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Current hemodynamic classification of PH Define the lesion

AuZnon TNG TTiEoNG OTA TTVEUMOVIKA AyyEia N OTroia UTTOPEI va OQEIAETAl:
- €ITE O JEPOVWHEVN AUEZNON TTVEUNOVIKAG apTnplaknc trieong (MAY)

- €ITE o€ AUENON TNG TIVEUMOVIKNAGS QPAEBIKNC KAl
TNG APTNPIAKNAG TTVEUMOVIKNG TTIECNG

Ppa- I 1 Ppa-Pcwp >12 mmHg

Adapted from Galié N, et al. Eur Heart J 2009;30:2493-537; Galié N, et al. Eur Respir J 2009;34:1219-63.
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Current hemodynamic classification of PH Define the lesion
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Table 1 Updated Classification of Pulmonary Hypertension *

= monary arteria ypertension
= opathic
1.2 Heritable PAH
1.2.1 BMPR2
1.22 ALK-1, ENG, SMADS9, CAV1L,K KCNK3
1.2.3 Unknown
1.3 Drug and toxin induced
1.4 Associated with:
1.4.1 Connective tissue disease _
1.4.2 HIV infection
1.4.3 Portal hypertension
1.4 4 Congenital heart diseases
1.4.5 Schistosomiasis
1’ Pulmonary ve no-occlusive disease and/or pulmonary capillary hemangiomatosis
1", Persistent pulmonary hypertension of the newborn (PPHN)

|2- Pulmonary hypertension due to left heart disease

2.2 Left ventricular diastolic dysfunction

2.3 Valvular disease

2. 4 Congenital /acquired left heart inflow _ outflow tract obstruction and
congenital cardiomyopathies

3. Pulmonary hypertension due to lung diseases and/or hypoxia I
T D T eIy O e
3.2 Interstital lung disease
3.3 Other pulmonary diseases with mixed restrictive and obstructive pattern
3.4 Sleepdisordered breathing
3.5 Alveolar hypoventilation disorders
3.6 Chronic exposure to high altitude
3.7 Developmental lung diseases

BPH ) |

S. Pulmonary hypertension with undear multifactorial mechanisms
5.1 Hematologic disorders: chronic hemolytic anemia, myeloproliferative
disorders, splenectomy
5.2 Systemic disorders: sarcoidosis, pulmonary histiocytosis,
Iymphangioleiomyomatosis
5.3 Metabolic disorders: glycogen storage disease, Gaucherdisease, thyroid disorders
S.4 Others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure,
segmental PH

=5th WSPH Nice 2013 Main modifications to the previous Dana Point classification are in baold. .
BEMPR — bone morphogenic protein receptor type I CAV1 — cawolin-1: ENG — endoglin
HIV — human immunodeficiency vinus:; PAH — pulmonary arterial hypertension.



Ta&ivounon Ilvevuovikng Yaeptaoncg

The Three-Year Incidence of Pulmonary Arterial Hypertension
Associated With Systemic Sclerosis in a
Multicenter Nationwide Longitudinal Study in France

Eric Hachulla,' Pascal de Groote,” Virginie Gressin,* Jean Sibilia,* Elisabeth Diot,’
Patrick Carpentier,® Luc Mouthon,” Pierre-Yves Hatron,' Patrick Jego,® Yannick Allanore,’
Kiet Phong Tiev,” Christian Agard,'® Anne Cosnes,'* Daniela Cirstea,'? Joél Constans,"?
Dominique Farge," Jean-Frangois Viallard,"> Jean-Robert Harle,'® Frédéric Patat,'”
Bernard Imbert,® André Kahan,” Jean Cabane,” Pierre Clerson,'® Loic Guillevin,’
Marc Humbert," and the ItinérAIR-Sclérodermie Study Group

Table 2. Estimated incidence of pulmonary hypertension during the
3-vear followup period®

Estimated incidence
(no. of cases per
100 patient-years) — 95% CI

All forms of pulmonary 1.37 0.74-2.00
hypertension

Pulmonary arterial hypertension 0.61 0.26-1.20
Among patients with 1cSSc 0.40 0.11-1.03
Among patients with deSSc 1.25 0.34-3.20

Postcapillary pulmonary 0.61 0.26-1.20
hypertension

Pulmonary hypertension secondary 0.15 0.02-0.55
to pulmonary fibrosis

*05% CI = 95% confidence interval; lcSSc = limited cutaneous
systemic sclerosis; deSSc = ditfuse cutaneous systemic sclerosis.

