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Una vision personal de los desafios en la
Hipertension Arterial Pulmonar
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Pulmonary congestion in
post-capillary PH

Pulmonary vascular disease /
obstruction in pre-capillary PH

Cunicat CLASSIFICATION

PULMONARY HYPERTENSION

Prevalence
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hypertension (PAH) left heart discase lung discase
* ldiopathic/heritable  IpcPH
* Assodiated * CpcPH
conditions
Rare Very common Common
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Right heart
fallure
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PH with unclear
and/or multifactorial
mechanisms

* CTEPH * Haemarological
* Other pulmonary disorders
obstructions * Systemic disorders
Rare Rare
: F 3

Medical therapy IpcPH: PH-lung disease: Surgical therapy: Optimized
* PAH drugs o Treatment of LHD* o Optimized care of  « PEA treatment of
+CCRIn dertying lung Inter underlying disease
responders CpcPH: disease «BPA « Potentially: PAH
Lung o Treatment of LHD*  Severe PH: Medical therapy: drugs (trials)
transpl d . P ially: PAH o Potentially: PAH o PH drugs
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Epidemiologia PAH
v Incidencia 3-6 casos millén /afio en el adulto
v" Prevalencia : 48-55 casos/millén en el adulto

Epidemiologia HPTBEC
v Incidencia 2-6 casos millén /afio en el adulto
v" Prevalencia: 26—38 casos/milléon en el adulto

Survival curves from diagnosis by PH type
Adult patients in the longitudinal cohort, Great Britain, 2009-21
1004
a0 PH type
~ 804 __ Group 1: PAH*
= (n=5,714)
=~ 70
4 __ Group 2: Left heart disease
< 60 (n = 4,107)
=1
$ 50 — Group 3: Lung disease
% 404 (n = 2,646)
= 304 __ Group 4: CTEPH
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O 204 . .
— Group 5: Miscellaneous/uncertain
104 causes
(n =628)
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2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypenension-
(European Heart fournal; 2022 —dei: 10.1093 feurheartj/ehac 237 and Eurapean Respiratory Journal; 2022 — doi: 10.1183/13993003.00879-2022)
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Comorbilidades en 1
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Comorbilidades en la HAP ,

Registro Francés 2002
, US REVEAL 2006
US PVDOMICS
2000 UK National Audit 2009
La epidemiologia de la HAP ha
cambiado a lo largo del tiempo.
/ NIH 1981 l °
] ] ] 1 1 1 ] l 1
1 T 1 T T T 1 T T
CodaVvezZ VeEmoS PaCIcSIItesS ) 35 40 45 50 55 60 65 70 75
mayores y con més carga de Edad al momento del ingreso al registro
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29 Registro Exposure
N = 1944
La evidencia del tratamiento en Europa y canada
: 2017-2024
estos pacilentes es menor. é 382
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Adv Ther (2024) 41:1103-1119



egistro spanol de ipertension

egistro -spafiol de ipertension rterial ~ulmonar

Informacion sobre Consejo Centros
el registro directivo participantes
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egistro spanol de ipertension rterial ulmonar

comorb 1-2 comorb 2 3 comorb
n=186(24.6%) | n=373(49.3%) | n=198(26.2%)

351 (46.4%) 0 (0%) 211 (56.6%) 140 (70.7%) <0.001

| 1 Nocomort
-7 1-2 comorb
~ 23comorb

314 (41.5%) 0 (0%) 141 (37.8%) 173 (87.4%) <0.001

BMI = 30 Kg/m?

CKD (GFR CKD-EPl equation <60 puppusppen 0 (0%) 51(13.7%) 94 (47.5%) <0.001
ml/min/1.73 m?) ) ’ i ’

186 (24.6%) 0 (0%) 80 (21.4%) 106 (53.5%) <0.001 )

Diabetes mellitus 124 (16.4%) 0(0%) 14 (3.8%) 110 (55.6%) <0.001 penont

0 1 2 3 4 H 6 7

Atrial fibrillati 64 (8.5%) 0 (0%) 21 (5.6%) 43 (21.7%) <0.001 Time in years

62 (8.2%) 0 (0%) 10 (2.7%) 52 (26.3%) <0.001

Sociedad Espafola

Ceoo S janssen - ¢~ MSD 3 ferrer

CARDIOLOGIA SEPAR Gohimonfohnon



Riesgo de
congestid
n
pulmonar

osy
e.e1%, European
."."-..-';I Reference

waety k

)

Discriminar

Grupo 2 con
severidad HD

HAP

CLASICA
GRUPO 1

fenotipos

respiratoria

A

Toleranci
a

EM-175866 febrero 2025

Riesgo de

optima

» desaturac
i6n

o0
Cl 6 ercy e “.M Hospital Universitario
12 de Octubre
s A el i i SaludMacid
[ Comunidad de Madrid



Relationship between relevant
cardiorespiratory comorbidities and

disease p’
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HFpEF risk faclors] | Atrial

fibrillation
c’il
/

Marglnal PAWP

PAH risk factors

|-g likelihood of significant pulmonary vascu-
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CHEST 2024; 165(3):682-691
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@ egistro spanol de ipertension rterial ulmonar

> Proyectos — FIS de GENETICA:

BASES GENETICO MOLECULARES DE LA BASES GENETICO MOLECULARES
HIPERTENSION ARTERIAL PULMONAR Y DE LA MEDICINA DE PRECISION
SU EXPRESION FENOTIPICA EN LA EN LA HIPERTENSION ARTERIAL
POBLACION ESPANOLA. PULMONAR.
FIS : 15/02012 FIS : 18/01233
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Genética actual en la HAP

Gene Number of reported mutation-positive cases by PAH categol Female Meanage Associate . ;
HPAH BMP9, BMP10 Aquaporin 1 | PVOD and PCH

/—\ (GDF2, BMP10) (AQP1) [

K31 K i |

BMPR2 284 415 2 3 82 806 679 331720  CHDIPF n N (KCNK3) ) N ABECE) . ,
PVOD M | s e
EIF2AK4 8 6 0 38 14 66 48.1 32 (11-72) PCH, PVO! SB‘SS‘SS‘M b 58 36385858 34 §4§4§ { 9,(5,5553%55?5’5 } §§644§ Bi58 54 55555)’55‘55ﬁﬁ.SﬁlSS‘SﬁvﬂﬁlﬁS}SvSS’)’SSSESSSSSSSSW
ACVRL1 8 21 42 0 5 76 789  27(1-63)  HHT Endoglin ACVRL1 K HO K !
(ENG) (ACVRL1) 2 |
BX4 4 30 14 0 0 48 585  25(<1to72) SPS BMPR2 Caveclin !
(BMPR2) e ‘
GDF2 1 32 0 0 0 33 71 33 (3-54) - L (CAV1) !
SOX17 0 13 13 0 0 26 552  19(<lto51) CHD ATP13A3 p |
ENG 0 8 9 0 0 i 62.5 30(<1to59) HHT,CHD )| [ (ATP13A3) EEI.DP :
KCNK3 5 ikl 0 0 0 16 588  23(<lto4d) - ‘ SMADS ! }
ABCCS 2 8 2 0 0 12 583 29(<1t079) CHD AT ADES (SMAD9) | Integrated
ATP13A3 0 1 0 0 0 1 90.0  48(42-58) - ‘ i stressiesponse
SMAD9 1 8 2 0 0 11 80 25(<1to58) CHD B I |
AQP1 3 6 0 0 0 9 444 32(25-46) - N !
CAVI 2 1 1 0 0 4 75 28(1-67)  CHD |
BMPIO 0 1 1 0 0 2 100 20(11-28)  CHD TBX4 ] l
I
SMAD4 0 2 0 0 0 2 50 35 = SOX17N\—— o e 1
SMAD1 0 1 0 0 0 1 100 47 = (50X17)) ' \,lex\ £ e Y £ £ 1
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al Family 1

