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Pulmonale Hypertonie: Klassifikation (Nizza 2013, 2018)
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* splenectomy
- Systemic Disorders
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« neurofibromatosis
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Kiely DG et al 2013



Warum ist die PH bei Autoimmunerkrankungen eine relevante Krankheits-
Manifestation?

- PH bei Autoimmunerkrankungen (insb. Kollagenosen) ist mit schlechterer Prognose
assoziiert, eine frihe Diagnose verbessert das Outcome



Kollagenose (CTD)-assoziierte pulmonale Hypertonie
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Warum ist die PH bei Autoimmunerkrankungen eine relevante Krankheits-
manifestation?

- PH bei Autoimmunerkrankungen (insb. Kollagenosen) ist mit schlechterer Prognose
assoziiert, eine frihe Diagnose verbessert das Outcome

- PAH-CTD: Systemsklerose (SSc) > SLE und MCTD



Warum ist die PH bei Autoimmunerkrankungen eine relevante Krankheits-
manifestation?

- PH bei Autoimmunerkrankungen (insb. Kollagenosen) ist mit schlechterer Prognose
assoziiert, eine frihe Diagnose verbessert das Outcome

- PAH-CTD: Sklerodermie (SSc) > SLE und MCTD

- Das Outcome der SSc-PAH ist schlechter im Vergleich zu anderen Kollagenosen



SSc-assoziierte pulmonale Hypertonie

Cleveland Clinic Registry Uberleben mit PAH bei SSc versus nonSSc CTD

(REVEAL-Registry)
n =2093 (Diagnose im RHK bestatigt)

A 100
11% Kollagenose assoziierte PH .
- Systemische Sklerose 158 (68%) 80
76.4 £ 4.6%
- Systemischer Lupus erythematodes 27 (13%) g "
3 60
- Dermatomyositis 8 (3%) °
& 51.2+4.0%
- POlymyOSItiS 8 (3%) 40 " Survival Estimate
7 -
. . o 1A zircu-(SSC-?% (n=88)
- Rheumatoide Arthritis 8 (3%) 0
0 6 12 18 24 30 36
- Mixed connective tissue disease 23 (10%) T Time from Enrollment (Months)
SSc 166 144 123 104 94 83 74
Non-SSc-CTD 88 82 77 73 66 63 60

Kristin B Highland et al. 2016 Chung L et al. Chest 2014



Mogliche Griunde fir ein unglinstiges Outcome der SSc-PAH

Mittleres Alter der SSc-PAH ca 10 Jahre hoher als bei den IPAH Patienten

- Verminderte RV Pumpfunktion bei der SSc

- Hohe Pravalenz systolischer und diastolischer LV Dysfunktion bei der SSc

- Zusatzliche ILD (verschlechtert Ansprechen auf PH Therapie)

- Begleiterkrankungen: renovaskular, gastrointestinal, Malnutrition etc bei der SSc

- Pathogene Autoantikorper (einschliessl. Autoantikorper gegen vaskulare Rezeptoren)

Nach: Condliffe R et al 2015



Genetik?
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- \PDGFR — ‘ ACA [23,92]
—) : \ anti-pcd.2 [94]
-y SSc Anti-U3RNP [92]
EVESENCHRIAL / Anti-Th/To [92]
= 0PN, MMP2-10, TIMP4 Disease-specific aPL [99,100]
TRANSITION autoantibodies - -
Anti-UIRNP [97,102]
SLE aPL [103,104,107,108]
Anti-SSA, anti-SSB [102]
Other CTDs Anti-UIRNP [88,108]

Obliterative Vaskulopathie
mit endoluminalen Lasionen
und Mediaverdickung

-—

USIC ACID |

‘
3
:

Anti-ETAR and anti-ATIR [116,117]
Anti-ETBR [31]

AECA [88,127,128]

Anti-PDGFR [136]

Anti-BMPR [138]

ACA, anti-centromere antibodies; AECA, anti-endothelial cells antibodies; aPL, antiphospholipid antibodies;
ATIR, angiotensin receptor type 1; BMPR, bone morphogenic protein receptor; ETAR, endothelin receptor type A;
ETBR, endothelin receptor type B; pc4.2, phage clone expressing peptide 4.2; PDGFR, placental derived growth
factor receptor; RNP, ribonucleoprotein.

