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63/M patients with CPFE

FVC  52% pred.
DLco 25% pred.

6MWT 168m (95- 82%)

BNP 340 pg/mL
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Echocardiogaphy
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Diagnostic and therapeutic considerations

1. Whether to do RHC or not ?

2. Whether to prescribe PAH target agents ?

3. Which PAH target agents ?



Clinical classification of PH

PH associated with PH with unclear
pulmonary and/or multifactorial
artery obstructions mechanisms

Pulmonary arterial PH associated with PH associated with
hypertension (PAH) left heart disease lung disease

e Non-severe PH
e Severe PH

e |diopathic/heritable
e Associated
conditions

THERAPEUTIC STRATEGIES

e CTEPH e Haematologic
e Other pulmonary disorders
obstructions e Systemic disorders

Medical therapy IpcPH: PH-lung disease: Surgical therapy: Optimized

e PAH drugs e Treatment of LHD* § e Optimized care of | « PEA treatment of

«CCB in underlying lung Interventional: underlying disease
resporders CpcPH: Senss * BPA « Potentially: PAH

Lung e Treatment of LHD* ] Severe PH: Medical therapy: drugs (trials)

transplantation * Potentially: PAH e Potentially: PAH e PH drugs

drugs (trials) drugs (trials)

@ESC @ ERS—




Definition of PH in chronic lung disease

Terminology

2015 ESC/ERS guideline

2022 ESC/ERS guideline

No PH

Mean PAP <25mmHg

Mean PAP <20mmHg

Non-severe PH Mean PAP > 25mmHg Mean PAP > 20mmHg
PVR <5WU
Severe PH Mean PAP > 35 mmHg, or Mean PAP > 20mmHg
mean PAP > 25mmHg in the presence PVR >5 WU

of a low cardiac output (ClI
< 2.5L/min, not explained by other
causes)




Mean PAP in patients with IPF

79 IPF patients with severe IPF who

listed for lung transplantation

-moderate

to
IPF trial

488 patients with mild

IPF in ARTEMIS-
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PVR is stronger prognostic factor than mean PAP in
patients with PH-ILD

‘ » 449 patients with PH-ILD in the COMPERA registry ‘

d) 1.00- . = Mon-severe PH <+ Severe PH 1.00 - strata == PVR=5WU = PVR>5 WU
(mPAP) >35 mmHg
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B mmHg with low
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Olsson KM, et I. Eur Respir J 2021; 58: 2101483




Pathophysiology of PH-LD

COPD Lo

Remodelling of airways, lung parenchyma, and vessels

Emphysema ) Vascular pruning

Non-severe PH

Prevalence ~20%%

Mostly ventilatory Mostly circulatory

exercise imitation exercise limitation

Hypoxaemia at rest and/or during exercise

@& ESC @ ERS



Vascular changes in IPAH
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3 main therapeutic pathways in PAH

Endothelin pathway NO-sGC-cGMP pathway Prostacyclin pathway
Pro-endothelin- | L-arginine Arachidonic acid
— »; P
Endothelin-| Nitric oxide Prostacyclin
(Vasoconstriction (Vasodilatation and (Vasodilatation and
and proliferation) antiproliferation) antiproliferation)

2 3 IP receptor l
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Vascular remodeling in PF, PAH and PF-PAH

Ruffenach G, et al. EMBO Mol Med. 2019 Sep;11(9):e10061.



Vascular wall thickening in PH due to
pulmonary fibrosis
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Pathogenesis of PH in ILD

Alveolar hypoxia

Endothelial

dysfunction

L

ET-A receptor

ET-1 t
IP receptor
PGIZ 4+ cAMP L
Vasoconstriction
NO | sGC 4 COGMP b Proliferation )
Vascular remodelling
= — bl Fibrogenesis
| \'; il FPDE-5
. ll B -
m— T Oxidative stress
Interstitial lung FPulmonary
. GMP .
disease hypertension

Inflammation and

immune pathways IL-6 pathway

Genetic

predisposition BMPR2 TGF-3 pathway

DhontSS, et al. ERJ Open Res 2022; 8: 00272-2022




Vascular and endothelial contributions to IPF
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MmPAP and PFT in patients with IPF

There was no significant correlation between FVC%,
DLco%, and the ratio of the two with mPAP
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Relationship between CT fibrosis score and measured

mPAP in patients with advanced IPF

I 65 patients with advanced IPF I

MPAP did not correlate with CT-based measurements of lung fibrosis,
and these variables did not differ between those with and without PH.