1 ,®/ 2

Familial pulmonary arterial hypertension

. PH at 63 years old Death at 46 years old PH at 55 years old
by KDR heterozygous loss of function Dco: 35% Suspected PH Dco:29%
1 CT:ILD 2 3 4 CT: mild ILD
! o O ®
Mélanie Eyries"%'3, David Montani @53 Barbara Girerd>*, Nicolas Favrolt?, +- +f+ / +~-

|
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“ |
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Florent Soubrier "2 ‘J.."‘ I i |
il | { I |
H‘n; m dlny (I
Ui 1 2 3 - 4 5
1 Dy g0 82% Dycq 53% [] Dieobé% L Dy 50%

CT: normal CT: double aortic arch

Marianne Riou’, Laurence Faivre®, Grégoire Manaud®, Frédéric Perros®,
Stefan Graf ©%1%"1 Nicholas W. Morrell” ', Marc Humbert ©%*® and ||

1 ' + 1
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b) Family 2
| 1 2 3 4
Death at 60 years old Death at 59 years old
Suspected PH Lung cancer
1 2 3 . 5
I () () Dyco 89% Dico 1% []
+/-
I,
Eyries M, Montani D, Girerd B, et al. Familial pulmonary arterial hypertension by KDR ;‘“‘w\' ‘If‘. Al
. . | 'R |
heterozygous loss of function. Eur Respir J. 2020;55(4). 1 2 AT 3 A
PH at 30 years old 3
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, Clinical heterogeneity of Pulmonary Arterial
TBX4 mutations (small patella syndrome) are ) ) . . .
associated with childhood-onset pulmonary arterial Hypertension associated with variants in TBX4

hyperten5|0n Ignacio Hernandez-Gonzalez'*, Jair Tenorlo -3, Julian Palomino-Doza*%$,

Wilhelmina S Kerstjens-Frederikse,' Emie M H F Bongers,? Marcus T R Roofthooft,? AnayaMatines Mefiaca’, Biatas) Moralan Iy uiz’, M_auro EAGS Docampo ; Ma.r laNalyerde
Edward M Leter * J Menno Douw;es 3 Arie Van Diik > Anion Vonk-Noordearaaf © ' Gomez’, Javier Gomez Roman ', Ana Belén Enguita Valls'', Carmen Perez-Olivares”,
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Enfermedad wvenooclusiva pulmonar
(EVOP)

EIF2AK4 mutations cause pulmonary veno-occlusive A founder EIF2AK4 mutation causes
disease, a recessive form of pulmonary hypertension an aggressive form of pulmonary arterial
Mélanie Eyries'~, David Montani**6, Barbara Girerd*S, Claire Perret®’, Anne Leroy?, Christine Lonjou®, hypeI'tCIISiOIl III Iberlan GypSiGS

Nadjim Chelghoum?, Florence Coulet®*, Damien Bonnet*!°, Peter Dorfmiiller®!!, Elie Fadel®!2,
Olivier Sitbon*"¢, Gérald Simonneau*-S, David-Alexandre Tregouét®”, Marc Humbert* ¢ & Florent Soubrier!*

J. Tenorio™™', P. Navas®®',
E. Barrios®, L. Ferndndez®®,
J. Nevado®®, C.A. Quezada®,

Tenorio J., Navas P., Barrios E., Ferndndez L., Nevado 1., Quezada C.A.,
Lépez-Meseguer M., Arias P, Mena R., Lobo J L., Alvarez C., Heath K.,
Escribano-Subias P, Lapunzina P. A founder EIF2A K4 mutation causes an

Family4

B
# e
C118WIs'7 L643R R1150" n A A A | \'\
P p.RAG5VIS'38 L. L J\_ }“ N [\ witd type
P.K190Efs'8 & p.c.231941G>A  P.K975_K1053del A U VY UYE JVYVYY
5 p.C51901s*17 p.K975_K1053del T N
pK1p7RIs'S .4065+1G>C T
. . . . - c357641GsT 4728+1_4728+13delinsTTCT NN \
P ST14Hs'2) p.RB20" QO p.01082 c N )
p.R240" PR pRSISQ lp.m 3 l p.O1268° lp.s\mmus l (\/ VW WA [|| Heterozvgous
! | | 7
o A 7. /|| Homozygous
e - N M
AR ARA AR

125 137 296 539 590 1001 1022 1493 1649 aa

Nat Genet. 2014 Jan:46(1):65-9. Clin Genet. 2015 Dec;88(6):579-83.
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Determinants of prognosis
(according to 1-year estimated
mortality)

Signs of right HF

- Symptom
Clinical progression
parameters

Syncope
WHO-FC
Peak Vo,

6MWD
ST CPET
tests
VielVco,

Biomarkers il
NT-proBNP

Echocardiography
RA area
TAPSE/sPAP
: PE
Imaging CMRI
RVEF
Svi
RVESVI
Haemodynamics
RHC RACF:
S0,

Determinants of
prognosis

WHO-FC

ECS/ERS 3 risk-strata

Intermediate risk
(5-20%)

Low risk
(<5%)

Absent
Slow

Occasional
]
165-440 m

High risk
(>20%)

}mﬁn'l 11-15 mi-kgt'mint <11

36-44
50-800 ng-L*
300-1100 ng-L-

18-26 cm?

Hg! 0.19-0.32 mm-mmHg-! <019

Minimal

37-54%
26-40 mL'm~2
42-54 mL'm—2

8-14 mmHg
2.0-2.4 L'min~t:m~2
31-38 mL'm~2
60-65%

ECS/ERS 4 risk-strata

6MWD 320-440 m 165-319 m
BNP 50-199 ng-L-! 200-800 ng-L-*
NT-proBNP 300-649ng:Lt  650-1100ngLt

Intermediate-low | Intermediate-high

Deteriorated 5.1 months (IQR 3.9-9.7)

7% 7% |
BAT% o |
% i

2 \ 1%
1 \ 13%
N

§ 18% . 2 1%

pmm———~
6% S 3%
1% N~ 10% NRDRCUIRINGHON
Intermediate-high risk ‘\ — 3%
gt ik A . “ High risk 5%
2% ————
* 15% P 2% pp—

transplantation 10%

High risk
15%
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Using the Plasma Proteome for Risk Stratifying Patients with
Pulmonary Arterial Hypertension

Christopher J. Rhodes', John Wharton', Emilia M. Swietlik?, Lars Harbaum', Barbara Girerd®, J. Gerry Coghlan®,
James Lordan®, Colin Church®, Joanna Pepke-Zaba’, Mark Toshner?, Stephen J. Wort', David G. Kiely®®,

Robin Condliffe®®, Allan Lawrie®, Stefan Graf>'°, David Montani®, Athénais Boucly®, Olivier Sitbon®,

Marc Humbert®, Luke S. Howard', Nicholas W. Morrell?, and Martin R. Wilkins'; on behalf of the UK National PAH
Cohort Study Consortium

T R
1
0.8
e .
s
S 06 b 2
] “
o
2
T 04 + 3
E]
£
O o2 6-protein
model
sample 1
0.0 | p<0.001 (tertiles)
00 20 40 60 80 100
Years survived transplant-free since
sample 1
G-protein model  Total N N of Remaining Cases.
sample 1 (lertiles)  (events) 2 4 6 B8 10
1 27(3) 27 27 27 13 o
2 26 (10) 25 22 18 5 o
3 26 (14) 21 19 15 4 o