Hachulla et al. Arthritis Rheum 2009
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BMPR-2: bone morphogenetic receptor protein2 gene,

ALK 1: activin- receptor- like kinase 1 gene, PathOthSiOIOgy Of PAH 2013

5-HTT: serotonin transporter gene,
ec-NOS: nitric oxide synthase gene;

CPS: carbamyl- phosphate synthetase gene

Loas of BMPR2 sgnabng medated negeive
T reg delect & Dendribc Cell recrutmant feedback of inflammationidelects in
n puimonary vescular compartmant inflammatony resclulion

Ganabc pradrepostions
(BMPR2, ALK1, 5-HTT) Endothelial dysfunction & Endothelial injury
- #¢ vasoconstrictors (ET-1, 5-HT)
- : - & Vasodistators (PGI2, NO)
fRCtE - tacior actvaban
- 4+ Tyosine knase/growth receplons

drug, tamne)

Dysreguisted Inflammation & Autoimmunity
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Montani D JOD 2013



(PDGF)
Ligand

Smooth muscle cell
Ca" e

& BMP
® (]
_ Ky | roc _smp-rIN Nemwe-ri
8 t.IT'T'.I-II IIIIIIIIIIIIIIIIIIIIIIIII FRA A AN LR L] B L L L] | .“l-‘lll‘l-‘ll

(TR SR 0 e
@@

1 g
o Ca®
e

_—.+.--°

Co-Smad mi—-,
—K’ »tCa"]., K’
v , v b

l_ Contraction Proliferation Apoptosis |—— E;%E

+
Pulmonary ‘

Sustained 2, '"'*"*F’“
Pulmonary tAng-1 _ a W:uular Hamodah q
mmun‘mnt}m [ LA EX LR QX0 X LR L ERLEER: £
| ' !_1 CEECEEEL
et 45 5 HTT b

*I'II'|TI‘I'FI'Il'Il'I'I'|'I-lTl-ll"l"l"*l'ili‘*l*l!*‘l*l*t
(]
@ TIE2

ze

+'-s'I:’-*7I:'Fifl-'i‘-li-'l-'!tfl'}'-l'ﬂ-i-l-:\ s

1
L5

l'ﬁiflfll";l?l"c'l. =

RERLERE

iy
= N I OO
]

Ci o DL L T L )

‘.:'.:'-I:.I-i-H.!:-I.I-

R

]

[ XL XL E N RN X RN LA R RN IR L E NN EA L r N

Eﬂdﬂ‘thﬂ”ﬂ'l EE" BMP-Hia BMP-RIl
@ LM ¢ emp

McLaughlin V JACC April 28 2009



FOCUS ON PAH PATHOPHYSIOLOGY

(INFLAMMATORY CELLS )

&’_ Macrophage % B Lymphocyte
2 ;I i é: " Dendriticcells @ T Lymphocyte

( AUTOANTIBODIES )

7 l)% Anti-endothelial cells antibodies
A h Anti-fibroblast antibodies

NORMAL

<@ Endothelial cells

Basement membrane

Internal Elastic Lamina
Smooth muscle cells
External Elastic Lamina

\ " »_ Fibroblast
C{%j lj Collagen

(CYTOKINES AND GROWTH FACTORS )

\’ V/  Fractalkine
al
‘.‘..1.‘.';:'.3 Interleukin-1and 6

Kherbeck et al.

% Clin Rev Allergy Immunol 2011
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Genetic Predisposition

BMPR-2 mutations
ALK1 mutations

SHTT polymorphism
ec-NOS polymorphism

Ayyelakn Avadotauop@eeon

Risk Factors

Anorexigens

HIV infection

Increased Pulmonary Flow
Portal Hypertension
Connective Tissue Diseases

CPS polymorphism
Etc.

Etc.

\/

Pulmonary Vascular Damage

Matrix Changes, Platelets
and Inflammatory Cells

Endothelial Dysfunction

Smooth Muscle Cells
Dysfunction

Activation
EEN
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" .
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* L 4
4

Initiation and Progression

’Q. Pulmonary Hypertensive Vascular Disease
at®

ol | s
""sagpuuunns®
BMPR-2: bone morphogenetic receptor protein2 gene,

ALK 1: activin- receptor- like kinase 1 gene,

5-HTT: serotonin transporter gene,

ec-NOS: nitric oxide synthase gene;

CPS: carbamyl- phosphate synthetase gene
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PAH-CTD in Registries

