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Pulmonary Arterial Hypertension ;
arare, but not an orphan disease

Rare: prevalence 15-50/million (incidence 6/million/year)
Pathophysiology: pulmonary artery endothellal cell dysfunction...
Drugs: 14 agents approved In the last 20 years (orphan drug status)

Lung/heart-lung transplantation: if refractory to medical therapy

PAH group 1

A Chronic precapillary PH, PCWP<15
A6 per million per year incidence
A15-50 / million

A 14 drugs are approved

ALung and heart Tx still very relevant




The PAH treatment armamentarium has expanded, providing more

options targeting the three well-established disease pathways in PAH

Ambrisentan Macitentan
2010 2015 2020

Bosentan
1995 2000

2005

Sildenafil Selexipag
Epoprostenol (i.v.) =3 ,
Treprostinil (s.c.) Tadalafil Treprostinil (oral)*
=3

lloprost (inh) Treprostinil (inh)*

Treprostinil (i.v.)

Endothelin pathway pathway Prostacclin pathway
5 B R PDES Prostanoids
sGC stimulator Selective IP receptor agonist J
pved in the EU

pi MnlpprovedhtMUSAandlorEur n Union '
opea are included Gaine S and McLaughlin V. Eur Respir Rev 2017: 28 170095




A ERS guidelines 2015

A When the patient becomes
symptomatic 70 % of the vessels

already involved, so its important
to find early




Diagnosis and
Treatment

RSDC

Aespiratory Sleep Disorder

Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH (Table 8)

High or intermediate Low

v

Consider other causes
and/or follow-up (Table 9)

Diagnosis of left heart diseases or
lung diseases confirmed?

Consider left heart disease and lung diseases
by symptoms, signs, risk factors, ECG,
PFT+DLCO, chest radiograph and HRCT,
arterial blood gases (Table 9)

r

No signs of severe
PH/RY dysfunction No

Treat underlying
disease
Yes Refer to PH No

* expert centre +

CTEPH possible: RHC (Table 10)
CT pulmonary angiography, mPAP >25 mmHg, PAWP
RHC +/- Pulmonary Angiography <15 mmHg, PVR >3 Wood units
1

PAH likely Consider other
diagnostic tests causes
-
L
. Porto-
g

Heritable Idiopathic Idiopathic

Signs of severe PHIRV
dysfunction

VIQ scan® Refer to PH
Mismatched perfusion defects? expert centre

HIV <

Heritable

PVYOD/PCH PYOD/PCH PAH PAH

CHD = congenital heart diseases; CT = computed tomography; CTD = connective tissue disease; CTEPH = chronic thromboembolic pulmonary hypertension;

DLCO = carbon monoxide diffusing capacity; ECG = electrocardiogram; HIV = Human immunodeficiency virus; HR-CT = high resolution CT; mPAP = mean pulmonary arterial
pressure; PA = pulmonary angiography; PAH = pulmonary arterial hypertension; PAWP = pulmonary artery wedge pressure; PFT = pulmonary function tests;

PH = pulmonary hypertension; PYOD/PCH = pulmonary veno-occlusive disease or pulmonary capillary hemangiomathosis; PYR = pulmonary vascular resistance;

RHC = right heart catheterisation; RV = right ventricular; V/Q = ventilation/perfusion.

*CT pulmonary angiography alone may miss diagnosis of chronic thromboembolic pulmonary hypertension.




ADiagnosis is often delayed
A2.8 years average time between symptoms and diagnosis
AMajority of patients have FC III/IV at the time of diagnosis

Screening is efficacious especially in scleroderma

RSDC



Screening can assist in the early detection of high-risk patient

populations
SR : 12.
Echocardiographic evaluation for PAH is recommended in high-risk patients'<.

| ' ing allows earlier
tomatic: SSc, liver transplantation Screepmg : :
ggé?gates' BMPR2 mutation carriers and detection and ante(ventlor) of
first degree relatives of HPAH patients; PAH-SSc thereby m';provmg
sickle cell disease long-term outcomes

Symptomatic: Portal hypertension, other
connective tissue disease, HIV infection

1. Galié N, et al. Eur Respir J 2015, 46:903-75;
2. Galié N, et al. Eur Heart J 2016; 37:67-119
3. Humbert M, et al. Arthritis Rheum 2011; 63:3522-30




Early diagnosis and treatment are of paramount importance for
improving long-term outcomes