Cum Survival

1.0

08

06

0.4

0.2

00

Baseline score =0.56 indicaling low risk
... Stable or

decreasing
++Increasing
Change in
p=0.003 6-protein model
00 20 40 60 80 100
Years survived transplant-free since
sample 2

B 1.0
" i 1
_ 08
E ~2
c
@ 0.6
2
= "
S 04
20 .3
5
o
0.2 6-protein
model
sample 2
0.0 | p<0.001 (tertiles)
00 20 40 60 8.0 100
Years survived transplant-free since
sample 2
6-protein model  Total N N of Remalning Cases
sample 2 (tertiles)  (events) 2 4 8 B 10
1 27(4) 27 27 22 2 o
2 28(7) 25 22 18 8 o
3 26 (18) 19 18 1" 4 o
D Baseline score >0.56 indicating high risk
1.0 1
I\
0.8
= Stable or
s 086 decreasing
@
E
.4
8 0.
Increasing
0.2
Change in
0.0 | P=0.003 6-protein model!
00 20 40 60 80 100

Years survived transplant-free since
sample 2

The plasma proteome informs prognosis beyond
established factors in PAH and may provide a
more sensitive measure of therapeutic response.

Am J Respir Crit Care Med 2022 May 1;205(9):988-990.
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The importance of the RV in risk assessment
PAH and RV afterload mismatch
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Prognostic relevance of RV phenotyping

O

| PHENOTYPE 1 [

| PHENOTYPE 2 |

Ratio VD/VI< 1
APSE/PAPs > 0.33
IT leve-mod

Ratio VD/VI <1
TAPSE/PAPs < 0.33
IT=todas

PHENOTYPE 3 |

Ratio VD/VI > 1
TAPSE/PAPs > 0.33
IT=todas

PHENOTYPE 4a- PHENOTYPE 4r+

> 4
- //
. .

[

Ratio VD/VI >1
TAPSE/PAPs < 0.33
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Do echocardiography-derived phenotypes describing different degrees

of RV remodelling add prognostic information to current risk stratification tools ?

ESC/ERS 0.69

risk model :

RV echo
phenotypes

REVEAL 2.0
0.70 risk model
RV echo
phenotypes

®
NS

ESC/ERS risk model

1 ' 50% events reclassified
' in a higher risk strata
£
l - P 12% non-events reclassified
i ) in a lower risk strata
REVEAL 2.0 risk model

43% events reclassified
1 in a higher risk strata

European Heart Journal (2026) 00, 1-12

¥ 10% non-events reclassified
in a higher risk strata

r "

719 pacientes prevalentes

Echocardiographic phenotypes (ECO)
were present in all ESC/ERS risk groups,

except for the high-risk groups

which included only phenotypes 3 and 4.

Eco phenotypes provide prognostic
information which is independent
and additional to the score Risk

................ C"l.6€7’C(V
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Do echocardiography-derived phenotypes describing different degrees

of RV remodelling add prognostic information to current risk stratification tools ?

A 1,0 B 1,0 R e
= _ 1 L Nveewveweron
0,8 0,8 1 - }
. B e
- i
B 06 g 06 aggeass
'E E (T Phenotype 1 Phenotype 2 Phenotype 3 Phenotype 45_ Phenotype
a 0,4 Ve a 0.4 (n=109) (n=143) (n=290) (n=166) 4p . (n=49)
ESC/ERS risk scrins HR, bpm 70+11 7611 7412 78+13 79+13
0,2 Low 0,2 Low risk
Interm-low Pheno-1
Interm -high sh‘::o—‘
M rs
0.0 o 0,0 i . : - " : - " " - RAP, mm Hg 51+3 654 58+3 834 1105
01 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Nta Follow-up, years Follow-up, years
ow X oW M 153 18 we M @ 8@ & T b mPAP, mm Hg 276 45:11 356 51+11 59+ 16
Phenc-1 3 » » E 2 " n w L] 7 2
ek SR O BN S e o e Mwod M M B 2 ;2 W s s T 6 PAWP, mm Hg 9:2 102 9:3 9+3 10:3
o ®m 15 n 1 & & 5 1 0 0 0 e, MM MR NEARE & TN Cl, I/min/m? 29:06 26+06 28+06 25:06 22:04
c 1,0 0 1,0 W= o
W .
ey e ‘ PVR, WU 37:15 84229 61+23 106+51 147:67
0,8 0,8 ST N
» . PAC, mm Hg/mL 32117 1406 22108 12205 11+07
- \ s " i .
S o6 € 0,6 = ‘
2 04 a2 04 e
0,2 meareion ek 0,2 umﬁ'ﬂfﬁ risk
Pheno-1 <! Pheno-1
Pheno-4 - | Pheno-4
0,0 Othars 0,0 7 Others
01 2 3 4 5 6 7 8 9 10 0 1 2 3. 4 5 6 7 8 9 10
Follow-up, years Follow-up, years -~
N atrisk N af riek - . ~ L
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1240 PAH patients from the French PH registry reassessed at first follow-up visit by three non-invasive variables

(WHO/NYHA FC, MWD, BNP/NT-proBNP) and right heart catheterisation

Mon-invasive

four-strata risk
stratification
.-"f
Hh"“ﬂ-\-h
/ T
v &
Low risk
At least one among:
SVI=37 mL'm2
5902 >6500

h

r

1-year=98%

3-year=91%

®,%s, Duropean
Reference

T~

ntermediate-high risk

}

At least one among:
SVI=37 mL-m2
Svo,>65%

Eur Respir J 2024; 64: 2400197

A Yes No
1-year=97% 1-year=94%
3-year=81% 3-year=69%

e00
Y Jeesesesesecscscsssescsesatssssosssssenencatssststenenanasenenenenanansasasasasne cene - Hospital Universitari
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High risk

1-year=56%

3-year=23%
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Arteria Obstruccién
pulmonar vascular

Proliferaciény fibrosis de la intima
Va Remodelado vascular

Remodelado/
disfuncion del
vD

Lesidn : e =
iccié lexiforme - S
oconstriccion P Hiperplasiade  Proliferacién Lesiones
lamedia delaintima plexiformes

Objetivos terapéuticos actuale

Viade la endotelina Via del NO-GCs-GMPc Via de la prostaciclina

y + +
Endotelina1 Oxido nitrico Prostaciclina
(Vasoconstriccion (Vasodilataciény (Vasodilatacién y
y proliferacién) antiproliferacion) antiproliferacion)

Yo on

- “ e Receptor iP
. pm— - \-\ e —
; i u : cos T pogs P— ———
" ReceptorAde . ReceptorBde ’ = @ — &
endorzlma: = endotelina = ‘ 0 . R — :\
e S e o e F -:AM&‘\ Hospital Universitario

12 de Octubre

(European Heart fournal; 2022 —doi: 10,1093 /eurheartj/ehac237 and European Respiratory Journal; 2022 — doi: 10.1183/13993003.00879-2022)




¢, Qué implican
las
comorbilidades
en el manejo de
la hipertension
pulmonar?

-------

S

 Low or intermediate High
po iy po

/

— —

Initial ERA + PDESI
Dy and iv/s.c. PCA®
(Class lla)

with PDESi or ERA
(Class lla)

Switch from
GadEEA PDESi to sGCs

Add iv.or s.c. PCA andior
evaluate for lung transplantation
(Class lla)

@ESC @ ERS




Cluster 2 Cluster 1

HAP con fenotipo IC FEVI preservada HAP clasica HAP con fenotipo cardiopulmonar
(edad, FRCV, PCP < 15 mmHG) (sin comorbilidad relevante) (DLCO < 45%, anomalias leves del parénquima)

| , , |

¢Fenotipo precapilar® u otras
causas de HAP?

