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Haemodynamic definitions of pulmonary hypertension

Definition

PH

Characteristics* Clinical group(s)®

PAPm =225 mmHg

All

Pre-capillary PH

PAPmM =25 mmHg
PAWP <15 mmHg

1. Pulmonary arterial
hypertension

W

. PH due to lung diseases
. Chronic thromboembolic PH

5. PH with unclear and/or
multifactorial mechanisms

AN

Post-capillary PH

Isolated post-capillary PH
(Ipc-PH)

Combined post-capillary and
pre-capillary PH (Cpc-PH)

PAPmM =25 mmHg
PAWP >15 mmHg

DPG <7 mmHg and/or
PVR <3 WUc¢c

DPG 27 mmHg and/or
PVR >3 WUe

2. PH due to left heart disease

5. PH with unclear and/or
multifactorial mechanisms

CO = cardiac output; DPG = diastolic pressure gradient (diastolic PAP - mean PAWP); mPAP = mean pulmonary arterial
pressure; PAWP = pulmonary arterial wedge pressure; PH = pulmonary hypertension; PVR = pulmonary vascular resistance;

WU = Wood units.

2All values measured at rest; see also section 7.

bAccording to Table 4.
“Wood Units are preferred to dynes.s.cm.
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H CTD -PAH ANOTEAEI
TH 2H ZYXNOTEPH AITIA META THN IAIONA©H PAH

PAH French Registry

39%

Idiopathic
Connective tissue diseases G 15°%-
Congenital heart diseases IIIINIIIIIIE 11 %

Portal hypertension NG 10%

Appetite suppressant exposure G 9-5%:
HIV infection G 6%
Familial llll 4%

2 risk factors [l 4%

Humbert M et al, Am J Respir Crit Care Med 2006



H CTD -PAH AMNOTEAEI
TH 2" ZYXNOTEPH AITIA META THN IAIONA@H PAH

REVEAL REGISTRY

A PCH B
PVOD HIV Other

PPHN
0.0%

0.4% <0.1% FPAH

— a7, CHD

19.5%

Drugs/

| Toxins
\ 10.5%

Portal HT
APAH 10.6%
50.7%

CVD/CTD
49.9%

David B. Badesch et al, Chest 2010; 137(2):376-387



CHEST Original Research

PULMONARY VASCULAR DISEASE

An Evaluation of Long-term Survival From
Time of Diagnosis in Pulmonary Arterial
Hypertension From the REVEAL Registry

Raymond 1.. Benza, MD: Dave P. Miller; MS: Robyn | Barst, MDD, FCCP:;
David B. Badesch, MDD, FCCP: Adaani E. Frost, MDD, FCCP:
and Michael D. McCGoon, MDD, FCCP
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= S S
5 409 —— PAH (n=1201) B T
v i1 ---- APAH-CHD (n=251; *P=0.017) 7 —
204 ----- APAH-CTD (n=742; *P<0.001)
1l ——— APAH-PoPH (n=157; *P<0.001)
-——APAH-DT (n=123; *P=0.27)
c |  J | J | J L] | L]
0 1 2 3 4 5 6 7
No.at Eiek: Time From Diagnosis (years)
IPAH 415 553 600 609 538 415 268 143
APAH-CHD 46 70 107 144 150 138 85 49
APAH-CTD 257 342 344 329 276 203 138 67
APAH-PoPH 56 74 70 72 59 42 20 8

APAH-DT 40 57 62 60 55 45 29 21
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Updated Clinical Classification of Pulmonary Hypertension
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OMAAAIL TINEYMONIKH APTHPIAKH YIIEPTASH OMAAAIII [INEYMONIKH YITEPTAZH ZXETIZOMENHME
1 [oonofeAY TINEYMONOITAOEIES H/KAI YTIOZAIMIA
2. Owoyevie : 1. Xpovia amogpaxtiki mvevpovonabeia
3. IyenOuevnpe 2. Midpeon vevpovondfei
2) Pevpmdvotyuera 3. Avorvow vvov
b) Zuyyevele ﬁlﬂ{pWé(;; (LT0 U LTI TIPOC TTVELLIOVIK] 4. hatapayée xuyehbiol agpiopod
Kkhogopia ! 5. Xpovia éxfeon oe peycho vyouetpo
¢) Muhaiavripraa | 6. Awtapayge e avarwine
) @c‘tppc:mmno'giv?sg OMAAAIV [INEYMONIKH YITEPTAZH OQEIAOMENH ZE XPONIA
f) Ahha aina (nafhong Bupsombotc, vooog Gaucher, OPOMBQTIKH 'H/KAI EMBOAIKH NOZ0
aytoopuipvonadeieg, juehoimepmaoTkegBiaapayes, 1. OpouPoeuPolua andppadn eyyle kAaBav Ty TveupOVIKGY T oIV
omkvertopr 2, Bpoufosyfokn croqpaln neppepikiv KAV Tav TVEUIOVIKOY
4. yenlouevn e omuaven averoy phefiv ) tooesbav apmpIY
) Iveupovic pheoatogpaimiad vooog 2. Mn Bpoppoysvic veupovix eufoln (oyxon, taphora, Evaodpara)

b) Tlveupovikn oryoeuc) awayyeapamon)
¢) Emugvovoamvevubvikn ureptaa v veoyviv

| OMAMYV  TIOIKIM
OMAMII  TINEYMONIKHYIEPTASHME APISTEPH KAPAIOIAGELA aprosiaan, wTokiTtom X, upaeoRTTOn, ouiti oy

