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Pulmonary Arterial hypertension
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Survival (%)

History of PH and development of therapeutic drugs

296

THE NEW ENGLAND JOURNAL OF MEDICINE Feb. 1, 1996

A COMPARISON OF CONTINUOUS INTRAVENOUS EPOPROSTENOL (PROSTACYCLIN) WITH

CONVENTIONAL THERAPY FOR PRIMARY PULMONARY HYPERTENSION

RoByN J. BArsT, M.D., LEWIS J. RuBIN, M.D., WALKER A. LoNG, M.D., MicHAEL D. McGoon, M.D.,
STuarT RicH, M.D., Davip B. BADESCH, M.D., BERTRON M. GROVES, M.D., VicTor F. Tapson, M.D.,

ROBERT C. BOURGE, M.D., BRUCE H. BRUNDAGE, M.D., SPENCER K. KOERNER, M.D.,
DaviD LANGLEBEN, M.D.; CESAR A. KELLER, M.D., SriNtvas MuraLL, M.D.,
Barry F. Urersky, M.D., Linpa M. CLaYTON, PHARM.D., MARIA M. JOBSIS, B.A.,
SHELMER D. BLACKBURN, JR., B.A., DENISE SHORTINO, M.S., JaMES W. CrOW, PH.D.,
FOR THE PRIMARY PULMONARY HYPERTENSION STUDY GROUP*
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From sequential to initial up-front combination therapy
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[l Upfront dual oral
combination with
ERA + PDE-5i

[ Upiront triple oral
combination including
nonprostanoid
IP receptor agonist

[l Upiront parenteral
prostanoid

Upfront dual
combination including
parenteral prostanoids

[l Unfront triple
combination including
parenteral prostanoids

. Early and aggressive
parenteral prostanoid
therapy guided by
mPAP

Aggressive Afterload Lowering to Improve the RV



Mortality progress in PAH

MORTALITY (%)
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J Am Heart Assoc. 2022;11:e024969

Mortality in Pulmonary Arterial Hypertension in the Modern Era

935 adult PAH Pts enrolled in the PHAR between 2015 and 2020

* Median age of 56 years; 76 % women

12.9% of pts died
. I (diopathic PAH I cTD PAH
1.3%of pts underwent lung transplantation B Drugitoxin induced PAH I Portopuimonary hypertension
[ CHDPAH I Heritable PAH
" HiV-related PAH PVOD/PCH

Idiopathic and heritable PAH

All PAH
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5, 1- year mortality 8% B 1 - year mortality 7%
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5 2- year mortality 16% a 2 - year mortality 17%
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How do we move beyond disease control
toward disease modification?



How do we move beyond disease control
toward disease modification?

v Earlier diagnosis
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CUD: chronic unexplained dyspnoea

Pulmonary Circulation. 2023;13:e12188.



The Impact of Time to Diagnosis and Treatment for Patients With PAH

—— Early diagnosis (<6 months; n = 85)

Further criteria for formation of eligible PAH cohort 1 1 . p—
——_—— o comt 1.0 —— Delayed diagnosis (222.2 months; n = 53)
= Aged > 18 years = >1 eligible event (symptom/non-PAH diagnosis)
+ mPAP >20 mmHg before diagnosis
= Limit to precapillary patients (PVR> 2.0 WU and
PCWP <15 mmHg)

* No CTEPH according to ICD codes
* No use of PAH medications before mPAP (“diagnosis”) date
* >1 PAH medication after diagnosis date
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Goal: detect disease before irreversible vascular remodeling

* High-risk population surveillance
* Al-assisted screening

* Digital phenotyping

CENTRAL ILLUSTRATION: An Electrocardiogram-Enabled Artificial
Intelligence Model for Detecting Elevated Pulmonary Arterial Hypertension
and Assessing Risk of Cardiovascular Mortality