> |- ¢Predominio de componente vascular
(RVP > 5 UW) u otras causas de HAP?

N0¢

[PD-5 en monoterapia +

~  optimizar patologia de base ~
(inhaladores, CPAP)

IPD-5 en monoterapia +
optimizar patologia de base
(iSGLT2, diuréticos, aGLP1)

Ausencia de mejoria

Ausencia de mejoria Mejoria manteniendo Tratamiento o ,
0 deterioro PCP<15mmHG HAP e {\ﬂle.]’O[‘I; - 0 deter10r$
\/ Reevaluacion frecuente cevaiuacion irecuente

Si candidato, considerar trasplante.
Si no manejo conservador

Tratamiento conservador

Estratificacion prondstica

Protocolos H120. 2025

03
A European
v Reference
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Ambition: up front combination

A Combination Therapy vs. Pooled Monotherapy

— 100+
&
£ g0 Combination therapy \
< -
-
Ll
Z 601 et
= Pooled monotherapy
E
2 40
g
2 9pd Hazard ratio, 0.50 (95% Cl, 0.35-0.72)
J
£ P<0.001
[yv]
o
0 | | | | | | | |
0 24 48 72 9 120 144 168 192

Weeks
N Engl ] Med 2015;373:834-44.

No. at Risk DOI: 10.1056/NEJMoal413687

Combination therapy 253 229 186 145 106 71 36 4
Pooled monotherapy 247 209 155 108 77 49 25 5

European
Reference
k
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PVR and treatment response

181 naive PAH patients (IPAH, CTD) treated with upfront double oral combination
11 italian centers — iPHNET -

Ambrisentan-Tadalafil most common combi (62%)

median follow-up 180 days (IQR 79-394)

40
30
o
c
S
o 20
£
10
-100 =75 -50 -25 0 25 50
Delta PVR, %
Fh, Buropean PVR reduction : median - 40 % (mean -35%)
€50 Network L ... s WERUED ‘ccccccceceescccecsccasnsactssecesnsactsnccssssestancsesssesasancassncsasanstane 6 cees P Hospital Universitario
" * UHP cLoercy “:N.I“’-"Ig Octubre
o S - ) o S A st e SaludMaciid
fifi’ o s Badagliacca R, Am J Respir Crit Care Med. 2020;10.1164/rccm.202004-10060C. [ Comunidad do Macid




CLI

CENTRAL ILLUSTRATION Initial Triple Versus Double Oral Combination Therapy in Pulmonary
Arterial Hypertension

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

n=123 Macitentan LEGELETE Selexipag
10 mg o.d. 40 mg o.d. 200-1,600 pg b.i.d.

. . Macitentan Tadalafil Placebo
Newly diagnosed, treatment-naive n=124 10 mg o.d. 40 mg o.d. 200-1,600 pg 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

Pulmonary No = 1004
vascular "54% 2% difference e
resistance £ 80-
@
& 60
Secondary Endpoints (Exploratory Analyses) 'g'
£ 404
6-Minute =
_walk +55m +56 m £ 207 Hazard Ratio: 0.59;
distance No B 95% Cl: 0.32,1.09
difference & o4 i . . i .
Baseline Week Month  Month  Month  Month
NT-proBNP -74% -75% 26 12 18 24 30

s | itial triple oral s | Nitial double oral

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

J Am Coll Cardiol 2021;78:1393-1403)

o0
jescsas CTU =+ N Hospital Universitario
Cl 6e1~, ‘-f' 12 dg Octubre

Emtermedades Cardrovasculares.

SaludMadirid
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Upfront combination treatment including parenteral prostanoids in
critical ill patients

Upfront triple combination therapy with ambrisentan, tadalafil and SC treprostinil in severe PAH patients
21 patients treated - 24 months Follow-up - 21/21 patients alive on triple combination therapy

500 + 4000 +
P<0.001
12 431166 pe0.001
3,3791,921
400 +
IV (9) 3000 +
+172% -85%
300 +
2000 +
200 +
1584130
111(12) 1000 +
100 +
498+223
0 0
Baseline Follow-up Baseline Follow-up Baseline Follow-up

-:-__?\ Eur n

23N Reforemee WHO FC 6MWT NT-pro-BNP,,

o' Network ., o EEEEEM rsccccsccsesacncccstsssasacnccestsssesactesestsasesactesestsetatastctssnasasasae 6 71 .e Hospital Universitario
¢ UHP ercy -+ RAMIEE s

Saludiad

D’Alto et al. Risk reduction and right heart reverse remodeling by upfront triple combination therapy in pulmonary arterial hyperteﬁg‘rﬁ‘ﬁ “CH‘E‘ST 2019 meon aceid




Upfront combination treatment including parenteral prostanoids in
critical ill patients

* Right-sided atrial pressure decreased from 13 + 3to 5 + 2 mm Hg

* Mean pulmonary artery pressure decreased from 60 + 9 to 42 + 5 mm Hg

* Cardiac index increased from 1.8 + 0.3 to 3.5 + 0.8 L/min/m2

* Pulmonary vascular resistance (PVR) decreased from 16.4 + 4.4t0 5.5 + 1.3 WU

2F peo.001 801 peooor °T peoo0t 2t peoor
16.4+4.4
- 6049 ) a+ +
BT 1343 62% 60 1 30% 94% 3.5:0.8 15 -
4245 31
10 + 40 + 10
2
542
51+ 20 5
1 -
0 0 0 0
RAP mPAP PVR
o33t, European
"'."-..:';I Reference
€80 Network | ., ol EEE I reccccccccacccuscasecnsacneansanssnsacncsnsaseanscnstenstnsanssanacnascnascnssanne C"Z.6erc-v cees ‘;_q Hospital Universitario
';U,HP T 12 de Octubre

e B Saludhadrid

D’Alto et al. Risk reduction and right heart reverse remodeling by upfront triple combination therapy in pulmonary arterial hypertension. CHEST 2019 G Comunidad do Macid



Journal of K\
Clinical Medicine MD\Py

Article
Impact of Parenteral Prostanoids in Pulmonary Arterial

Hypertension: The Relevance of Timing

. Strategies
20 © double upfrent prosta
50 - - @ wiple upfront prosta
L] - @ add-on prosta
0 -
40 -
ope
“\
20  mes Sy
> R sim
E 30 ¢ e = T
3 5 40 . bl R
U‘ L
o <
B
% 20 o o -
-60 . e ® e
10 IO e
ClC) ?%e o b
-80 . o :
-]
0
=30 -25 =20 -15 -10 -5 0 5 10 15 20 100 : . : : . .
A PVR from diagnosis, WU 0 20 40 60 80 100 120 140
Prosta max dosage, ng/kg/min
.“6 - Hospital Universitario
--------------------------------------------------------------------------------- ssss 4
* UHP croercy ‘r 12 de Octubre
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Exercise
tolerance

j"_
RV function
and strain

/ /
(7

Haemodynamics

6MWD =440 m
WHO-FClorll

BNP <50 ng-L-1

NT-proBNP <300 ng-L-!

