PH asociovana s onemocnénim levého srdce a plic
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Klasifikace PH

GROUP 2 PH associated with left heart disease Group 2: PH associated with left heart disease
_ 2.1 Heart failure:
2.1 Heart failure: 2.1.1 with preserved ejection fraction
2.1.1 with preserved ejection fraction 2.1.2 with reduced or mildly reduced ejection fraction

2.1.3 cardiomyopathies with specific aetiologies”
2.2 Valvular heart disease:
2.2 Valvular heart disease 2.2.1 aortic valve disease
2.2.2 mitral valve disease
2.2.3 mixed valvular disease
post-capillary PH 2.3 Congenital/acquired cardiovascular conditions leading to post-capillary PH
Group 3: PH associated with lung diseases and/or hypoxia

3.1 COPD and/or emphysema
3.1 Obstructive lung disease or emphysema 3.2 Interstitial lung disease

3.2 Restrictive lung disease 3.3 Combined pulmonary fibrosis and emphysema
3.4 Other parenchymal lung diseases”

3.5 Nonparenchymal restrictive diseases:
3.4 Hypoventilation syndromes 3.5.1 hypoventilation syndromes
3.5.2 pneumonectomy
3.6 Hypoxia without lung disease (e.g. high altitude)
3.6 Developmental lung disorders 3.7 Developmental lung diseases

2.1.2 with reduced or mildly reduced ejection fraction®
2.3 Congenital/acquired cardiovascular conditions leading to

GROUP 3 PH associated with lung diseases and/or hypoxia

3.3 Lung disease with mixed restrictive/obstructive pattern

3.5 Hypoxia without lung disease (e.g. high altitude)

Humbert M et al. 2022 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension, EHJ 2022, ERJ 2022

Kovacs G, Bartolome S, Denton CP, et al. Definition, classification and diagnosis of pulmonary hypertension. Eur Respir J 2024



Hemodynamicka definice PH

Haemodynamic characteristics

PH mPAP >20 mmHg
Pre-capillary PH mPAP >20 mmHg
PAWP <15 mmHg
PVR =2 WU
Isolated post-capillary PH (ipcPH) mPAP >20 mmHg
PAWP >15 mmHg
PVR <2 WU
Combined post- and pre-capillary PH (cpcPH) mPAP >20 mmHg
PAWP >15 mmHg
PVR =2 WU
Exercise PH mPAP/CO slope >3 mmHg/L/min

between rest and exercise

Kovacs G, Bartolome S, Denton CP, et al. Definition, classification and diagnosis of pulmonary hypertension. Eur Respir J 2024



Spravna metodologie mereni PCWP

* Drive navrzeno meéreni v endiastole - nejlépe vyjadruje endiastolicky tlak LK

* Méreni v endiastole minimalizuje vliv V viny, ktera odrazi patologii mitralni
chlopné a levé siné. Primeérny PCWP by mél byt vice relevantni pri kalkulaci
PVR

e PCWP 12-15 (18) mmHg brano jako rozhrani nejistoty

e Kontextualizace hemodynamiky s rizikovymi faktory nebo onemocnénim LK

Maron BA, Bortman G, De Marco T, et al. Pulmonary hypertension associated with left heart disease. Eur Respir J 2024



Fenotypizace PH-LHD

* PH u aortalni stendézy
- pred intervenci se nedoporucuje lécit spec. |éCbou
- rezidualni PH po intervenci zhorsuje dlouhodoby outcome
- neni evidence k lécbé rezidualni PH po intervenci

* Overlap fenotypy — vice jak 75 % pacientu ma dveé a vice komorbidit,
57 % 2-3 overlap

Maron BA, Bortman G, De Marco T, et al. Pulmonary hypertension associated with left heart disease. Eur Respir J 2024



SGLT2 inhibitory a PH-LHD
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Lopaschuk GD, Verma S. Mechanisms of cardiovascular benefits of sodium glucose co-transporter 2 (SGLT2)

inhibitors: a state-of-the art review. JACC Basic Transl Sci 2020
Kirschbaum K, Vasa-Nicotera M, Zeiher AM, et al. SGLT2 inhibitor therapy and pulmonary artery pressure in patients

with chronic heart failure-further evidence for improved hemodynamics by continuous pressure monitoring. Clin Res

Cardiol 2022



Dif. dg. PAH a PH-LHD

* Prvni krok stanoveni predtestové pravdépodobnosti LHD
* K potvrzeni diagnozy nutna PSK

* Provokacni testy drive doporuceny pri PCWP 13-15 mmHg. Nove i pri
nizSim PCWP a vysoké pravdépodobnosti LHD

