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4-pathway drugs for PAH

Endothelin Nitric oxide Prostacyclin Activin/BMP
pathway pathway pathway pathway

Endothelial

‘ e ‘ == _ L e
Endothelin-1 Activin

NO PGI2 PPAs s Activin signalling
‘ ‘ sGC ‘ / = inhibitors (scavenge)
ERA \ZERA ‘;/stimulator ¥ 1 B
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antiproliferative effects signalling
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Evolving PAH treatment stratege

1995

First Targeted Therapy
Approved

Key Drug:
Epoprostenol (1V)

Milestone:

Marked the transition
from a hopeless
prognosis

(<3 years of survival) }
to a manageable
) disease.

Mechanism:

Acted as a potent vasodilator
via the prostacyclin pathway,
significantly improving survival
rates despite requiring a
continuous injection setup.

Vasodilation ‘

AN

2001-2005
First Oral Therapy Era

Key Drugs:

e Bosentan (2001,
first oral ERA)

e Sildenafil (2005,

BOSENTAN

first PDESI) 125 mg
~
Milestone: o “l;
Shifted the treatment '

paradigm toward
patient convenience

with the introduction
of oral pills.

Clinical Focus:

Maintained vasodilation through
oral routes but required alertness
regarding potential side effects

(e.g., liver function for Bosentan).

Monitoring
is Essential

»

2007-2013

Next-Generation Agents

Key Drugs:

¢ Ambrisentan (2007)
¢ Macitentan (2013)
¢ Riociguat (2013)

Milestone:

Optimization of
efficacy and safety.

Advancements:

* Introduction of
one-a-day dosing
(Ambrisentan) and
powerful tissue
penetration
(Macitentan).

» Riociguat expanded
treatment to multiple
types of pulmonary
hypertension
(including CTEPH)
by directly stimulating
the sGC receptor.

sGC
receptor

2015
Paradigm Shift to
Combination Therapy

Key Concept:

Initial Combination Therapy
(The AMBITION Trial)

NO
Pathway

A
=
|

PGl,
Pathway |

Milestone:

Moving away from
sequential monotherapy.

Strategy:

Attacking multiple biological
pathways simultaneously
(NO, PGl,, and ET-1) right
from the time of diagnosis,
which proved to drastically
reduce clinical worsening.

iiiwi\ Uﬂﬂ- L

2024

The Era of Disease

Modification &
Reverse Remodeling

Key Drugs:

e Sotatercept
(Winrevair)

e Opsynvi
(Macitentan/
Tadalafil FDC)

OPSYNvI°®
(macitentan/
tadalafil)
Milestone:
Shifting from just dilating vessels

to reversing the disease pathology.

Breakthrough:

Sotatercept actually inhibits the
hyperproliferation of vascular cells,
effectively reversing vascular
remodeling and offering a new
path of hope.

After
(Reverse Remodeling)

Before
(Remodeling)

Concurrently, Opsynvi maximized
convenience as a Fixed-Dose

Combination (FDC) pill for Q
o

dual-pathway therapy.




U HSWH A= XX =4

Bosentan Ambrisentan Macitentan
2006 2010 2011 2013 2016 =~ 2017
2005 l l l
Iloprost Treprostinil Selexipag

Sildenfail(Viagra): off-label Sildenafil(Pahtension)  Riociguat




Vasoreactivity testing algorithm in patients
with I/H/D-PAH

Right heart catheterization
with pulmonary vasoreactivity testing?
(Class 1)

]

=10 mmHg mPAP drop from baseline P
to =40 mmHg with increased or unchanged cardiac output =~ O/

T
Y

v

Initiate therapy with calcium channel blockers
and titrate to optimized individual dose®
(Class I)

l

Reassess after 3—6 months

] |

WHO-FC I/ll, BNP <50 ng/L or NT-proBNP <300 ng/L, PN Treat according
normal or near-normal resting haemodynamics® o to Figure 9
T
Y
v

Continue therapy and reassess every 6—12 months

@ ESC @ ERS—



Calcium channel blockers on survival in PPH

64 patients with PPH 60 patients with PPH in AMC
100 17 16 ((94%) 1ok
©- -0~ -0~ —-0-—0- —0-—0-—0 —O0- —0- -0 ' :
p=0.003 = 0.8 - 1“1--1 —— Acute responders
80 % L“LH ————— Non-acute responders
Z 06 P=0.029
= 47 26 (55%) @ f —
E S 04f I__"'L———————————;
S o0 " NIH regist 5 .
@D registry 3 o
0.2 |-
0.0 -
40 ‘!h | | | | | | | | |
b—-‘x 0 2 4 6 g 10 12 14 16

o 12 24 36 48 80 Subjects _ 9 7 6 6 5 5 2 0 Acute responders
at risk, No. 5 Non-responders
Months 51 32 22 15 1 6 4 2 1 p

Rich et al. N Engl J Med 1992;327:76-81 Ahh JH et al. Korean Med Sci 2014; 29: 1665-1671




