transplant Rate Death, Transplant, or Restenosis Rate

Galié N et al. J Am Coll Cardiol 2017;69:2808—17.




Conclusions

* A comprehensive treatment algorithm, including patients phenotyping and

risk stratification is required for the appropriate management of patients with
PAH

* Risk-oriented initial combination therapy seems to be the better approach in
the majority of treatment-naive patients

 Further treatment escalation is aimed to reach the low-risk status

« Patients in the intermediate or high-risk status despite maximal medical
therapy require listing for lung transplantation in absence of contraindications



Limitations and areas for future developments

» Despite the application of the most evoluted treatment algorithm, the majority
of the patients remain in the intermediate-risk status

« Lowe-risk patients, in particular if treated with maximal medical therapy, may
deteriorate over time and require an appropriate follow-up to identify early
signs of disease progression

« Mechanical complications may be responsible for sudden deterioration and
should be considered in the follow-up
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