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ERJ Early View

dysfunction

+ Left ventricular diastolic
dysfunction

+ Valvular heart disease

» Specific congenital
abnormalities

HIV infection

Portal hypertension
Congenital heart disease
Schistosomiasis

WHO Group I’ (pulmonary
veno-occlusive disease and
pulmonary capillary
haemangiomatosis)

WHO Group I” (persistent
pulmonary hypertension of
the newborn)

« Chronic thromboembolic

pulmonary disease pulmonary hypertension
Interstitial lung diseases « Other pulmonary artery
Other mixed restrictive or obstructions (eg,

obstructive lung disease angiosarcoma, other
Sleep-disordered breathing intravascular tumours,
Alveolar hypoventilation arteritis, congenital stenoses,
disorders and parasites)

Chronic exposure to high

altitude

Developmental lung diseases

(eqg, sickle cell disease)
+ Systemic disorders
(eg, sarcoidosis, Langerhans
cell granulomatosis)
+ Metabolic disorders
(eg, Gaucher's disease)
+ Others (eg, renal disease)



Mpotpiyoeldikn MY

.

Pre-capillary PH

Isolated post-capillary PH [IpcPH)

Combined pre- and post-capillary PH (CpcPH]

ANATINEYZTIKA NOZHMATA

Characteristics

mPAP =20 mmHg

PAWP =15 mmHg

PVR 23 WU

A\ 4

Haemodynamic definitions and updated clinical classification of pulmonary hypertension



Group?2
Ap. Kapblakng Nooou

= hereditary/ = CTD « PPHTN w HIV = congenital = drugs
idiopathic



Mveupovikn Yméptaon (MY) Adyw avatrveuoTIKWV vVOoUATWY Kai/f uTtrodia
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> ATTOQPOKTIKA TTVEULOVIKA VOOTHMOTO
«  Xpovia AtrogpakTikn MveupovoraBeia (COPD) COPD
»  Amo@pakTiki} BpoyxioAiTida
> [lepIOPICTIKA TTVEULOVIKA VOO AT
 |d10mmaBng Mveupovikn lvwan (IPF) IPF
«  Xpovia EAK
« EmayyeAyarikda voonuara
> AAAQ TTVEUHOVIKGA VOO HOTO ME MIKTO ATTOQPOKTIKO/TEPIOPIOTIKO TTPOTUTTO
2uvduaoudc MNveupovikic Tvwong Epguaonuatog (CPEF)
2 0PKOEIdWaN
Aepoayyeiohuopuwuarwon (LAM)
KuoTikr ivwan- BpoyxekTaoieg
AMa atTo@paKTIKG VOGHAUATA TOU TTVEUOVA
> Ymogia xwpig Tveupoviki Tadnon
« Alatapayég TnG avaTtvong Kara Tov UTvo
« Alatapayég Tou BwpakikoU ToIXWHATOG ZUvépopa UTtOAEPLOLOU
«  20VOPOUO TTOXUCOPKIOG-UTTOOEPITOU
«  Xpovia ékBean o€ UWOETPO Xpovia £kBeon o VPOHETPO
> [lveuloVvIKA VOO AT KOTA TRV OVATITUSN
*  2UYYEVEIC TIVEUUOVIKEC TTABAOEIC
» Bpoyyomveupovikr duotrAaaia

CPEF

ZapKoeidwon




PH

KaraoTtpo@i) TnG ayyElakng

Ymogia ,
O§éw0n KoIiTng
[INEYMONIKH
YMNEPTAZH
OAeypovi /> ‘ Autoavoaia
ot
EvdolnAiaki ‘ ‘ . .
. AuénTikoi Trapayovteg
duoAsiToupyia
El%-1 ,\:g l;,%\lg Mnxaviki Tveopova VEGF, FGF, PDGF, ET-1

(11 A || TTVEUHOVIKWV OYKWV )

Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119



PH

KaraoTtpo@i) TnG ayyElakng

Ymogia ’
O%won KOITNG
PVR>3
PAWP=< 15mmHg
OAeypovi /> ‘ Autoavogia
.:.‘T\‘>‘ % _'l'.
EvdolnAiakn ‘ ‘ ) .
. AuénTikoi Trapayovteg
duoAciToupyia ; ;
ET-1.NO, PGI2 Mnxavikn Tveupova VEGF, FGF, PDGF, ET-1

(111 || TveupoviKwv GyKwv )

Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119



BaBuovounon tnc PH

ESC/ERS 2015 Guidelines
Haemodynamic classification of PH associated with lung disease

Quotloloyilki mPAP= 14+ 3.3 mmHg

__ Terminology ‘ Haemodynamics (right heart catheterization) |
COPD/IPF/CPFE without PH ~ (PAPm <25 mmHg
COPD/IPF/CPFE with PH PAPm =25 mmHg

COPD/IPF/CPFE with severe PH [PAPm >35 mmHg, or
PAPm =25 mmHg in the presence of a low cardiac output
(Cl <2.5 L/min, not explained by other causes)

2018 Nice




BaBuovounon tng PH

Haemodynamic ¢ with lung disease

DECEMBER 13, 2018

ERJ Early View

1) CLD without PH (mPAP <21 mmHg, or mPAP 21-24 mmHg with pulmonary vascular resistance
(PVR) <3 Wood Units (WU)).

2) CLD with PH (mPAP 21-24 mmHg with PVR 23 WU, or mPAP 25-34 mmHg) (CLD-PH).