Functional autoantibodies




Prognose der pulmonal arteriellen Hypertonie

Mediane Zeitverzogerung zwischen SSc und SSc-PAH 4 Jahre, kein Unterschied zwischen limitierter

und diffuser Skerodermie
- Prognose abhangig von der Funktionsklasse
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Chung L et al. Arthritis Care Res 2014



Warum ist die PH bei Autoimmunerkrankungen eine relevante Krankheits-
manifestation?

- PH bei Autoimmunerkrankungen (insb. Kollagenosen) ist mit schlechterer Prognose
assoziiert, eine frihe Diagnose verbessert das Outcome

- PAH-CTD: Sklerodermie (SSc) > SLE und MCTD
- Das Outcome der SSc-PAH ist schlechter im Vergleich zu anderen Kollagenosen

- SSc: Vaskulopathie, Inflammation und Fibrose



Pathogenese der Sklerodermie

Genetische Externe Faktoren
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Typische Komplikationen der Sklerodermie

Digltal vasculopathy

Gastrointestinal

>50% der PH ist PAH

Inzidenz:
PH bei SSc— 1-2%/Jahr
Pravalenz:

5% nach 5 Jahren
10% nach 10 Jahren
15% nach 15 Jahren

Denton CP et al 2017



Sklerodermie — Klassifikationskriterien 2013

Kriterium

Sklerodaktylie und Sklerodermie beider Hande

Subkriterium

Score

uber die MCP-Gelenke hinausreichend nach - 9
proximal (ausreichendes Kriterium)
Puffy fingers (geschwollene Finger) 2
- Sklerodaktylie (nur der hohere Score zahlt) Sklerodaktylie der Finger distal der MCP-Gelenke |4
aber proximal der PIP-Gelenke
- Lasionen an der Fingerspitze (nur der hohere | Fingerspitzenulcerationen 2
Score zahlt) Fingerspitzen mit gribchenférmigen Narben 3
Teleangiektasien - 2
Abnormale Kapillarmikroskopie - 2
Pulmonal arterielle Hypertonie und / oder Pulmonal arterielle Hypertonie 2
Interstitielle Lungenerkrankung (max. Score 2) Interstitielle Lungenerkrankung 2
Raynaud-Phanomen - 3
: . I Anti-Zentromer-Antikorper
Sklerodermie assoziierte Autoantikorper (max. Anti-Topoisomerase I-Antikrper (antiScl-70) 3

Score 3)

Anti-RNA-Polymerase Il

Der Gesamtscore wird bestimmt, indem der max. Score in jeder Kategorie addiert wird. Pat. mit einem
Score > 9 werden klassifiziert als definitive Sklerodermie.

Van den Hoogen et al 2013




Entwicklung einer PH bei limitierter und diffuser Sklerodermie

e % . Ca 50% PAH < 5 Jahre SSc Dauer
; Diffuse cutaneous SSc Kein Unterschied limit. und diffuse SSc

Pulmonary Hypertension

Skin thickness

-----
>

early ] intermediate . late

Limited cutaneous SSc

]5 I10 I20

Disease duration (years)

Nagaraja V et al Arthritis Rheumatol 2020



EUSTAR Kohorte: Todesursachen bei Patienten mit Sklerodermie
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Warum ist die PH bei Autoimmunerkrankungen eine relevante Krankheits-
manifestation?