Effects of endothelin

@
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bosentan vs ambrisentan

Bosentan Ambrisentan
FC label indication I/II/TV TI/111
Receptor selectivity Dual (EA and E;B) Selective (EA)
Metabolism Hepatic via CYP2C9 and Hepatic via CYP3AA4,
CYP3A4 CYP2C19, and UGTs
Drug interaction High Low
Significantly decreases No interaction with
levels of Sildenafil, sildenafil or warfarin
Wartfarin
Hepatotoxicity High ( 10%) Low (2%)
Peripheral edema moderate High
Hb decrease + +




Macitentan: Dual ERA

/ Optimized physicochemical properties to
achieve high affinity for tissue targeting

Enhanced pharmacological activity,
longer-lasting receptor occupancy

Higher efficacy compared with other ERAs

\ Safety profile for liver toxicity

Bosentan Macitentan

2) Pharmacol Exp Ther 2008;327:736—745 3PLoS ONE 2012;7(10):e47662;
4Am J Respir Crit Care Med 183;2011:A6445; >Eur RespirJ 2012;717s P3903-P3906
6Curr Opin Investig Drugs 2010;11(9):1066-73; ’AAPS J 2012;14:68-78



Sequential combination therapy :
macitentan to PDESI

100 7

g event ()
< < .

Patients wiglout the event
[a]

All patients

45% Relative Risk reduction of

primary endpoint event vs
placebo

Macitentan 10 mg

Treatment effect 10 mg
20 4 |
i Hazard ratio 055
—— Macitentan 10 mg
Placebo Log-rank p-value <0.001
0 1 1 1 T T 1
0 6 12 18 24 30 36
Patients at risk treatment
242 208 187 171 155 91 41 Macitentan 10 mg
250 188 160 135 122 64 23 Placebo

100 7

Patients without the event (%)

0

co
o

[=2]
[ww]

I~
o

[l
o

Patients with background Therapy

38% Relative Risk reduction of
primary endpoint event vs placebo
Macitentan 10 mg
Treatment effect 10 mg
i Hazard ratio 0,82
—— Macitentan 10 mg
Placebo Log-rank p-value 0.009
0 6 12 18 24 30 36
Patients at risk treatment
154 134 119 107 97 53 24 Macitentan 10 mg
154 122 106 90 80 40 10 Placebo

N Engl J Med 2013;369:809-18




Initial (Upfront) combination therapy:
Ambrisentan+Tadalafil

STUDY DESIGN PRIMARY ENDPOINT RESULT KEY SECONDARY OUTCOMES

@ @ Study Type
.‘ Phase 3, Randomized, Double-blind,
Parallel-group, Event-driven

/ Objective
@ To evaluate whether initial combination therapy
with ambrisentan + tadalafil reduces the risk of
clinical failure compared with monotherapy in PAH

@ @ Population

f@% Adults with WHO Group 1 PAH
WHO Functional Class I1-lI
Background therapy: treatment-naive or £ 3 months
of single therapy allowed

500 patients randomized

© -
a Patients (N)

ﬂ Arms (1:1:1)
(4

Ambrisentan +
Tadalafil

Tadalafil
(Monotherapy)

Ambrisentan
(Monotherapy)

n=167 n=167

(Combination)
n=166

Ambrisentan 10 mg once daily
Tadalafil 40 mg once daily

Median follow-up: 2.0 years

@ Duration
(Event-driven)

Time to First Clinical Failure Event
(Composite Endpoint)

100

Ambrisentan + Tadalafil

~
w

50%

Risk Reduction

Ambrisentan

Patients Free from
Clinical Failure (56)

50 vs Monotherapy
(HR 0.50)
Tadalafil P < 0.001
25
0 T ‘ \

0 6 12 18 24 30 36
Months

Upfront combination therapy with ambrisentan + tadalafil
significantly reduced the risk of clinical failure by 50%
compared with either monotherapy.

Ambrisentan +

Tadalafil vs
Monotherapy
k‘ 6-Minute Walk Distance ( :35,6 mt ; ; +?_6(;1 lnf“l)
vs Ambrisentan vs Tadalafi
(6MWD) P =0.002 P < 0.001

Greater reduction

Pulmonary Vascular :
ry vs both monotherapies

GJ

Resistance (PVR) P < 0.001
Greater reduction
("g NT-proBNP vs both monotherapies
P < 0.001
Greater improvement
v WHO Functional Class vs both monotherapies
P < 0.001
9 L S bothR;(::‘;::erap'es
. " v I
Hospitalization P < 0.001

Greater improvement
vs both monotherapies
P < 0.001

REVEAL 2.0 Risk Score

=

KEY TAKE-HOME MESSAGE

« Upfront dual oral combination therapy with ambrisentan + tadalafil
significantly improved outcomes across multiple domains.