3) CLD with severe PH (mPAP 2>35mmHg, or mPAP 225 mmHg with low cardiac index
(<2.0 L-min~"-m™?)) (CLD-severe PH).

COPD/IPF/CPFE with severe PH | PAPm >35 mmHg, or
PAPm =25 mmHg in the presence of a low cardiac output
(ClI <2.5 Umin, not explained by other causes)

2018 Nice



Pulmonary hypertension in chronic lung disease and hypoxia
Steven D. Nathan et al

ER.J Early View European Respiratory Journal 2018

DECEMBER 13, 2018

2018 Nice

Quotlohoyikn mMPAP= 14+ 3.3 mmHg
Upper Limit of Normal

Hypoxia Intimal

obstructive
proliferation and fibrosis

Am J Respir Crit Care Med.2018



Pulmonary hypertension in chronic lung disease and hypoxia
Steven D. Nathan et al

ER.J Ear]y View European Respiratory Journal 2018

DECEMBER 13, 2018

2018 Nice
Quotlohoyikn mMPAP= 14+ 3.3 mmHg

CLD without PH
mPAP <21mmHg | mPAP 21- 24dmmHg ko1 PVR<3WU

CLD with PH
mPAP 21- 24dmmHg ka1 PVR23WU 1} mPAP2 25mmHg

mPAP >35mmHg
mPAP2 25mmHg mapoucia XapnAng KapdIakAg TTapoxns
(Cl <2L/min/m?)

Am J Respir Crit Care Med.2018
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COPD
Erudnuioloywka dedopéva, KAwvikn enittwon MY

* H niveupovikn kukAodopia ocuxva ennpealetatl otn XAM- aptnpieg kot PAEPEC

1 4 ’ _ o
* YYnAo¢ emunoAacpog MY (10-40%) > ALGKOWOVON EMLTOAAGHOU
e ZuvnBw¢ Arua-pétprLa NY. * TTE/RHC
| *  mPAP
Mean pulmonary artery pressure (Ppa) inéa hospital-based cohort of 998 chronic obstructive ¢ Bapl”tnta V('.')O'OU

pulmonary disease (COPD) patient$ with a mild to very severe airflow limitation.

150

0 Pulmonary venous remodeling in COPD-pulmonary hypertension and

0 10 20 30 40 50 80 70 idiopathic pulmonary arterial hypertension
mPAP Pulm Circ. 2017

A. Chaouat et al. Eur Respir J 2008;32:1371-138:5



COPD
EridnuoAoyika dedopeva, KAwvikn enimtwon MY

H nveupovikn kKukAodopia cuxva ennpealetat otn XAN

YYnAog emunoAacpoc MY (10-40%)

2uvnOwc nriLa-pEtpra NY.

PH-(atloSUVa LKA XOPOAKTNPLOTIKA) LoXUpA oxeTiletal pe voonAeieg, mapoéuvaoelg, Ovnrotnta otn XAMN

» ASPIRE registry: ao0eveic pe copapn PH €xouv Alyotepo
copapn andédpagn

30

25

» Ynokatnyopia ac@svwv pe «vascular phenotype of COPD»
HE mMPAP>40mmHg (<5%)

20

» Mpoooxn otn ouvunapén LHD, CTEPH

10

Frequency (%)
15

N
0 30 40 50 60
PAPm (mmHg)

=)
~



Pulmonary hypertension due to COPD
Is there a pulmonary vascular phenotype ?

AJRCCM Articles in Press. Published on 10-May-2018 as 10.1164/rccm 201801-0095PP

PULMONARY VASCULAR INVOLVEMENT IN COPD - IS THERE A PULMONARY VASCULAR

PHENOTYPE?

Gabor Kovacs®™ 2, Alvar Agusti?" % Joan Albert Barbera® % Bartolome Cellis, Gerard Crinere,

Marc Humbert?, Don D. Sina, Norbert Voelkel® and Horst Olschewski® 2




Pulmonary hypertension due to COPD
Is there a pulmonary vascular phenotype ?

Cluster analysis

30

Thabut et al, Chest 2005

PAPmM (mmHg)

20

10

FEV, (% pred.)

Polymorphism of the serotonin transporter gene and pulmonary hypertension in chronic obstructive pulmonary disease.
Circulation 2003;108:1839-1844



pulmonary vascular disease

mild to moderate severe

no

no vascular
involvement

no mild to moderate severe
airflow obstruction / parenchymal destruction

Kovacs G, AJRCC, May 2018




pulmonary vascular disease

mild to moderate severe

no

no vascular
involvement

no mild to moderate severe
airflow obstruction / parenchymal destruction

Kovacs G, AJRCC, May 2018

1. ZoPoapn npotpixostdikn PH

(neyaAn avénon tng TTPAP kat PVR)
Métpla anodpaén, (FEV1 60%)
ZoBapn eAdttwon tng 4IDLCO
Noppo-unokanvia

KapdLoko mepLloplopd otnv Aocknon

A I o A A

MNpoodeutika 6€ KaPSLAKNA AVENAPKEL

Smoking-related, low diffusing capacity-PH
(SMOLD-PH)

Olsson, K. M, ERJ 2017



a)

Sensitivity

Cumulative survival
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0.4 - | |
i
0.2 ‘
PH-COPD with mean PAP 240 mmHg
0.0 p=0.011
T T T T I I T T T T I
0 1 2 3 4 5 6 7 8 9 10
Years from diagnosis
42 35 21 12 8 6  PH-COPD mean PAP 25-39 mmHg
5 41 21 13 8 7  PH-COPD mean PAP 240 mmHg
101 76 42 25 16 13 Toual

Hurdman et al, Eur Respir J. 2013

Pulmonary hypertension in COPD: results from the ASPIRE registry.