1 i 1o (abevonabea, o 1 uegoBapakimba
e Tveupovika ayyelwv (abevomabela, oyxoe, womi pesoBapaiinda)

2. BoAfibonaBerec Tuv apotepav kapbiakav xotomymv



[MAY 2TA PEYMATIKA NO2HMATA

*H cuyvotnta tng MAY ToLkiAEL avaAoya LE TO vOoonua
*H MAY o€ aobeveic pe okAnpodepua amnoteAel TNV KAAUTEPA HEAETNUEVN opada acBevwy e
OUOTNUOTLKA Voo ot

*Xpelalovtal EMONULOAOYLKEG LEAETEG YL TNV KAAUTEPN Katavonon tng MAY ota umtoAoua
OUOTNUOTLKA vooruoTa

SSc
f SLE
MCTD

b

e ———

Shahane A. Rheumatol Int. 2013 Jul;33(7):1655-67.



2KAHPOAEPMA KAI TINEYMONIKH
APTHPIAKH YTEPTAZH (SScPAH)

Viethodology PAH prevalence

Mukerjee; 2003,
UK

Hachulla; 2005,
France

Phung; 2009,
Australia

DETECT study; 2013
International

Avouac; 2010

n =722, single center
Prospective 1998-2002

n =599, multi-center
Prospective, cross sectional
n = 184, single center
Prospective, cross sectional
n = 646, multicenter
Prospective, cross sectional

~ 5000 patients
metaanalysis

RHC 12%
RHC 8%
RHC 13%
RHC 19%
RHC 6-9%

Mukerjee D, et al. Ann Rheum Dis 2003
Hachulla E, et al. Arthritis Rheum 2005
Phung S, et al. Intern Med J 2009
Coghlan G, et al. Ann Rheum Dis 2013
Avouac J et al, ] Rheumatol 2010



Annalsof the Mapping and predicting mortality from
Rheumatic Diseases systemic sclerosis

Elhai M, et af_Ann Rheum Dis 2017, 76:1897-1905.
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H INMNEYMONIKH MNMPO2BOAH AMNOTEAEI AY2MENH
[MPOINQ2TIKO NMAPATONTA

677 consecutive SSc patients, followed up for up to 15 years

Survival rate
4
l

wde NoO lung involvement
02 —4— csPF

—+— PAH
01— —4— csPF+PH

o &0 120 180
Time to death (months)

Nihtyanova et al, Arthritis Rheumatol 2014



H NMPOINQ2H TH2 SScPAH EINAI XEIPOTEPH AIO

Cumulative Survival

AYTH TH2 IPAH

L — —IPAH-advanced therapy (Fisher et al )

=) |
= -
e IPAH-prostanoids (Kawut et al )

[
4 : SSc-PAH-advanced therapy (Fisher et al)
‘ |
2 - L. _.._ SSc-PAH-prostancids (Kawut et al)
0 -
| [] \ |
1 2 3 4

Kawut et al, Chest 2003
Fisher et al, Arthritis Rheum 2006
Le Pavec et al Am J Respir Crit Care Med 2010



Clinical characteristics and survival of pulmonary arterial hypertension

associated with three major connective tissue diseases: A cohort study
in China

CAaRDIOLOGY

Jiuliang Zhao *!, Qian Wang *', Yongtai Liu ™', Zhuang Tian °, Xiaoxiao Guo °, Hui Wang ", Jinzhi Lai ®,
Can Huang ¢, Xiaoxi Yang 9, Mengtao Li %, Xiaofeng Zeng **
Int J Cardiol. 2017 Jun 1;236:432-437.

Cumulative survival rate (%)
8

40
Hazard ratio, 3.265 (95%CI1 1.519-7.019)
30 p=0.002 —— 6MWD= 380m
o] —— 6MWD>380m
10
o - - -
0 1 2 3 a 5
No. at Risk years
6MWD =380m 128 78 46 33 23 15
H6MWD>380m 62 46 30 16 12 -
100-
B
90
. 804

Cumulative survival (
5 8

30-
- Hazard ratio, 1.86 (95% CI 1.32-2.62) —— SLE
p<0.001 —— pSS
10 —=— SSc
c Ll L
o 1 2 3 a 5
No. at Risk Years
SLE 111 78 as 27 19 6
pss 29 17 11 10 8 s
Ssc 50 2s 16 11 5 2
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Clinical+characteristics+and+survival+of+pulmonary+arterial+hypertension+associated+with+three+major+connective+tissue+diseases:+A+cohort+study+in+China

H NMPOINQ2H TH2 NAY 2TO 2KAHPOAEPMA EINAI
XEIPOTEPH AMNO TA AAAA 2Y2THMATIKH NO2HMATA

A 100 n
| —
oo | — P= <.001
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- |
e, 7.4 £ 4.6%
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=
B
£ &0 |
=
s _‘—\_,ﬂ\_‘_;;
Sﬂ 1
51.2 £4.0%
40 | Survival Estimate
§ SSc (n = 188)
Mon-55e-CTD (n = B8)
o
[0 G 12 12 24 =0 3G
Musmber st rigk Time fram Enrallment (Moniths)
SSc 166 144 123 104 o4 B3 T4
MNon-SS5c-CTD &8 8z 7T 73 1] 63 &0
100
Th—
o0 | - - . P= <001
—~ L ——
— — o
80 | T 80.9 +2.7%
e ‘_\‘_\_‘
§ ] B N
E (=0
5 ' 61.4 £2.7%
50 |
40 | Survival Estimate
/// SSc (n = 334)
MNon-55c-CTD (n = 216)
[u}
| T L] T T T T
0 & 12 1B 24 320 35
Mumber at risk Time from Enroliment (Months)
S5c 334 311 278 252 225 204 188
MNen-S$Se-CTD 218 208 199 179 170 161 154

Figure 2 — Three-year survival
crrves in patients with SSc and
non-S5c-CTI-APAH. A, Three-year
survival from enroliment in the
newly diagnosed S5c group was
51.2% = 4.0% compared with
76.4% * 4.6% in the non-SSc-CTD
group (P=-_.001). B, Three-year
survival from enroliment in the
previously diagnosed 85c group was
61.4% = 2. 7% compared with
B0.9% * 2.7% in the non-SSc-CTD
growup (P =.001). See Figure 1 legend
Jor expansion of abbreviations.