Ultimate goals: No functional impairment and prolongatipn qf life

prompt intensification
of treatment

—

Early intervention

£
Q
a
J
S
]
g
-
Q
S
e

Progressive remodeling

Late intervention and right heart failure
in absence of treatment

Time

Sitbon O and Galia N. Eur Respir Rey 2010; 19:272-8




Assessment of risk allows the treatment strategy to be tailored to the
iIndividual patient

Guidelines recommend regular miparameter risk assessment both at
diagnosis and follow ups

RSDC



AEur Resp J 2015; 46:903;Eur Heart J 2016;37:d29

Table I3 Risk assessment in pulmonary arterial hypertension

Determinants of prognosis®
(estimated |-year mortality)

Low risk <5% Intermediate risk 5-10% High risk >10%

Clinical signs of right heart failure Absent Absent Present

Progression of symptoms No Slow Rapid

Syncope N[e} Occasional syncope® Repeated syncope*
WHO functional class I, 11 \%
6MWD >440 m 165440 m <[65m

Peak VO, > |5 ml/min/kg Peak VO, Peak VO, <I| ml/min/kg
Cardiopulmonary exercise testing (>65% pred.) | =15 ml/min/kg (35-65% pred.) (<35% pred.)
VENVCO,; slope <36 VEINCO,; slope 36-44.9 VE/VCO; slope >45

BNP <50 ng/l BNP 50-300 ng/l BNP >300 ng/|
NT-proBNP <300 ng/l NT-proBNP 300-1400 ng/l NT-proBNP >1400 ng/l

RA area 18-26 cm?
No or minimal, pericardial
effusion

NT-proBNP plasma levels

RA area >26 cm?
Pericardial effusion

RA area <8 cm?
No pericardial effusion

Imaging (echocardiography, CMR imaging)

RAP <8 mmHg RAP 8-14 mmHg RAP >14 mmHg
Haemodynamics ClI 22.5 l/min/m? Cl2.0-2.4 [/min/m? Cl <2.0 I/min/m?

a"E SvO, >65% SvO, 60-65% SvO, <60%

RSDC



One-year survival from diagnosis

6-7/8 variables available!

-

~— Low-risk
- [ntermediate-risk
High-risk
P<0.001; n=530
205 I e b
Years

2-6/6 variables available?
90%

— Low-risk

- Intermediate-risk
High-risk

P <0.001; n= 1588

150 255 ST 4 o 4y
Time since PAH diagnosis (years)

1. Kythammar D, et a/ Eur Heart J 2017 ehx257;
2. Hoeper MM, et al. Eur Respir J 2017: 50:1700740




SPAHR: Obtaining a low-risk status at 1 year is associgted with a
good prognosis irrespective of the risk status at baseline

Patients at risk, n

Follow-up risk assessment (within a year of diagnosis)

Log rank, p < 0,001

L ] L T

0 1 2 3

Time (years)

7 50 44 37
G440 805 28

108 69

_~ Stable low risk
J~ Improved to low risk
J— Stable intermediate or high risk

1~ Worsened to intermediate or high risk

Kylhammar D, et al. Eur Heart J 2017, ehx257
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General measures

Treatment naive PAH confirmed by (Table 16)
patient expert center Supportive therapy

l (Table 17)
CCB Therapy < ( Acute vasoreactivity test J
(Table 18) R L (IPAH/HPAH/DPAH only)

l

¢ Non-vasoreactive i
Low or intermediate risk High risk
h (WHO FC II-llI)? ¢ (WHO FC IV)?

Initial Initial oral Initial combination

monotherapy® combination® including i.v. PCA®
(Table 19) (Table 20) (Table 20)




Combination therapy is now the standard of care in the
majority of PAH patients

Typical initial management of PAH in the current era

I W r T T e . . iy et

- Initial ‘} - Initial combination therapy =

f

£
L
.
b
g
z

Low risk Intermediate risk
Galié N, et al. Eur Respir J 2015: 46:903-75:
; 46:903-75;
Galié N, et al. Eur Heart J 2016; 37.:67-119:

Gaine S and McLaughlin V. EurRespa‘rRev2017; 26:170095.




Patients receiving double oral combination therapy with an
ERA and a PDE-5i have improved long-term outcomes

Initial combination therapy

AMBITION study?