* Podil vetrikularni interdependence pri PAH a dilataci PK na elevaci
PCWP nepravdépodobny pri kardialni kompenzaci. Snadno
identifikovatelny pokud je RAP vétsi nebo rovno PCWP

Maron BA, Bortman G, De Marco T, et al. Pulmonary hypertension associated with left heart disease. Eur Respir J 2024



Bezne komorbidity a rizikove faktory LHD

Common LHD comorbidities Common LHD risk factors
Obesity Hypercholesterolaemia
Systemic hypertension Tobacco use and second-hand smoke exposure
Coronary artery disease Sedentary lifestyle
Diabetes Illicit drug use
Valvular heart disease Chronic alcohol use
Arrhythmia Infectious exposures in endemic regions

Mild reduction in left ventricular systolic function
Peripheral artery disease

Maron BA, Bortman G, De Marco T, et al. Pulmonary hypertension associated with left heart disease. Eur Respir J 2024



Staging LHD komorbidit a pravdepodobnost LHD

Mild Moderate Severe Low Intermediate High
Obesity 30-35 kg'm™ 35-40 kg'm™ >40 kg-m~2
Systemic Treated <2 drugs Treated >3 drugs Uncontrolled
hypertension
Diabetes Insulin resistance/ Type 2 diabetes Type 2 diabetes
pre-diabetes with vascular
complications
Coronary artery Single vessel NSTEMI CABG (any time)
disease disease Multiple vessels Repeated SCA
disease STEMI
Multiple Symptomatic
percutaneous Persistent
interventions ischaemia
Single episode of Diffuse disease
SCA
Arrhythmia Single episode of Repeated episodes Permanent Afl/
atrial arrhythmia of Afl/AF AF Ventricular
Absence of AF at =1 treatment for arrhythmias
diagnosis arrhythmia Repeated ablation
Implantation of
pacemaker/
ICD CRT
PAD Asymptomatic large Nonsignificant Previous surgery for

Combined LHD
comorbidities

vessels
atheromatosis

stenosis (carotid,
femoral)
Previous single
percutaneous
intervention

large vessels
disease
Stage 2b PAD

>1 mild-stage >1 moderate-stage
LHD LHD comorbidity
comorbidity or
>3 mild-stage LHD
comorbidities

>1 severe-stage
LHD comorbidity

Maron BA, Bortman G, De Marco T, et al. Pulmonary hypertension associated with left heart disease. Eur Respir J 2024



Klinicka stadia PH-LHD

ACC/AHA
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Clinical characteristics

« Risk factors
« Comorbidities

« Haemodynamic
congestion

« LA hypertension

«WHOFC Il

= WHO FC Il

ipcPH

; cpcPH
predominant :

: predominant

« Systemic congestion :

« Ascites
« Organ dysfunction
« Diuretic resistance |

«WHO FC IlI-IV @

Haemodynamic progression

R il _-_:;—-T____:__-__
mMPAPS & =il o \
PAWP — I
PVR L _ E E :
' [N AR y -
' : Pulmonary venous
Loss of LA : congestion, reduction in PA Pulmonary venous and Pulmonary arteriopathy,
compliance compliance arteriolar remodelling RV-PA uncoupling
Potential therapeutic strategies
» Lifestyle modification and i » Guideline directed medical therfapy, where applicable# » Clinical trial enrolment

{ comorbidity management
+ SGLT2i, GLP-1 agonists

+ Ambulatory haemodynamic monitoring
5 « Consider enrolment in clinical trials
: » Maintenance of sinus rhythm

« Referral to PH centre
« Drugs targeting pulmonary
vessels

Future investigations

« Utility of biomarkers for
. screening and prognostication !

i «Intravascular PAimaging to
evaluate vascular remodelling

!« Evaluate effect of LHD

| thera pies on patients with
abnormal response to
provocative manoeuvres

+ « Clarify risk with exercise
haemodynamics

. « Timing of valvular interventions:

: with PH development ‘

. « Explore biomechanics of RV
diastology and lusitrophy

Maron BA, Bortman G, De Marco T, et al. Pulmonary hypertension associated with left heart disease. Eur Respir J 2024