J DLCO

™ NT-proBNP

Chung et al,Chest. 2014 Dec; 146(6): 1494-1504.
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vasculopathy
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Systolic
dysfunction

Coronary Coronary artery
vasospasm disease

Dimitroulas et al, Curr Pharm Des 2013




MONAAIKOZ OAINOTYNOZ THZ MNEYMONIKHZ
YNEPTA2H2 2TO 2KAHPOAEPMA

Myocardial involvement —
PH due to left heart
disease

PAH — vasculopathy of
pulmonary arteries

Veno-onclusive PH
(fibrosis of pulmonary
veins)

Hypoxia-induced PH due
interstitial lung disease

Dimitroulas et al, Nat Rev Rheumatol 2012



[INEYMONIKH YNMEPTA2H 2TO 2EA

Ayvwotn cuxvotnta (0.5-35%)
* PAH
 PH AoOyw umoéiag

AvtidwodoAutiko cuvopouo
ACL, LAC, B, — GPI

v’ BaABibomnabeleg >
deutepomnabdn PH

v’ OpopPospPOALKA ETIELOOS LA
— Xpovia BpouoepBoAikn
PH

METAAYTEPH 2YMMETOXH THX AYTOANOZIAZ >THN ANAAIAMOP®Q2H TOY

NMNEYMONIKOY AITEIAKOY AENTPOY



CHEST Chest 2018 Jan; 153(1): 143151, doi: 10.1016j.chast 2017.028.014. Epub 2017 &ug 26

‘Eml Pulmonary Arterial Hypertension Associated With Systemic Lupus Erythematosus: Results From
the French Pulmonary Hypertension Registry.

w

Hachulla E', Jais X?, Cinguetti G*, Clerson P*, Rottat L%, Launay D, Cottin V®, Habib G”, Prevot G?, Chabanne C®, Fois E'®, Amoura 2", Mouthon L'?, Le
Guern V'2, Montani D?, Simonneau G2, Humbert M2, Sobanski V®, Sitbon 0% French Collaborators Recruiting Members(s).

10 HR 5% D
08 Lupus nephritis 1271 12.07:60.52| 0.001
| Cardiac involvement* 192 (0.49;7 46| 0.35
08 | IgG anticardiolipin antibodies 148 [043:5.01) 05
Anti-UL-RNP antibodies** - . 0.04
N Anti-SSA antibodies 0.34 [0.08;1.44) 0.14
09 Anti-SSB antibodies*** - . 0.17
NYHA -V 080 025,293 0.80
00 bmin walk distance (by 10 m) 097 10.90:1.05) W
0 2 4 § 8 10 | |
Three and five-year overall survival rates were 89.4% and 83.9% DLCO 7 of predicted) 0% 092103 036
Years 0 1 3 3 4 5 6 7 3 9 10 MPAP (mmHg) 102 (098:1.07] 0.36
I\! at o ow w w0 b w5 W PVR (by 80 dynsec.cm-) 123 (108141 0.002
risk Treatment with hydroxychloroquine 031 (0.09,1.11] 0.07




Patients (96 )

AIATNQ2H T1AY

Functional Class at Enroliment, Patients With
PAH-CTD [n=566)

7 313
5.7 .
FCI FC I

FCHI FCIV

Chung et al, Chest 2010



[MPOINQ2TIKOI MAPATONTE2

Survival Distribution Function

Log rank rank p-value <.001

FC

/n

n
Numberof

Fou/im
FC m
FCIv

Subjects

s 52 £

49 38 20

7 3 3

roflove ugpr Thies in Years

21
12
0

10

Survival DistributionFunction

pvalue for logrank test =0.02

Number of Subjects

DICDO==389

o 1 2 3 el
Follow up Time in Years

60 a1 22 13 S

50 aL 30 19 10

DLCO> 389

Chung L et al Arthritis Care Res 2013



Doc, | am getting short of breath!
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Edema (swelling) of
\  the ankles and feet

‘ Delayed diagnosis




Diagnostic Algorithm for Pulmonary Hypertension
Symptoms, signs, history suggestive of PH

Echocardiographic probability of PH (Table 7)
igh or intermediate

Consider left heart disease and lung diseases by symptoms, Consider other causes
signs, risk factors, ECG, PFT+DLCO, choix radiograph and and/or follow-up(Table 8)
HRCT, arterial blood gases (Table 8)

Diagnosis of left heart diseases Yes

. . or lung diseases confirmed? : :
No sign of severe PHRV dysfunction N Signs of severe PH/RV dysfunction
> ; V/Qscan
Dty asns Mismatched perfusion defects? Refer to PH expert centre |
Yes No
Refer to PH expert centre