Sequential combination therapy
(all patients treatment-naive)

SERAPHIN study'
(pretreated patients only - 63%)

N

:!5:! oo? placebo: 38% RR:!;;:. placebo: 50%
== PDE-5i + Macitentan 1 e
+ Macitentan 10 mg ~— Combo-Tx (Tadalafil + Ambrisentan)
~ Pooled Mono-Tx (Tadalafil or Ambrisentan)

= PDE-5i + Placebo
0
0 24 48 72 9 120 144 168

No. at risk: Time (WOOKI)

Combo-Tx 253 229 186 145
1
Mono-Tx 247 209 155 108 # 33 gg g

1. Pulido T, ef a/. N Engl J Med 2013; 369:809-18; 2. Galié N, et a/. N Engl J Med 2015; 373:834-44

OPTIMA: Combination therapy with macitentan and tadalafil led to
improvements in cardiopulmonary hemodynamics and WHO FC

OPTIMA (NCT02968901) is an ongoing study evaluating the efficacy, safety and tolerability of initial
combination therapy with macitentan and tadalafil in newly diagnosed patients with PAH

Change from baseline to week 16

Mean PVR values at baseline
in WHO FC

and week 16

Ratio week 16/baseline
0.46 (95% CI 0.40, 0.52), p < 0.0001

[
i

10.1(3.9) 4.8(2.3)

{
!
§
£

°'°‘"°‘°°3F$:a

Baseline Week 16 Week 16

ean (SD) are shown
1, confidence interval; PVR, pulmonary vascular resistance; SD, Standard deviation;
lass '

O FC, World Health Organization functional ¢
Sitbon O, et al. ATS 2017; Poster A2297.



Alrrespective of what combination used the effect is similar in
combination therapy

ATriple therapy tried in severe patients the impressive result was on
haemodynamicsvhich persisted over a long time

ATriton is a study to compare triple vs dual therapy in treatment naive
patients

RSDC



T A R Sequential triple combination therapy: FCII pgtier:nts have better
b tients on double combination therapy

outcomes than FC Il pa

GRIPHON

: 63%
Selexipag vs placebo: Risk reduction
Adjusted HR* = 0.37; 95% Cl10.15-0.95

event* by 40%

80% of patients were on background PAH therapy

~—
- Selexipag + ERA + PDE-5i

e e
-c.._.\ —

’
Yeae
LT

Placebo + ERA + PDE-5i

" Placebo

20

Patients without an event (%)

Selexipag vs placebo: Risk reduction 40%
HR = 0.60; 99% C! 0.46-0.78; p < 0.001

g
€
:
[
L
3
£
3
2
H
3
o

0
12 18

0
Patients at risk Time (months)
40 23

Placebo 60
Selexipag 55 36 22
“HR adjusted for baseline MWD Coghlan JG, et al. Am J Cardiovasc Drugs 2018; 18:37-47.

No. at risk

Placebo 582
Selexipag 574

ITT population; “Composite endpoi




for patients?

What is the impact of clinical worsening

Evidence from SERAPHIN and GRIPHON

with macitentan (n = 742) and GRIPHON

The two pivotal trials, SERAPHIN
argest randomized controlled trials

with selexipag (n = 1156), are the |

in PAH!2
nt in each study was a composite of first morbidity or

The primary endpoi
mortality event, occurring on the assigned treatment

In both trials, all patients were followed for all-cause mortality up to the end of

the study
The landmark method3# was utilized to evaluate the association between

morbidity events and long-term mortality

1. Pulido T, et al. N Engl J Med 2013, 369.809-
. - : 18,
- Dafnlzlj SCIrcM O, et al. N Engl J Med 2015; 373:2522-33;
; 4 Cardiovasc Qual Outcomes 2011; 4:363-71;
. Anderson JR, et al. J Clin Oncol 1983; 1:710-9.
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SERAPHIN: Patients who experience mor
risk of death

Landmark analyses from SERAPHIN

Patients with a morbidity event
— Patients with no morbidity event

Risk of death up to end of study
HR (95% CI): 3.39 (1.94, 5.92)

6 12 18 24 30

Time from
No. at risk: Month 3 landmark (months)
- 38 29 27 25 23 13
— 682 634 636 611 496
Median follow-up: 20 months