Galie N et al. N Engl J Med 2015;373:834-44




Phosphodiesterase (PDE)-5 Inhibitors for PAH

Right ventricular myocardium

Nitric oxide, atrial

natriuretic peptide,

B-type natriuretic
peptide

—

Sildenafil
Tadalafil

Guanylate cyclase

2 Induced
T Cyclic GMP — PDES
Activation
of protein

kinase G PDE3

T Cyclic AMP

+

Activation of
protein kinase A

I

T Contractility

Pulmonary
artery

{ o= - p/

Presence of
PDES

Pulmonary-artery smooth-muscle cells

Nitric oxide, atrial

natriuretic peptide,

B-type natriuretic
pPeptide

Guanylate cyclase

Induced
PDES

—4 T Cyclic GMP

Activation of protein kinase G

1 Cytosolic Ca*+*
(SR sequestration)
L Cytosolic K+
(open BK_ channels)

’

T Vasodilatation

1 Proliferation of pulmonary-

1 Right ventricular
= afterload —~

artery smooth-muscle cells
T Apoptosis of pulmonary-
artery smooth-muscle cells

1L Vascular remodeling
of the pulmonary artery

T Right
ventricular
ocutput

—= i13o PDES

Adverse effects

Retinal PDE6

Color-tinged vision
Blurred vision

Small-vessel PDES

Flushing

Headache

Epistaxis

Mild decrease in
blood pressure

Therapeutic effects

=
' Coronary PDES
L Mild vasodilatation

Induced right
ventricular
myocardial PDES
Right ventricular
PDE3

: z T Inotropy
Gastromtestmalj Regression of
tract PDES hypertrophy
Heartburn i
Penile PDES |- 'a'::’e"‘esd P;)'g‘f"a""

. ry sm -
Eitctons and ! ~ : muscle cell PDES
priapism ' (PDE1?)
Muscle PDE5S = ) '\ Vasorelaxation
Muscle aches and 1 Proliferation
backaches 1 Apoptosis

Archer SL, et al. N Engl J Med 2009;361:1864-71




Sildenafil for PAH: SUPER study

* 12 week, double-blind, prospective, randomized, multicenter trial
e PAH(IPAH 63%, CTD-PAH 30%, CHD-PAH 7%), FC II (39%), 111 (58%0)

o «<>» Placebo 50
60— <@ 20 mg of sildenafil

4 40 mg of sildenafil 46
50— m g0 mg of sildenafil 45

40—
30—

20—

'—I
i

|
|
|
5

Change in 6-Minute Walking Distance (m)

I
Pud
=

Weelk

Galie N, et al. N Engl J Med 2005;353:2148-57.




Sildenafil for PAH: SUPER study

mean PAP, mmHg

1

X

B X 3k
-3 |
-4
-5

40 80

placebo 20

=

H mean PAP,

0.6 -2.1 -2.6 -4.7
mmHg

US FDA recommend 20 mg TID, and allows dose titration up to 80 mg TID, if needed.

PVR

100

50

0

-50

-100

-150

-200

-250

-300

placebo 20
PVR 49 -122

cardiac index

0.4

0.3
0.25
0.2
0.15
0.1
0.05
0

-0.05
placebo 20 40
40 80 S
cardiac index,

-143 -261 -0.02 0.21 0.24

ratio

Galie N, et al. N Engl J Med 2005;353:2148-57.

80

0.37




Adverse event: SUPER study

60
50
40
30
20
10

Events (%)

49
46

42
39

14

15
13 13 12
10 9 9 9 10 9
7 6 7 6 7 7
4 4 4 4
III lll III Bl - Bm . -=l
headache Flushing Dyspepsia Diarrhea Myalgia Epistaxis Visual disturbance

m placebo (N=70) sildenafil 20mg (N=69)
® sildneafil 40mg (N=67) m sildenafil 80 (N=71)

Galie N, et al. N EnglJ Med 2005;353:2148-57.




sGC STIMULATORS

Riociguat: sGC stimulator

sGC stimulators

1 Vasodilation
| Proliferation
Antifibrotic
Anti-inflammatory

cGMP, cyclic guanosine monophosphate; GTP, guanosine triphosphate; NO, nitric oxide; PDES5, phosphodiesterase 5; sGC, soluble guanylate cyclase
References 1. Stasch JP, Evgenov OV. Handbook of Experimental Pharmacology: Pharmacotherapy of Pulmonary Hypertension. Springer-Verlag, 2013 2. Evgenov OV et al. BMC Pharmacol. 2011;11(Suppl 1):09 3. Lang M et al.
PLoS One. 2012;7:€43433 4. Hoeper MM et al. Eur Respir J. 2017;50:1602425




Riociguat replacing PDES inhibitor

STUDY POPULATION

€ Adults with PAH (WHO Group 1)
WHO Functional Class Il
Intermediate-risk status

On stable PDES inhibitor
(sildenafil or tadalafil)

Inadequate clinical response

00 000

Background ERA therapy allowed
(bosentan, ambrisentan, macitentan)

=

¥ STUDY DESIGN

Switch to

Riociguat

Patients on

PDES inhibitor

(sildenafil/
tadalafil)

(n=111)

Randomization
(1:1)

Continue

=7 ~

. Washout period before starting riociguat

PDES inhibitor
(n=115)

-

ERA = Endothelin Receptor Antagonist

PRIMARY ENDPOINT (24 Weeks)
Clinical Improvement WITHOUT Clinical Worsening
Achieve =2 of the following AND no clinical worsening

' ol

Improvement in
WHO Functional Class

.