CTEPH possible: CT pulmonary angiography, R able 9) mPAP ‘ No
RHC +/~ Pulmonary Angiography Yes PAWP 3. PVF 000

Drugs - Toxin 4 Portopulmonary

Heritable Idiopathic Idiopathic Heritable
PVOD/PCH PVOD/PCH PAH PAH
wWWwW i EUROPEAN
e S rdlo.org European Heart Journal 2016:37;67—119 -doi-10.1093/eurheartj/env317 CARDIOLOGY®

European Respiratory Journal 2015 46: 903-975;



Echocardiographic probability of pulmonary hypertension

in symptomatic patients with a suspicion of pulmonary
hypertension according with PTRV & additional signs

Peak tricuspid regurgitation velocity Presence of other echo Echocardiographic probability
(mls) “PH signs” of pulmonary hypertension

=2 .8 or not measurable
29-34

Intermediate

A: The ventricles B: Pulmonary artery C: Inferior vena cava and
right atrium
Right ventricle/ left ventricle basal Right ventricular outlflow Inferior cava diameter >21 mm
diameter ratio >1.0. Doppler acceleration time with decreased inspiratory
<103 m/sec and/or midsystolic | collapse (<50 %with a sniff or <20
notching. % with quiet inspiration).
Flattening of the interventricular Early diastolic pulmonary Right atrial area (end-systole)
septum (left ventricular eccentricity regurgitation velocity >18 cm?.
index >1.1 in systole and/or diastole). | >2.2 m/sec.
PA diameter >25 mm..

v EURGPEAN
www.escardio.or SOCIETY OF
g European Heart Journal 2016:37:67—119 -doi:10.1093/eurheartj/ehv317 CARDIOLOGY *

European Respiratory Journal 2015 46: 903-975;



Pulmonary arterial hypertension associated with
connective tissue disease

Recommendations Class | Level

In patients with PAH associated with CTD the same treatment algorithm
as for patients with IPAH is recommended.

Resting echocardiography is recommended as a screening test in
asymptomatic SSc patients with systemic sclerosis, followed by annual
screening with echocardiography, DLCO and biomarkers.

RHC is recommended in all cases of suspected PAH associated with CTD.

Oral anticoagulation may be considered on an individual basis and in the | L.
presence of thrombophilic predisposition. :

CTD = connective tissue disease.

IPAH = idiopathic pulmonary arterial hypertension.
PAH = pulmonary arterial hypertension.

RHC = right heart catheterization.

EUROPEAN
RESPIRATORY
SOCIETY

EUROPEAN

www.escardio.or SOCIETY OF
g European Heart Journal 2016:37.67—119 -doi:10.1093/eurheartj/ehv317 CARDIOLOGY*

European Respiratory Journal 2015 46: 903-975;
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eldlkwv ( expert
CONSEeNsuUs) yLa
Sdlevepyela de€lov
KapdLokoU
KaBetnploopou

o€ aoBeveic pe

okAnpodepuoa.

RIGHT HEART CATHETERIZATION

Avouac et al, Ann Rheum Dis 2013




DE'I'EC'I".

DETECTion of PAH in SS5c¢

FWwC %6 pred /DLCO %26 pred.

Telangiectasias
Anti-centromere antibody (ACA)

MNTproBHEP
Serum urate

Right axis deviation on ECG

I:l Alternatively, enter FWC
and DNLCO separatehy

o [l
mg/100mil -

S N
| | | | | |

CALCULATE

NO ECHO
RECOMMENDED

ECHO RECOMMEMNDED

220 300

370



DETECT algorithm nomogram step 1:

Average non-PH patient
STEP 1: POINTS ? 1.0 2.0 3.0 49 50 6.0 7.0 8.0 9.0 1(|)0
FVC % pred./DLCO % pred. 0 05 1 15 2 25 3 35 4 45 5
Current / past telangiectasias 1 %
Serum anti-centromere antibodies 1
Serum NTproBNP ? 5I 1|0 5|0 0.0 sqo 10.00 10,900
Serum urate 2I 2.'5 3I 3'|5 lll 4.5 ? 1?
ECG: Right axis deviation Average non-PH patient 1I
STEP 1: TOTAL RISK SCORE 220 240 260 280 300 320 340 360 380 400 420 440

NO ECHO

ECHO

RECOMMENDED

DLCO: Pulmonary diffusing capacity for carbon monoxide;

RECOMMENDED

FVC: forced vital capacity; NTproBNP: N-terminal pro-brain natriuretic peptide.



Recommendations for Screening and Detection of
Connective Tissue Disease—Associated
Pulmonary Arterial Hypertension

Dinesh Khanna.! Heather Gladue.' Richard Channick.,” Lorinda Chung.® Oliver Distler.?
Daniel E. Furst,” Eric Hachulla,® Marc Humbert,” David Langleben.® Stephen C. Mathai.”
Rajeev Saggar,'” Scott Visovatti,! Nezam Altorok,! Whitney Townsend,’

John FitzGerald,” and Vallerie V. McLaughlin®

ARTHRITIS & RHEUMATISM
Vol. 65, No. 12, December 2013, pp 31943201

» ABwpokikd ECHO o€ etiola faon aveéaptnta ano TNV mapouoiol OUUMTWHATWY

» AaBwpokikd ECHO pe tnv epdavion n embeivwon duomvolag

» NT-proBNP pe tnv epdavion oUUMTWHATWY

» NeltoupyLkEC Soklpooleg mveupovwy + DLCO oe etriola Baon

» NeltoupyLkeg Sokipaoileg mveuuovwy + DLCO oe nepimtwon epudavions i
embelviwonc UTTOTITWY CU UITTWLATWV
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Swstemic Sclerosis =1 Free Access