H PH oxetiletal toxupa pe voonAeleg, mapofUVoELG,
Bvntotnta otn XAl

PA:A ratio of <1 or PA:A ratio of >1

Pulmonary Arterial Enlargementand Acute Exacerbations of COPD
JM Wells et al, NEJM 2012



Volume

Normal

Obstructive

COPD- Group 3....0xL avta

Time

Characteristics O Phenotype Airflow limitation Pulmonary hemodynamics

group

Mild COPD and PAH, CTEPH, mild (FEV, mPAP = 25mmHg,
precapillary PH @‘5 multifactorial > 60% predicted) PAWP < 15mmHg

Mild to severe
left heart

COPD and ) )

ostcapillar @ 5 disease, air mild to severe MPAP 2 25mmHeg,
P P A 4 trapping, PAWP > 15mmHg

PH (or air . :

) multifactorial
trapping)

Moderate to COPD
iated
severe COPD ass0clate moderate to
with E factors such as severe (FEV; mMPAP = 25mmHg,
hypoxic PAWP < 15mmH
proportionate u:;:ular < 60% predicted) g
ill PH .
precapiiary remodeling
Moderate COPD with mPAP = 35mmHg and
COPD with pulmonary oderate PAWP < 15mmHg or

severe
precapillary PH

vascular mPAP = 25mmHg, PAWP <
phenotype 15mmHg and Cl<2.0L/min/m’

Pulmonary vascular involvement in copd - Is there a pulmonary vascular phenotype? AJRCCM 10 May 2018




Zuyypadiag Pawvotunog Ixedroopog/ dDappako ApLOpag KUplo kataAnktikdé Ofuyovwon

‘Etog Mean FEV1 kat mPAP  &uapkela peAETng acOsvwv onueio

decrease in PAP

mild to moderate and PVR; no
COPD : change in
E{';T:} (FEV1: 57%) / retrospective P::’ er:gs 26 6MWT, NT- no change
severe PH proBNP and sat
(mMPAP=35mmHg) 0O, after 6
months
mild to moderate no change in
COPD A, eMWT, WHO FC
(FEV1: 56%) / retrospective BAH drise 40 and NT-proBNP no change
severe PH after at least 3
(mMPAP: 49mmHg) months
mild to moderate
Calcaianu COPD (FEV1>50%) / o diverse 58 decrease in PVR L
(2016) severe PH S PAH drugs after 12 months s
(mMPAP>35mmHg)
Hdt S randomized Cnn:parzd o
mild to moderate Al bl p ace_ o
COPD T cildenafil decrease in PVR,
Vitulo (2017) (FEV1: 54%) / P ' : 18 /10 improvementin  no change
controlled (3x20mg)
severe PH S osheative QOL and BODE;
(mPAP: 39mmHg) e wail no change in

6MWT



Zuyypadiag Dawotumnog Ixedroopog/ dDappoko ApLOpag KUplo kataAnktikd6 Ofuyovwon

‘Etog Mean FEV1 kat mPAP  &uapkela peAETng acOsvwv onueio

decrease in PAP

mild to moderate and PVR; no
Girard COPD 4. change in
(2015) (FEV1: 57%) / retrospective . o) o 26 6MWT, NT- no change

severe PH proBNP and sat

K Prins et al, Pulm Circ 2017 .
Year AGMWD XwpLg
emdeivwon
Valerio 2009 84 (-14,182)
Rao 201 —s—— 152(110, 194) 'trlq
: Blanco 2013 —— -5 (-24,14)
Calcaianu oguvévwcnq
Goudie 2014 — 0.4(-12,13)

19 (-15,53)

(MPAP>35mmHg) vio 2016 -

Vitulo (2017] . . ¢ )
Large RCTs are missing-should focus be on the ‘vascular phenotype COPD
(mPAP>35mmHg, circulatory exercise limitation)

i e o ! i




copp pe
»Pulmonaryvascular | COPD with mild PH COPD without PH
phenotype“

Pulmonary Vascular Disease as major hallmark
Circulatory exercise limitation

Bronchial obstruction as major hallmark
Ventilatory exercise limitation

PAH therapy may be |
consideredin expert No PAH therapy
centers

Indication for PAH

No PAH therapy

therapy

Kovacs G et al, Am J Respir Crit Care Med. 2018 Oct



IPF -PH




ErtutoAaopoc

RHC
Hamada (2007) - n=70 i TEcho

Raghu (2010) - n=342

Patel (2007) - n=41

Song (2009) 4~~~ ~ ~ 7 n=131, RVSP >40 mmHg
Nathan (2007) - n=118 5-86%
Zisman (2007) - n=65 30-50%

Shorr (2007) - n=2525

Minai (2009) - n=148
Nadrous (2008) 4~~~ . TR sk
Nathan (2008) = atevaluation | =iiiclbobncitn | n=44

1 | | |
0 25 50 75 100

Estimate of PH Prevalence, %

Nathan SD, Cottin V. Eur Respir Monogr. 2012;57:148-160.