« RvV-specific pharmacological
and mechanical support
therapies



Studie z posledni doby posilily evidenci proti

pouzivani specificke lecby u PH-LHD

Study Study drug Dose Subjects Duration Population Primary outcome Result
[reference] n
DYNAMIC Riociguat 1.5 mg three times 114 26 weeks LVEF >50%, mPAP Change in CO Increase in CO
(phase daily 225 mmHg and PAWP (LS mean
2B) [114] >15 mmHg difference 0.54
WHO FC -V (0.112-
0.971) L'min~*
No change in
NT-proBNP, WHO
FC, exercise
capacity or QoL
Higher dropout
rates in riociguat
group
PASSION Tadalafil 40 mg daily 372 (125 24 weeks LVEF >50%, elevated  Event-free survival Terminated early
(phase 3) patients and BNP or NT-proBNP, (adjudicated (disruption in
[117] enrolled) individual and one additional HF-related study medication
end of study HFpEF criteria hospitalisation or supply)
mPAP =25 mmHg, any cause death) No change in
PAWP =15 mmHg, primary
PVR =3 WU end-point
Increase in
all-cause
mortality
No difference in
other secondary
end-points
SERENADE Macitentan 10 mg daily 300 (142 52 weeks HFpEF (LVEF >40%) % change from Terminated early
(phase enrolled) (shortened with structural echo baseline in No difference in
2B) [116] to 24 weeks) abnormalities, NT-proBNP at primary
diuretic use, week 24 end-point
NYHA FC 1111l High run-in
Elevated NT-proBNP failure rate due
or BNP to fluid retention
PVD or RVD Not published

Maron BA, Bortman G, De Marco T, et al. Pulmonary hypertension associated with left heart disease. Eur Respir J 2024



PH-CLD

 Nova hemodynamicka definice PH - prevalence PH u ILD (47.6 % — 73.6 %) , u CHOPN (52.4 % — 82.4 %)
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Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



PH-COPD - fenotypy

» Téezka (disproporcionalni) PH-COPD - PVR >5 W.,j.

* PH s mirnou CHOPN (GOLD 1 nebo 2, FEV1 > 60 (70) % nal.h.)

- v registru COMPERA 52 % pacientu s PAH, ¢asto DLCO <45 %

- az 50 % stredne zavazné az zavazné parenchymove zmeny
na CT — PH skupiny 3?

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



PH-ILD - fenotypy

« PH-CTD related ILD — lepsi vysledky se spec. |leCbou nez u ostatnich
PH-ILD

 CPFE associated PH — Casto u kuraku, ale i u CTD, profes. expozic

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



Diagnostika PH-CLD

Clinical domain Functional domain Biologic domain Morphologic domain

+ Change in disease trajectory ¢ PFTSs: Dy ¢ OF Ko <40%, D\ o « Elevated BNP or NT-proBNP » Pulmonary artery/aorta >1

+ Unexplained shortness of breath + by 15%  Pulmonary artery >32 mm
Suspect PH » Reduced exercise capacity « FVC/D| o >1.6in ILD « Enlarged RH chambers

+ Presyncope/syncope « 6MWT: marked ¢ in 6MWD, « Pruning of the peripheral vessels

+ Peripheral oedema worsening S, , HRR# <13 + "Water-bottle" shape of cardiac

+ Tricuspid regurgitation murmur | | « Worsening at rest S, /P,o, With silhouette

+ RV third heart sound stable lung volumes » Assess for extent of ILD

+ Jugular venous distention « CPET: exhausted circulatory » Assess for extent of emphysema

« Parasternal heave reserve’

Clinical suspicion
. ! v
Low Moderate High
Detect PH Echocardiographic suspicion <
Observe/re-evaluate [« Low Intermediate/high
v \ 4

Confirm PH Right heart catheterisation if results impact management

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



Managemenet PH-ILD

Treatment of underlying ILD and hypoxaemia
Referral of potentially eligible patients for lung transplantation
Pulmonary rehabilitation, supportive care, symptom management

Clinical trial enrolment
Individualised management

Favours no PH therapy Favours PH therapy

Worsening symptoms due to PH

Significant drug interactions Other considerations Drug approval and reimbursement#

iditi Clinical domain
PVR 2-3 WU and mPAP 20-25 mmHg PVR 24 WU and mPAP =25 mmHg
Severe restrictive ventilatory defect Functional Mild-to-moderate restrictive ventilatory defect
FEV;/FVC <0.7 domain Vascular limitation to exercise
Normal BNP/NT-proBNP Biological domain Elevated BNP/NT-proBNP
Extensive fibrotic ILD on CT Morpholqglcal Non-severe fibrotic ILD on CT
Emphysema extent >15% domain

Vasculopathy

Serial re-assessment for progression

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



PH-CLD — PSK

* Indikace:
- perioperacni management
- fenotypizace choroby a uvaha o lecbe PH
- klinicke studie
- pred Tx plic
- pred volum redukcnimi vykony
* Provadéet meéreni ve stabilizovaném stavu

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



PH-CLD - lééba (holisticky pristup)

» Lécba plicniho onemocneéni
» Obecna opatreni (Ié¢ba komorbidit, zanechani koufeni, vakcinace, DDOT, RHB..)

» LécCba specifickou leéCbou PAH ?