Screening for pulmonary arterial hypertension in patients wwith

systemic sclerosis: Clinical characteristics at diagnmnosis and long-
term surwival

Parc Humbert e, aAarredine Yaici,. Pascal de Groote., Dawid Montamni. Olivier Ssitbhorn.,

D awid Launayw.
Wirgimnie Gressin, Loic Guillewimn, Pierre Clerson. Gerald Simonmeauwu. Eric Hachulla

Systemic PAH detection program (n= 16)

Diagnosis during routine clinical practice (n=16)

100

90 —

75%

Cl 46-80%)

{(95%

80 —

70 —

b= 0=0.0037
HR=4.15
(CI 95% 1.47-11.71)

50 —

40 —

Survival rate (%)

¢ 25%
30 — s (95% Cl 8-47%

:

' - (G5
20 — : :

i :

H :

s C

10 —

: : v ' Years of follow-up
0 1 year 3 years 5 years 8 years

Humbert et al, Arthritis & Rheum 2011
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Swstemic Sclerosis =3 Free Access

Screening for pulmonary arterial hypertension in patients wwith

systemic sclerosis: Clinical characteristics at diagnmnosis and long-
term surwival

Parc Humbert e, aAarredine Yaici,. Pascal de Groote., Dawid Montamni. Olivier Ssitbhorn.,

Drawid Launay .
Wirginie Gressin, Loic Guillewim, Pierre Clerson. Géerald Simonmneau. Eric Hachulla

Systemic PAH detection program (n= 16) | Routine Practice (n=16)

Lower mPA (34mmHg) Higher mPA (49mmHg)

Lower PVRI (613) Higher PVRI (1500)

Higher CI (3,42L/mIm?) Lower Cl (2,37L/mlIm?)

NYHA I/II NYHA 1lI/1V

Humbert M et al Arthritis Rheum 2011
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Pulmonary arterial hypertension associated with
connective tissue disease

Recommendations Class | Level

In patients with PAH associated with CTD the same treatment algorithm
as for patients with IPAH is recommended.

Resting echocardiography is recommended as a screening test in
asymptomatic SSc patients with systemic sclerosis, followed by annual
screening with echocardiography, DLCO and biomarkers.

RHC is recommended in all cases of suspected PAH associated with CTD.

Oral anticoagulation may be considered on an individual basis and in the
presence of thrombophilic predisposition.

CTD = connective tissue disease.

IPAH = idiopathic pulmonary arterial hypertension.
PAH = pulmonary arterial hypertension.

RHC = right heart catheterization.

EUROPEAN
RESPIRATORY
SOCIETY

EUROPEAN
SOCIETY OF

WWW. ardio.or
esc rdlo o g European Heart Journal 2016:37:67—119 -doi:10.1093/eurheartj/ehv317
European Respiratory Journal 2015 46: 903-975;




Licensed targeted therapies for PAH In

systemic sclerosis

Endothelin receptor
antagonists

Bosentan* (approved 2001)
Ambrisentan

Macitentan (approved 2013)

Mechanism ET1 ﬂ

Nitric oxide
pathway stimulants

é")
p.o.

Sildenafil (approved 2005)
Tadalafil

Riociguat — guanylate cyclase
agonist (approved 2013)

NO
cGMP t

Prostacyclin
analogues

Q
OH

i.v., s.c., inh.

Ho
Hd \-\’_

Epoprostenol

Treprostinil

lloprost*

Selexipag (approved 2015)
Beraprost

PGl, 1



Efficacy of drug monotherapy, for PAH (Group 1)

Efficacy of initial drug combination therg

Recommendations Class - Level (Gr ou p 1 )
Measure/treatment WHO-FCII | WHO-FCIII | WHO-FCIV [
Calcium channel blockers
— Recommendations
Endothelin receptor
antagonists Bosentan Measure/treatment
Macitentand . ]
Ambrisentan + tadalafilc
Sildenafil
Phosphodiesterase v Other ERA + PDE-5i
type-5 inhibitors Tedalafil
Vardenafil* Bosentan + sildenafi
Guanylate cyclase o
stimulators Rlociouat Bosentan + i
Prostanoids Epoprostenol intravenous?
Inhaled e "
Tloprost
Intravenous* = o
subcutaneous = a
Inhaled* - - | ure as primary end-pointin RCTs or drugs with demonstrated reduction in all-cause mortality
Treprostinil ned).
Intravenous® o &
Oral* n =
Beraprost* @ E R S
IP-receptor agonists | Selexipag (oral)*

www.escardlo.org
<Only in responders to acute vasoreactivity tests: Class I for idiopathic PAH, heritable PAH and PAH
due to drugs;Class I1a for APAH conditions. - “Time to clinical worsening as primary end-point in RCTs
or drugs with demonstratedreduction in all-cause mortality. - ¢In patients not tolerating the
subcutaneous form.