® Delays of up to 2 years between the onset of symptoms and diagnosis

@ Left untreated increases the 5-year mortality rate up to more than 30%

{
( ® Early detection and prompt therapy would improve survival rates
-
; linical unmet ni : i ilabl rognostic clinical tool
Pulmonary hypertension Clinical unmet needs: A readily available and prognostic clinical too!
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12-lead ECG Al Model goal 7 g ;
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Liu C-M, et al. JACC: Asia. 2022;2(3):258-270.

|

Earlier, more accurate detection
Improved diagnostic efficiency
Personalized treatment guidance
Enhanced risk stratification

Better patient outcomes

1. Algorithm Development
2. Algorithm Training
3. Algorithm Validation

Big Data

[ Auscultation |




How do we move beyond disease control
toward disease modification?

v Earlier diagnosis

v Individualized therapeutic strategies



Clinical classification guides treatment strategy
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Response to PAH-specific therapies are variable

2,762 PAH patients included in 11 phase Ill RCT
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Current medicine

“ One treatment fits all ”

Precision medicine

® phenotyping .

The goal of precision medicine is to target the right

treatment(s) to the right patient at the right time,

by taking into account differences in people's genes,
environments, and lifestyles.



Precision Medecine

Patient samples:

Urine Plasma Serum Explanted lung

VAN + relevant animal models

tissues
Genomics Proteomics Q
Epigenomics Metabolomics
Transcriptomics
Translatomics
Bulk tissue
Single cell
Clinical data: Smglg nuclgus
Spatial omics
Pulmonary
haemodynamics
Biomarkers
) Big data
é Imaging |- olle o
Exercise testing ‘ /4 >

Data analysis



Clustering Patients with PH using the Plasma Proteome

Unsupervised approach
Clustering analysis in PH

Proteins that differ

between PH (of any - - Enrichment

etiology) and both HC analysis
and NoPH controls O

2 independent validation cohorts

St fhis Cffi 0

with serial samples
& 64 PH-LHD

79 incident PAH
with serial samples

SomaScan -5K or -11K proteomics assay

Applying clustering analysis to other cohorts

Identification of the clusters by random forest regression
from lasso scores obtained from the proteins used to identify
clusters in the discovery cohort

Survival analysis and clusters change over time

Plasma levels of 7,288 proteins

156 plasma proteins distinguished PAH from PH-KHD and
healthy control subjects formed four clusters with diverse 5-

year survival rates

Overall survival
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Clustering Patients with PH Using the Plasma Proteome
UK Cohort

O

Overall survival
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Clustering Patients with PH
Using the Plasma Proteome

Overall survival
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Boucly A et al., Am | Respir Crit Care Med. 2025
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Similar signs,
symptoms &
risk status

The ultimate goal
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How do we move beyond disease control
toward disease modification?

v Earlier diagnosis
v Individualized therapeutic strategies

v Risk Stratification: Beyond Traditional Models



PAH

Etiology RV

function

Comorbidities

Survival
in PAH

Exercise testing
Functional
capacity

Hemodynamics

Predicted by
individual variables

%

Grouped into risk
stratification models
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Mortality (%)

Mortality (%)

Hl FPHR

Mortality in Pulmonary Arterial Hypertension
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in the Modern Era
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J Am Heart Assoc. 2022;11:e024969



Right ventricular phenotyping to improve risk assessment at follow-up

-all TR -all TR

&

PHENOTYPE 1 PHENOTYPE 2 PHENOTYPE 3 | PHENOTYPE 4&- | PHENOTYPE 4a+ I

] Heart Lung Transplant 2024;43:1668-1676



Right ventricular phenotyping to improve risk

assessment at follow-up Eur Heart ] 2026: 00, 1-12
ESC/ERS / &\ REVEAL 2.0

0.76 0.78 O
RV echo RV echo
phenotypes \‘ / phenotypes

ESC/ERS risk model
50% events reclassified

in a higher risk strata

B
C‘ | - P 12% non-events reclassified
-/

~/ in a lower risk strata

REVEAL 2.0 risk model
_ ‘ 43% events reclassified
4 ¥’ in a higher risk strata

L[ - P . 10% non-events reclassified

/ in a higher risk strata




Aggressive Afterload Lowering to Improve the RV
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Good Hemodyngm:c groﬁle =5Vi> 38 ml/m2 and RAP <8 mmHg -