=10% increase
in 6MWD

¥

=30% reduction
in NT-proBNP

KEY RESULTS
PRIMARY ENDPOINT ACHIEVED
100 - — N
Odds Ratio
= 2.78
% Me0— (95% Cl1 1.56—4.95)
2 41% ,
-2 40
. - St
20 - i,,_ .
e '

Continue
PDES inhibitor
(n=115)

Switch to
Riociguat
(n=111)

-5

A

More than
2 times
greater

likelihood of
clinical
improvement

Patients (%)

AND -

20

-
0
|

10 —

CLINICAL WORSENING
- Death
= Lung transplantation
- Hospitalization for PAH
=15% decrease in 6MWD

- Need for parenteral
prostacyclin or
escalation of PAH therapy

No clinical
worsening

CLINICAL WORSENING

N

o o
| |

9% 89%
relative
1% reduction
- P s in clinical

Continue
PDES inhibitor
(n=115)

Switch to
Riociguat
(n=111)

worsening

Hoeper MM, et al. Lancet Respir Med2021 ;9(6):573-584




Adverse events: riociguat vs PDESI

Riociguat PEDSI
LI (70, (n=1g11) (n=114)
Hypotension* 14% S%
Headache 13% 7%
Dyspepsia 9% 0
Gastroesophageal reflux disease 7% 1%
Any severe AE 9% 11%
Any serious adverse event 7% 17%
Adverse events leading to death 0 3%

Hoeper MM, et al. Lancet Respir Med2021 ;9(6):573-584




Macitentan/Tadalafil single-table dual
combination therapy

STUDY DESIGN (A DUE Trial) EFFICACY RESULTS (Week 16) SAFETY - ADVERSE EVENTS

Most Common Adverse Events

@ @ Phase 3, Randomized, Primary Endpoint: Change in PVR Key Secondary Outcomes (Combination Arm) Wcidence
.‘ Double-blind, Active-controlled Greater reduction with combination therapy
vs either monotherapy Hu Peripheral edema / fluid retention  21%

i i : ; ; Serious Adverse
Prlmary‘Endpomt Macitentan/  Macitentan Tadalafil k Exer.clse Capacn’ty f Improved : 19% Event
Change in Pu|monary Vascular Tadalafil 10 mg 40 mg (6-Minute Walk Distance) 6 Anemia (] vents
Resistance (PVR) at Week 16 = = =

. 518 ) (ns63) (nef3) Q Headache 18% SAEs occurred more
00 Population frequently than
ssries o :
@R Adults with WHO Functional %ﬁ NT-proBNP ¥ Reduced ) Abdominal pain 7% Wit koo therapy
Class II-11l PAH & -10 .
gg ‘ Hypotension 7% 0 Treatment
® : c discontinuation
&S Patients (N) 187 g€ -20 - i : ( '7 Myalgia 6% due to AEs;
‘ 5§ @YR Cinical Risk Profile 4\, 8-10%
Duration 16 weeks 5 2 W' (ncl. WHOFC,iskscore) Q Nasopharyngitis 6%
€ -30 - ' ;
g 0 00 Major safety
w54 Arms (1:1:1) é) ies 6% | & cocers:
z : g -40 Time to Clinical Worsening t Favorable W Uterine bleeding 5% s i e_dema,
Macitentan/ J| Macitentan | Tadalafil (explorstory) trend hypotension
Tadalafil 10 mg 40 mg ‘ : : gg Back pain 5%
10 mg /40 mg Once daily Once daily - o No new safety
Once daily 29% 28% Flushing 4% signals identified
(single-tablet) greater reduction greater reduction 0 Overall Conclusion A it 49 Overall tolerabilit
tat
P <0.0001 P<0.0001 Macitentan/tadalafil single-tablet combination . 2 |b - : : er:t a;:?n ;' Y
was superior to either monotherapy as Q Epistaxis (nosebleed) 3% consistent with
v PRIMARY ENDPOINT MET initial dual therapy in PAH : individual components

Superior PVR reduction vs either monotherapy




Pharmacologic properties of prostacyclins

Potent Vasodilator
@ . 2ta1st S0t st &7}

Anti-platelet effect

- SFSIAT} 7} (EA 34 oF))

QO M

'l Anti-proliferative
Y@ - M= 34 on a3t

. ¥ Anti-inflammatory

.; - BHoI= F 7}

% 4 Inotropic effect

- Ala A2 okst F 1}

SMC

‘ PROSTACYCLINS

l

Anti-

(a type of prostaglandin)