Methodology Diagnosis

n=722, monocenter RHC
Prospective 1998-2002

599, multicenter RHC
Prospective, transsectionnal

184, monocenter RHC
Prospective, transsectionnal

PAH prevalence

12%

8%

13%



PAH-CTD in Registries

French Registry UK Registry
(674 PAH patients)’ (429 PAH-CTD patients)?
0,
Idiopathic 39.2% SSe 4%
0,
cTD ‘ MCTD 8%
0,
CHD 11.3% SLE 8%
DM/PM 4%
Portal hypertension 10.4%
RA 3%
Anorexigens 9.5%
UCTD 2%
HIV 6.2% -
Sjogren’s 1%
2 co-existing risk factors 4.3%
Familial PAH 3.9%

1. Humbert M, et al. Am J Respir Crit Care Med 2006; 173:1023
2. Condliffe R, et al. Am J Respir Crit Care Med 2009; 179:151



Eotiadovue omyv Ilvevuovikn Aptnplaxkn
Ynepraon

Ipotpiyoetdn Ivevuovikn Yae

> Hemodynamic definition (right-heart cath)
- Mean PAP > 25 mmHg at rest

- Wedge PAP <15 mmHg

> Consequences
- Right ventricular hypertrophy
- Right heart failure
- Dyspnea, chest pain, (pre-)syncope
— (Sudden) death '

Galie N et coll. Eur Heart J. 2009 & Eur Resp J 2009



Progression of vascular disease

Pulmonary Arteries

“w
5
E Abnormal PA endothelium
:
5 Miederase decrease in perfusion
Cell proliferation in the PA wall
o Oblcratve PA romodeling
vz
“m
H.
Severe decrease in perfuson

Junter C. Champion, Evangelos D. Michelakis and Paul M. Hassoun Circulanion 2009;120;992-1007
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12%
1%

Class | Class I Class lll Class IV
(n=7) (n =166) (n =423) (n = 84)




Pulmonary arterial hypertension: Clinical course and progression

PHASE

Echocardiographic
appearance

Hemodynamic
trends
(not drawn to scale)

ASYMPTOMATIC SYMPTOMATIC DECOMPENSATING ADVANCED

COMPENSATED SUBTLE

Cardiac output

OVERT

Pulmonary artery pressure

DECOMPENSATED

Usual time of diagnosis I
1

Pulmonary vascular resistan

Right atrial pressure

Pathologic
appearance

ClCJ M 2007;74:737-47




EmonuoAoyia

« H ITvevuovikn Aptnplakn Yneptaon (ITAY)
POCPAAEL 0.5-15% TwVv acBevwv e voonuata
TOV OUVOETIKOV 10TOV [connective tissue diseases

(CTD) and mixed connective tissue diseases
(MCTD)]

O meprocotepol acBbevelg ue ITAY mov oyetidetan
LLE VOOT LA TOV OVVOETIKOV 10TOV TTACYOVV QIO

okAnpooepua (Systemic sclerosis-S 7-12% of pts
with SSc have
PAH

H kaporomvevuovikn ocvppetoyr evbvvetal ya >
50% twv Bavatwyv oe acBeveic ue SSC




1.0

0.87

0.67

0.47

Cumulative Survival

0.27

SURVIVAL in PAH

---------

108 98 85
175 143 102
156 123 83
439 384 270

67 46 32
67 44 30
51 31 14
185 121 76

Years from Diagnosis

PAH-Eisenmenger’s
IPAH
PAH-SSc

ra - Condliffe R 2015

Potential reasons
Age
Pulmonary vasculopathy
(arter, venules)
Right ventricle
(reduced contractility)
Left ventricle
(S/D dysfunction)
ILD
Multisystem disease
Antibodies




Most of SSc-PAH patients have severe symptoms

n=78 Narti xperaleralr screening

30,00% -

% of patients

20,00% -

10,00% -

0,00%

NYHAII NYHA III NYHA IV

Dyspnea functional class at diagnosis

Hachulla E. Chest 2009; 136: 1211



I'att ypewadetar screening

Survival depends on NYHA FC at diagnosis

n=78 incidence cases

NYHA FC I
n=13
1 N
C
O
o | —
2 0,75
S NYHA FC IlI
E n=49
= 05 .
(7))
2
s |
P 0.25 NYHA FC IV
(?) n=16
O i | | ] | 1 1 |
0 0,5 1 1,5 2 2,5 3

Time from PAH diagnosis (years)
Log rank test p=0.002 Hachulla E. Chest 2009; 136: 1211



IN'at ypewaletal screening
Survival depends on NYHA FC at diagnosis

UK national registry of all incident cases of PAH-SSc

1.0 -
_t_g 0.8 -
c - FC Il (n = 41)
" 0.6 -
Q
>
8 04
-
£
S 0.2 - |
. | FCIV(n=42)
00 4 p <0.001 :
|

0 1 2 3 4 5 6
Time from diagnosis (years)