Value of right heart haemodynamics for risk stratification at follow-up

769 PAH patients from the IPHNET registrv reassessed at first follow-up by non-invasive variables (functional class, 6MWT

Poor Hemodynamic profile = either both or one of the two: SVi <38 ml/m2, RAP 28 mmHg

Low risk (n= 162) Intermediate-low risk (n=240) Intermediate-high risk (n=339) High risk (n=28)
10 Hemo_gocd
S W T e iy 107wy g i - [l e D
e Sl = ::Tnuna S -~ ORI ANRR s C————T ) 0.8 B 7 oo e asnd
u 08 B p=0.304 08 T — T ’ — 08 L‘—l
3 " “1
r ; 06 8 p=0.028 g 0.6 =i S 0-0.015 % 0 \_‘—k\_‘_\
v 3 04 g 0,4 0.4 3 0.4 :
. | S
: 0.2 0.2 0.2 0.2
¥ 0,0 0,0 0.0 : : ) 0,0 . )
a 0 365 730 1095 1460 1825 0 365 730 1095 1460 1825 ° 365 730 1095 1460 1825 365 730 1095 1460 1825
l Follow-up, days Follow-up, days Follow-up, days Follow-up, days
1.0 MHemo_geod
10| =y Hemo_good \\“‘\ e 1.0 Hemo_good 10 T— Hemo_gsod
———— ) \_5—\—-———\___ . S B & e
0.8 — e 300 <ansomed g % “‘\ 08 S et ; 08 1'1 s
- . ... p=0.011 ey g
g 0.6 £20.033 i 3 06 \aﬂﬁ e A 06 ]Ll
'g 0.4 'g L 'g 04 j.-i 04 1
g 0.2 2 0.2 i 0.2 g 0.2 S
00| - B ) i ) 00| ) ) ) ) - 0,0 _ 0,0 _ , ' }
0 365 730 1095 1460 1825 0 365 730 1095 1460 1828 0 385 730 1095 1460 1825 365 730 1095 1460 1825
Follow-up, days Follow-up, days Follow-up, days Follow-up, days

1y, 3y survuval = 97% 94%
1-y, 3-y e-f survival = 97%, 91%

Poor hemodynami il

1-y, 3-y survival = 95%, 89%

1-y, 3-y e-f survival = 93%, 85%

1lvy, 3-y survival 95% 89%
1-y . 3-y e-f survival = 90% 84%

l-y, 3-vsurvlval— -- 82%

1-y, 3-y e-f survival = 87% 77%

1y, Sysundvil= §T%, 78%
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1y, 3-y e survival = 78%, 65%

ESC Heart Failure 2026: 13, 1-8



How do we move beyond disease control
toward disease modification?

v Earlier diagnosis
v Individualized therapeutic strategies
v Risk Stratification: Beyond Traditional Models

v Novel Therapeutic Targets



Emerging pathways in PAH

‘- &5 Hormonal pathways
@ Anastrozole, tamoxifen, fulvestrant
Metabolism
Ranolazine, SGLT2i, dichloroacetate
] Epigenetic alterations
I y_/ Apabetalone, olaparib, CS1
Sympathetic nervous system
s w”: ympa o sy
Therapies targeting
the BMP/TGF- Smooth muscle proliferation and
pathway extracellular matrix
ZIP12 inhibitor, tiprelestat (elafin)
®  Activins (@ Cell-based therapies
5 &) eNOS-enhanced EOCs, MSCs
BMP% .- PDGF path
BMPs —
® L) —-—-—‘ GDFs Tyr.osipe.kinase
@ ® ® o inhibitors
(oral or inhaled) T
immunomodulatory
therapies cr?-zo
antibody
-9 @ /
%o
0
YN
PDGF-RB s molecules