Frequency

25 —
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104 ...

Yes (mPap > 25 mm Hg)

s
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v
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2 04

[11]

>

®

3 0.2 ]

=

o P<0.001

0.0 -

| |
0 1

10.00 20.00 30.00 40.00 50.00

mPAP
Lettieri et al. Chest 2006. 129:746-752

3 4 5 6
Years to Event




MeAetec IPF-PH
LLE QYYELOOLAOTOATLKI)
eLOLKN aywyn

Disease type Study design Numberof  Therapy Outcomes Notes Findings
patients
Olschewskietal  Lungfibrosis  Open-label Eight total Inhaled NO and Inhaled prostanoids increased . Positive
(1859)" onewithIPF  epoprostencl; intravenous  gas exchange
epoprostencl

Ghofraniet al () Open-label 16 total Sildenafil orepoprostenol  Sildenafil increased V/Q Positive
(2002)* seven with IPF mismatch and oxygenation

saturation: epoprostenol

worsened V/Q
Krowka et al IPF RCT 51 Inhaled iloprost No differences for 6MWT, Abstract Negative
(2007)* NYHA functional dass only

dyspnoea score, and exercise

oxygen saturation
Guntheret al IPF Open-label 12 Bosentan No worsening of gas Equivocal
(2007)y* exchange
Collard et al IPF Open-label 14 Sildenafil 57% had improved BMWT by Positive
(2007)7 220%
Minai et al (4 Retrospective  19total Epoprostenol (n=10)and  79% had improved 6MWT by Positive
(2008)* eight with IPF  bosentan (n=8) >50m
Zismanetal IPF RCT 180 Sildenahl No increase in GMWT by Equivocal
(2010)™ 220%, but QOL and oxygen

saturation increased
Jackson et al IPF RCT 29 Sildenafil No difference in 6MWT or Negative
(2010)* Borg Dyspnea Scale
Raghu et al IPF RCT 492 Ambrisentan Terminated early becauseof Negative
(2013)* an absence of efficacy in

TTCW
Hoeper et al ILD Open-label 22total 13 Riociguat Increased cardiac output and Positive
(2013)* with IPF decreased PVR; no decrease in

mPAP
Zimmermanetal LD Open-label. Ten total, Sildenafil (n=5) and Increased cardiac outputand Equivocal
(2014)% observational  sexwith IPF tadalafil (n=3) decreased PVR; no change in

GMWT and BNP
Corteetal LD RCT 60total 46  Bosentan Unchanged haemodynamics, Negative
(2014 with IPF symptoms, and NYHA

functional class
Saggar et al LD Open-label 15total, Treprostinil Improved haemodynamics Positive
(2014)% eight with IPF without hypoxaemia
Raghu et al IPF RCT 117 Ambrisentan Unchanged haemodynamics Negative
(2015)*
Hoeperet al ([} Retrospective 151 total, Various drugs Improved 6MWT and NYHA  Poor Positive
(2015) registry review 113 with IPF functional class survival in

ILD-PH

RISE-IIP IPF RCT 147 Riociguat Terminated early for harm Tobe Negative
(NCT02128825) published



BUILD-1: RCT
BUILD-3
(ARTEMIS-IPF) RCT

The STEP-IPF Trial
The RISE-IIP study
MUSIC

lloprost (DB01088)

Inhaled lloprost in Adults With
Abnormal Pulmonary Pressure and
Associated With Idiopathic
Pulmonary Fibrosis

bosentan

bosentan

ambrisentan

sildenafil
riociguat

macitentan

Inhaled iloprost

Disease type Study design Numberof  Therapy Outcomes Notes Findings
patients
Olschewskietal  Lungfbrosis Open-label Eight total Inhaled NO and Inhaled prostanoids increased .. Positive
(1559)" onewith IPF  epoprostencl; intravenous  gas exchange
epoprostencl
Ghofraniet al Open-label 16 total Sildenafil or epoprostencl  Sildenafil increased V/Q Positive
(2002)* seven with IPF mlsmatr.h and axygenation
aturatinn: snonrnctonal
Negative
2008 6MWD ApvnTIKA Equivoca
. . , Positive
2011 Time to IPF worsening or death  ApvnTiki .
itive
2013 Time to IPF Equivocal
disease progressio e
2010 6MWD220% ApVI‘]TIKr'I Negative
20 1 7 6 M W D - o
o y Equivocal
2013 %change in FVC ApvnTIKA ’
Negative
2007 6MWD ApvnTIKN
Positive
Negative
Positive

rase-ur

(NCT02128825)

147 riocguat

lermunateq eany 1or narm 10 De

published

Negative



Arnokataotaon

The evidence of benefits of exercise training in Safety and efficacy of exercise training in various forms
interstitial lung disease: a randomised controlled trial of pulmonary hypertension
Table 6 Stepwise multiple linear regression model for change in .
6MWD following intervention Ekkehard Grunig et al,
ERJ 2012
Standardised 168 -
B SEof B B p Value R? (%)
Change from baseline to 9 weeks g 112 T
Constant 58.468 21.572 0.008 % y -
Group 36.595 11.722 -0.296 0.002 © /4 <0.001
Baseline 6MWD 0141 0045 0297 0002 15 € 56 pO00t RIP
(m) & ¥
Change from baseline to 6 months p- 0 E
Constant -12.182 36.166 0.737 =
~| PASP (mm Hg) -1544 0637 -0.266 0.018| 13
FVC (mL) 0021 0010 0224 0.044 TS T T T 1
Baseline 3 weeks Baseline 3 weeks Baseline 3 weeks Baseline 3 weeks
p Values <0.05 were considered statistically significant.
6MWD, six-minute walk distance; B, unstandardised coefficient; Group, exercise IPAH/HPAH APAH CTEPH PH
versus usual care with usual care group as reference category; PASP, pulmonary artery (n=87) (n=46) (n‘-u-|_7—> (n=19)
systolic pressure; R, R square—proportion of variation in change in 6MWD explained
by the model. _ _ pulmonary hypertension
Pirfenidone kail due to respiratory or