- (r= 002 () | Variables No. r p Value*
-»
e * CT-fib b3 0.042 (.74
E;“ . L, . WCT-fib 65  0.022 .56
£ . .. : MCT-fib 5 0.004 0.97
Z - e e e T CT-alv 65 0153 022
. . o 2. F2gir., 7 WCT-alv 65 0171 017
s $.° $ CT-he 65 0.009 0.94
" WCT-he 65 0.025 0.84
o) , i i , i i , i CT-tot b3 0.009 (.38
’ e ' LZT_ﬁh’ “ : > * WOT-tat 5 N114 nAad

Zisman DA, et al. CHEST 2007; 132:773-779




Moderate PH versus severe PH-ILD

Parameters MPAP > 25mmHg (n=932) MPAP > 40mmHg P value
(n=231)

Age 53.4 49.9 0.040
BMI, kg/m? 28.7 27.7 <0.001
FEV,, % predicted 50.0 515 <0.001
FVC, % predicted 48.4 514 0.020
6MWD < 45m 13.9 21.1 0.010
CI L/min/m 2.8 2.5 0.82
PCWP, mmHg 12.1 14.0 <0.001
Any need for O, 86.0 92.8 <0.001
02 used L/min-1 2.9 3.5 <0.001

Comorbid illness

COPD 15.7 16.2 0.030
HTN 21.6 22.8 0.040

Shorr AF, et al. Eur Respir J 2007; 30: 715-721



Phenotypes of PH-ILD

Severe emphysema

Severe ILD

A\

Mild
emphysema N =

9 Vascular phenotype i UCIEs
|-~ or IPAH with ILD

@ Moderate CPFE with severe PH
. Severe ILD with severe PH

Mild PH » Severe PH
() Mild ILD with mild PH

(O severe ILD with mild PH
. Mild ILD with severe PH

Picccari L, et al. Pulmonary Circulation. 2023;13:e12213




Not all PH in patients with ILD is PAH !

Retrospective analysis of 157 patients with ILD-PH

Pre-capillary PH (n=125) Post-capillary PH P value
(n=32)

Age 68 68 0.730
Male 90 25 0.485
ILD-GAP score 5 4 0.063
FVC, % predicted 65.9 68.2 0.439
DLco, % predicted 33.6 40.5 0.025
PaO,, Torr 64.8 72.8 0.001
6MWD, m 385 465 0.071
Lowest SpO,, % 70 76 0.014
BNP, pg/mL 24.3 31.3 0.350
RVSP, mmHg (echo) 47 37 0.103
Mean PAP, mmHg 28 28 0.970
PVR, WU 3.7 1.7 <0.001
PAWP, mmHg 10 18 <0.001

Teramachi R, et al. Respir Investig. 2021; 59:342-349.



Indications for RHC

1) Proper diagnosis or exclusion of PH in candidates for surgical treatments
(transplant, lung volume reduction)

2) suspected PAH or CTEPH

3) episodes of right ventricular failure

4) inconclusive echocardiographic findings in cases with a high level of

suspicion and potential therapeutic implications.




Challenges for using RHC

Challenges to proper use

Inability to perform procedure

Not adhering to recommendations for
accurate measurement of

hemodynamics

Relying on computer-generated pressure
measurementsin lieu of manual waveform
interpretations

Inaccuracy of measuring left-sided filling
pressures (PAWP or LVEDP)

Inability to perform acute vasodilator
testing when IPAH suspected

Potential Consequences

Unable to make a definitive PAH diagnosis
and possibly mis-categorizing between
groups 1 and 2 PH

Not detecting acute vaso-responders who
can be successfully treated with calcium
channel blockers




Measurement of PAWP

1) Identification of the A wave during exhalation
(right before the beginning of the pressure decline)
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63/M IPF patients;
mean PAP and PAWP