RSDC

bidity events have an inc

241 151

reased

Risk of death up to EOS
increased 2 3 fold for patients
who experienced a morbidity

event prior to Month 3
landmark, compared with
those who did not

McLaughlin V, et al. J Am Coll Cardiol 2018, 71.752-63

e

GRIPHON: Hospitalization and disea
with increased risk of death irrespec

se progressi
tive of landmark timepoint

ion were associated

Hazard ratio and 95% Cl

0.7 p

Hospitalization due to PAH
Month 3
Month 6
Month 12
Disease progression
Month 3
Month 6
Month 12

—a—
——
——

——
——
——i

0.7 2 46 10
Decreased risk Increased risk

4 6 10

95% ClI

(4.02, 10.67)
(2.35, 6.04)
(1.94, 5.44)

(1.25, 4.54)
(2.02, 5.25)
(1.49, 4.40)

McLaughiin V, ef al. J Am Coll Cardiol 2018; 71:752-63.




. Awealth of data on effective management and treatment strategies for PAH
is available

» Aiming to achieve and maintain a low-risk profile is a key treatment goal in
PAH

« |tis essential to perform repeated muiti-parameter risk assessments in

patients at baseline and follow-up

« Morbidity events are associated with an increased risk of death, therefore
treatment strategies that delay disease progression are essential

* GRIPHON is the first long-term RCT to provide evidence that the addition of
a third drug is both efficacious and safe




Beyond double combination therapy in PAH: |
Initial triple combination therapy - A single center experience

* Initial triple combination therapy:
1.v. epoprostenol + bosentan + sildenafil

* 19 treatment-naive incident patients with idiopathic (n = 9)
or heritable (n = 10) PAH

* Mean age 39 + 14 years (18 - 63)
* NYHAFC il (n=8) or IV (n=11)

* Severe hemodynamics: Cl < 2.0 L/min/m?2

or PVR > 1000 dyn-s-cm-5




Initial triple combination therapy in severe PAH:

Treatment benefit on FC and hemodynamics

Prospective, observational analysis of idiopathic or heritable PAH patients‘ (n= 18)1 tTreated
with triple initial combination therapy (epoprostenol, bosentan and sildenafil)’-

Last visit
FC I/l mFC Il mFC IV Baseline  4months (32419

RAP (mmHg) 1191562 49+49" 0.2 £3.5°

-
On
i

mPAP (mmHg) 6581137 457+140° 444+ 134"

Cl (min/m?) 1.66 £ 0.35 3491069 3641065

Patients (n)
=

PVR(ds.cm®) 17184627  5641260* 492 + 209*
1

QL ien
s

210185 69.7 + 5.2* 722 +40"

i 1

Baseline 4 months* Last visit*

. 1. Sitbon O, et al. Eur Respir J 2014: 43 1691-7;
ormation please consult your local ' 46 :
o 5 AR 2.Galig N, et al. Eur Respir J 2015; 46:903-75;

3. Galié N, et a/ Eur Heart J 2016 37:67-119




TRITON: Initial triple combination therapy with selexipag,
macitentan and tadalafil in PAH patients

* TRITON: A multi-center, double-blind, placebo-controlled, phase IlIb study

* Objectives:
— To compare the efficacy and safety of an initial triple oral treatment
regimen (macitentan, tadalafil, selexipag) versus an initial double oral

treatment regimen (macitentan, tadalafil, placebo) in newly diagnosed,
treatment-naive PAH patients

* Secondary endpoints: HD variables, A6BMWD, FC

Clinicaltrials goy NCT02558231




Conclusions

ation of early

Early diagnosis and detection of worsening are key for the initi
treatment and timely intensification of therapy

Risk assessment at diagnosis (and follow-up) is essenti
treatment strategy

Initial double combination therapy may not be sufficient in controlling disease
progression, and initial or sequential triple therapy may be required

TRITON is underway to determine the efficacy and safety of initial triple oral
combination therapy in treatment naive patients

By working together, patients and physicians can ensure that they achieve
the best outcomes

al to determine
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P
Treatment naive PAH confirmed by
patient expert center
\
e
CCB Therapy Acute vasoreactivity test
(Table 18) Vasoreactive | (IPAH/HPAH/DPAH only)

!

General measures

(Table 16)

Supportive therapy
(Table 17)

J’i Non-vasoreactive

Low or intermediate risk

HO FC lI-IIl)?
o W=y

Initial

monotherapy®
(Table 19)

Initial oral
combination®
(Table 20)

'

High risk
(WHO FCIV)®

Initial combination

including i.v. PCA®
(Table 20)

Patient already
on treatment

!