Dowman LM et al,

Thorax 2017 Ni nteda ni b',) left heart diseases



CPEF-P

Prevalence: 28-80% by echo, 68% by RHC

a) 1001y,

904 "LUJEJJ.J.L.I.._..J.I:
80+

70
601
501
40+
30+

H napovcia MY kaBoploTiko¢ mapayovtag yla tTnv npoyvwon
Foa P 10-

€ o

'.‘ b) 100 . nony 1

" SPAP<45 mmHg

Survival %

Survival %
(4]
o
1

s0] p=003. |

Time yrs

V. Cottin et al. Eur Respir J 2005;26:586-593



Sarcoidosis PH- SAPH




[ToAuvmtapayovtikn SAPH
1.Ayyeiokevipikij | | 2. NMapeyXUPaTIK |

KokKIwpaTtwdng AVVEIGK}NTpOO'BO)\r’]

Kokkiwuara

AyyelodpaaTikdtnTa \VOD AVVEIOKA TIAPAR6POWaN Gy Vwon

ivlwang ’ :

KutTapokiveg KataaTpo@r) TG ayyeIoKng
. . KOIT
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Table 1

S T P H Features of 176 patients with SAPH.

N SAPH
Number 176
Age 58 (34,81)"
6_20% Female:Male 125:51 (71%:19%)"
White/Black/Asian/Middle Eastern 57:96:5:19 (32%:55%:3%:11%)
RA, mm Hg 165 5 (0,21)"
sPAP, mm Hg 176 55 (35, 109)"
, dPAP, mm Hg 175 22 (7, 65)"
Juxvn (75%) mPAP, mm Hg 176 35 (25, 62)°
, , PAWP, mm Hg 176 10 (1,15)"
O€ «TIPOXWPNUEVN oapKOoELdbwan» Cardiac Output 160  53(2, 10.3)"
Cardiac Index 130 2.82 (1.2, 5.04)"
AF Shorr et.al. -ERJ 2005 PVR 160 5.49 (1.85, 20.49)"
FVC % predicted 168 60 (19, 132)"
FEV,% predicted 169 54 (22, 119)"
FEV,/FVC % 167 74 (21, 98)"
DLCO % predicted 139 37 (13, 94)"
Chest X-ray Scadding stage
0 7 7
1 4 4
2 12 12
Ci D 2 2 —
89 89
Six-minute walk test results "
Distance walked (m) 142 305 (11,610)"
End of walk Borg 142 4 (0,10)"
End of walk oxygen saturation (%) 142 90 (47, 100)"
Change in saturation during walk 142 -5 (-50, 10)*

Baughman et.al. Respir Med. 2018 Jun,

Clinical features of sarcoidosis associated pulmonary hypertension: Results of a multi-national registry.



Survival probability (%)

Survival probability (%)

Initial Results of the Prospective Registry of Sarcoidosis Associated
Pulmonary Hypertension (ReSAPH)

100

o O =~ © o
o o o O O
T T

I
o

118 patients

G
o

2[} ul 1 1 1 1 1
0.

Years

first serious event defined as hospitalization, transplant, or death with a median time

100 to first serious event of 1.7 years (p<0.0225)/ time until death or transplant (p<0.0144)

80 |

mPAP <« mm Hg
60

40 | mPAP > 40 mm Hg |

Initial Results of the Prospective Registry of Sarcoidosis
Associated Pulmonary Hypertension (ReSAPH)

R.P. Baughman

20

[ —_

0.0 0.5 1.0 1.5 2.0 25
Years



SAPH
|

Chest HRCT+V/Q lung scan
+pulmonary angiogram

NAI PH AGyw ayyELaKn¢ CUUTILEONC;

!

18-F-FDG-PET mPAP =35 mmHg
or 25-35 mmHaqg

with Cl <2.5 L-min~ -2

MPO2AHWH OXI MPO2AHWH No:

mild pulmonary
hypertension

{

Symptomatic

20OBAPH PH

ATTEIOAIA-
treatment 2TAATIKH
EIAIKH ATQrH

No haemodynamic
improvement

No haemodynamic
improvement

» Referral to lung transplant centre %

Semin Respir Crit Care Med. 2017
Shlobin OA, Baughman RP.
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Milman N etal

Boucly et al , ERJ 2017

Barnet et al, Chest 2009

Baughman et al, Sarcoidosis
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Baughman et al, Chest 2014
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Oeparneio SAPH
[ Moém/Nootps | Ogpemic | Epuon

IMpoonmtikn / 8

Avoopopik) /8

Avadpopiky /22

poontuci/15

RCT/35

RCT/21

Avadpopix) /33

INO, iv EPO, CCB

sildenafil

ERA-60, PDE-5i-20 i.v.
Epoprostenol-2 Inhaled
iloprost-1
ERA+PDE-5i-12
ERA+prostanoid -2