*This drug is not approved by the EMA at the time of publication of these guidelines.

ial drug combination therapy, for PAH

endations Class - Level

reatment

=ntan added to sildenafil

ociguat added to bosentan
Selexipag added to ERA and/or PDE-5i
Sildenafil added to epoprostenol

Treprostinil inhaled added to sildenafil or
bosentan

Iloprost inhaled added to bosentan
Tadalafil added to bosentan
Ambrisentan added to sildenafil
Bosentan added to epoprostenol
Bosentan added to sildenafil
Sildenafil added to bosentan
Other double combinations

Other triple combinations

Riociguat added to sildenafil or other
PDE-5i

www.escardio.org

W 06060060006 mwm W Wwwo

European Heart Journal 2016:37;67—119 -doi-10.1093/eurheartj/ehva17
European Respiratory Journal 2015 46: 903-975;

WHO-FCII | WHO-FC III | WHO-FC IV

w000 00000 0O moonon

SOCIETY OF
CARDIOLOGY*

European Heart Journal 2016:37;67—119 -doi:10.1093/eurheartj/ehva17
European Respiratory Journal 2015 46: 903-975;

for PAH

EUROPEAN
RESPIRATORY
SOCIETY

EURQPEAN
SOCIETY OF
CARDIOLOGY*



AVOOOKOTOOTOATIKN aywyn otn Beparmeia tnc
PAH

Zuvduaopoc LPNAwY SOCEWV KOPTLKOOTEPOELOWV + KUKAODPWOdaUidNG

!

BeAtiwon NYHA, 6BMWT (acBeveic pe Amia PAH oxetwllopevn pe ZEA kol pktn
vOGoO)

Jais et al, Arthritis Rheum 2008
Sanchez at al, Chest 2006

KAMIA BEATIQ2H 2TOY2 A2©ENEI2 ME SScPAH



Pulmonary arterial hypertension in systemic lupus
erythematosus may benefit by addition of
iImmunosuppression to vasodilator therapy: an

S
,@
Q)
§' observational study
S

Sirisha Kommireddy', Srinivas Bhyravavajhala®, Kishorebabu Kurimeti’,
Srinivasa Chennareddy’, Suresh Kanchinadham?,
Irlapati Rajendra Vara Prasad' and Liza Rajasek.har"

TasLe 5 Comparison of baseline clinical and haemodynamic characteristics between responders and non-responders

Responders (n=11) Non-responders (n=13) P-value

Age, mean (s.0.), years 27.18 (9.62) 23.84 (6.42) 0.19
Duration of SLE, median (range), months 60 (1-144) 18 (4-168) 0.11
Duration of PAH in months, median (range) 3 (0-36) 1(0-12) 0.23
NYHA functional class

Classes lll and IV 9 4

Classes | and |l 1 5

Asymptomatic 1 4
Right ventricular systolic pressure, mean (s.n.), mmHg 64.45 (16.90) 52.46 (22.41) 0.38
SLEDAI before immunosuppression, mean (s.n.) 14.43 (7.21) 14.73 (9.87) 0.94

NYHA: New York Heart Association; PAH: pulmonary arterial hypertension.



Am J Respir Crit Care Med. 2015 Maov 1;192(9):1111-7. doi: 10.1164/recm.201507-14360C.
me Comparison of Treatment Response in Idiopathic and Connective Tissue Disease-associated
Final Version | pyimonary Arterial Hypertension.

Rhee RL', Gabler NB* Sangani S, Praesigaard A%, Merkel PA™2 Kawut SM**.

IPAH vs SScPAH: tat Beparmeutikd amoteAéopata otnv SScPAH sivat ptwya

6MWT CLINICAL WORSENING

Interacfion odds %

Interaction Effect %
Study (rference) (50% C1) Welght Study reference) ratio (90% CI) Weight
] i
AR E1) —_— 285898 323) 4z ARIES-1 (E4) , 7.8(04,1537) 35
I ]
ARIES- (E4) —— 35 (-76.0,0.8 D BREATHE-1 (E3) e 1.8{0.2 18.1) 50
ARIES-2 (E4) —*—i -70.2 (-119.0,-21.4) B4 STRIDE-2 (E6) __E_..— 17 (0.4, 38.1) 54
BREATHE-1 (E3) —!—--— 8.3 (455, 28.8) 106 SUPER (E8) : + 13.3(1.1, 184.8) 50
X —_— i
STRIDE- (E5) N HE(220.012) 48 Treprostind (E2) + - 04 (0.0, 4.4) 52
STRIDE-2 (E6) —_— 7.0 (59,8, 24.0) 85
! SERAPHIN (E9) e 21(1.1,4.1) 717
STRIDE-4 (E7) . #31 H187.3, 1) 23 CATENTA 1 . 1210069 27
SUPER (E8) ——— 304 (-65.5,4.7) 17 1E10 . ; © - ) )
Treprostind (E2) ———————  500(-200, 1380) 25 AR 1) {'"Eum“_m' )
SERAPHIN (E9) = 134 (-34.0,7.3) w4 ARIES-2 (E4) ! (Insufficient data)
PATENT-1 (E10) ——— 208 (625 29) 123 STRIDE-1 (E5) (Insufficient data)
Overal (1-squared = 8.7%, p = 0.36) %~ 07 (33514 1000 STRIDE (ET7) ' (Insufficient data)
— —h— — Overal {--squared = 0.0%. p = 0.59) —o— 21{12,37 100.0
400 50 0 %100 —— ——




Am J Respir Crit Care Med. 2015 Maov 1;192(9):1111-7. doi: 10.1164/recm.201507-14360C.
me Comparison of Treatment Response in Idiopathic and Connective Tissue Disease-associated
Final Version | pyimonary Arterial Hypertension.

Rhee RL', Gabler NB* Sangani S, Praesigaard A%, Merkel PA™2 Kawut SM**.