/ c

Eur Respir ] 2025; 66: 2401830



Sotatercept: rebalancing growth-promoting and growth-inhibiting signaling

/ Normal \ / PAH \ / PAH \
Pulmonary Artery

Pulmonary Artery treated with sotatercept
.- T Ay | (Activin signaling inhibitor
3 ‘ { :
I st ) Ligand trap)
1R £,
J TR ¥ ok
.‘k"}a?,‘ % '.‘"".:1—’ =
i ;,;J'ﬁ:". 5 Sotatercept
% %% Activin
& GDF
Vascular homeostasis Activin PAH
& GDF

nu

&proliferation lproliferatioy T 1 proliferation / \ balance restored /




Efficacy and safety sotatercept, in a pooled analysis of
PULSAR and STELLAR studies

= This post-hoc, exploratory, pooled analysis combines data from the
double-blind placebo periods of the phase 2 PULSAR (NCT03496207) and
phase 3 STELLAR (NCT04576988) studies

Efficacy - Atotal of 429 patients with Group 1 PAH were randomised and treated;
237 received sotatercept and 192 received placebo

0
A

Vv

A A Safet
g s 384 f5 827
E Sotatercept
= 404 Hodges-Lehmann 532 251 Hodges-Lehmann - - -
§ § a0 location shift from 2 3 . —— location shift from Sotatercept had favorable safety in patients with PAH
§'t’.\; 20 placebo estimate g,.é 25 placebo estimate
7 5.3 (95% CI) £ —754 (95% ClI)
e 8L Sotatercept Placebo
c c
S 0 S -175- . . -
3 1o s ercept Placebo 53 s ] e Number of patients with any adverse event, n (%)
= = : Any 202 (85.2) 169 (88.0)
Time to first occurrence of clinical worsening events or death WHO functional class Related to study treatment 104(43.9)  50(260)
Leading to discontinuation of study treatment 9(3.8) 11 (5.7)
1.0+ 50+
Leading to death 1(04) 6(3.1)
£ op- 2 40- <0.001*
s - £ ‘E. p<0. Number of patients with an adverse event of interest
.g 0.6- — s g 304 270 and special interest, n (%)
7‘: 044 — sotatercept Hazard ratio (95% Cl) g £ Increased blood pressure 8(3.4) 3(1.6)
> =8 136 i
2 0.16 (0.08 t0 0.33) ® 5 Increased haemoglobin 18 (7.6) 0
g 0.2+ + Censored & E 104
7] Logrank p=<0.001 Thrombocytopenia 17 (7.2) 4(2.1)
0.0
0- .
0 10 20 30 40 50 60 70 75 Sotatercept  Placebo D el Sl
Time to first occurrence of clinical worsening events or death (weeks) Telangiectasia 17 (7.2) 5(2.6)
Placebo (n) 192 185 176 83 38 16 3 1 0
Sotatercept (n) 237 236 231 M 60 28 3 2 0

Eur Respir | 2025 ;65(5):2401424



ZENITH TRIAL HYPERION TRIAL

Sotatercept in Patients with Pulmonary Sotatercept for Pulmonary Arterial Hypertension
Arterial Hypertension at High Risk for Death within the First Year after Diagnosis
Primary Composite End point: The primary end point:
composite of death from any cause, unplanned hospitalization for
Death from any cause, Lung Transplantation, or Hospitalization worsening PAH, atrial septostomy, lung transplantation,
lasting at least 24 hours for worsening PAH pulmonary arterial or deterioration in performance in exercise testing

100

90 Sotatercept

1.0+
0.9+ Sotatercept
0.8 b+

0.7
0.6
0.5
0.4+
0.3 ) E ) } )