Condliffe R. Am J Respir Crit Care Med 2009; 179:151
Condliffe R ERJ 2012



Clinical Features
screening

« Risk factors for the development of
PAH in SSc patients:
— Late-onset disease
— An isolated reduction in DLCo
— An FVC%/DLCO% ratio greater than 1.6 or

— A combined decreased DLCO/alveolar volume
with elevation of serum N-terminal pro-
natriuretic peptide levels




Survival rate (%)

A screening programme may
Improve the prognosis

8-year survival of incident PAH patients
(from diagnostic right heart catheterization)

100% 81% 3% 64%

| (95% CI 51-93%) (95% CI 43-89%) (95% CI 33-84%)

100 | | |
%0 - | | |
75% I I l
80 — (95% Cl 46-90%) c ’
| _ D:etected cohort
70 - | I |
I 1
|
3 | p=0.0037
50 | HR =4.15
| C1 95% 147-11.71
40 - | 31% ( ’
| o 2% ‘Routine practice’ cohort
30 | (95% CI 8-47%) 7%
|
20 — ! | (95% C1 3-39%)
| | [
10 4 : : :
0 ! i { i Years of follow-up

0 1 year 3 years b years 8 years

Humbert M. Arthritis Rheum 2011: 63: 3522



Apykn ektiunon aoceveov pe SSc
Ko
VOOT|LATA OTO (PACLA TOV OKAT|POOEPLUATOC

ITvevpovikee ookiuaoiec (PFTs) High QE
e YPOUETPTOT UE OTATIKOUC OYKOUC
« Méetpnon owayvtikng ikavotntag (DLCO)

A100wpaKIKOC VITEPTYOC KAPO1AC High QE

N-terminal pro-B-type natriuretic peptide
(NT-PI'OBNP) Moderate QE

DETECT aAyopiOuoc av DLCO <60% pred
KOl O1APKELA VOOOU > 3 £TN Moderate QE




Iwg stpemer va eAgyyovral ot aceveigs;

Echocardiography: the best screening tool

Table 9 Avrbitrary criteria for estimating the presence
of PH based on tricuspid regurgitation peak velocity and
Doppler-calculated PA systolic pressure at rest
(assuming a normal right atrial pressure of 5 mmHg)
and on additional echocardiographic variables
suggestive of PH

b
Class® Level

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

additional echocardiographic variables
suggestive of PH

11111111111111111111111111111111111111111111111111111111111111111111111111111111

ESC-ERS guidelines ERJ 2009



PAH-CTD screening:
ESC/ERS recommendations

Table 26 Recommendations for PAH associated with
connective tissue disease

Statement Class® Level’

11111111111111111111111111111111111111111111111111111111111111111111111111111111

Echocardiographic screening for the detection of | B
PH is recommended in symptomatic patients
with scleroderma spectrum of diseases

Echocardiographic screening for the detection of | C

PH is recommended in symptomatic patients
with all other CTDs

Echocardiographic screening for the detection of lIb C
PH may be considered in asymptomatic

patients with the scleroderma spectrum of
disease

2Class of recommendation.
b .
Level of evidence.

Galie N. Eur Heart J 2009; 30:2493



Iwg pemeL va eAeyyovral ol aoeverig;;

DLCO/VA; NT-proBNP: a PAH

predictive factor ?

Table 2. Results of univariate and multivariate analyses of candidate predictors of PAH, by model analyzed*

Univariate analysis

Multivariate analysis

Model, variable P HR (95% CI) P HR (95% CI)

Main model
DLco/Va <10% 0.0043 21.3(2.5-181.3) 0.014 18.81 (1.7-206.8)
High NT-proBNP 0.0048 10.1 (1.96-31.72) 0,053 6.35 (0.94-82.8)
Systolic PAP =40 mm Hg 0.0078 1.08 (1.63-30.87) (.54 0.40 (0,02-7.79)
ESR =28 mm/hour 0.015 5.6(1.35-23.01) 0.15 6.19 (0.49-76.9)

Allanore Y. Arthritis Rheum 2010;58 : 284



DLCO IN CTD-PAH

80

60
0
04

BHWW JHY 18 dvd w

Schwaiger J ERV 2013;22:515



Ilwg tpemer va eAeyyovtal ot acevelg;;
Doppler echocardiography

NO threshold for either ECHO-derived systolic PAP
0)
DLCO could be identified which could

CONFIDENTLY EXCLUDE
Pulmonary Hypertension

Pected PH

TJV= tricuspid jet velocity

Hachulla E. Arthritis Rheum 2009; 60: 1831



Iwg stpemer va eAgyyovral ot aceveigs;