P=0012 P =0.097

=3
n

Adjusted Odds Ratio

o
(4
-

CTD-PAH IPAH SSc-PAH
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MACITENTAN
SERAPHIN STUDY Primary endpoint: Exploratory subgroup analysis

Hazard ratio (95% ClI)

Macitentan 10 mg Placebo Favours macitentan Favours placebo

<€ . >
All patients 761242 116/250 e
Sex (interaction p value = 0.73) i
Male 16/48 35/65 ——!
Female 60/194 81/185 = !
Race (interaction p value = 0.82) |
Caucasian/white 43/135 58/131 —— |
Asian 19/65 36/71 —— |
Other 14/42 22/48 ——
PAH therapies at baseline (interaction p value = 0.24) E
Yes 50/154 68/154 !
No 26/88 48/96 —— |
PAH aetiology (interaction p value = 0.84) \
Connective tissue disease 20/73 31/82 —— |
Congenital shunts 4/21 10/26 } o —
Idiopathic/Othert 52/147 75/140 —— '
Geographical region (interaction p value = 0.82) !
North America 4/23 5/30 I % |
Western Europe/lsrael 12/48 21/51 —_——
Eastern Europe/Turkey 24162 33/59 ——t
Asia 21/68 33/68 —_—
Latin America 15/41 24/42 —
1
0.1 1 10

Other aetiology consists of idiopathic or familial PAH, or PAH _
related to HIV infection or drugs and toxins. Pulido T, et al. N Engl J Med 2013; 369: 809-18.



Selexipag — MEAETH GRIPHON
Consistent treatment effect on the primary composite endpoint across

Subgroup p-value for
interaction

All patients

Age at screening 0.6783

< 65 years

> 65 years

PAH aetiology 0.9765

IPAH, HPAH, HIV, drug/toxin-induced
PAH-CTD
PAH-CHD

Geographical region 0.0734

North America

Western Europe/Australia
Eastern Europe

Asia

Latin America

pre-specified subgroups (2)

Placebo Selexipag

No. of patients/
no. of events

HR (99% Cl)

582/242 574/155
474/190 475/124
108/52 99/31
365/156 347/98
167/73 167/48
50/13 60/9
98/28 95/23
160/68 161/39
155/85 149/48
113/39 115/37
56/22 54/8

Favours selexipag

Favours placebo

Sitbon O, et al. New Engl J Med 2015; 373:2522-33



RIOCIGUAT - PATENT -2 STUDY

w0 __ql:—x":':a_—.
=

40—  2-year survival rates
— Idlopathic/famillal PAH: 93% (95% Cl 89-26%)

20 PAHCTD: 93% (95% 1 85-97%)
— PAHSSC 94% (95% C1 82-98%)
PAH-other defined CTD: 94% (95% (1 78-08%)
ﬂ | ] ] | | ] |
0 250 500 750 1000 1250 1500 1750
Nurmber of patients at risk
Time since start of study drug In extension study (days)
idiopathicfamilial PAH 254 244 225 179 116 69 17
PAH-CTD o4 87 79 63 43 29 &
PAH-35¢ 55 49 44 £ 20 16 3
PAH-other defined CTD 34 34 n 26 n 13 3

Humbert M et al, Ann Rheum Dis 2017



AMBITION TRIAL (ambrisentan+tadalafil versus monotherapy)

Figure 2 Kaplan-Meier curves for the
time from randomisation to first
adjudicated clinical failure in the (A)
connective tissue disease-associated
pulmonary arterial hypertension
population and (B) systemic
sclerosis-pulmonary arterial
hypertension population. Post hoc
figures. The HR is for combination
versus pooled monotherpy.

A 100+
__ 80
= Combination therapy
=
@ B0
2
:I':, Pooled monotherapy
c 404
[
>
Wl 043
95% Cl (0.24,0.77)
Risk reduction: 57%
1}
0 24 48 72 96 120 144 168
Mmiber & sk TI me {WEEkS}
103 a0 74 5T 44 28 18 1 Combinaton ferapy
B4 64 43 g 18 1| 4 1 Pooled moncEherapy
B 100-
80+
E‘E Combination therapy
@ 604
2
L
-
5 401 Pooled monotherapy
>
w HR: 044
20 ssuo 022080
Risk reduction: 56%
0 24 48 72 96 120 144 168
Mumiber &l risk TI me {weeks}
™ B2 40 38 27 18 13 0 Combiration tharapy
4T 36 25 15 a [ 2 1 Fooled monatherapy

Coghlan et al, Ann Rheum Dis 2016
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Arthrifis REheumatol. 2018 May 21. doi: 10.1002/art.40560. [Epub ahead of prinf]

Treatment algorithms for systemic sclerosis according to experts.
Fernandez-Codina A'2, Walker KM*, Pope JE'; Scleroderma Algorithm Group.

| Systemic sclerosis-related pulmonary arterial hypertension

Mt:l ll-la:l-r-a!-ewu
(functional class 1 NYHA) (functional class WV NYHA)
1* line: PDI-E5-15¢'!|.:| “ f 1 lane PrmL.:-umm
A (85%) 4 1
2 line: ERA (54%) | | 2 vz ERA + PDESI (B6%)
Add (15%) | i
37 e Prostanosd (53%) 37 e ERA » prostanced (68%)

-
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Recommendation

Annals of the . .
Rheumatic Diseases

Update of EULAR recommendations for the treatment of systemic

sclerosis

Otylia Kowal-Bielecka', Jaap Fransen?, Jerome Avouac®, Mike Becker* 3, Agnieszka Kulak', Yannick Allanore?®, Oliver Distler®, Philip

Clements®, Maurizio Cutolo’, Laszlo Czirjak®, Nemanja Damjanov®, Francesco del Galdo'®, Christopher P Denton?, Jérg HW