027 Hazard ratio, 0.24 (95% Cl, 0.13-0.43) Placebo 20-

0.1 P<0.001 Hazard ratio for clinical worsening event, 0.24 (95% Cl, 0.14-0.41
10- &

0.0 T I T | T | T | T | T | P<0.001
0 10 20 30 40 50 60 70 80 90 100 110 120 0

80

70+

60—

- Placebo
50 r
40 )

30

from Event

Percentage of Patients without an Event

Probability of Freedom

T T T T T T T T T T T T T T T 1
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Weeks Weeks to First Event

N Engl | Med 2025,392:1987-2000 N Engl | Med 2025 Sep 30



Treatment algorithm for pulmonary arterial hypertension

First follow-up risk reassessment at 3-4 months

And repeated frequentlyP
|

The Seventh World Symposium on
Pulmonary Hypertension

Continue initial
therapy

v

Add activin-signalling
inhibitor, oral or
inhaled PPA
Can consider switch
PDE-5i to sGCS

Intermediate-high riskf

Add i.v./s.c. PPAor
activin-signalling
inhibitor

e

Add i.v./s.c. PPA
(1st choice if not on)
or activin-signalling

inhibitor
|

Persistent intermediate-high or high

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




ARTISAN: Mean PAP-Targeted Approach with Early and Rapid
Treprostinil Therapy to Reverse RV Remodeling in PAH

Methods ARTISAN

CLINICAL TRIAL
-

« Eligibility Criteria: Newly diagnosed PAH with background therapy <6 months or treatment naive; baseline mPAP
>35 mmHg, PVR >2 WU, PAWP <15 mmHg; REVEAL Lite 2 risk score <9; WHO FC Il or lIl.

{Initiate IV/SC TRE

i rapid titration to Continue dose up- ‘ Continue IV/SC TRE to reduce mPAP,

{>a0 in withi titration to achieve. |- or transition to oral TRE if mPAP <35 E
|>40 ng/kg/min within || .oAP <35 mmHg Wy mmHg with dose titration to reduce mPAP |
i3 months i
' Screening IE Weekly mPAP is monitored remotely using CardioMEMS™ HF System : Extended treatment :
1 ] I | I I
BASELINE MONTH 3 MONTH 6 MONTH 9 MONTH 12

. ﬁ’ - Imm\ K  eMRI
4 4 CardioMEM: c i
" gArgenrcﬁhCIsa @Mm !\_/

RHC at Baseline

» At Baseline and Month 12, RV function are measured by cMRI and centrally reviewed.
* Primary endpoint: Change in RVEF from baseline to Month 12.

cMRI: cardiac magnetic resonance imaging; IV: intravenous; mPAP: mean pul y artery hyp. lon; PA: pul y artery; PAH: pul y arterial hyp PAWP: pul Y rial wedge pressure; PVR:
pulmo va ce; RHC: right heart catheterization: RVEF: rig sfection fraction; SC: subcutaneous; TRE: treprostinil; WHO FC: World Health Organization functional class: WU: Wood Units.
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Results — Early TRE Dosing to mPAP and TPR ARTISAN

CLINICAL TRIAL

o
f mPAP and Dose Over One Year < \ TPR
w % % %k
O -
80 100 5' ——— _ 20 —
iy " "9 5 V/SC treprostinil 2,
g 60 : " L 80 g Dose §
.. A z E
= 5014 - 70 o —~ 10+ T
& 40- % —4— + ls0 3 g TPR reduced by
(3 5 mPAP reduced by o4 §- 42% in one year
30+ : - 50 € 25% in one year f
20 — — w € (p=0.0002) =
«° @’5 @6 @9 6‘0 5 .,e\\° @\'\'
& & & & ¢ &
) TPR (Total Pulmonary Resistance)= mPAP/CO,
\ mPAP data is monitored by CardioMEMS™ HF system / mPAP is from CardioMEMS and CO is from cMRI
mPAP reduction of >20% may contribute to greater PVR reduction and CO increase.’
Month 3 Month 6 Month 9 ( Month12 )
IVISC treprostinil dose, ng/kg/min 43+14 (n=17) 64116 (n=17) 83+17 (n=12) 91%19 (n=9) J
Oral treprostinil dose, total daily dose, mg 19.5 (n=1) 11.75 (n=1) 24111 (n=6) 27110 (n=9)

Variables are reported as mean + SD, with p values calculated using paired t-tests, except for mPAP calculated using repeated measures ANOVA.