Vasoreactivity Test J
Baseline » adenosine ( ) . )
* Oxygen ( )
Max Min Mean Max Min Mean B v
Hemoglobin (Q/dL) 15.9 P1PA
Heart Rate (bpm) 55 i i
Aorta |EessuUre 104 66 80 [ ] P2a0 [ ;
Saturation 100 5 57 5
Ly |Pressure | | | % P i !
Saturation AN — /\ / \ / \
SVC _|Saturation T /\ _
IVC _|Saturation 78.7 ‘\ / \ / \\ / \ / \ !
Pressure 11 8 8 | | / ~— ) R
High RA i % %
R Sat. Middle RA 71.9 22 ~F
Low RA
Pressure 57 2 13 | |
RV -
Saturation I 1
Pressure 53 23 33
MEA Saturation 69.1
RPA Pressure [ |
Saturation 1PCW
10
pA Lpa Pressure 54 | 20 32 | |
Saturation
2 A0
Lt. PAWP [Eressure 2 10 8
Saturation
Rt. PAWP |Eressure
Saturation [ l ]
Pressure 8
LA Saturation
PV Pressure
saturation
Transpulmonary Pressure Gradient* 25 0
Diastolic pulmonary Pr. gradients 15 0 " 12 9 .
Mixed Venous 02 Satura}xon(%) 73.45 0.00 e A — m e M L —
“Assumed 02 Consumption (mi/m 210.58 0.00 N
*Mean MPA preussure ~ Mean LA Pressure (PAWP)

»+Diastolic MPA preussure — Mean LA Pressure (PAWP)




Measurement of cardiac output

+*Fick method

oxygen consumption (mL O,/m)

CO (L/m) =

arteriovenous oxygen difference (mL of O,/L)

- Direct Fick method: gold standard method

- Indirect Fick method: inaccurate estimate of O, consumption

** Thermo-dilution method

- At least 3 measurements within 10% of each other
- limitations in severe TR and congenital heart defect

- must be performed by trained personel




Fick method

63/M IPF patients;
cardiac output

Thermo-dilution method

Flow
PBF(Qp) (L/min) 3.15 #DIV/O!
SBF(Qs) (L/min) 3.67 #DIV/O!
Cardaic Index (L/min/M?) 2.18 #DIV/O!
Qp/Qs 0.86 #DIV/O!
Resistance
PVR (Wood units) 7.93 #DIV/O!
SVR (Wood units) 20.17 #DIV/0!
PVRI (dyn s cm°m™3) 1069.08 #DIV/O!
SVRI (dyn s cm °m™) 2719.02 #DIV/O!
Rp/Rs 0.39 #DIV/O!
Stroke Volume Index(SVI) 39.58646898 #DIV/O!
Right Ventricular Stroke Work
Index 1068.834662 #DIV/O!
(RVSWI)

Results

R 5 BeM

C0. 260 imin

ClL: 183 Uminm?

(0250

‘ 0K H Cancel
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|

—

PVR: (33-12)/3.67 = 5.72 WU vs

(33-8)/2.60 = 9.61 WU




PAH drug approval in South Korea

Bosentan Ambrisentan Macitentan

1997 2005 2006 2010 2011 9013 2016 12017
Beraprost |Io_prost Treprostinil Sildenafil Selexipag
(inh) (SC)

Sildenfail(Viagra): off-label




Pharmacologic properties of prostacyclins

— Potent vasodilator
— Anti-platelet effect
— Anti-proliferative
— Anti-inflammatory

— Inotropic effect

prostaglandins
vessels platelets leukocytes

' X

SMC | |fibroblasts| |EC| [platelets || mono| [ M¢| [ PMN || T-cells

INININLAL ]

vaso- anti- matrix ~ anti- NFkBy MAPK, bursty TNF,
dilation proliferation secretion coagulation TNF , iNOSy elastasey IFN ,
IL-1, leuko- IL-2,

IL-10 trienes

Olscewski H et al. J Lab Clin Med 2001; 138: 287-297




Epoprostenol

- "Gold standard” for FC 1V PAH

* The only PAH therapy with a survival
benefit for patients with PAH that has
been demonstrated in a single RCT.