Sildenafil-9 pts, bosentan- 12
pts, IV epoprostenol
Inhaled lloprost

Bosentan

Ambrisentan

PDE-5i, ERA, combo

Bpayv {PVR, mPAP, pakpo
iNO

|PVR, mPAP

IPVR, mPAP

Xwpic petaBoin 6MWT
Mapopora emPiwon pe
opada mov £éAafe pdvo
QAVOGOK /K1 aywyn
IPVR, mPAP

T6MWT, WHO- FC

{PVR, mPAP
T6MWT, SGRQ

{PVR, mPAP
Xwpig petapfoi 6MWT

Xwpic petaBoin 6MWT,
Svomvola

T6MWT, TTAPSE
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* Kugehdikn unoéia = umoéikn ayyeloovonaocn Oswpeitol o KUPLOG LNXOLVIGHOG
e JUvSpopo mayvoapkiog vntoaeplopol (OHS-Obesity Hypoventilation Syndrome)

Auvéavopevoc emunoAaocpog PH €wg ka >58%

e Juvbualopevo pe ZAYY- OSA overlap sd, COPD
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CPAP on mPAP in 20 patients

with OSA
al 651 49413 b) 680 491£172 - ne
o Pulmonary ol Pulmonary
55 hypertension 580 [ :::icsg?'lrce
o . 530 )
:E E 480 - :E’
E:E. % 430 292+108 :
% = 380 E
A 330 E
280
230 5
Baseline 3 months 180 Baseline 3 months 0 , 1 :
follow-up follow-up BL 1Month 4 Months
Held M ,Eur Respir J 2014; 43: 156-165 Sajkov D, Wang T, Saunders NA, et al.

Am J Respir Crit Care Med 2002
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Editorin-Chief W
John B.West, M.D.,_BisD

High Altitude Pulmonary Hypertension
HAPE

mvlnebenpub <omrham i

Katnyoplonoinon vyopétpou

Altitude category Height above sea level
(I) Moderate altitude 1500-2500 m
(1) High altitude >2500m 2500-3500 m
(II1) Very high altitude 3500-5800 m
(IV) Extremely high altitude >5800m

;‘E —— —

— 5500m Pa=0.5 atm

™~

[ |

Q [—— 2500m Pa=0.75 atm

——  0m Pa=1 atm

140 eK. Katolkoug/ 40 €K. EMLOKEMTEC
ErunoAaocpog HAPH 5-23%

InaAdia/ Avéeig/ Bpaxwdn opn
Oplopadc: HAPH otav mPAP >30mmHg

International Society of Mountain Medicine



Vasoconstriction
Proliferation/Apoptosis
Migration/cell recruitment
Extracellular matrix synthesis
Inflammation

Normoxia _) Hypoxia

Endothelium

Inflammatory
Smooth Muscle cells

Fibroblasts

CELLULAR AND MOLECULAR
MECHANISMS

Vasomotor tone

ROS PGI,

TRPC6 NO-sGC-cGMP axis
K- and Ca-channels Endothelin

Rho kinase Serotonin

Abnormal proliferation
HIF

Growth factors (PDGF, FGF)
Metabolic changes

Matrix metalloproteinases

Inflammation/recruitment

Cytokines and chemokines Adhesion molecules
IL-1b and IL-6, ICAM

CCL2(MCP-1), VCAM
CXCL12(SDF-1), ELAM
CCLS(RANTES),

GM-CSF,

CD40L

Epigenetics

HADC: Class 1
MicroRNAs: eg miR17, miR21, miR124, miR145, miR210

Ayyeloovomnaon + Avadlapopdwon + EpuBpokuttdpwon



Oeparmela- AvaotpedLpotnta

* KaBodoc oe xapnAdtepo voc:
H HAPE avaotpédetal oc enavekOeon oc voppoéia/ emiotpodn oto eninedo tng Oalacoag

* Sildenafil/ PDE-5inh: pkp&c oslpeg

* Bosentan

2005

2010

2012

Aldashev et
al. 2005 [46]

Jin et al.
2010 [47]

Pham et al.
2012 [53]

Naryn

Double-blind, Patients with region,
randomized, placebo-  high altitude PH  Kyrgyzstan
controlled trial (n=22) (2500-4000
m)

Patients with

(I;’{Et?'aﬁalys‘i Ofu 4 highaltitude PH  (>2500-
ran 0““2:3_ ’l‘:‘m R m=218[in10  5400m)
rials trials])

Acute (90

Double-blind, an) .
randomized, placebo- Volunteers ( n(;rmo arie

controlled, crossover n=15) ypoxia
equivalent

to altitude
of ~4300 m

trial

" Sildenafil

PDE5inh

Bosentan

sPAP, Cl, 6MWT, Hgb

Sildenafil had a significant treatment effect
versus placebo in terms of mean PAP (6.7
mm Hg [95% CI: —11.6 to —1.8]; p = 0.010)
and 6MWD (+43.5 m [95% CI 13.4 to
72.6]; p = 0.007)

PDES5 inhibitors had a significant treatment
effect versus control in terms of PASP at
rest (weighted mean difference —7.5 mm
Hg [95% CI: —10.9 to —4.2]; p < 0.0001),
and no significant effect on systolic blood
pressure and heart rate at rest and during

exercise

Compared with placebo, bosentan blunted
the hypoxia-induced rise in PASP by 6.4
mm Hg (p = 0.063) and 5.2 mm Hg (
p = 0.002) in participants with and without
a history of high altitude pulmonary
edema, respectively