1. Farmakis IT, et al. ERJ Open Res. 2024;10:00706-2023
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Levels of clinical response in pulmonary arterial hypertension

Symptom free
£
Wellness Level 5—cure Cure
Level 4—complete remission
Level 3—partial remission .
Symptoms Remission
- -
ol Level 2—disease improvement
§ Haemodynamics Right heart functions  Mortality risk  Symptoms Function Disease course
O
a Complete remission mPAP<20mmHgand  Normal right atrium Low No pulmonary WHO function  Life expectancy no
= (PAH medication ~ PVR <2Wood units at and right ventricle size hypertensionrelated  class | longer affected by
v>1\ continued) rest and function symptoms PAH
Partial remission ~ Substantialimprovement Improvementinright  Low Mild pulmonary WHO function ~ Major
(PAH medication  inpulmonary atrium and right hypertension related  class |-Il improvement in
continued) haemodynamics to ventricle size and symptoms progression-free
. mPAP <35 mm Hg or function survival or overall vy
Disal PVR<5 Wood units suvival oility
Improvement Any decrease Improvementinright ~ Improvedrisk  Moderate pulmonary  WHO function ~ Improvement in
(improvement) inmPAP  atrium and right category hypertensionrelated  class II-lll progression-free
and PVR not fulfillingthe  ventricle size and symptoms survival possible .
De . L : ise
v partial remission criteria  function _

Symptomatic

Time

Lancet Respir Med 2025; 13: 364-70
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Vasoreactivity testing identifies patients who will be initiated by
calcium channel blockers

Change in mPAP Change in TPR
Presumed diagnosis of I-H-D PAH
a) 10 a) 20 - - | /
0 e N
LA e O] Refer to PH centre
O 107 o«
T < a-20 |
c £-204 <
% g-ao | g-w . ‘ RHC with vasoreactivity testing (Class I)
o ] |
-50 - ‘ i 80 . . ‘ Positive vasoreactivity test
Baseline NO ccs Baseline NO ccs b d

Calcium channel blockers (Class )

e ) r | ‘
Positive Reassess after 3-6 months
vasoreactivity test |
P
| - ‘ ‘ FC I-Il, NT-proBNP <300 ng/L,
| “vi- . Wﬂ‘ Wi, ) . 210 mm!—lg mPAP drop from normal or near normal haemodynamics
' Y %N ANy baseline to <40 mmHg by l
v -7 \—W.” we e
TE e R o L without decrease in CO/CI Continue CCB and reassess every 6-12 mo, .
mPAP =58 mm Hg mPAP =25 mm Hg i

Sitbon O, et al. Eur Respir J 1998; 12: 265-270. Humbert M, et al. Eur Heart J 2022; 43: 3618-3731; Humbert M, et al. Eur Respir J 2023; €



RNA expression patterns in peripheral blood of
9 vasodilator-responsive PAH (>1y CCB)
and 32 patients with negative VR test

Non responders

cCce cce CCB Never
Responders  Exposed Exposed

Differences in peripheral blood RNA expression profiles between CCB long-term

responders and non vasoreactive patients were not explained by CCB exposure

Decision Tree based on 2 genes
(RHOQ and TPD52) to predict long-term
responders in a validation cohort

Patient 4

University of Chicago
RHOQ = 2.6899 5/5 VR-PAH
TPD52 =-0.439 5/6 VN-PAH
228 | <238

YES

20.33| <0.33
YES |

VR-PAH

Hemnes AR, et al. Circulation. 2015;131:401-409.