= \

platelets leukocytes

v ¥

> e F e 5 QB O @

fibroblasts EC

ANAVANZ NN

Vaso-

platelets mono Md PMN T-cells

Matrix ~ Anti- NFkBY iNOS{ bursty IFN ¢
dilation proliferation secretion coagulation TNF ¢ MAPK{ elastase4 TNF 4
IL-1 4 etc. leuko- IL-24
IL-10% trienes ¢
Anti-inflammatory
cytokine

Source: Olszewski H et al,, J Lab Clin Med 2001, 138: 287-297




Prostacyclin pathway Agents (PPAs)

Epoprostenol Treprostinil Iloprost
Pharmacologic = Y & Pt ~NY Y i 'S o OM“\/\/Q
nature ‘ fj:)j( ay m \(I,Iﬂ/\“’o‘" : \l\,Ij\c "3/(?1
) Synthetic form Chemically stable Chemically stable
Half-life identical to endogen; PGl, derivative PGl, analogue
nous PGl,
I Very short Relatively long O Intermediate
e LAls ‘ (<6 minutes) (2-4 hours) (20-30 minutes) 3

Administration Continuous lV infusion |V, SC, Inhaled, Oral ‘ég Inhaled (nebulizer) ?’

Dosin ? . Continuous (1V/SC) o i
Frequgncy @ 24-hour continuous or 4x/day (Wnhaled 6-9 times daily

Primary A Catheter-related infection; EﬁSigniﬁcant injection site Frequent admistration

rebound effect if stopped)

Drawbacks pain (with SC delivery) burden



Drugs that target the prostacyclin pathway

Pulmonary artery

» .
Inhaled administration:
S g e s :
TreprosURGES S Adverse effects asscociated with drugs that

Oral administration: target the prostacyclin pathway

Beraprostl, treprosti 'L!.b—a"
selexipag lunder K
development]

Peripheral

sy stemic artery
Flushing
Headache

—

- =
v B
Nerve
Jaw pain

Pain in the extremity

Intravenous
administration via

central venous catheter: \
Epoprostenol, —
treprostinil, iloprost—

Intravenous administration
via implantable pumpS:
Treprostinil

—— -
A
r

Subcutanceous administration
via infusion pump:
Treprostinil e

Gastrointestinal tract
Diarrhoea
Nausea

Irene M. Lang & Sean P. Gaine Eur Respir Rev 2015; 24: 630-641




Continuous SC treprositnil in PAH

Inclusion: PPH (134/136), PH with CTD (41/49) or CHD (58/51)
FC II (25/28), I11 (190/192), IV (18/16)
Design: 12 weeks, double-blind, placebo-controlled multicenter

Exercise capacity

; AGMWD 16 m (p=0.006)

Greater in the sicker
and dose-related.

KMeters

1

= T AstQuarfile Ind Quartiie

0

Mean £ SE Change from Baseline (meters)

_ Change in Exercise vs Treprostind Dose af Week 12

411'5'

& 3rd Cuarfile
<40 5 to<3? 8.2to<13.8
(2500 (5.6 £10.1) (94 £0.2)

(Maan + SE) ngfkgimin

dth Quartile
>13.8
(162£04)

Am J Respir Crit Care Med Vol 2002; 165: 800—804,




Infusion site pain in SC treprostinil

Up to 5-23% of patients discontinue due to site pain.

Typically reaches an apex 2 to 5 days after starting new infusion site, usually subsides 5 to 7 days.

Mechanism: vasodilatation and pain stimulation, inflammation

Recommendations for reducing site pain
- rapid dose titration
- pretreatment with anti-inflammatory agents

- dry catheter pre-placement




Selexipag : selective IP receptor agonists

Sclective
Nnon—prostamord

IP receptor =2gonists PGl analoguces#

- W T

AT A PMPB /”’

——
—_—

=== CcCat .

In animal models, selectivity for the IP receptor has been shown to avoid activation of other prostanoid
receptor subtypes (e.g., EP3) which can cause vasoconstriction and gastrointestinal side effects as
shown by other prostacyclin analogs in vitro and in vivo (beraprost, treprostinil, 1loprost)

Sitbon O, et al N Engl J Med 2015;373:2522-2533




Triple combination therapy:
ERA and PDEDSi

selexipag to

oo 4026

[ UPTRAVI +/-

i PAH background RISK{ EED[:]%E;TON
g therapy pret

=

= 80

(wl

™ 58.2%?
o 60

| Placebo +/-

o PAH background

— therapy

G 40 41.7%?
=

LL

Lry

'—

= 20 .

= The treatment effect was established early

= and maintained over the entire treatment period.