- PH bei Autoimmunerkrankungen (insb. Kollagenosen) ist mit schlechterer Prognose
assoziiert, eine frihe Diagnose verbessert das Outcome

- PAH-CTD: Sklerodermie (SSc) > SLE und MCTD
- Das Outcome der SSc-PAH ist schlechter im Vergleich zu anderen Kollagenosen
- SSc: Vaskulopathie, Inflammation und Fibrose

- Strategien zur Frihdiagnose



|dentifikation von Patienten mit PAH und Kollagenosen (CTD)
Scenario 1: V.a. Kollagenose bei PAH Patienten

Klinik: Diagnostik

- Raynaudsymptomatik - Kapillarmikroskopie

- Siccasymptomatik - ANA/ENA Diagnostik

- Arthralgien/Arthritis Scl-70 Anti-Zentromer
_ Myalgien/Myositis diffuse Form der SSc sI;imi'EfiErt%forrriggérbSSc
- Photosensibilitat
- Hautsklerose

- Dental-orale Probleme EUROLINE Systemic Sclerosis (Nucleoli) Profile (IgG)

RP11
Control PDGFR PM-Scl75 ThiTe Fibrillarin  (RNAP-III) CENP A

Ro-62 Ku PM-Scl100  NOR-%0 RP155 CENP B Sck0
(RNAP-1II)




SSc Autoantikorper, Organkomplikationen und Outcome

Cutaneous subtype

Clinical correlates

Anti-centromere

Anti-topoisomerase 1
(anti-Sel 70)*

Anti-RMA polymerase 3

Anti-U1
ribonucleoprotein
{anti-ribonuclecprotein )
Anti-U3
ribonucleoprotein
{anti-fibrillarin)

Anti-Pm-Scl

Anti-Th/To

Limited cutaneous
systemic sclerosis

Diffuse cutaneous
systemic sclerosis

Diffuse cutaneous
systemic sclerosis

Limited cutaneous
systemic sclerosis

Diffuse cutaneous
systemic sclerosis

Limited cutaneous
systemic sclerosis

Limited cutaneous
systemic sclerosis

Pulmonary arterial
hypertension

Progressive interstitial
lung disease

Renal crisis and
malignancy

Mixed connective
tissue disease

hypertension and
myositis

‘ Pulmonary arterial ‘

Myuositis

Interstitial lung
disease and
pulmonary arterial
hypertension

Testing for systemic sclerosis-associated auto-antibodies is recommended early in
the evaluation for systemic sderosis because it can help establish a systemic
sclerosis diagnosis and inform risk-stratification strategies. Patients will seldomly
produce more than one systemic sclerosis-related avto-antibody concurrently.
*Immunodiffusion is the preferred method for detecting anti-

topoisomerase 1 antibodies, given that multibead assays are associated with high
false-positive rates.

Table 1: Autoantibodies associated with systemic sclerosis and their
clinical correlates

Volkmann ER et al, Lancet 2023
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Time to death months
Subjects at risk n

No 247 222 175
PF 80 49 19
PAH 38 7 0
PF+PH 23 12 3

Denton CP et al 2011



|dentifikation von Patienten mit PAH und Kollagenosen (CTD)
Scenario 2: V.a. PH bei SSc Patienten

Ki

inik:

Belastungsdyspnoe
Ruhedyspnoe

Raynaud
Anti-Zentromer, U1-RNP,
Th/To

Diagnostik

Herzecho
Rechtsherzkatheter
NT-proBNP

HRCT Thorax
6MWT...

Table 2 Summary of Screening Models

Screening ESCIERS DETECT ASIG'
Model
Screening High risk: S5wepl (non-echo): . NT pro-BMP 2 210 pg/mL
Criteria * TRV > 34 ms ® FVC/IDLCO (0-5) 2. DLCO = 0% predicoed
* TRV berween 2.9 and =3.4 ms and other echo findings ® Telangiecmsias (0—1) and FYC/IDLCO = 1.8
suggestive of PH * Anti-cenoromere Ab (0-1)
Intermediate risk: ® NT pro-BMP (0-10,000)
* TRY berween 19 and 534 mis and no other echo ® Serwmn urate (210}
findings ® Right axis deviation {0-1)
* TRV = 2.8 m/s and other echo findings suggestve of PH® If >300 points, move to stepd
5wep (echo):
* Right atrium area (0—40)
® TRV (0-5)
Referral for I. High risk Score >35 points on step 2 Positive | and 2
RHC 1. Intermediate risk with s'_rrnpmrnsb