Survival (96)

100

80

60 1

401

204

— Epoprostenal (n = 41)

=== Conventional therapy (n = 40)

1 ] I I I 1

2 4 6 8 10 12
Week

Barst et al. N Engl J Med 1996;334:296-301




Effects of endothelin

Leukocytes, Monocytes, :
CE ) Macrophages TAggngE‘,m
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Phosphodiesterase (PDE)-5 Inhibitors for PAH

Right ventricular myocardium

Nitric oxide, atrial
natriuretic peptide,
B-type natriuretic

peptide —

Sildenafil
Tadalafil

Induced

Guanylate cyclase

T Cyclic GMP — PDES

Activation
of protein

kinase G PDE3

T Cyclic AMP

+

Activation of
protein kinase A

y

T Contractility

Presence of
PDES

1 Right ventricular

Pulmonary-artery smooth-muscle cells

Nitric oxide, atrial

natriuretic peptide,

B-type natriuretic
peptide

Guanylate cyclase

Induced

POES —4 T Cyclic GMP

Activation of protein kinase G

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

4

T Vasodilatation
1 Proliferation of pulmonary-
artery smooth-muscle cells
T Apoptosis of pulmonary-
artery smooth-muscle cells

i Vascular remodeling
of the pulmonary artery

Pulmonary
artery

T Right
ventricular
ocutput

afterload ==

s 3o PDES

Adverse effects

Therapeutic effects

Retinal PDE6

Color-tinged vision
Blurred vision

e
| Coronary PDES
L Mild vasodilatation

Small-vessel PDES

Flushing f—
Headache lnduc:ed right
i i ventricular

Epistaxis

myocardial PDES
Right ventricular
PDE3

Mild decrease in
blood pressure

: = T Inotropy
Gastromtestma? Regression of
tract PDES : hypertrophy
Heartburn » 10 LN N —

Penile PDES - e Induced pulmonary-
Erecti 4 artery smooth-
fcL otz Al ' / —~ 4 muscle cell PDES
priapism ‘ (PDEL?)
Muscle PDES — ) '\ Vasorelaxation
Muscle aches and 1 Proliferation
backaches _ T Apoptosis

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




Survivals in PH-LD: the ASPIRE registry

3 year survival
IPAH (68%) vs PH-Lung (44%)

Incident cases of PH n=1344

A PH-Lung
== PAH-SSc

p <0.05 IPAH v all other groups

3 year survival
PH-sleep/hypoventilation (90%)
PH-COPD (41%)
PH-ILD (16%0)

p <0.05 PH-COPD v other groups

]

&
0
0 -
N

T 1 T T
o 1 2 3

T T T T T T T T T T
o 1 2 3 4 S 6 7 8 9 10

Hurdman et al. Eur Respir J. 2012




Right Heart Reverse Remodeling by
Upfront Triple Combination Therapy in PAH

21 patients with newly diagnosed high-risk IPAH were treated upfront with a
combination of ambrisentan, tadalafil, and subcutaneous treprostinil

Variable Baseling Follow-Up (hange (%) PValus
Right-sided atrial area, cm* 2043 2112 -8(-28) < .001
RV end-diastalic area, cm* 28+2 20+3 -8(-29) < 001
RV end-systolic area, cm” 21+2 12+£2 -0(-43) < .001
Fractional area change, % 27+4 405 13 (63) <001
LV eccentricity index 15+01 1201 -0.3(-20) < 001

Variable Baseling Follow-Up (hange (%) Palue
RAP, mm Hg 1343 542 -8 (-62) <.001
mPAR, mm Hg 609 4245 -18(-30) <001
PAWP, mm Hg §+2 943 1(12) 545
Cardiac input, L/min/m* 1.8+03 35+08 1.7 (94) =001
PVR, WU 164 +44 55413 -10.9 (-69) <.001
Svoy, % 566 0+7 14 (25) =.001

Baseline Follow-up
PVR (WU) | 17.9 6.1
RVEDA (cm?) 26 17
RVESA (cm?) 1 19 10
LV-EI 1.5 1.1
REVEAL 2.0 I 11 7

D'Alto M, et al. CHEST 2020; 157(2):376-383




Bosentan in IPF without PH: BUILD-1

Study design: Double blinded, placebo controlled RCT
Inclusion: IPF made within 3years before enrollment
Exclusion: FVC < 50% pred., DLco < 30% pred., echocardiographic evidence of PH, etc.

Primary outcome: 6MWD

Bosentan Placebo

Characteristic (n=171) (n=83)
Baseline, m

Mean * SD 375 = 92 372 = 74

Median 397 387
Up to Month 12 (m)

Mean * SD 323 + 164 338 + 162

Median 390 369
Change,* m

Mean * SD =52 =121 —34 =127

Median -23 -9
Treatment effect

Mean * SD -18 = 20

Median -17

P value 0.226

* Change from baseline up to Month 12.