[Teplexopeva

1. Xapaktnplotika MY — Na@oduacioloyikoi pnxaviacuoi
2. Avanveuotikd voonuorta tov epdavilovv MY
3. Tevikéc ApXEC- ZUMUMEPACHLOTOL
Yrnoyia- tepevvnon PH o€ yvwoTto avanveuoTiko voonpa
Note mapanépnw ywa RHC
MNpoyvwon Group 3 pe PH- ZUykplon pe AAAEC OLAdEG
ApxEg Oepaneiag

JupnepacuoTa




Atepevvnon MY oe aocBevn pe Nvwoto Avamveuotiko Noonpua

EMIBEBAIQZH

YNOWIA

ZUMTMTTWHOTA KOl ONUELa

Avomnvola ducavaloyn, TP2,
HKT,TBNP-nT proBNP

PFT’s
DLCO<40%, FVC/DLCO>1.5

6MWT

lamootaon <250m, onpavTIKOG
amokopeono6<88%, BorgT

CT
‘Extacon vooou/
Auvénuévn PA/AO>1

CPET

RHC

Nopanounn

Steven Nathan, Nice 2018



Atepevvnon MY oe aocBevn pe Nvwoto Avamveuotiko Noonpua

EMIBEBAIQZH

YNOWIA

ZUMTMTTWHOTA KOl ONUELa

Avomnvola ducavaloyn, TP2,
HKT,TBNP-nT proBNP

PFT’s
DLCO<40%, FVC/DLCO>1.5

6MWT

lamootaon <250m, onpavTIKOG
amokopeono6<88%, BorgT

CT
‘Extacon vooou/
Auvénuévn PA/AO>1

CPET

Patients (%)

50 -

40 -

30 ~

20 -

10 1

RHC
Nopanounn

48%

40%

12%

Over Under
Estimation Estimation

Nathan SD, et al. Respir Med. 2008;102:1305-1310

Accurate

Steven Nathan, Nice 2018



RHC- Xpovia mveupovika voonpata

TABLE 33 Recommendations for pulmonary hypertension

due to lung diseases »RHC napapével 1o Gold Standard ywa tn dtayvwon PH

Recommendations Class? | Level> | Ref »H unoyia Utapéng PH 6ev emiPBdaAel mavra Stevepyeta RHC

RHC is not recommended for

suspected PH in patients with lung

disease, unless therapeutic \ g

consequences are to be expected [149] .‘ .\ ) . )
49] .y 3 )

le.g. lung transplantation,

alternative diagnoses such as PAH L T e .
or CTEPH, potential enrolment in a £ M{J[_,JI /J\_/\ :

clinical trial) el

» RHC npénel va yivetau
» MEeTaUOOXEUON TIVEVULOVOL- TTPOMETALOOYEVUTLKOG EAEYXOG
» Yroyila ouvonapéng dtaotoAikng/ocvotoAkrg SuoAsttovpyiog LV/ CTEPH
» YoBapou BaBuou PH- dokipn Beparmeiog N eLoaywyn € KAWVIKEG LEAETEG

» RHC Oa propoloe va yivel

» KAwikn emdeivwon, Sucavaloyn tng fapuTnTac TOU AVATTIVEUOTIKOU VOO LOTOC

» Avaykn akplBouc mpoyvwoTLKAC EKTINONC

2015 ESC/ERS Guidelines for the diagnosis and treatment of pulmonary hypertension



1. 2€ OAEG TLC MEPUTTWOELC
n napovuoia MY o€ aAVOMVEVOTIKO VOGO CUVETTAYETOL
XELPOTEPN MPOYVWON

1,01

0,8- iﬂ[—w—a—voa-o—o—no—oo—» Group 4

“ + Group $

00-0\‘
W Group |
0,6+

0,4+ ‘\\"\_“1 BTk Group 3

0,2
0,0
| ] | ) I | | | ! i | ]
0 1 2 3 4 5 6 7 8 9 10
Years since diagnosis
Z Groupl 164 139 132 125 119 1S 1S 1S 115
fg Group 3 109 79 61 51 47 45 45 45 45
é Group 4 65 64 61 57 54 53 53 53 53
7 Group s 25 24 23 22 20 20 20 2 20 N Chebib, Pulm Circ 2018



Survival

1,0~
+ Other
0,8- 4
0,6 1
L, COPD/
0,4+ " vas . + emphysema
CPFE
+ Mon-IPF ILD
= IPF
0,2+
0.0-
I T T T I ] T T I I ]
0 1 s 3 4 5 6 7 B 9 10
Years from diagnosis
. COPD 40 % 2] 19 17 15 15 15 15
A
; CPFE 17 2% % 16 15 14 14 14 14
[ {4 & 0 4
=
E  Non-IPF ILD 12 f 3 2 2 2 2
“ Other 6 5 5 5 5 5 5 5

N Chebib, Pulm Circ 2018



2. BEAtiotn Oeparneia vntokeipevng vooou/
LTOT o€ xpovia untooatpia /MeAETEC GUOTAVOUV ATTOKATAOTOON

Weitzenblum E, Sautegeau A, Ehrhart M, et al. Dowman et al. Thorax 2017
Am Rev Respir Dis 1985; The evidence of benefits of exercise training in interstitial lung disease: a randomised controlled trial