Motes: "Findings include RY enlargement, flazeening of the intervenericular septum, RY outflow doppler accelerasion <105 ms, sarky diastolic pulmonary regurgitation
welocity 41 mis, pulmonary artery diameter >3 cm, inferior vena cava enlargement. right atrial area in end-systole >[8 em © Symptoms inclede ongoing dyspnea,
SYNcope of near syncope, or presence of peripheral edema.
Abbreviations: Ab, antibody; ASIG, Australian Scleroderma |nterest Groups DLCO, diffusing capacity for carbon monoxide; ESC/ERS, Eurcpean Society of Cardiology!
European Respiratory Sodiety; FYC, forced vital capacity; echo, schocardiogram; PH. pulmonary hypertension, MT-proBMP M-terminal-pro-brain natriuretic peptide; RHC,
right heart catheterization; FY, right ventricle; TRY, tricuspid regurgitant velocity.

Almaaitah S et al 2020



Bsp: DETECT PAH online

12:0a7 il T - 12:08% wl T -

PETECTY &

DETECT WELCOME!

Screening Tool for PAH-SSc

Please choose how you want to start

STEP 1
Input rheumatological parameters
Find out if an Echo is recommended
STEP 2
» Echo reference values

Find out if a RHC is recommended

@

43

12:089 wl T -

DETECTEN &0

FVC % pred. / Duco % pred.

Aneenatawly enter FVC and Duo separately.

FVC % pred.  Dueo % pred.

Telangicctasias
Yos No
Asticentromere antibody (ACA)
pos. neg.
NT-proBNP
puw

]
Right axis deviation on ECG
Yes No

Sorum wrate

e e e @O

Calculate
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> I ™ !

Result: 338

ECHO
RECOMMENDED
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SCREENING ALGORITHM
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Bsp: DETECT PAH online
ETECT “ & 3

Screening Tool for PAH-SSc

Step 1 total risk score
points
Right atrium area
cm?

TR velocity

TR velocity not reported but RVSP is reported
RVSP(mmHg) RAP(mmHg)

i
m/s 0
i
©

0

Mo measurable TR




b) The DETECT algorithm

DETECT und ASIG Algorithmus fiir das PAH Screening

Step 1
Non-echocardiographic
variables:

Step 2
Total risk points from Step 1 plus
echocardiographic variables:

FVC/DLCO yes Right atrium area
Telangiectasias s | TR velocity
Anti-centromere Ab
Serum NT-proBNP Total risk points=35*?
Serum urate
Right axis deviation
no yes
Total risk points=300* ?
| no
Noreferralto No referral to RHC Referral to RHC
echocardiography
Negative Positive

Datenbasis: SSc > 3 Jahre, Dlco predicted < 60%

Coghlan et al 2014

¢) The ASIG algorithm

Component A

NT-proBNP>210 pg/ml

Component B

DLCO <70% predicted
with FVC/DLCO =1.8

Positive
Component A +
| Referral
and/or to RHC
' Other
Cﬂ‘mpﬂ“fnr B+ mvestigations as
indicated e.g. TTE,
HRCT, MWT
Component A - Repeat
screen in
and 6-12
months
Component B -

Table 3 Comparison of Reported Performance Characteristics of most commonly used Consensus Recommendations for Screening
of Pulmonary Hypertension in Patients with Systemic Sclerosis

Sensitivity Specificity Positive Predictive Value Negative Predictive Value

ESC/ERS guidelines 71053 31 8% 40.0%M a87.5%37
9] .43 323%% 51e%" a9.0%™
94 157 £9.0%™ 55.3%%% 893%™
96,337 857%™ Be gL’ 20.9%%°

The ASIG algorithm 94, %3 54553537 60.0%% 92.3%%
100%™ 61.5%" 1005

The DETECT algorithm 960%™ 353" 350%™ s8.0%™

3536 3& 35 3536
100% 429% 55.1% 100%
480%™ 686%™

Abbreviations: E5C, European Sodiety of Cardiology: ERS, European Respiratory Society; ASIG, Australian Scleroderma Interest Group.