Inadequate clinical response
(Table I5)

’

Double or triple sequential combination

(Table 21)

Inadequate clinical response

(Table 15)

|

Consider listing for lung transplantation®

(Table 22)

—_

Consider referral for
lung transplantation

CCB = calcium channel blockers; DPAH = drug-induced PAH; HPAH = heritable PAH; IPAH = idiopathic PAH; i.v. = intravenous; PAH = pulmonary arterial hypertension;
PCA = prostacyclin analogues; VWWHO-FC =World Health Organization functional class.

*Some WHO-FC IIl patients may be considered high risk (see Table 13).

blnitial combination with ambrisentan plus tadalafil has proven to be superior to initial monotherapy with ambrisentan or tadalafil in delaying clinical failure.

“Intravenous epoprostenol should be prioritised as it has reduced the 3 months rate for mortality in high risk PAH patients also as monotherapy.

“Consider also balloon atrial septostomy.




CTEPH

Chronic Thromboembolic Pulmonary Hypertension
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CTEPH diagnosis

AmPAP> 25

APCWP<15

AVQ positive with any burden disease

ATreated with anticoagulant for >3 months

AThe issue is that they can be diagnosed as acute PE

AThe incidence after acute PE is: 3%, is rare but under diagnosed
ANew or worsened dyspnoea after PE

RSDC
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Predictors of CTEPH after acute PE

At the time of index PE:

Massive and Recurrent PE
Unprovoked PE
Symptoms present > 2 weeks before presentation

In the follow up of acute PE:

New or worsened dyspnoea
Splenectomy

Chronic inflammatory disorder
Non-O blood group



A\

Operability assessment
by a multidisciplinary CTEPH team

Technically operable [ Technically non-operable ]
Acceptable Non-acceptable
risk/benefit ratio risk/benefit ratio® .
Targeted medical
l therapy
Pulmonary . Persistent
endarterectomy symptomatic PH
Consider BPA in
LIMITS OF OPERABILITY (?) expert center®

—® A\

"[’--“f""’ = . Consider lung Persistent severe
: transplantation symptomatic PH

714 ¢ WA 7 g ie
BPA = balloon pulmonary angioplasty; CTEPH = chronic thromboembolic pulmonary hypertension; PH = pulmonary hypertension.
*Technically operable patients with non-acceptable risk/benefit ratio can be considered also for BPA.

®In some centers medical therapy and BPA are initiated concurrently.

Aespiratory Sleep Disorder



PEA INHOSPITAL MORTALITY




AWe can find 3 times cases than what we already now
AWe have more haemoptysis is CTEPH than IPH
A60% reduction in PVR after endarterectomy
ASurgery increase survival

AMacitentanand Riociguaimproved 6MWD

RSDC



Asthma




What Is the most important cell in Asthma?

Epithelial barrier is defective in asthma
The role of Tight Junctions (TJ)

Asthma

RSDC



Functions

*Closed tight junctions: preventive and protective
against environment "

*Open tight junctions: to drain inflammation, but allow
allergen, pollutant, toxin accessibility

l;l

Asthma

lumen
‘ S TJs PROTEINS

': ‘.'_ -+ = ! :

8. -. — o 3-membrane domains

’ .‘- o - :"' .— - occludin

_q _’ _: M" Mm— ._:v- ._:-

oo Tot , o [ond } et | [ | . claudins (24 proteins)
»o- »—n b—- oo-n [ ol oo- jod | . .
,, -{ 'L Vo D tricellulin (novel - between 3
J el . ;
™y neihbouring cells)
I-membrane domain
JAMs - junction adherent proteins
.
tissue
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Tight Junctions — Seal of the Epithelium

ﬂﬂﬂﬂ -

E-cadherin fgéé 2%

?: '

b _ 1}

- l -
desmosoniés

Ocdudw

gap -
junctions = tricellulin
o - NG e
hemidesmosome
. \
J Lt
— aEm

www.invitrogen.com
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Bronchial Epithelial Leakiness in Asthma

—
™~N

TER(Q2em

%* %k
p—q
3000- 2
)
®
2000- Hf
* .:.
1000-
A
0 : -
Normal Asthma

Leaky

asthmatic epithelial
barrier

even after 3
passages

Wawrzyniak et al. 2017
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