R o

(8] 1 2 3

YEARS SINCE RANDOMIZATION
PATIENTS AT RISK

UPTRAVI 574 455 361 246 171 101 40
Placebo 582 433 347 220 149 88 28

60

Patients without an event (%)

Patients at risk
Selexipag
Placebo

100 1

80 1

40 1

20 A1

Selexipag

Placebo

ERA and PDESi

0 6 12 18 24 30
Months since randomization

179 140 105 70 43 3
197 158 119 70 44 27

Sitbon O, et al N Engl J Med 2015;373:2522-2533
J. Gerry Coghlan, et al. Am J Cardiovasc Drugs 2018, 18;37-47




Adverse events

70

60

50

40

30

20

10

65
42
. 33
26
18 18 16 18 17

Headache Diarreha

Jaw pain Nausea Myalgia

M Selexipag (N=575)

= A2

Vomiting  Painin Flushing Arthralgia Anemia

extremity

Placebo (N=577)

Overall, 41 patients (7.1%) in the placebo group and 82 patients (14.3%) in the
selexipag group discontinued their study regimen prematurely.

Sitbon O, et al. N Engl J Med. 2015 Dec 24;373(26):2522-33



Why Consider Upfront Triple
Combination Therapy in Intermediate-Risk PAH"

The goal: Achieve and maintain low-risk status early to improve long-term outcomes

0 0 0 §®

Limited Success with Initial Oral Dual Therapy ® & & o e o e e

Only 30—40% of intermediate-risk
patients achieve low-risk status
with upfront oral combination therapy.

Earlier Treatment Works Better

PAH therapies are generally more
effective when initiated early,
before irreversible vascular
remodeling develops.

Delayed Escalation Loses Opportunity

Patients who receive PAH-targeted
therapies later often do not fully
recover the benefits lost during
the delay.

Clinical Worsening Carries
Prognostic Consequences
Waiting for clinical deterioration
before intensifying treatment may
expose patients to events associated
with higher mortality risk.

Many patients
remain at
intermediate or
high risk.

AR

TREERRRRAA
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Early Time Late
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Early vs. Delayed Therapy: Long-term Outcomes
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Risk reduction with initial combination therapy
with ERA and PEDS-inhibitors

¢ 181 treatment-naive patients with PAH (81% idiopathic) with a follow-up right heart
catheterization at 6 months

A B
100 Eurc score 100 REVEAL 2.0
2 obs. 2 obs.
80 H low 80 -7
o O mtermediate Oo7-8
- M high &
g 60 £ 60
o @
g o
o 1]
O 40 o 40
20 20
0 - _ 0
Low Intermediate High <7 7-8 =8
Euro score at diagnosis REVEAL 2.0 at diagnosis

Badagliacca R, et al. Am J Respir Crit Care Med 2021; 203 ;484-49




Initial triple versus dual oral
combination therapy in PAH

TRITON: Multicenter, double-blind, randomized, placebo-controlled, phase 3b study

n=123 Macitentan Tadalafil Selexipag
10 mg o.d. 40 mg o.d. 200-1,600 g b.i.d.
N h Macitentan Tadalafil Placebo
Newly diagnosed, treatment-naive n =124 10 mg o.d. 40 mg o.d. 200-1,600 nug b.i.d.

patients with pulmonary arterial
hypertension (PAH)

Change from Baseline to Week 26 Time to First Disease Progression Event

Initial Initial Treatment Secondary Endpoints (Exploratory Analyses)
triple double effect

41% reduction in risk of disease

progression with initial triple oral vs
Primary Endpoint initial double oral combination therapy

Pulmo:l1ary Eao S 100j=.
vascular - ° = -
resistance dufference S s80- ME—‘_'—H_
fiew
s 60-
Secondary Endpoints (Exploratory Analyses) E so
6-Minute g
div'vtag( +55 m +56 m e ko] 20+ Hazard Ratio: 0.59;
Sratiec differonce E o] 95%cr:o0.32.1.09
= n L] L ] L] L ] 1
Baseline Week Month Month Month Month
NT-proBNP -74% -75% 26 12 18 24 30

Initial double oral

Initial triple oral

Chin, K.M.. et al. J Am Coll Cardiol. 2021:78(14):1393-1403.




Initial triple-combination therapy with
parenteral prostacyclin

* A retrospective analysis of incident patients with 1diopathic, heritable, or anorexigen-
induced PAH enrolled in the French Pulmonary Hypertension Registry

A
1.0
p<0.001
0.8 ]
2
€ 06
wm
T
g 0.4
0.2 =
p<0.001 (log rank test) p=0.41
0.0
1 2 3 4 5 6 7 10
Patients, at risk (n) Years
Triplecombo _ 38 27 24 17 13 12 10 9 1
Dualcombo _I1 113 71 48 33 24 16 8 3 1
Monotherapy 1 92 69 49 38 30 19 10 8 3

A) Patients with a high-risk status

B 1.0
p=0.003
08
5
2
% 0.6 p<0.001
p<0.00 2
=
g 04 _J
& p=0.025
02
p<0.001 (log rank test)
0" 2 3 4 5 6 7 8 9 10
Patients, at risk (n) Years
Triplecombo _—] 38 32 28 23 17 14 12 8 5 3 0
Dual combo M1 382 301 214 160 122 83 59 38 21 10 6
Monotherapy —I"1 714 560 454 340 257 199 144 113 86 61 46