Saygin D et al 2019



Verbessertes Outcome bei regelmassigem Screening

Survival rate (%)

100
90
80
70
60
50
40
30
20
10

REGULAR SCREENING AND EARLY DIAGNOSIS MAY IMPROVE PATIENT OUTCOMES

81% 73%
100% (95% CI, 51%-93%) (95% CI, 43%-89%)
----- :-----. I .
75%-----:
(95% CI, - . |
46%-90%) feeEEEEEEEEEEEEEA

64%

(5% Cl, 33%-84%)

31%
(95% Cl, 25%
11%-545%) (95% ClI, 0
8%-47%) 17%
(95% CI,
3%-39%)
0 1 year 3 years 5 years 8 years

Years of Follow-Up

Survival rate (%)
among PAH-5Sc
patients diagnosed
with proactive
screening (n=16)

P=0.0037
HR=4.15
(95% CI, 1.47-11.71)

Survival rate (%)
among patients
diagnosed during
routine clinical
practice (n=16)

Zanatta E et al 2019



Jahrliches PH Screening bei SSc Patienten

All patients with 55¢

|

Initial screening

* Lung function test (including DLco)

* Transthoracic echocardiogram

* MT-proBNP

= DETECT algorithm if DLco <60%
and =3 years disease duration

|

DETECT compaosite measure

* Score »35 even without
symptoms of pulmonary
hypertension

Annual assessment

* Lung function test
(including DLco)
* Transthoracic

echocardiogram
* NT-proBMNP

|

Transthoracic echocardiogram

* Tricuspid regurgitation velocity =2.8 m/s
* Tricuspid regurgitation velocity 2.5-2.8 m/s

with relevant symptoms of pulmonary

hypertension

* Enlargement of right atrium (major dimension
=53 mm) or right ventricle (mid-cavity
dimension >35 mm), irrespective of tricuspid
regurgitation velocity

L

Recommend cardiac catheterisation

* Pulmonary hypertension defined by mPAP =25 mm Hg and PVE =3 WU
= PAH requires PAWP =15 mm Hg and no major lung fibrosis

Clinical symptoms

* |ncreased breathlessness

* Reduced exercise tolerance
* Presyncope

» Features of right heart failure
» Chest pain

Triggered assessment

* lung function test (including DLco)
* Transthoracic echocardiogram
* NT-proBNP

Pulmaonary function test

* FWVC:DLco ratio =1.6 and/or DLco
<B0%with symptoms of pulmonary
hypertension

* FVC:Dlco ratio >1.6 and/or Dlco
<60% and NT-proBNP more than
twice the upper limit of normal even
without symptoms of pulmonary
hypertension

Denton CP et al 2018



Targets bei der pulmonal arteriellen Hypertonie (PAH)

Treatment-naive
patients

Endothelin pathway ' ' Prostacyclin pathway

v Vessel

Endothelial I Nitric oxide pathway l lumen
cells

Endothelin

Prostacyclin
receptor A e o

- rostaglandin |
Endothelin-1 (prostag 2)

Endothelin- 4
receptor
antagonists )

Humbert M et al. NEJM 2004

Pope J et al 2023



Ubersicht Giber vasoaktive Therapien bei Raynaud, digitalen Ulzera und SSc-

PAH

Mechanism of action

Benefit in systemic sclerosis

Safety issues

Sildenahl and tadalafil
Bosentan and ambrisentan
Selexipag

Riociguat

Prostacyclin therapy (eg,

reprostinil, epoprostenol,
Hloprost, and beraprost)

Promote vasodilation via nitric oxide-cyclic guanosine
monophosphate enhancement

Inhibit endothelin-A and endothelin-B receptor
signalling

Selective oral prostacydin receptor agonist that results in
vasodilation of the pulmonary vascular bed

Stimulates soluble guanylate cyclase, regardless of nitric
oxide concentrations, to produce more cyclic guanosine
monophosphate, resulting in vasodilation

Prostacyclin agonist that promotes relaxation of smooth
muscle, inhibition of platelet aggregation, and
vasodilation of pulmonary arteries