Meed for research
prioritisation:

RA area <18 cm?
TR, none or trace
TAPSE/sPAP >0.32
mm-mmHg-1

RAP <8 mmHg
Cl=2.5 L'min-1:m-2
SVI>37 mL-m-2
Syo,>65%

PVR <5 WU

Meed for research
prioritisation:

mPAP <30-35 mmHg
PAC =2.5 mL-mmHg-1

Mot disease-specific, potentially
affected by conditions other
than PAH

Mot disease-specific, potentially
affected by conditions other
than PAH

Other imaging parameters from
echocardiography and MRI are
emerging

Uncertain added value in
low-risk patients according to
ESC/ERS 4 strata model

PVR <5 WU treatment goal may
not apply to patients with
congenital heart disease

With emerging therapies and
effective combination
treatment strategies,
comprehensive haemodynamic
assessment of treatment
response is expected to play a
prominent role in the
management of patients with
PAH

Goals may not be achievable in
patients with other conditions
limiting exercise capacity

Goals may not be achievable in
patients with interfering
conditions

TAPSE/sPAP threshold requires
further validation

Established prognostic value;
however, not necessarily
independent of noninvasive
parameters

The proposed thresholds may
be associated with long-term
survival; however, this is not
evidence-based and requires
further validation

Eur Respir J 2024; in press: 2401323

Hospital Universitario
12 de Octubre
BisbAsedadcs Cirdossomdanis SaludMadrid

[ comunidad de Madrid



open THE BEST IN OPEN ACCESS BASIC, [ESYaY") pacientes

E RJ J,  TRANSLATIONAL S CUNICAL o _ o
researc RESPIRATORY RESEARCH Remision parcial en seguimiento

PVR< 5UW y/0 mPP < 35 mmhg

3 Kaplan-MBiel‘ survival estimates Kamm'Meler survival estimates Kap]an-MB[Bf survival estimates
A ' B - c °
K. £
-1 -] o
B _
i g 8
8 All & IPAH 8 CTD
g 2. g
o b T T T T J o T T T T T T g = T T T T T T
[+] 1z 24 36 48 TZ [+] i2 24 a8 48 a0 T2 o 12 24 36 45 60 T2
Analysis time (months) Analysic time (manths) Analyss tme (months)
Mumber at riak Murnber at risk Mumber at risk
PR critaria not achieved 378 07 243 204 179 151 122 PR critefa not achieved 208 181 144 127 113 ar T3 PR criteria nol achieved BOD 81 A7 33 28 20 17
PR criteria achieved 180 180 167 150 129 13 102 PR criteria achieved 80 -] a8z 73 63 56 50 PR criteria achieved 56 5 50 46 38 3 20
PR aiaria not achigved PR criteria achievad — PF critaria mol achieved PH criledia achiewed — PH cribéria not achienved PH crileria achieved

Cruz-Utrilla A. Accepted for publication
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are o

(L]
sessen lessesessssssesssssssetesatsesssesat ettt ecesasatsesesecasteacssnastsananns ceee 27 Hospital Universitari
e # UHP Cibercy - R:NEszsims=

[ gy Cenirs oe bnresiiptoitn Bomeaics on SaludMadiid

[ comunidad de Madrid



Pathobiology of pulmonary hypertension

Normal distal pulmonary artery (50-500 pym)

- N

Intima Media Adventitia
I T 1

Plexiform lesion
formation

(
' Luminal narrowing ) ) \

or occlusion

\
Intimal fibrosis
Db

EC apoptosis and proliferatic;hl / /
S 1) //
Medial hypertrophy /
SMC hyperplasia_~ /
;s (
= < /
Inflammatory-cell .
recruitment /
Fibroblast proliferation 7
Collagen disruption /

Remodeled pulmonary vessel in PAH

European
v Reference

o0 - . . . -
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complex diseases

o —— Hassoun, N Engl J Med 2021:385:2361-76 —_—— B e



Seralutinib

lL

Imatinib

°l

PDGFR KIT  CSFIR

—— MAPK)

Sotatercept/ Recombinant
KER-O12 EMPS
o | =Zeins
//g; and GDFs S
( u

ACTRIL LK4 BMPR) LK1
ACTRIIB ALKS ALKZ
ALK? ALK3
ALKG

Gp130

;\ Reference

DHEA Anastrozole Metformin
Oestrogen Plasma
o Fatty acids membrannla

Glucose

paehex

l Lactate =— Pyruvate

w DCA —:-__ ] Trimetazidine
7 | @q_anmaﬂ&ri& \

Target g-ene \
expression \

D1, 1D2, 103, MCL1,
MFAT, MF-xB,
survivin, VEGF,
TWIST1, BCL2, PIM1

Epigenetic
alterations

-

nAI:EterCDA il

: L. sesssel ' UHP 1 8BS E S0 00E00000000ENNNEsENNN0NNsNsNNNssEseNssNsEs0ssEssRssEsRRERREsRRRERRTRS Cl6ercfv
nature reviews Cardiology. Ghofrani H et al. https://doi.org/10.1038/s41569-024- 010644~

cene ‘;_q

Saludhadrid

Hospital Universitario
12 de Octubre
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Ongoing strategies aimed at
enhancing the Smad1/5/8 signaling:

Ongoing strategies aimed at
reducing the Smad2/3 signaling:

P | ~ Sotatercept ™.

/. - ; HS135
j —— KER-012 =
1 — - 1 - -~ )
1 p | |
' N ; PF-07868489\\\ ;
E - | e > - - i
' 4 ~ !
E H -~ |
1 : - d :

Uy

" Smad1/5/8 pathway activator ligand:

European
Reference o : A
Smad2/3 pathway activator ligand: 2.1.68 FOU - ‘;: Hosplal nierstaro
L5 e ubre

Network
e orowrewaience * * % * 020 (@) UHl
lex diseases S o e ot .
i reareAES ratash 18 58 oeTvose s T Saludhadrid
e

Eur Respir J 2025; 66: 2401830 [ ————




Mechanism of action: Sotatercept

Sotatercept
@ Sotatercept

Antiproliferative | '/ N g 1 Proproliferative b

___________________ it { BMPS Actlvms and GDFs

i s s ActRIIA/B
, BMPR-II 1/2/3/6 4/5/7

I

:

I . . \

I
I
:
I
I
I E g .
I
l —

——————

e - Gremlin-1 and e !
e ks Rebalanced towards
Humbert et al. N Engl J Med 2021;384:1204-15 vascular homeostasis
’NWUHME llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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ASI class to target a the ACTIVIN/TGFB pathway and
treat PAH

i 4 || I, | =
s N/
Proliferation of fibroblasts and infiltration Rale of pathways in Approved therapies to target
of immune cells in adventitial layer PAH pathophysiology the 4 pathways involved in PAH
Key 4 PASMCs proliferation and -
i migration in media /
W VEMC __ PASMCs infiltration in‘o — e —

— "\ Fibroblast intimal layer B inine ) /,;‘

_ Double elastic lamina develops
due to increased muscularisation

/__J Macrophage % o
i

»X Elastic lamina

Proliferation of apoptosis-resistant
endothelial cells and plexiform
lesion formation

Narrowing/ocelusion of —
vessel lumen e

. Endothelial cell

Endothelial -
cells

sGC-cGMP

Arachidonic acid
stimulators

— ActRIIA/B Endothelin receptor B

il Prostacyclin
Pro%acyc\lo ’.._ ErICEnE

~ 3y Activin
i Endothelin receptor A

T Achvins& @ g |_ signalling [
BMPs GDFs © inhibitors —|—
IP receptor Endothelin

receptors
antagonists

T

PDES inhibitors

BMPR-I  ActRIIA/B
4 i

pro-
1 pSmad proliferative
213 signalling

| Activin/TGF-p pathway

Smooth muscle celis vd

Prostacyelin pathway

% Endothelin-1 pathway | ‘ Nitric oxide-sGC-cGMP pathway

European
v Reference
Hospital Universitario
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PULSAR STELLAR
106 P 323 P
RVP > 5 UW_R RVP > 5 UW