Combination predictive factors ?
The DETECT Study

e DETECT will evaluate more than 10 screening tools and their combinations
against the confirmatory gold standard diagnostic test for PAH in SSc
patients having a DLCO<60%b6

Seibold et al. American College of Rheumatology 2008; Distler et
al. Swiss Society for Pulmonary Hypertension 2009; Vonk et al.
Systemic Sclerosis World Congress 2010



Individual risk points in Step1 FH——————

. _ 0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
FVC % predicted / DLCO 9% predicted I : } Ir | : . | | | '
0 1
Current / past telangiectasias ! |
0 1
Serum ACA —
0 3 10 30 100 300 1000 3000 10000
Serum NTproBNP | ! ! : | | ! } |
2 25 3 3.5 4 45 5 10
Serum urate | | } } } .
0 1
ECG: right axis deviation | !
220 240 260 280 300 320 340 360 380 400 420 440
Total risk points from Step 1 L T T T S e e S S B S B B e S S S R B A S A B

Mo referral I—) Refarral to echocardiography

DETECT study



0 10 20 30 40

50 60
Individual risk points in Step 2 H—+—+——4—"F——+——"AF—+—————F———d———d——————|
300 320 240 360 380 400 420 440
Total risk points from Step 1 ! } } } } } | |

Right atrium area '

01525 3 3.5 4 4.5 ]
TR velocity o } | ! | |
10 20 30 40 50 60 70 80 90 100 110 120 130
Tﬂtﬂl rlsk pﬂlnts from ste'p 2 ! i} ! [ | ! bt} L3 1 ! e 1 3 ¢ 1 i [ T T - ! b} ! T T N | } !

Mo referral I—) Referral to right heart catheterisation

DETECT study



Missing data
(n=52)

PAH patients + non-PH patients
{n=408)

l

Step 1
Mon-echocardiographic variables
FVC % predicted / DLCO % predicted

Current / past telangiectasias
Serum ACA
Serum NTproBMP
Serum urate
ECG: right axis deviatiog
Total risk paig

Cut-off for Step 1 DETECT Study

(pre-defined sensitivity 97%)

o7 ~1 Coghlan JG Am Rheum Dis

‘ 2013;00 1-10

dotection of

LIMITATIONS

Protocol not validated

Patients < 3 years from diagnosis

DLCO > 60%

Compared with other holistic approach (echo, symptoms, DLCO)
' How practical is?

No referral to right heart

catheterisation

True FAH negalive (n=568)
False PAH negative (n=1)

Right heart catheterisation

True PAH pasitive (n=68)
False PAH positive (n=129)




Yvotaon yia KaBetnpraouo Ae&iov Konotntwyv

Signs or

symptoms

required for Quality of
RHCY el

ce

Transthoracic echocardiogram
TR jet velocity
2.5-2.8 meters/second
=2.8 meters/second
Right atrial or right ventricular
enlargement (right atrium major
dimension =53 mm and right
ventricle midcavity dimension
=35 mm), irrespective of TR jet
velocity
PFTs
FVC:DLco ratio =>1.6 and/or DLco
<60% predictedi
FVC:DLco ratio >1.6 and/or DLco
<60% predicted and NT-proBNP
=2 times upper limit of normali
Composite measure
Meets DETECT algorithm in patients No Moderate
with DLco <60% predicted and
disease duration =3 yearsi

Dinesh Khanna Dec 2013 Arthritis & Rheumatism



Routine testing:
Clinical evaluation ° °
Yearly echocardiogram Guldellnes
Yearly PFTs
Yearly N-TproENP serum level

| PAH in CTD

Clinical Suspicion based on:

* Unexplained dyspnea 2014

* Physical findings suggestive of right heart disease: T P2: FIW=Val=toake
* L DLco or DLeo/alveolar volume
* FVC %/DLeo% > 1.6
* T NT-pro BNP

| 1. In borderline pts (Mpap= 21-24mmhg)
RV sizeffuncti Valerio C 2013 : 31% progression to PAH

Seek oth . .
fyipﬁe;:;; 2. Pts with elevation of mPAP >30 mmHg

Continue observa on

exercise are at risk of developing PAH
Boueiz A Ann Thor



Prognosis of 55c-PAH in selected major registries

Registry Year n Age Incident WHO FC mPAP PVR | yr 3yr

(yrs) cases (%) I&I/IVIV (%) (mmHg) (dyns.s.cm5) survival (%)  survival(%)
UK [26] 2009 259 64 100 16/68/16 42 715 78 47
REVEAL [20] 2010 399 62 18 25/60/15 45 768 82 n/a
ASPIRE [25] 2012 156 66 100 19/67/14 43 678 82 52
French [27] 2013 85 65 100 21/67/12 41 680 90 56
PHAROS [28] 2014 131 60 100 56/38/6 36 448 93 75