Grunig et al, ERJ 2012
Safety and efficacy of exercise training in various forms of pulmonary hypertension

3. H xpnon dappakwv yia PAH € cuotriivovtau ywa MY o€
TIVEULOVLKQ VOO LorTaL

(@ ESC/ERS GUIDELINES (73]

Recommendations Class® |Level® |

The use of drugs approved for PAH is
not recommended in patients with PH
due to lung diseases

4. Metapooxevon



1. 2€ OAEC TIC MEPLMTWOELC N mapovocia MY o€ avanveuoTiko voonpa
OUVETIAYETOL XELPOTEPN MPOYVWON

2. BEAtiotn Oeparmeia UOKELEVNC vOoou/
LTOT o€ xpovia vrtofaupio /MEeAETEC GUOTIIVOUV AMOKATAOTOON

3. H xpnon ¢apuakwv yia PAH 6¢ cuotrivovta yia MY og SUGTAVETAL
TIVEULOVLKQ VOG I LoToL eatopikevon
@ ESC/ERS GUIDELINES (¥%) E——

Recommendations Class® | Level® |

The use of drugs approved for PAH is
not recommended in patients with PH
due to lung diseases

4. Metapooxeuon



DECEMBER 13, 2018

Evaluation of pulmonary hypertension (PH) in chronic lung disease (CLD).

R | Suspect |—>| Clinical, functional or imaging results suggestive of concomitant PH# |
ERJ Early View :

| Support I—blEchocardiogramﬂl

v
Series | Conilrm |—>| Right heart catheterisation*
Pulmonary hypertension in chronic lung disease and hypoxia | Stratify |—>| Group 1 versus group 3 PH |

Limited CLD

Severe CLD

Restrictive LD: FVC >70%

Obstructive LD: FEV1 >60% Physiological severity

Obstructive LD: FEVa1
Restrictive LD: FVC

CT changes

Minimal parenchymal Morphological severity

Extensive par
CT changes

| Treatment algorithm for PAH

Steven D. Nathan et al. Eur Respir J
d0i:10.1183/13993003.01914-2018

©2018 by European Respiratory Society

Refer to expert PH and LD centre$

v

v

Mild-to-moderate PH | | Severe PH |

A 4

Registries and RCTs required
Consider exercise training

No PAH therapy

A

y

Individualised care




Avtipetwriton PH o€ €6adoc avanveuoTikol VOGHLOTOC

‘Hruo ZoBapo

Anodpoaktiko FEV1 >60% . , Anodpoaktiko FEV1 <60%
Agwtoupylkn Baputnta :
Neploplotikd FVC >70% pytin Baputhn Meploplotiko FVC <70%
EAGXI0TEG TTOPEYXUHATIKEG MopdoAoyikn EKTETAPEVEG TTAPEYXUMOTIKEG
aAAoiwoeig otnv CT Bwpaka BapUtnta aAAoiwoeig otnv CT Bwpaka
v \4

Awakpion petaéL Groupl s Group3
Kot Group 3

P \

CPET Napanounn o kévipo avadopag PH
) v
RHC .
Baputnta PH
Groupl / \
l ‘Hmua - pérpua PH ZoBapn PH
OepaAMEVTIKOC aAyOpLOpoC A€ cUGTHVETAL OTOXEVHEVN E€atopkevpuévn Oeparneia Adyw
PAH ayyelodLiactaAtikn Oepaneia TLOAU KOLKN G TPOYVWGONG
Registries kot RCT Anattovuvtou registries kat RCT
2KEYPOU TNV AMOKATACTACH
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ERJ Early View

Series

Pulmonary hypertension in chronic lung disease and hypoxia

TABLE 1 Criteria favouring group 1 versus group 3 pulmonary hypertension (PH)*

Criteria favouring group 1
(PAH)

Testing

Criteria favouring group 3
(PH due to lung disease)

Extent of lung disease

MNormal or mildly impaired:
e FEV1>60% pred (COPD)
* FVC >70% pred [IPF)
= |ow diffusion capacity in relation
to obstructive/restrictive changes

Pulmonary function testing

Moderate to very severely impaired:
* FEV1 <60% pred (COPD)
* FVC <70% pred (IPF)
* Diffusion capacity “corresponds”
to obstructive/restrictive changes

Absence of or only modest airway or
parenchymal abnormalities

High-resolution CT scan'

Characteristic airway and/or
parenchymal abnormalities

Haemodynamic profile

Moderate-to-severe PH

Right heart catheterisation
Echocardiogram

Mild-to-moderate PH

Ancillary testing

Present

Further PAH risk factors
[e.g. HIV, connective tissue disease,
BMPRZ mutations, etc.]

Absent

Features of exhausted circulatory
reserve:
* Preserved breathing reserve
* Reduced oxygen pulse
* Low CO/V'o, slope
* Mixed venous oxygen saturation at
lower limit
* No change or decrease in Paco,
during exercise

Cardiopulmonary exercise test™

(Paco, particularly relevant in COPD]

Features of exhausted ventilatory
reserve:

* Reduced breathing reserve

* Normal oxygen pulse

« Normal CO/Vo, slope

* Mixed venous oxygen saturation

above lower limit
* Increase in Paco, during exercise

Predominant haemodynamic profile

Predominant obstructive/restrictive profile