Distler'?, lvan Foeldvari'?, Kim Figelstone'4, Marc Frerix'®, Daniel E Furst®, Serena Guiducci'®, Nicolas Hunzelmann'?, Dinesh

Khanna'® Marco Matucci-Cerinic'®, Anane L Herrick® 22, Frank van den Hoogen?, Jacob M van Laar?', Gabriela Riemekasten??,

Richard Silver??, Vanessa Smith?4, Alberto Sulli’, Ingo Tarner'®, Alan Tyndall?>, Joep Welling25, Frederic Wigley?’, Gabriele

Valentini2®, Ulrich A Walker?®, Francesco Zulian?®, UIf Miiller-Ladner® EUSTAR Coauthors

Author affiliations 4

Organ involvement

Recommendation 2016

http://dx.doi.org/10.1136/annrheumdis-2016-209909

Raynaud

Digital ulcers

PAH

Dihydropiridine — type calcium
antagonists

IV iloprost — or other available IV

prostanoids

PDE-5 inhibitors
Fluoxetine

IV iloprost
Bosentan

PDE-5 inhibitors

ERA
PDE-5 inhibitors
Riociguat
IV epoprostenol

Level of Stren1Bgth of
evidence recommendation

1A A
1A A

3 C

1B A

1B A

1A A

1B B

1B B

1B B

1A A


http://dx.doi.org/10.1136/annrheumdis-2016-209909
http://dx.doi.org/10.1136/annrheumdis-2016-209909
http://dx.doi.org/10.1136/annrheumdis-2016-209909
http://dx.doi.org/10.1136/annrheumdis-2016-209909
http://dx.doi.org/10.1136/annrheumdis-2016-209909

2YMITEPA2ZMATA

H PAH amoteAei pila coBapr emutAoKr TwWV PEUMATIKWY VOOHUATWY

Yxetiletal pe dtadopetikou g tabopuclodoylkoUc pNXavIopHoUG TToU UTTOPEL va

CUVUTIAPYOUV oToV idlo aoBevn
O uPnAo¢ Babpocg kAiknG urtodiog kat 0 cuvOUACHOC ATTELKOVIOTIKWY KoL
BloxnUikwv pebodwv pmopet va Bonbrioouv otnv €ykatlpn dtayvwon Kot

xopnynon Beparmeiag ota apyikad otadia — EFTKAIPH NAPANOMIH

Juvepyaoia SLapopeTIKWY EOKOTATWY yLa TN SLdyvwon Kal mopokoAouBnon
NG QVTATIOKPLONG 0TN BEpAMEUTIKN aywyn Tou BEATIWVETAL LE TN

ouvduaoTikn Bepareia Kol TIC VEWTEPEG OTOXEVOEVEG Deparelec.



Echocardiographic probability of pulmonary hypertension

in symptomatic patients with a suspicion of pulmonary
hypertension according with PTRV & additional signs

Peak tricuspid regurgitation velocity Presence of other echo Echocardiographic probability
(mls) “PH signs” of pulmonary hypertension

=2 .8 or not measurable
29-34

Intermediate

A: The ventricles B: Pulmonary artery C: Inferior vena cava and
right atrium
Right ventricle/ left ventricle basal Right ventricular outlflow Inferior cava diameter >21 mm
diameter ratio >1.0. Doppler acceleration time with decreased inspiratory
<103 m/sec and/or midsystolic | collapse (<50 %with a sniff or <20
notching. % with quiet inspiration).
Flattening of the interventricular Early diastolic pulmonary Right atrial area (end-systole)
septum (left ventricular eccentricity regurgitation velocity >18 cm?.
index >1.1 in systole and/or diastole). | >2.2 m/sec.
PA diameter >25 mm..

v EURGPEAN
www.escardio.or SOCIETY OF
g European Heart Journal 2016:37:67—119 -doi:10.1093/eurheartj/ehv317 CARDIOLOGY *

European Respiratory Journal 2015 46: 903-975;



Diagnostic management according to echocardiographic
probability of PH in patients with symptoms compatible
with PH, with or without risk factors for PAH or CTEPH

Echocardiographic Without risk factors or associated

probability of PH condition for PAH or CTEPH= Class  Level

Allternative diagnosis should be considered

Alternative diagnosis, echo follow-up, shoud
be considered

Further investigation of PH may be
recommended®

Further investigation of PH (including RHCP)
is recommended

Echocardiographic With risk factors or associated Class Level
probability of PH conditions for PAH or CTEPH? |
Echo follow-up should be considered 1I
Intermediate
Further investigation of PHP including RHC
is recommended

CTEPH = chronic thromboem bolic pulmonary hypertension; Echo = echocardiographic; PAH = pulmonary arterial hypertension;
PH = pulmonary hypertension; RHC = right heart catheterization.

*These recommendations do not apply to patients with diffuse parenchymal lung disease or left heart disease;

*Depending on the presence of risk factors for PH group 2, 3 or 5. Further investigation strategy may differ depending

on whether risk factors/associated conditions suggest higher probability of PAH or CTEPH - EUROPEAN

see diagnostic algorithm. E R S fgzl;LRT\\TORY

Intermediate

Further assessment of PH including RHC
should be considered2

= EUROFPEAN
uv \N \N. SC s SOCIETY OF
s rd - Org European Heart Journal 2016:37;67—119 -doi:10.1093/eurheartj/ehv317 CARDIOLOGY*#
European Respiratory Journal 2015 46: 903-975;