Condliffe R 2015



Early PAH management may improve
the prognosis

EARLY study 0 Placebo (n=91)
Bosentan (n=87)

14 —_——— =
/\O\ 12
)
~ 107 RR=1.26 RR=0.26
g | 95l 040, 3.96) | (95% CI: 0.08, 0.90)
S 8 p=0. p=0.0285
2 |
o 6
47 <«
5
0]
Improved Worsened
(FC 11 > 1) (FC Il > 111 or 1V)

Effect on NYHA/WHO functional class

Galieé N et al. Presented at ESC 2007
Galie N et al. Lancet 2008; 371:2093



INat ypewadetal screening
Effective PAH targeted therapies are available

Cumulative RR estimate of death in active treatment

Stud %
D g groups when compared with control groups RR (95% Cl) Weight
Rubin et al.'” - 0.36 (0.04, 3.00) 5.21
Barst et al.'® < - : 0.06 (0.00, 0.96) 2.92
Badesch et al."® — 0.79(0.22, 2.77) 14.59
Langleben et al.® —}- 1.66 (0.07, 39.30) 2.32
Simmoneau et al %' — i 0.92 (0.38, 2.21) 2981
Galié et al.™ , 1.00 (0.06, 15.65) 3.07
Olschewski et al. > - 0.25 (0.03, 2.22) 4.91
Rubin et al.** - 0.24 (0.02, 260) 4.08
Barst et al. ™ - 0.47 (0.04, 5.01) 4.12
Sastry et al.® - 0.39 (0.02, 8.73) 2.42
Barst et al.*® —t— 1.54 (0.06, 37.19) 2.29
Galié et al.*® 7 1.01 (0.1, 9.55) 4.60
Galié et al.* —— 0.41 (0.11, 1.49) 13.77
Galié et al ™ ; 0.99 (0.06, 15.58) 3.05
Simonneau et al.™ t - . 0.07 (0.00, 1.15) 2.85
Channick et al.*° : (Excluded) 0.00
Singh et al.'® : (Excluded) 0.00
Galié et al.”’ ' (Excluded) 0.00
Barst et al.”® ! (Excluded) 0.00
McLaughlin et al.'? (Excluded) 0.00
Hoeper et al.'* | (Excluded) 0.00
Overall <> 0.57 (0.35, 0.93) 100.00
T T ' T T

0.01 0.1 1 10 100
Favours treatments | favours controls

Galie N. Eur Heat J 2009; 30: 394
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PDE-5 inhibitors
Sildenafil
Galié et al. (2005)' 20mg
Galié et al. (2005)"* 40 mg
Galié et al. (2005)'° 80 mg
Singh et al. (2006)'¢
Simonneau et al. (2008)"
Subtotal
Heterogeneity: F=50.1%

Tadalafil

Galié et al. (2009)'* 2.5 mg
Galié et al. (2009)'® 10 mg
Galié et al. (2009)"® 20 mg
Galié et al. (2009)"® 40 mg

Subtotal 7 e
Heterogeneity: I'=7.9% :
ERAs 1
Bosentan I
Channick et al. (2001)"® 1 + -
Rubin ef al. (2002)° —_———
Galié et af. (2006)7 —_—
Galié et al. (2008)* —— @ ——
Subtotal R e
Heterogeneity: I°=38.3% 1
Ambrisentan !
Galié et al. (20082 2.5 mg +
Galié et al. (QUOBF: 5mg _l_._
Galié et al. (2008 10mg —_—
Subtotal e
Heterogeneity: F=0% :
PGlz analogues 1
Epoprostenol 1
Rubin ef al. (1990)* - }
Barst et al. (1996)% —i—

Badesch et al. (2000)*

Subtotal —1—_—-—
Heterogeneity: F=43.3% 1
Beraprost . :
Galié et al. (2002 B m—
Subtotal . --d-—
Heterogeneity: F=N 1

1
Inhaled iloprost |
McLaughlin et al. (2006)*® -
Hoeper et al. (2006)* -t
Subtotal ) ]
Heterogeneity: F=39.7% 1
Treprostinil :
Simonneau et al. (2002)*° —— |
McLaughlin ef al. (2003)*' 1
McLaughlin et al. (2010)* ——
Hiremath et al. (2010)" l +—>
Subtotal g 1
Heterogen 1

|

Total <%
Heterogeneity: IF'=63.2% 1
T T L T T 1
-20 0 20 40 60 80 100 120

Change in MWD (m)