SOTERIA
ZENNITH 426 P

172 P
RVP > 5 UW

oo e
.".:-..:'.' rence e
¢3%" Network 6 N Hospital Universitario
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STELLAR: demographics and baseline clinical

characteristics

N =160 N=163 N = 323

Idiopathic 106 ( 66.3) 83 ( 50.9) 189 ( 58.5)
Heritable 24 ( 15.0) 35(21.5) 59 (1 18.3)
Classification of PAH, n Associated with CTD 19 ( 11.9) 29 ( 17.8) 48 ( 14.9)
(%) Drug-induced or toxin-induced 4(2.5) 7 (4.3) 11 ( 3.4)
Associated with corrected
congenital shunts 7L 9(5.5) 16 (5:0)
Class II 78 ( 48.8) 79 ( 48.5) 157 ( 48.6)
0/ \T
UIRDIFG, 1 () Class III 82 ( 51.3) 84 ( 51.5) 166 ( 51.4)
Age 47.6(14.1) 48.3 (15.5) 47.9 (14.8)
Prostacyclin infusion therapy$ 64 (40.0) 65 (39.9) 129 (39.9)
Background therapy*, Mono 4(2.5) 9 (5.5 13 (4.0)
n (%) Double 56 ( 35.0) 56 ( 34.4) 112 ( 34.7)
Triple 100 ( 62.5) 98 ( 60.1) 198 ( 61.3)
Fime since diagnosts of 9.2 (7.3) 8.3 (6.7) 8.8(7.0)
3y, Buropean
SOV Network L .., as BEELEIER eccececesescesesenesanncnsnntasnennannnsntanesenacnanasesnctsascasnannancnananne 5'1'661'0"() ceee “'q Hospital Univers tario

Hoeper et al. N Engl J Med 2023;388:1478-90 ertemdats arponracers Saluhlaciid
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STELLAR: demographics and baseline clinical
characteristics of study patients

Placebo Sotatercept
B S o

Hb, g/dL 13.7£ 1.6 139+ 1.7 13.8+ 1.6
eGFR, mL/min/1.73 m2 88.3 + 35.8 91.2 £ 34.6 89.8 + 35.2
6MWD, m 407.0 + 78.2 398.5 + 83.5 402.7 + 80.9
NT-proBNP, pg/mL 1207.8 + 2694.4 /s 2 ZERIEE 1121.1 + 2593.8
PVR, dyn sec cm~ 745.8 £ 313.5 781.3 + 398.5 763.7 + 358.8
CO, L/min 48 +1.2 4.9 £1.3 48 +1.2
Cardiac index, L/min/m?2 2.7 £ 0.6 2.7 £ 0.6 2.7 £ 0.6
Mean pulmonary artery pressure, mm Hg 52.2 £ 13.0 53.0+ 14.6 52.6 £ 13.8
RA pressure, mm Hg 8.5+45 8.0 £ 4.3 8.2+44
Pulmonary arterial wedge pressure, mm Hg 9.8+ 3.1 9.7 £ 3.2 9.8+ 3.1
Mixed venous oxygen saturation, % 67479 66.8 £ 7.1 67.1£7.5

e5id, European o *
@%.in Reference
0%

Sor

................................................................................. ~Thp sess P4 Hospital Universitario
Hoeper et al. N Engl J Med 2023;388:1478-90 Cl6€l’C’() ‘l‘ 12 de Octubre

Saludhadric
Entermedades Cardrovasculores SaludMadirid
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Sotatercept — STELLAR trial

Sotatercept Mean Imputed median Imputed median
(prespecified analysis) (post hoc analysis)
Placebo Mean Imputed median Imputed median Placebo Sotatercept
(prespecified analysis) (post hoc analysis) (N=160) (N=163)
60— Baseline mean (£SD)* 404.7 (+80.6) 397.6 (£84.3)
E 507 T Observed mean change -14(x72.0) 40.1 (£64.3)
o 40 | from baseline (£SD)*
T 304 ] s
S I Observed median® 6.0 34.5
g 204 T
£ 10d I Imputed median® 1.0 344
& I ! L
_::‘i 0 l Hodges-Lehmann location 40.8 (27.5, 54.1)
S 10 | shift (95% Cl)t
-20 0 3 6 9 12 15 1 N 24 Wilcoxon p-value$ < 0.001

Weeks after Randomization

No. at Risk
Sotatercept 163 157 154 157
Placebo 160 154 151 147

Hospital Universitario

on6 ~
Losesess @ UHP lsessssssssssesssasssessesesesatasetsssenssatatetss sttt esestsncastanasastane CZ ercrv canse "q | [t
T Hoeper et al. N Engl J Med 2023;388:1478-90 Entermedades Cordoencutoes Saludhiadiid
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S Ota t e rC e pt - ST E L LA R t ri a I 84 reduction in the risk of fatal and nonfatal

outcomes after a median follow-up of 32.7 weeks

1.0-
0.9
= Sotatercept
2 08
g P<0.001 by log-rank test SOtatercept Placebo
2 % (163) (160)
& 06 Placeb
= e Pts with 9 (5.5) 42 (46.2)
g % worsening/death
S 044
z . Death 2 (1.2) 6 (3.8)
ié" 0.2 ListingI HL 1 (0.6) 1 (0.6)
01- HR 0.16 (95% CI, 0.08 to 0.35) transplant
0.0 | | | | | | | | | | | | | | | Rescue therapy 2(1.2) 17 (10.6)
0 5 10 15 20 25 30 35 40 45 50 55 &0 65 70 75 -~
Weeks to First Occurrence of Either Death or Nonfatal Clinical Worsening Event Atrial septostomy 0 0
Hospitalization 0 7 (4.4)
163 163 163 163 160 157 111 8 60 37 28 15 3 2 2 0
160 156 154 151 146 133 8 59 38 27 1. 9 3 2 1 1 Worsening PAH 4 (2.5) 15 (9.4)
Cinical worsening events : listing for transplantation, initiation or rescue therapy with an approved background

treatment or increase in the prostacyclin dose by >10%, hospitalization =24 hours for PAH or worsening of PAH relative
to baseline as defined by both a worsened WHO-FC and a decrease in 6MWD >15%

w8, European

v Reference
Hospital Universitario

o.‘.";' Networku‘ww....... ‘UHP 8888000800000 00000000000E0000000000000000000000000000s0s0s0N0s0ssRORERsRERRRREES é’i6erc"() sesse ‘.‘f' it A nive

s SaludMadhid
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Effects of sotatercept on haemodynamics

and right heart function: analysis of the STELLAR
trial

Pathological remodelling in PAH
mPAP

PA compliance RV work mRAP NT-proBNP
Pulmonary arteries v 51 0.84  p<0.0001 o 0.0 1 p<0.0001 500+
« Thickening of the = L — c [; 1
intima/media K] = -I__ Ko} &
« Narrowed lumen 8 'E\D 0.6+ 2 _0.54 0+ T '_‘ 0+
Q oo iz T 0 O on ‘ Ly
gL A oA EE T .. ERr
SE £ 04 s 5 = ‘ € -500
e - S -10- E N € —
ki e . € 0.2 &0 -2+ ‘ -10009 L
O Sotatercept 5 & p<0.0001| - p<0.0001
s \\ O 0Bl o.o-i—.—- - O 154 . -3 . -1500+———1—
Activins .