Subgroup analysis in patients
with SLB:
time to disease progression or death

£ 100 -
: tan
o
Q80 -
)
Li}]
£ 60 -
5
E A0 4 Placebo
'-é Hazard ratio = 0.315
o 20 (95% CI: 0.126, 0.789)
=
L P = 0.009
E 0 T T T T
0 3 6 9 12
Months treatment
. ; 50 47 42 36 24 Placebo
Patients atrisk g 47 42 41 22 Bosentan

King TE, et al. Am J Respir Crit Care Med. 2008; 177:75-81




Bosentan in IPF: BUILD-3

Study design: event-driven morbidity and mortality RCT
Inclusion: IPF confirmed by surgical lung biopsy
Exclusion: Extensive honeycombing on HRCT, FVC < 50% pred., DLco < 30% pred., etc.

FPlacebo
Bosentanm

>0 Ha=zard ratio: 0.85
(959 i1 O.666, 1.17T0)
Log ramnk p-wvalue: O. 2110

O T T T T L) L)
L] | &= 12 18 i =0

MnMonmnths from ramndomliization

Pafients without the event %

Fatients at risk
209 199 187 165 41O - WS < FPlacebho
Q0O 383 35T =1 =1 DS =" BEBosemnmntam

King TE, et al. Am J Respir Crit Care Med. 2011; 92-99




Bosentan in fibrotic lIP with PH

« The BPHIT study : Double blinded, placebo controlled RCT
 Inclusion: 60 patients with RHC confirmed PH
* Primary outcome: proportion of PVRI change > 20% over 16 weeks

100

e 4 9
E
= “,
E 20 »

= o
E . £ 24
-:E:l Fisher p=1.00 E
E 60 - 2
= =
E Wilcoxon rank
= |
o o sum p=0.19
< 40 >
= 28.6 % 28.0 % e
w =
E - —
& & -2 -
‘i 20 - =

=
'- {J
=
BT
-4
["} -
Placebo Bosentan Placebo Bosentan
(n=14) (n=25) (n=14) (n=25)

Corte TJ, et al. Am J Respir Crit Care Med Vol 2014;190: 208-217




Ambrisentan in IPF: The ARTEMIS-IPF study

Study design: DB, placebo-controlled. Event-driven RCT
Inclusion criteria: Patients with IPF aged 40 to 80 years with minimal or no honeycombing on HRCT
Primary endpoint: time to disease progression

End Point Placebo Ambrisentan Log-Rank Kaplan-Meier Estimate Hazard Ratio P
(n = 163) (n = 329) P Value (95% CI) at Week 52, % (95% Ch¥ Value
Events, Proportion Events, Proportion Placebo Ambrisentan Differencet
n (95% CI)y* n (95% CI)* (n = 163) (n = 329)
Disease progression 28 17(12to 24) 90 27(23t033) 0.010 22(15t032) 39(32to47) 17 (510 28) 1.74 (1140 2.66) 0.011
r 1 i 177t 183 R 17 {13 tn 713 ﬂ1ﬁg ;|gfﬂ1'ﬁ?:!'l. 75(1'&1‘1’1??'& 11 ( 1?1‘n2g‘| 1 /3 I’ﬂ@fn??ﬁl (1112
Respiratory 9 6(3to10) 44 13(10to 18) 0.007 9(4t017) 20(15t026) 11{4to23) 259(1.14t0 589 0.009
hospitalization
Death & 4 (1 1o &) 26 o {5 w11)  0.100 5 (2 1tw11) 11 {/to1/7) 6 (4 to 34) 2Us (U./5105.76) A

The study was terminated prematurely because of lack of efficacy,
a worse outcome was observed in terms of disease progression.

Raghu et al. Ann Intern Med. 2013;158:641-649




Sildenafil in severe PH-IPF

» 16 IPF patients with mPAP > 35 mmHg
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nitric oxide infusion sildenafil

Sildenafil leads to preferential pulmonary artery vasodilation in
well-ventilated lung tissue and may improve V/Q matching and gas exchange in IPF.