Any form
of

PAH

59

4.9

o 3.5 54

] 15.5,50.5 5.2
22.4 14.0, 30.9 21.4
76.0 125 1395 1.1
440 21.0,67.0 42
53.1 14.6,916 24
19.1 -36,418 43
39.5 19.5, 59.6 12.0
320 15,625 3.2
450 245,655 47
51.0 265,755 40
442 30.2, 58.2 1.9
450 -160.0, 250.0 0.1
47.0 34.3,59.7 6.1
108.0 456, 170.4 1.1
64.9 20.4, 109.4 7.3
251 1.9,48.4 4.2
25.1 1.9, 48.4 4.2
26.0 -40,56.0 33
-10.0 -55.9,359 1.9
12.4 ~21.9,46.6 5.1
16.0 4.4,276 6.2
430 -17.3,103.3 1.2
14.0 36,244 6.4
92.7 10.4, 175.0 0.7
17.3 6.1,28.4 14.6
346 27.4,41.9 100.0

Kuwana Masataka BMJ 2013;3

FDE-5 inhibfors
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Defined Treatments Optimal Treatment Not Clear

1. Pulmonary Arterial ' 3. PH-Lung Disease/Hypoxia
Hypertension ° - -torp i
- idiapathic - interstitial lung disease
- heritable - sleep disorder
- drugs - alvealar hypoventilation
- connective tissue disease
~HIWV
- portal hypertension
- cangential heart disease

agh} i
schistosomiasis 5. Multifactorial/Unclear

- Haematological

1 - pulmonary venao- : !
P « chronic ha.emat_r.:l'gmf: anaemia
- pulmanary capillary - n;lpetuprullferam e
h i * splenectomy
aemaglomatosis - Systamic Dloorders
« sarcoidosis
* Langerhans cell histiocytosis
+ Iymphangioleiomyomatosis
+ neurcfibromatosls
« vasculitis
- Metabolic Disorders
» glycogen storage disease
4. Chronic I,' fm:]: :1:5::»5:;“
Thremboembeolic | o ' - Others
Pulmonary :’ ; o= ' 2, PH-Left Heart * tumour obstruction
Hypertension ki U : - systolic dysfunction « fibrosing mediastinitis
- pperable i - diastolic dysfunction + chronic renal failure

- inoperable ‘ ( -valvular disease

Condliffe R 2015



Endothelial Cell Dysfunction in PAH

NO
YG‘z

Vasoconstriction
Cell proliferation / Hypertrophy

Vasodilation
Anti-proliferation

Anti-inflammation

Spieker LE et al. J Am Coll Cardiol. 2001;37:1493-1505. Luscher TF and Barton M. Circulation. 2000;102:2434-2440.
Albrecht EW et al. J Pathol. 2003;199:8-17. Hankins SR and Horn EM. Curr Cardiol Rep. 2000;2:244-251.




Avoid pregnancy (I-C) General measures and Diuretics (I-C)
Influenza and pneumococcal supportive therapy Oxygen* (1-C)

immunization (I-C) Oral anticoagulants:

Supervised rehabilitation (lla-B) IPAH, heritable PAH and PAH
Psycho-social support (lla-C) Expert Referral (1-C) due to anorexigens (lla-C)
Avoid excessive physical activity (1lI-C) APAH (l1b-C)

Digoxin (I1b-C)
Acute vasoreactivity test
(I-C for IPAH)
(I1b-C for APAH)

VASOREACTIVE [ NONVASOREACTIVE ]

WHO-FC I-1II
CCB (I-C)

Endothelin pathway | Prostacyclin pathway

Vessel
2 Endothelial Mitric oxide pathway | larrien l
Sustained response i |
HO Fc l " \ Arachidonic acid — prostaglandin I,
[ ) Pre-pro-endothelin =3 pro-endeothelin \
L-arginine — L-citrulline (> PdrOS.taC.yclln
Endothelin Prostacyclin - erivatives
B Ep ok . (prostaglandin 15}
Endothelin-1 T
Endothtelln = = e — cAMP
receptor g o Exogenous | = -
. —— > %" Endothelin = cGMP <— hitric oxide Vasodilatation
—) nt nists [= f ) anti-proliferation
YES No antagonists Vaso-cr.-:nslrl-ction " phosphodiesterase Vasodilatation
¢ piglifaration B anti-proliferation