Placebo Sotatercept Placebo Sotatercept Placebo Sotatercept Placebo Sotatercept

Placebo Sotatercept

TRG, mmHg (95% CI)
Difference (95% Cl); p-value

Placebo Sotatercept
O N
TAPSE/SPAP Change from baseline in Placebo Sotatercept
ECHO parameters
154 <0.0001
0.15 lp—l RVESA/LVESA (95% CI) 0.04 (-0.06, 0.15) -0.27 (-0.37,-0.17)
- e el Difference (95% Cl); p-value -0.32 (~0.46, ~0.17); p<0.0001
v 0.104 5 P
bo O
E RVA-ED, cm2 (95% Cl) 0.86 (~0.08, 1.80) -4.45(-5.37, -3.54)
:lse:sed £ 0.059 Difference (95% Cl); p-value ~5.31 (-6.60, ~4.02); p<0.0001
ear -
. leAP e:jevated é 0.004 RVA-ES, cm? (95% CI) 0.26 (-0.53, 1.05) -4.13 (-4.90, -3.37)
:‘E:iczrsg:i d i E Difference (95% Cl); p-value -4.39 (-5.47, -3.31); p<0.0001
regurgitation -0.05—7F——7—

-0.46 (-3.84,2.92) -17.00 (-20.87, -13.13)
-16.54 (~21.58, ~11.50); p<0.0001
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ZENITH: Primary endpoint results

Kaplan-Meier Estimates of Primary Composite Endpoint

Components of the primary Placebo Sotatercept
Lo endpoint, n (%) (n=86) (n=86)
£ 0.94 Sotatercept Pati ith
s 0.8- ; E ; a_tlents with one or more 47 (54.7) 15 (17.4)
9. 074 primary events
L5 06
; "‘E" 0.5 Components of the primary endpoint as a standalone
= 5 044 outcomed
S¥ 0.3
S 0.2
6.‘2 ““"| Hazard ratio, 0.24 (95% Cl, 0.13-0.43) Placebo
0.19 po.001 All-cause deathe 13 (15.1) 7 (8.1)
0.0 T T T T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100 110 120
Weeks Lung transplantation 6 (7.0) 1(1.2)
No. at Risk
Sotatercept 26 82 79 61 51 40 28 21 13 9 5 1 0
Placebo 86 74 59 38 28 23 15 10 5 2 1 0 0 PAH worsening—related
No. of Events hospitalization of =24 hours 52 () S

. Sotatercept 4 3 4 2 1 1 0 0 0 0 0 0 0
Placebo 12 13 10 4 2 1 3 1 1 0 0 0 0 Analysis of Time to First Morbidity-Mortality Events
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A long-term follow-up study of Sotatercept: interim results of SOTERIA

Efficacy

Improvements in clinical efficacy measures achieved at 24 weeks were maintained
1 year into this open-label period

6MWD NT-proBNP
Placebo crossed Continued sotatercept 100000 Placebo crossed Continued sotatercept
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. . ] I . . .
H 10000 . : .
7 H . ' H : i
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6004 E t i . .
&p 10004 H 1
£ =%
- a’
g 400 Z
= 2 100
= 'y
s
=
200+ ] i H T 10
.
. * *
T T T T T T 1 T T T T T T
Baseline Week24 Yearl [Baseline Week24  Yearl Baseline Week24  Yearl |Baseline Week24 VYearl
n=143 n=138  n=130  n=259  n=232  n=216 n=143 n=128  n=125  0=259 =226  n=211
WHO FC distribution French low-risk score distribution**
Placebocrossed Continued sotatercept Placebo crossed Continued sotatercept
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2 2
c c
g 75 a
£ 2
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® o
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B 5
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Baseline Week24  Yearl

Baseline Week24  Yearl
n=143 n=140 n=134 n=259% n=250 n=239 n=143 n=141 n=135 n=259 n=251 n=239

Baseline Week24  Yearl Baseline Week24 Yearl

W wHoFCI wHorcln [ whorcm I WHOFCIV M ves M o

Benefits

Increase functional
exercise capacity

Improve WHO
functional class

Decreased mPAP and PVR
without a change in CO

>

Reduce risk of clinical
worsening events

£\

E— Improvements in patient-
reported health status

Key Unknowns

Adverse Events
15% erythrocytosis >2 g/dL | )
above ULN /

3% thrombocytopenia
platelets <50,000/mm3

36% bleeding event
22% epistaxis
4% serious bleeding

| 350

10% telangiectasia

25% headache
20% rash

15% diarrhea
15% dizziness
14% erythema

Long-term efficacy
and safety

Impact of development of
antidrug antibodies

May cause fetal harm and
infertility

T
Reference
Network

for rare or low prevalence
complex disease

@ Netwark
Respiratory Diseases
(ERN-LLNG)
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Severe Hypoxemia and Pulmonary Capillary
Dilatations in Pulmonary Arterial Hypertension
Patients Treated with Sotatercept

Karen M. Olsson'?, Laurent Savale®**®, Christophe Guignabert®*,
Da-Hee Park'2, Jan C. Kamp'-?, Athénais Boucly®*5,

David Montani®*®, Olivier Sitboon®>*®, Marc Humbert>**, and
Marius M. Hoeper':2

Sotatercept started, Aug 11*, 2022 Sotatercept halted (last dose Nov 7, 2024)
July 2022 . January 2023 ber 2023 2024 ‘ ber2024  January 2025 T SOTATERCEPT
PO, 79 mmHg pO, 88 mmHg PO, 60 mmHg pO, 56 mmHg PO, 42 mmHg PO, 60 mmHg J_
= é pCO, 36 mmHg pCO, 32 mmHg pCO, 29 mmHg pCO, 32 mmHg pCO, 29 mmHg pCO, 31 mmHg
@ k WHO-FC ll WHO-FC Il WHO-FC Il WHO-FC Il WHO-FC il WHO-FC Il ' ' @ ' ” '
S 6MWD 394 m 6MWD 485 m 6MWD 504 m 6MWD 475 m 6MWD 333 m 6MWD 332m T
] S0, min 84% SO, min® 84% SO, min 70% SO, min 75% SO, min 68% SO, min 76%
£ P Nmoroone NT-proBNP NT-proBNP NT-proBNP NT-proBNP NT-proBNP Nig
8 G 893nmg/L 200 ng/L 149 ng/L 133ng/L 121 ng/L 189 ng/L ! ~
mMPAP 59 mmHg mPAP 43 mmHg mPAP 40 mmHg l ‘ BMP-9/10? I
A €13.3 Umin/m? C1 2.4 L/min/m? C12.1 L/min/m? T ~
(AN R PVR 82WU PVR 8.1WU 1 N
V0, 66% VO, 70% VO, 74% } ~a
Sotatercept started, Sept 307, 2021 Elimination of ligands of the Emergence of Emergence of
Sept 2021 ‘ March 2022 April 2024 Sept 2024 Nov 2024 Feb 2025 TGFB-activin-nodal branch HHT-like symptoms HPS-like symptoms
Sa02 98% at rest
< ° iyt 5202 98% at rest PO, 62 mmHg PO, 48 mmHg pO,64mmHg PO, 67 mmHg JL — Intrapulmonary
8 == (50293/pC0231 mmig) PO0; 25 kg Mg PO 28meY 800,27 made l Smad2/3 activity + Epistaxis vascular dilatations
§ WHO-FC Il WHO-FCIl WHO-FC Il WHO-FC Il WHO-FC il WHO-FC I « Cutaneous telangiectasia @
[} k 6MWD 450 m 6MWD 482 m 6MWD 444 m 6MWD 456 m 6MWD 420 m 6MWD 370 m @
= SO, min 90% Epistaxis during6MWD SO, min 76% SO, min 65% SO, min 68% SO, min 57% + Mucosal angiodyplasia
i oxemia
3 z NT-proBNP NT-proBNP NT-proBNP NT-proBNP NT-proBNP NT-proBNP I l PAH seve"ty l yp
& annmgr 36ng/L 18ng/L 12ng/L 35ng/L 22ng/L
R mPAP 55 mmHg mPAP 26 mmHg mPAP 30 mmHg
A C12.7 L/min/m? €12.3 L/min/m? €13.4 Umin/m?
Y\ | PRISWU PVR5.9WU PVR 4.8 WU
V0, 71% SVO, 70% V0, 74%
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Pericardial effusions and sotatercept therapy in PAH:
a multicentre, real-world experience