Pulmonary arterial hypertension: monotherapy or combination therapy with sildenafil and tadalafil and bosentan and ambrisentan are commonly used as first-line therapy for
systemic sclerosis associated with pulmonary arterial hypertension. Selexipag, riociguat, and prostacyclin therapy are most often used as second-line therapies

Improved exercise capacity, haemodynamics,

and functional class

Improved exercise capacity, haemodynamics,

and functional class

Reduction in the number of hospitalisations
and disease progression

Improved exercise capacity, haemodynamics,

and functional class

Improved exercise capacity, haemodynamics,

and functional class

Hypotension, particularly when used in combination
with other vasodilator therapies

Lower extremity oedema and liver-function test
abnormalities

Headache, diarrthoea, and nausea

Gastro-oesophageal reflux disease, diarrhoea, nausea,
dizziness, and headache

Headache, diarrhoea, and nausea

Volkmann E et al Lancet 2023



Survival Probability

Langzeitprognose der SSc-PAH (PHAROS)

160 Patienten aus PHAROS

Survival bis zu 8 Jahren nach PAH Diagnose (8J): 49%)

52% aller Todesfalle wegen PAH

93% der PAH assoziierten Todesfalle < 4 Jahre nach Diagnose

TABLE 2 | Cause of Death by Survival Time

1.0 1 [+ Censored|

0.8 4

0.6

0.4

0.2 4

0.0 4
160 148 1 91 1] 45 a2 189 10 4 0

2 160 14H 121 91 &b 45 3 19 10 4 0

0 1 2 3 4 5 [+ T B 9 10

Overall Survival (y)

——— 1: Died of PAH

= 2 Overall survival

Surymal
Cause of Death < dyin=44] = dyn= 1
SS5c related
PAH 27 (61.4) 2 (16.7)
Pulmonary fibrosis 1{2.3) 0
GI 0 1(8.3)
Renal crisis 0 1(8.3)
Multiorgan failure 4 (9.1) 2 (16.7)
SSc unrelated
Canoaer 4(9.1) 2(16.7)
Infection 4 (9.1) 1(8.3)
Cerebrovascular 0(0) 1(8.3)
disease
Sudden death 1(2.3) 1(8.3)
Unknown 3 (6.8) 1(8.3)
Data are presented a5 Mo, (%) unless otherwise indicated. PAH = pul-

monary artery hypertersion. Ses | 1 legend for expansion of other

abhbreviations.

Kolstadt KD et al 2018



Bringt eine immunsuppressive Therapie etwas?
Schlechteres Uberleben ohne Immunsuppression!

§ ] p=0.440
- 1 S —
|—I—l
ILD/PAH 74.6% E - | .
kardial 71.6%
- =
# 5]
b
E o
ERE
]
o
=
— Meihoirecabe Kycophenolasie rmoiedil
2 Cyclophosphamide Mo immunosupprassant
= T T T
] 12 2

Follow up (months)
Number at rsk

Melholrexate &5 54 45
Mycophenolate mofieid 118 108 Az
Cyclophosphamide 87 i 55

Mo immunosuppressant 56 50 3z

Mg of fralerks &8l e :HPH:.I:I:l wirs daresaid brom the L.lrmr;lll--l,: rraie|

Herrick et al 2017



Hydroxychloroqguin und PAH Risiko

Design: Prospektive Beobachtungstudie (Pittsburgh SSc-Zentrums)
an 208 SSc-Pat. unter HCQ (> 3 Monate) und 976 SSc-Pat. ohne HCQ),
Behandlungszeitraum 1990-2015

HCQ-Patienten hatten haufiger eine limitierte SSc
und Anti-Centromer-AK,

Kein Unterschied im Auftreten einer PAH in

der Gesamtkohorte, aber signifikant seltener
bei SSc-Patienten, die in den ersten 18 Monaten
HCQ erhielten
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A. Boucher et al. , Arthritis Rheumatol. 2020; 72 (suppl 10)



Hat eine gegen B-Zellen gerichtete Therapie
einen Benefit?