= Smooth muscle —— @1 Phosphodiesterase
Continue CCB sellsne, type 5 inhibitor




Supervised exercise traini
ocial support

immunization |

WHO-FC Il

INITIAL THERAPY WITH PAH APPROVED DRUGS
YELLOW: Morbidity maortality as pril end-point in randomized co ed study or reduction in all-
cause mortality (pros
i i d on the WHO-FC of the majerity of the patients of the studies.
TApproved only: by the FDA (macitentan, riociguat, treprostinil inhaled); in New Zealand (iloprost i.v); in
Japan and 5 Korea(beraprost).
1 Positive opinion for approval of the CHMP of EMA

Epoprostenol i.v.
Bosentan
Epoprostenal i.v.
lloprost inhaled

Ambrisentan, Bosentan
Treprostinil i.v. lloprost inhaled and ivt

Macitentantf

Riociguatt

Sildenafil, Tadalafil

Treprostinil s.c., i.v., Inhaledt

]
| |[Initial Combination Therapy |Initial Combination Therapy

CONSIDER ELIGIBILTY
INADEQUATE CLINICAL | sy FOR LU

RESPDNSE TRANSPLANTATION

Sequential combination therapy (-A)

INADEQUATE CLINICAL Referral for

RESPONSE LUNG TRANSPLANTATION
on MAXIMAL THERAPY

BAS (lla-C)  paseit

Oepaevtikog AAyopiOuocg ITAY

Apywn Oepameia

Galie N JACC; 2013 (25)



Derived treatment goals from risk
stratification

Stable and
not satisfactory

Assessment Stable and
parameter satisfactory
Clinical evidence No
of RV failure
Rate of progression Slow
Syncope No
WHO-FC L
6-MWD Longer (> 500 m)
CPET Peak VO,

> 15 ml/min/kg

BNP/NT-proBNP
plasma levels

Normal or near-normal

Echocardiographic
findings

No pericardial effusion
TAPSE > 2.0 cm

Haemodynamics

RAP < 8 mmHg
and CI 2 2.5 I/min/m?

Only some of
the “green”
parameters are
fulfilled
(Grey zone)

Galie N, et al. Eur Heart J 2009; 30:2493-537.




['evikeg apyec eykaipne O10yvwong
[TvevoVIKIC ApTNPLaKTC VITEPTAOTC
oe

Noonuata tov Xuvoetikov lotov

All patients with S5¢ should be screened for PAH

Patients with mixed CTD or ather CTD with scleroderma features [referred to as scleroderma spectrum disorders) should be screened in a
similar way to patients with S5c

Screening of asymptomatic patients is not recommended for mixed CTD or other CTD patients without features of scleroderma lincluding
systemic lupus erythematosus, rheumatoid arthritis, inflammatory myositis and Sjdgrens syndrome]

All 55¢c and scleroderma spectrum patients with a positive, noninvasive screening [as presented in these recommendations| should be referred
for RHC

RHC is mandatory for diagnosis of PAH
Acute vasodilator testing is not required as part of the evaluation of PAH in patients with S5c¢, scleroderma spectrum disorders or other CTD

Schwaiger J ERV 2013;22:515



IIvevpovikn vreptaon oe aocOeveig ue XEA:
1. Low prevalence of PH

2. Screening in asymptomatic lupus
patients are not recommended

3. Two consecutive PAP values =40
mmHg by echocardiogram is the best
screening cutoff for starting investigations
in SLE patients with suspected PH

(. Rutz-frastorza et al / Autormmunity Reviews 12 (2013) 410-415



ITvevpovikn vteptaon oe acBeveic ue
MCTD: ~50% (mteplotaciaka amaviovyv ota
OVOOOKOTAGTAATIKQ)
pSS: Xmavia
['vvaikeg 50 eTwV

RA: 1. MeyaAvtepn nAkia
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Routine testing:
Clinical evaluation
Yearly echocardiogram
Yearly PFTs
Yearly N-TproENP serum level

v

Clinical Suspicion based on:

= Unexplained dyspnea

* Physical findings suggestive of right heart disease: T P2; pedal edema
* + DLco or DLoo/alveolar volume

* FVC %/DLco% > 1.6

* T NT-pro BNP

y

Transthoracic Echocardiogram
|

No evidence of PH TRV jet > 2.5 m/sec with
RV size/function normal unexplained dyspnea
l or, TRV jet = 3.0 m/sec
Seek other causes of Perform RHC

dyspnea (e.g., ILD)
Continue observation

Boueiz A Ann Thor Med 2014

Guidelines
PAH in CTD

2014



Take home messages

PAH prevalence in SSc is about 8-10%

Current survival of SSc-PAH patients is not
acceptable

Diagnosis of PAH in FC I or I1 dyspnea is
challenging

Echocardiography is so far the most effective
screening tool to suspect PAH in SSc

Early diagnosis and intervention may translate
into better long-term outcomes