Ghofani HA et al. Lancet 2002




Sildenafil in severe IPF

The STEP-IPF study : 12 week, double blinded, RCT
Inclusion: 180 patients with advanced IPF (DLCO < 35% predicted)
Primary outcome: proportion of 6MWD change > 20%

Endpoint

Sildenafil Placebo

(N = 89) (N =91) P-value

6MWD improvement 2 20%
(Primary) 9/89 (10%) 6/91 (7%) 0.39

ADLq (%)
APPO, (mm Hg)

ASOB Questionairre
ASGRQ (QOL)

IPF Clinical Research Network. N Engl J Med. 2010




Sildenafil in patients with IPF and RV
dysfunction

* Asubgroup analysis of the STEP-IPF study

303 subjects screened

300

200

100

=
e
z
=
180 subjects randomized =
=
.Q ” =
=1
=
S
S
= -100
@
@
89 subjects assigned to 91 subjects assigned to 3
receive sildenafil receive placebo ;': -200 o
©
£
-300 -
56 subjects with 653 subjects with B
echocardiograms available echocardiograms available
and included in analysis and included in analysis
Sildenafil with Placebo with Sildenafil with Placebo with
no RVSD no RVSD RVSD RVSD
Han MK et al. CHEST 2013; 143(6):1699-1708




Riociguat in PH-IIP: RISE-IIP trials

Study design: 26 weeks, DB, placebo-controlled RCT

Inclusion: 147 1P patients, FVC> 45% pred. 6MWD 150-450m, PAH confirmed by RHC
Primary outcome: change in 6MWD

Main phase -
309 _g- placeba
Riociguatupto  Placebo 30
2-5mg (n=73) (n=74) 150
= 340
Any AE 65 (89%) 64 (86%) . | .
Study drug-related AEs 29 (40%) 28 (38%) HE e }
AEs leading to study drug 11 (15%) 3 (4%) R
discontinuation 3003
290+
Any SAE 27 (37%) 17 (23%) m i
StUdy drug_ rEIatEd SAES 5 (?%:I 4 (5%) - 2 ‘ ' ' B Tme:i2|1ce mn-:lij’nisatic-n.f:ileeks] ? ‘ ? * “ "
SAEs leading to study drug 10 (14%) Nomberofpstients L L 6w s oww
discontinuation Mean{SD}:;ziﬁt 73 65 64 5 43 43 - - - 14 : - . 31
6l ), m
Deaths 8 (11%) ht‘:l‘;febc- 324(66) 207) BUEE) 2ATT) 3208) 324081 - : - oo - - - 0 -
Riociguat 307 (80) 213 (87) 321(B1) 323(B6) 325(%7) 33699 - - - 340100 - - . 50107y -

The study was terminated early owing to increased serious AEs and mortality
In riociguat group

Nathan SD et al. Lancet Respir Med 2019; 7: 780-9




PAH targeted and anti-fibrotic drugs in PH-ILD

< PAH >

‘ PAH—approved drugs |
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}W PAH—approved drugs ‘

Progress in fibrosis?

Sakao S, et al. ] Am Heart Assoc. 2019;8:e013310.




Nintedanib plus sildenafil in severe IPF:
The INSTAGE trial

 Inclusion : Advanced IPF (DL < 35% predicted)
* Primary endpoint: Change in SQRQ score at week 12

Change in SGRQ Total Score at Week 17 A Change in UCSD-SOBQ Score at Week 12
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(MN=132) (M=133) Mintedanib+ Sildenadfil Mintedanib+ Placebo
MN=123] IM=124)

Kolb M, et al. N Engl J Med 2018;379:1722-31



Nintedanib plus sildenafil in severe IPF with RV
dysfunction

« A pre-specified subgroup analysis of the INSTAGE study (119/180)

(A) Week 12 (B) Week 24
A 8 Echocardiograph No echocardiograph
Echocardiographic No echocardiographic CHDcETeIngrapnic 0 BEnoCartingrapnic
. . signs of RHD signs of RHD
2 - signs of RHD signs of RHD - en e o 7a
n=58 n=54 n=Td n=79 = = = =
E E
§a 17 =
E £ =35 4
23 2B 3.28
c — L=
7| 0 g2 3 I
2% | 5 = , ] 1.93
s —0.45 ~0.45 T
2] @ -1 . c 3 1 0.76
g ' 3c
E E ‘ E @ g .
Ezo i 235 018
2 s 1.91 ;_E 5 4
g' E - E‘E‘ = Treatment-by-subgroup- l
E: -3 Treatment-by-subgroup- —2 - by-time interaction
by-time interaction p=0.80
p=0.74 =3 - 252 —-2.10
4 o0 096 (95% Ck: -7.67, 2.63) (85% CL: —6.23, 2.04)
(05% Ct: 4.4, 4.40) (B5% Ci- 4.65, 2.72) B Nintedanib plus sildenafil [0 Mintedanib plus placebo
B Mintedanib plus sildenafil ] Mintedanib plus placebo