Profibrotic
cytokine ®
production °®
hasIL-6 .

and TOF-p NIH Studie

/\ multizentrisch, doppelblind, randomisiert,

plazebo-kontrolliert
\ Direct cell-cell Myofibroblast
contact differentiation Excessive 57 Patienten mit SSc-PAH (2010_2018)
| = collagen
production

B cell

2 x RTX 1000mg (d0, d14) versus Plazebo

\/ Primarer Endpunkt: Veranderung im 6MWD nach

High specificity

stimulating )
autoantibody 24 Wochen
production

Beersley et al Zamanian RT et al 2021
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SSc-Patienten mit vasoaktiven Therapien und
PPI haben ein geringeres Malignomrisiko

Analyse eines span.Registers, knapp 2000 Patienten, davon 1729 ohne und 206 mit Malignom

Erh6htes Alter bei SSc-Beginn 1,22
PBC 2,35
ILD mit FVC < 70% 1,83
Anti-Centromer-Ak 0,66
Calciumblocker 0,54

Spezifische Vasodilatoren wie ET-Blocker, 0,46
PDE-V-Inhibitoren, Prostagl.

1,01-1,03
1,16-4,68
1,24-2,70
0,45-0,97
0,37-0,79
0,26

<0.001
0,015
0,002
0,036
0,002
0,006

Auch ASS und PPI waren mit geringerem Auftreten von Malignomen assoziiert

Carbonellie C. et al., Autoimmunity Reviews 21 (2022), 103167



Riociguat und Osophagusfibrose: Resultate
aus dem Bleomycinmausmodell

NS BLM BLM+sGC Lamina-muscularis mucosa distance
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Weibliche C56/BIl6 -Mause

Im Tiermodell gibt es Hinweise, dass die Bleomycin-induzierte
Osophagusfibrose durch Riociguat verbessert werden kann

Yamamoto-Y et al. Arthritis Rheumatol. 2020; 72 (suppl 10), Abstract # 1905



Der systemische Lupus erythematodes (SLE)

Neurological disease (18%)
Strokes (5%), Seizures (4%)
Cranial neuropathies (2%), Cognitive dysfunction (2%) . Acute cutaneous lupus (71%)

Chronic cutaneous lupus (11%)
Malar rash (45%)
Oral ulcers (26%)

Non-scarring alopecia (31%)

Serositis (19%)

Renal disease (21%)
Leucopenia (35%)
Thrombocytopenia (16%)
Antiphospholipid syndrome (10%)
Lymphadenopathy (9%)

Raynaud (37%)

Autoimmune haemolytic anaemia (3%) —————— Livedo reticularis (10%)
Arthritis (85%)
Childhood SLE
Fever (31%) Fever (46%)
Neurological disease (17%)
‘ Non-criteria major organ involvement (19%) | Renal disease (42%)

Figure 3  Key features and organs involved in SLE. Cumulative frequencies are depicted. Of note, the frequency of nephritis is not as common as
previously reported, which may have been the result of referral biases in major lupus centres. Neuropsychiatric disease is an emerging frontier in lupus
care. Childhood SLE has higher activity at presentation, is more likely to be severe and to receive more aggressive therapy, as well as accumulate
damage. Data from Nikolopoulos et al."® SLE, systemic lupus erythematosus.



Pulmonale Hypertonie bei SLE: Risikofaktoren

1110 Patienten mit SLE (Einschluss 1998-2013)
PH: syst. Druck 230mmHg ECHO in Ruhe
48 Patienten mit PH + SLE

Risiko fiir PH bei SLE

100.. P by log-rank test < 0.01
', — =  Pleuritis/Perikarditis (OR 4,6)
Thaeaey SLE ohne PH (n=1062)

= Anti-RNP-Ak (OR 2,4)

0.754

SLE mit PH (n=48) = ILD(OR 8,3)
é = cerebro-kardiovask. Erkr. (OR 13,4)
é o * Raynaud-Syndrom
? = kutane vaskulitische Ldsionen
“ = Antiphospholipidantikérper
0.00]

0 a0 %0 120 160 200
Time (months)

Kim JS et al. Lupus 2018



Vergleich SSc-PAH und SLE-PAH

Table 1
Summary table of differences between S5c-PAH and SLE-PAH (with respect to the areas considered in this review).