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



First author, year Lung Study design  Subjects Therapy Results Comments

[reference] disease n
COPD trials
VituLo, 2017 [167] COPD-PH RCT 28 Sildenafil Decrease in PVR, No adverse effect on
(n=18) improvement in BODE, oxygenation
D, ¢o and quality of life
Maron, 2022 [168] COPD-PH RCT 42 Tadalafil No change in PVR or No adverse effect on
(n=28) mPAP at 6 months oxygenation
Improvement in
shortness-of-breath
questionnaire
NatHAN, 2024 [169] COPD-PH RCT 136 Inhaled Decrease in 6MWD at 12 Study terminated due to
treprostinil weeks increased SAE in the treated
(n=66) group
ILD/IIP/IPF trials
KoLs, 2018 [170] IPF RCT 274 Nintedanib Primary end-point of
+sildenafil change in SGRQ was not
(n=137) met
Benr, 2021 [171] IPF RCT 177 Pirfenidone No difference in disease =~ Composite end-point of decline
+sildenafil progression (composite in 6MWD and hospitalisation or
(n=88) end-point) all-cause mortality
NatHAN, 2020 [ 172] Fibrotic RCT 45 iNO (n=23) Improvement in Patients on supplemental
ILD moderate to vigorous oxygen
and overall activity
Bellerophon Pulse Fibrotic RCT 145 iNO (n=73) Did not improve Patients on supplemental
Technologies [173] ILD moderate to vigorous oxygen
activity
PH associated with ILD/
1IP/IPF trials
Faria-Ursina, 2018 [174] ILD-PH Retrospective 22 Treprostinil Improvement in FC and
(inhaled) 6MWD
(n=22) No change in resting
oxygen requirements
NatHAN, 2019 [62] 1IP-PH RCT 147 Riociguat Terminated early for Post hoc analysis of CT scans
(n=73) unfavourable risk/benefit  suggested that advanced CPFE
profile phenotype with emphysema >>
fibrosis may have contributed to
the negative signal [87]
Waxman, 2021 [61] ILD-PH RCT 326 Treprostinil Improved 6MWD,
(inhaled) NT-proBNP, clinical
(n=163) worsening and FVC
Dawes, 2023 [175] ILD-PH Retrospective 60 PDE-5i (n=50) Patients treated with No effect on V'/Q' matching
ERAs (n=10) sildenafil showed longer
survival

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



PH-CLD — spec. leCba, probihajici studie

Compound, clinicaltrials.gov
identifier [reference]

Pathway/mechanism Trial End-points Company/institution

COPD-PH
MK-5475-03, Daily inhaled sGC Phase 2a Efficacy (6MWD) and safety Merck
NCT05612035 [177] INSIGNIA-PH-COPD
Tadalafil, Daily PDE-5i Phase 3 Efficacy (6MWD) and safety in  Assistance Publique

NCT05844462 [178] ERASE PH-COPD severe PH Hépitaux de Paris
ILD-PH

Treprostinil palmitil, Daily DPI formulation of inhaled Phase 2 Safety and tolerability Insmed

NCT05176951 [179] treprostinil (prostanoid) prodrug extension

Treprostinil, Four times daily DPI formulation Phase 3 ASCENT Safety and tolerability Liquidia

NCT06129240 [180] of inhaled prostanoid extension

Inhaled treprostinil,
NCT04691154 [181]
Hymecromone,

NCT05128929 [182]

Twice daily aerosolised liposomal
prostanoid
Twice daily oral coumarin
derivative (inhibitor of
hyaluronan synthesis)

Phase 2 open label

Phase 2
SATURN study

Safety and tolerability

Safety and tolerability

Liquidia/Pharmosa

Stanford University

Bardoxolone methyl, Antioxidant (acts via Nrf2 Phase 2 6 IPF-PH, 4 1IP-PH Reata/Biogen
NCT03068130 [183] pathway) LARIAT and RANGER 17 CTD ILD-PH patients
studies 6MWD change of +38 m in the

IPF-PH cohort

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



avery

* DlUraz na presnéjsi fenotypizaci

Casté overlap syndromy (kombinace vice pfi¢in PH)

Dif. dg. PAH a LHD-PH — pfedtestova pravdépodobnost LHD, PSK a provokaéni testy

PH-LHD studie z posledni doby (riociguat, tadalafil a macitentan) vysly negativné

PH-CLD - tendence ke zlepseni u sildenafilu, PH-ILD — inhala€ni treprostinil

PH-CLD — vedle funkéniho vy$etieni plic diraz na pouzivani zobrazovacich metod

Shlobin OA, Adir Y, Barbera JA, et al. Pulmonary hypertension associated with lung diseases. Eur Respir J 2024