Behr J, et al. Am J Respir Crit Care Med 2018; 200: 1505-1512




Sildenafil added to pirfenidone in patients with
advanced IPF and risk of PH: A Phase llb, RCT

Advanced IPF
defined as a measurable 2ocDLco =40%26 at screening

and

Risk of Group 3 PH
defined by
mPAP =20 mm Hg with PAVWP =15 mm Hg on a previous RHC
or
Intermediate/high probability of Group 3 PH
as defined by the 2015 ESC/ERS guidelines [17]

INn the absence of a previous RHC, patients with an ECHO showing a peak TRV
=2.9 mv/s will be considered eligible, assuming all other eligibility criteria are met

Previous RHC available? ——m

ECHO screening:
peak TRV =2.9 m/s?

Anytime in the RHC in the last RHC =6 months
past if: 6 months from from screening and
mPAP =20 & screening and MPAP <20 mm Hg
PAWP =15 mm Hg mPAP <20 mm Hg
No screening 1 i
ECHO required ECHO screaring:
1 peak TRV =2.9 m/s?

ELIGIBLE | i

)

ELIGIBLE B NON-ELIGIBLE

Behr J, et al. Respiratory Medicine 2018; 138:13-20



Sildenafil added to pirfenidone in patients with
advanced IPF and risk of PH: A Phase llb, RCT

The composite primary endpoint : disease progression, defined as either a relevant decline in
6MWD, respiratory-related admission to hospital,
or all-cause mortality, after 52 weeks

A
M0 —— Sildenafil plus pirfenidone
. %0 —— Placebo plus pirfenidone
F 80 Sildenafil: median 26-00 weeks (95% O 20-57-38-14)
E. 70— Placebo: median 25-4 3 weeks (95% C1 13-00-37-71)
2 60 — A HR 0-95 (35% C1 0-67-1-34), p=0-76
S0 =
%— 40 =
c 30
3 20 _;h.:"—"
10—
{I I ] . ] T ] I I I I T 1
13 & 12 19 26 12 39 45 g2 56 &0
Number at risk
{number censored)
Sildenafil plus pirfenidone 86 (0) 85(0) 7B(2) 63(2) 54 (2) 41(4) 36 (B) 28 (7 227} 12 {14) o (24)
Placebo plus pirfenidone BB (0) 83(1) 81(1) 60 (2) 42 (7) 33 (E) 29(9) 25(10) 21(10) 10 {19) 0§27
Pirfenidone plus sildenafil Pirfenidone plus placebo Between-group difference p value
(n=88) (n=89)
FVC, mL (95% Cl) -145-0 (-231-3 to -58-6)* -593.0 (-184-7 to -1-4)1 -51.9 (-159-5 to 55-6) 034
MNT-proBNF, ]:I«g.l'mL{'-]S‘:-h )] 56E-8 (81-6to 1056-0) 7754 (2542 to 1296-6)4 -206-6 (-520-0 to 506-3) 056
G-min walk distance, m (95% C1) -80-1(-107-1to-53-1)9 -68-6 (-97-6 ta-39-7)| -11.5 (-49-5 to 26-5) 055

Behr J, et al. Lancet Respir Med 2021; 9: 85-95




IV and inhaled prostacylin in PH-lung fibrosis
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Inhaled treprostinil in PH-ILD: INCREASE trial

» Multicenter, randomized, DB, placebo-controlled, 16-week trial

« Inclusion criteria : Group 3 PH by RHC and FVC <70% pred.
« Primary endpoint: difference in peak 6-minute walk distance

Cause of lung disease — no. (%)

|diopathic interstitial pneumonia 65 (39.9) 31 (49.7) 146 (44.3)
Chronic hypersensitivity pneumonitis 10 (6.1) 9 (5.5) 19 (5.8)
Occupational lung disease 5(3.1) 1 (0.6) 6 (1.8)
Combined pulmonary fibrosis and emphysema 42 (25.8) 40 (24.5) 82 (25.2)
Connective tissue disease 40 (24.5) 32 (19.6) 72 (22.1)
Other 1 (0.6) 0 1(0.3)

Wasman A, et al. N Engl J Med 2021:;384:325-34.