Svstemic Sclerosis Systemic Lupus Erythematosus

Estimated Prevalence in the United States (per 100,000} 20-30 20200

Prevalence of PAH T¥%-12% of 55¢ patients 1%%—5% of SLE patients

4% of CTD-PAH Be—E 0% 15%—-20%

Age of onset of CTD-PAH 60 - 65 years 40 - 45 years

% of CTD with positive anti-Ul RNP” 2%-14% 20%0—40%

Association with CTD disease activity M Yo

Clinical course of CTD-FAH Progressive Variable and unpredictable

Response to immunosuppressants Mo Potentially Yes"

Prognosis, 3-year survival on PAH therapy 5060 TE%—B50%

Clinical pulmonary & cardiovascular manifestations & Pulmonary Arterial Hypertension & Pulmonary Arterial Hypertension
® Interstitial Lung Disease ® Interstitial Lung disease
® Recurrent aspiration ® Lupus Pneumonitis
& Pulmonary venoocclusive disease & Pulmonary Emboli
® Pulmonary capillary hemangiomatosis ® Alveolar Hemorrhage
® Pulmonary Emboli ® Organizing Pnoumonia
® Diastolic LV dysfunction ® Pleuritis
& Myocardial fibrosis & Plewral effusion
® Increased lung cancer risk ® Diastolic dysfunction
® Rarely LV systolic dysfunction ® Valvular pathology
# Pleural effusions are uncommaon # Shrinking Lung Syndrome

PAH: pulmonary arterial hypertension. 55¢: Systemic Sclerosis (scleroderma). SLE: Systemic Lupus Ervthematosus. CTD: Connective tissue discase.
* When/if responds to immunosuppressants, long-term response is not known, and likely only transient.
P anti-Ul RNP antibody is associated with PAH incidence, and with better survival in PAH.

Bazan IS et al 2018



Neue Daten zur Pathophysiologie: Erhdhte IFN alpha Signatur

Metabolism / :
Cell development / . Apoptosis
Cellular organismal Anti-EC antibodies

fon transport
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Signaling transduction EC dysfunction
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Immune
response Fibrosis

SMC hyperplasia
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Immune complexes /

B cells / T cells / pDCs

Inflammation Protein

ubiquitination
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IL-1, IL-6, and TNF(

Microarray Analyse von SLE und PAH Patienten in der Gene Expression Omnibus Database

Yao M et al Front Immunol 2021



Uberlappende Genexpression bei SLE und PAH

SLE-UP PAH-UP

IFI27, IFI44, IFITI, ALAS2, ADM,
TCN2, ACSLI, MXI, SI00AI2, GRN
CD38, EPB42, ISGIS, RGSI, IFIT3
SLC4A1, NCF2, HISTIHIC, COL17AlL,
ASGR2, IFI35, GCA, NTSR!

C3ARI, NCF4, LGALS3, FPR2

SLE-DOWN

IL7R
MYBLI

PAH-DOWN

FIGURE 5 | Identification of the common DEGs. (A) The Venn diagram of the upregulated genes in GSE81622 and GSE703. (B) The Venn diagram of the

downregulated genes in GSE81622 and GSE703. DEGs differentially expressed genes.

Yao M et al Front Immunol 2021



Zusammenfassung

Die PH ist eine relevante Komplikation bei Autoimmunerkrankungen

- Die Klassifikation kann, bedingt durch andere Krankheitsmanifestationen,
erschwert sein

- Survival CTD-PAH < iPAH (Pathophysiologische Besonderheiten)

- Regelmassiges Screening ist wichtig (Rheumatologen)

- Kollagenosen in der DD einbeziehen (Nicht-Rheumatologen)

- Unterschiede bei SSc-PAH und SLE-PAH

- Stellenwert der immunsuppressiven Therapie SLE, ggf auch SSc