(B) patients with an intermediate-risk status

Boucly A, et al. Am J Respir Crit Care Med. 2021,204-842-54




Sotatercept: a first-in-class activin signaling
inhibitor targeting vascular remodeling

Pulmonary arterial hypertension

Normal

1 N @ (-\,
BMPR-I1 signalin __BMPR-Il signaling _ Ov 1
(Anhprohferatnv%‘ impairment and Activin @ - o5
signaling hyperactivation BMpanl,2,3,6 MWUD ACRIIA/B
b

Gremlin-1 and noggin

BMPR-II signaling Activin signaling *
(Antiproliferative) * (Proliferative)

Sotatercept

® o0 .
Antiproliferative 2/>B§A>Psv 1 Proproliferative

ALK A
BMPR-| wll/zms 4/5(7 HD [JH ActRIIA/B
e
D o @D

1 |
—————————— Gremlin-1andinoggin ¢ -~-=-=-==--=-c-ceceeooa-l

Sotatercept

Activins and GDFs

Vessel remodeling and stenosis

Restoring cellular rebalancing and reverse remodeling

Humbert M, et al. N Engl J Med 2021;384:1204-1215




Sotatercept: the PULSAR trial

Inclusion(n=106): IPAH (58%), Heritable (16%), CTD(17%). Drug(7%), CHD (3%)
FC II (53%), 111 (47%)
Mono (9%), dual (35%), Triple (56%), IV/SC PCA (37%)

Design: 24 weeks, double-blind, placebo-controlled multicenter

A Change from Baseline to Week 24 in Pulmonary Vascular Resistance

o 200
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in
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— —

S 9 0 -

2 2

= = ~16.4+35.3

=5

m

=

(=]

E —200 ~162.2+33.3

(=T

—255.9+29.6
Placebo Sotatercept Sotatercept
(N=32) 0.3 mg/kg 0.7 mg/kg
(N=32) (N=42)

Humbert M, et al. N Engl J Med 2021:384:1204-1215




Sotatercept Phase 3 trials

STUDY DESIGN

PATIENT
POPULATION

WHO FC

BACKGROUND
THERAPY

N (Patients)

PRIMARY
ENDPOINT

STELLAR
Established PAH Population

Phase 3, Randomized, Double-blind,
Placebo-controlled (24 weeks)

Stable PAH on therapy

61% on triple therapy
~40% on prostacyclin infusion

323
(Sotatercept 163 / Placebo 160)

Change in 6-Minute Walk Distance
(6MWD) at Week 24

PRIMARY ENDPOINT (6MWD)

HYPERION

Early PAH Population

Phase 3, Randomized, Double-blind,
Placebo-controlled (24 weeks)

Newly diagnosed PAH

Standard-of-care therapy
initiated early

~320
(Sotatercept =160 / Placebo =160)

Change in Pulmonary Vascular
Resistance (PVR) at Week 24

PRIMARY ENDPOINT (PVR)

s 60 - Change from Baseline (dyn-sec-cm®)

9 +34 4 (" 400 -~ =

£E2 -4 m Treatment +226 ‘
e g 30 + Effect 200 4 Between-group
[=2] +l.Um -
T - 0 0 e -433
2% | P<0.001 ;
O® { ) dyn-sec-cm™®

2 —_— -200 ‘

-30 -207 P < 0.001 ‘
Placebo Sotatercept -400
Placebo Sotatercept
s 4 \ < R & R &
SREE. TR A & &

PVR NT-proBNP WHO FC Clinical 6MWD NT-proBNP WHO FC Clinical

4 Significant 4 Significant Improved Worsening Improved 4 Significant Improved Worsening
Reduced Reduced
(trend)

All key secondary endpoints met

Supports benefit of earlier intervention

ZENITH
Advanced High-Risk PAH

Phase 3, Randomized, Double-blind,
Placebo-controlled
(Event-driven)

High-risk PAH despite
maximal therapy

HI=1V (predominantly)

Maximal tolerated PAH therapy
(mono, dual, triple, + prostacyclin)

172
(Sotatercept 87 / Placebo 85)

Time to First Morbidity/Mortality

Event (composite)

PRIMARY ENDPOINT
(Time to First Morbidity/Mortality Event)

100 -
g Sotatercept
75 4
g ~76%
£ 50 Relative Risk
A Reduction
2Py Placebo P < 0.0001
8
S 0 . . . .
=" 6 12 18 24
Months
gk = (1)
* & R @
PVR NT-proBNP WHO FC PAH Hospitalization
4 Significant 4 Significant Improved Markedly
Reduced

Trial stopped early for overwhelming efficacy




2024 7t World symposium on PH

Initial risk assessmentbP
1

Not high riske<
Combination ERA + PDE-5i Combinationiv./s.c. PPA, ERA, PDE-5i

| ]