Inhaled treprostinil in PH-ILD: INCREASE trial

Inhaled Treprostinil Placebo Treatment Effect P

ils Wil o= 16 ' = 16 b e

Primary end point

Change in peak 6-minute walk distance from baseline 21.08+5.12 -10.04+5.12 31.12+7.25

Secondary end pointsf

Change in plasma concentration of NT-proBNP from
baseline to wk 169

Mean (+SD) change — pg/ml -396.35+:1904.90 1453.95=7296.20

Median — pg/ml -22.65 20.65

Range — pg/ml -11,433.0t0 5373.1 -5483.3 to 87,148.3

Ratio to baseline 0.85=0.06 1.46=0.11 0.58+0.06 (0.47 to 0.72) || <0.001

Occurrence of clinical worsening — no. (%) 0.61 (0.4 to 0.92)*=*

Any event 37 (22.7) 54 (33.1)
Hospitalization for cardiopulmonary indication 18 (11.0) 24 (14.7)

Decrease in 6-minute walk distance of =15% from 13 (8.0) 26 (16.0)
baseline

Death from any cause 4 (2.5) 4 (2.5)
Lung transplantation 2 (1.2) 0

Wasman A, et al. N Engl J Med 2021;384:325-34.



Subgroup analysis of primary efficacy endpoint

subgroup Tyvaszo Placebo H-L Estimate (95% CI) p-value
# of Patients
Overall 163 163 ——q 21.0({7.0, 37.0) 0.0043
Age Group
<65 years old 64 48 F——— 11.0({-11.0, 46.0) 0.3203
65 - <80 years old 83 100 e 27.0(7.0, 46.0) 0.0111
»=80 years old 16 15 | . | 19.5({-38.0, 74.0) 0.9457
Sex
Male 78 a5 ——| 8.0({-12.0, 30.0) 0.4877
Female 85 68 —a— 34.0(12.0, 57.0) 0.0010
Baseline 6MWD Category
£=350 neters 136 133 — 24.0(6.0, 41.0) 0.0084 Female
»350 meters 27 30 b e 16.0(-16.0, 47.0) 0.2697
BE-TID Etiology lIP, CTD-ILD
IIP 65 8l ——] 32.0{12.0, 55.0) 0.0030
CPFE 42 40 —— 2.0{-28.0, 32.0) 0.8742 5350m
CTD 40 32 | . | 39.0(3.0, 78.0) 0.0317
16 10 0.0({-89.0, 54.0 0

> 4WU

-3.0(-26.0, 26.0)
50 047 [

Maximm Study Drug Dose

4-6 breaths 6 2 : . | -16.5(-62.0, 29.0)  0.848l
7-9 breaths 37 24 H—s—] 18.0{-8.0, 43.0) 0.2875
=10 breaths 78 94 — 30.0({14.0, 48.0) 0.0006
| | 1 T |
-100 -50 0 50 100

¢-Placebo Better Tyvaso Better->

https://www.accessdata.fda.gov/drugsatfda_docs/label/2022/214324s000Ibl.pdf




2022 ESC/ERS recommendations for PH-LD

Recommendations Class® Level®
In patients with lung disease and suspected PH, it is recommended to optimize treatment of C
the underlying lung disease and, where indicated, hypoxaemia, sleep-disordered breathing,
and/or alveolar hypoventilation
Inhaled treprostinil may be considered in patients with PH associated with ILD [734] b B
The use of ambrisentan is not recommended in patients with PH associated with IPF [740] B
The use of riociguat is not recommended in patients with PH associated with IIP [181] B
The use of PAH medication is not recommended in patients with lung disease and non-severe PH* C
Recommendations GRADE Class® Level®”
Quality of evidence Strength of recommendation
PDES5is may be considered in patients with Very low Conditional b C

severe PH associated with ILD (individual
decision-making in PH centres)

The use of PDESis in patients with ILD and Very low Conditional - C
non-severe PH is not recommended




Expert recommendations for PH-LD
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