« Among 391 adults with PAH who were consecutively treated with sotatercept as add-on therapy at six
comprehensive care centres. 70.3% were on a prostacyclin pathway agent

* 165 (42.2%) IPAH, 133 (34.0%) had PAH -CTD, 34 (8.7%) had drug- and toxin-associated PAH, 26 (6.6%)
had heritable PAH (HPAH), 25 (6.4%) had PAH associated with CHD

« All events occurred among patients on 0.7 mg-kg~' dose of sotatercept with a median exposure:136 days
» 20 patients ( 5%): Seven patients (35.0%) developed new-onset effusions, while 13 (65.0%) developed
worsening of an existing pericardial effusion The cumulative incidence was 9,8% in PAH-CTD and 3,9%

IPAH

* Pericardial effusions were associated with improvement in haemodynamics and/or right heart function,
as opposed to the progression of cardiopulmonary vascular disease

» 11 patients (48%) required intervention either by pericardiocentesis or by the creation of a pericardial

o0 . . . -
................................................................................. CZ 6ercrv "M :Igggltgétlﬂgl:;ersnano
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EUROPEAN RESPIRATORY JOURNAL
EDITORIAL
M.M. HOEPER

Sotatercept in pulmonary arterial hypertension: revolution, risk
and the road ahead

v
Initial risk assessmentb
|

Combination ERA + PDE-5i Combination i.v./s.c. PPA, ERA, PDE-5i
| |

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

v
Low riskd Intermediate-high riskf
Continue initial Add activin-signalling Add iv./s.c. PPA or Add iv./s.c. PPA
therapy inhibitor, oral or activin-signalling (1%t choice if not on)
inhaled PPA inhibitor or activin-signalling|
Can consider switch ‘ inhibitor
PDE-5i to sGCS I

Persistent intermediate-high or high

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

Eur Respir J 2024. DOLI: 10.1183/13993003.01325-2024] .
3. European Eur Respir J 2025; 66: 2501633
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Seralutinib inhibits key drivers of PH
pathophysiology

» Proliferation, inflammation, and fibrosis play

critical, interconnected, roles in vascular Seralutinib
remodeling in PAH targets pathways that contribute to

» Seralutinib potently and selectively inhibits m w

PDGFRa/B, CSF1R, and c-KIT kinases, key
pathogenic drivers of PAH progression _I_
» By inhibiting PDGFR signaling, seralutinib -I- -l-

. CSFIR c-KIT
restores BMPR2 expression BMPR2 PDGFRalk i, @
]r PAEC

+ Seralutinib is an inhaled, novel, TKI designed &, zim
to normalize vascular remodeling ]r N . >

. - PASMC

BMPR2, bone morphogenetic protein receptor type 2; c-KIT, mast/stem cell growth factor; CSF1(R), colony stimulating factor 1 (receptor); M®, macrophage; PAEC, pulmonary artery endothelial cell; P(A)H, pulmonary (arterial)

hypertension; PASMC, pulmonary artery smooth muscle cell; PDGF(R), platelet-derived growth factor (receptor); TKI, tyrosine kinase inhibitor.
» European 1 Schermuly RT, et al. J Clin Invest. 2005;115(10):2811-2821. 2 Antoniu SA. Expert Opin Ther Targets. 2012;16(11):1055-1063. 3 Hoeper MM, et al. Circulation. 2013;127(10):1128-1138. 4 Galkin A, et al. Eur Respir J.
v Reference 2022;6(6)0:2102356. 2o 6
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Seralutinib in adults with pulmonary arterial hypertension
(TORREY): a randomised, double-blind, placebo-controlled

phase 2 trial

Robert P Frantz, Vallerie V McLaughlin, Sandeep Sahay, Pilar Escribano Subias, Ronald L Zolty, Raymond L Benza, Richard N Channick,
Kelly M Chin, Anna R Hemnes, Luke S Howard, Olivier Sitbon, Jean-Luc Vachiéry, Roham T Zamanian, Matt Cravets, Robert F Roscigno,
David Mottola, Robin Osterhout, Jean-Marie Bruey, Erin Elman, Cindy-ann Tompkins, Ed Parsley, Richard Aranda, Lawrence S Zisman,

Hossein-Ardeschir Ghofrani, on behalf of the TORREY Study Investigators*

A C
Least squares mean -49-0 -168.4
Least squares mean -06:1 difference (95% C1) (-162-3to 64-4) (-3017 to -35.0)
difference (95% C1) (-183-510-8.8) p value 0:40 0.01
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Changes in the pulmonary wvasculature after
24 weeks of seralutinib treatment are suggestive of a
reverse remodeling effect

Week 24

Baseline Baseline

|

Placebo patient Seralutinib patient
Female, 24y, IPAH, FC Il, treated with PDE5-i + prostacyclin Female, 58 y, IPAH, FC Il, treated with ERA + PDE5-i + prostacyclin

PVR change, dyne-s/cm5 (%) 283 (+65.4) PVR change, dyne-s/cm® (%) -159 (-39.0)

ABV510A ratio (% change) -0.70 (-28.9) ABV510A ratio (% change) +2.5 (+78.0)

The images shown are representative examples. The highlighted sections were chosen to illustrate changes in the pulmonary vasculature.

oot European
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Crosstalk Between the Activin System and Other Signaling

ET Agonists:
Ambrisentan

Prostacyclin
agonists/analogs:
Selexipag

Endothelin signaling

Bosentan ——
. BMP system Macitentan ; =
Activin system Treprostinil
N, 3 ¢ er, ¥ Pal,
= SGC - IR ERER )
o . e | stimulator: | AL
j//,j/ 33 : f Riociguat
*B P
SHAD 22010 N |
SMAD 4 ‘ il' ‘I.'
Inhibition of GTP cGMP GDP

the signaling

Regulation of transcription

@
eNOS/NO/PKG axy factor function

by phosphorylation

Prostacyclin signaling

............................ C"Z.6erc-v cene P Hospital Universitario
Madonna, R. J. Mol. Sci. 2025, 26, 4851 bl é@M“’-dﬂ Octubre

8 Cormuided do Mackia



Symptom free

A

Wellness Cure

Symptoms Remission

Symptoms

Disability Disability

Demise Demise

b 4
Symptomatic

n e

.: “I Reference ~7
", Network - i i itari
oo’ Pt LLL AL @ JIBJID 'ccccccccrcctctctttetetcctcttttccttttctsttteteteteotcttttttttttstststesasatesenne 661’6“(} sase q Hosgltal Um:f:fs“ano

: * UHP Lancet Respir Med 2025; 13: 364-70 e éﬁnM‘“ oo

complex diseases
© Network
[ comunidad de Madrid

Respiratory Diseases
(ERN-LUNG)



Medicina de precisidén en la HAP
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René Magritte. El falso Espejo

2333, European https://historia-arte.com/obras/el-falso-espejo
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