First follow-up risk reassessment at 3—-4 months
And repeated frequentlyP
|

-
Intermediate-high riskf
Continue initial Add activin-signalling Add ji.v./s.c. PPA or Add iv./s.c. PPA
therapy inhibitor, oral or activin-signalling (1st choice if not on)
inhaled PPA inhibitor or activin-signalling
Can consider switch inhibitor
PDE-5i1 to sGCS 1]

Persistent intermediate-high or high

Maximal Rx: 4-drugi.v./s.c. PPA, ERA, PDE-5i
or sGCS, activin-signalling inhibitor
Lung transplant evaluation

Chin KM, et al. Eur Respir J 2024; in press: 2401325




Case 34/F IPAH

2020.03 DOE (WHO Fc 1)
2020.08 2| EH & echo: severe PH (sPAP 88mmHg) with mild RV dysfunction
RHC: mPAP 57mmHg, PAWP 11, mRAP 13mmHg -> bosentan

2020.09 AMC  WHO Fc II/11l

NT pro-BNP 1404 pg/mL

6MWT 484m (HR 113 -> 141, SpO2 99 -> 97%)

CPET: VO2max 15.1 mm/kg/min, 83 watts,

peak HR 156, O2 pulse 6.2 ml/beat

macitentan, sildenafil
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WHO 7|S&&F
MeHA ol

6= E3AHE| (6MWT)

440m 0|5}

=SFoHamEA
(CPET)

Peak O,
consumption
< 15 mL/min/kg

I\

2 AL

(BNP / NT-proBNP)

HESO ZA A

50 / 300 O|&

(BNP = 50 pg/mL ==
NT-proBNP = 300 pg/mL)
& p,

dedE

(Pericardial effusion)
L= TAPSE < 1.5cm

SERGs A KR

RAP = 8 mmHg
=

Cl < 2.5 L/min/m?
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2020.08 2022.11 2023.11 2025.01
WHO 11 111 111 111
function
class
Syncope - + + -
Macitentan
BNP (pg/ml) | 160 874 1691 + 786
6MWT (m) | 484 420 | Macitentan | 355 Sildenafil 330
Macitentan + +
mRAP 13 + 7 Sildenafil 10 selexipag 3
(mmHg) sildenafil + D
Mean PAP 57 57 selexipag 60 60
(mmHg)
CO (L/m) 4.4 2.3 2.9
PVR (WU) 8.4 23 17
Scv02 (%) 69 52 56




Quadruple Tx with macitentan, sildenafil,

selexipag and sotaterpcet

TIS0.7 Mi14

M3

TR Vmax (m/s)| 5.0

sPAP (mmHg) | 103
RV

S€vere

- 1 .
100mm/s

TISO.7 MI1.4

M3

o/ 5o F35 bpm

TIS0.5 MI 0.1

+ TR Vmax
Vmax 2.7 mis
\Max PG 29 mmHg




Quadruple Tx with macitentan, sildenafil,
selexipag and sotaterpcet

. » ‘? &“? ;'. E

2025.01 2026.05

WHO function class 111 11
BNP (pg/ml) 786 17
6MWT (m) 330 420




Partial/complete remission of PAH

Decreased PVR to reverse RV
(PA?) remodelling and
decrease risk

-
——

Plexiform lesion Remodelled right heart

Initial monotherapy or

—-259 <t - B =
25% N sequential combinations
b & —-35—-40% - Double combinations -

= = > PAP =35 mmHg
= - 50%6 2

= _70% TEApie

\ = combinations Eimme
. .- - - S Triple combination

80%7?

/ A

+ sotatercept

PVR decrease %

REVEAL 2.0 score

100
Intermediate

80

60

40

20

Normal PA Quasi-normal right heart
Baseline Follow-up

Decreased risk on triple
combination therapy

Combined therapies: RV (and PA?) remodelling

Rubin LJ, Naeije R.Eur Respir J 2023; 61: 2201972.




Treatment strategies of PH

CLiNnIicaL CLASSIFICATION

Pulmonary arcerial
hypertension (PAH)

= ldiopathic/hericable

- Associarted

conditions

Rare
2

PH associnved with
left heart discase

e IpcPH
- CpcPH

Very common

a2 23
B B P 4

THERAPEUTIC STRATEGIES

Medical therapy
- PAH drugs

- CCB in
responders

Lung
cransplantation

IpcPH:
e Treatment of LHD*

CpcPH:
e Treatment of LHD*
= Potentially: PAH
drugs (twrials)

PH associated with
lung discase

= Non-severe PH
- Severe PH

Common
- a 2
_a  a

PH-lung disease:

- Optimized care of
underlying lung
disease

Severe PH:

= Potentially: PAH
drugs (wrials)

P associated with

pultmonary
artery obssructions

- CTEPH

s Orther pulmonary

obstouctons

Surgical therapy:
- PEA

Interventional:
- BPA

Medical therapy:
e PH drugs

PH with unclear
and/or multifactorial
meoechanisms

= Haematologic
disorders
= Sysvemic disorders

Rare

Optimized
treatment of
underlying disease

= Porentially: PAH

drugs (trials)

@& ESC @ ERS—
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