,Neue Therapieoptionen bel prakapillarer
pulmonaler Hypertonie*

Michael Halank

Medizinische Klinik und Poliklinik |
(Direktor Med. Klinik I: Prof. Dr. med. G. Ehninger)
(Bereichsleiter Pneumologie: Prof. Dr. med. G. Hoffken)

(0 SRrmmsss
,Kardiologie heute* Unfall-Krkhs. Berlin 26.11.2011 DRESDEN



Interessenkonflikte

Honorar flr Vortrage und Berater-Tatigkeiten
Actelion
Bayer Schering
GlaxoSmithKline
Lilly
Novartis
Pfizer
United Therapeutics



Diagnose pulmonale Hypertonie

(invasiv gemessen)

PAP_ in Ruhe : 225 mmHg?

(normaler PAPm: 14+3.3 mmHg)?

1 Badesch JACC 2009;54:S55-66
2 Kovacs ERJ 2009:;34:888-894



Diagnose borderline pulmonale Hypertonie

(invasiv gemessen)

PAP_ In Ruhe : 21-24 mmHg

Badesch JACC 2009:54:S55-66



Klassifikation der pulmonalen Hypertonie

PAH
(10-50/ 1 Mio Einw.)

S Gr. 5 Gr. 2 PH bel
erscnieaenes c
et ) PH o neraEr
krankungen
Gr. 4 \GI’. 3
VB EEEL PH beil Lungenerkrankungen

u./od. Hypoxie

Simonneau JACC 2009:54:5S43-54



Definition Charakteristika Atiologische Gruppe

Pulmonale PAPm=25mmHg Alle
Hypertonie HZV normal oder re-

duziert
Prakapilldre PH PAPMm =25 mmHg Gruppe 1: Pulmonal
—_— PCWP<15mmHg arterielle Hypertonie (PAH)
1 HZV normal oder re- Gruppe 3: PH verbunden mit

duziert chronischen Lungen-
erkrankungen
Gruppe 4: Chronisch throm-
boembolische pulmonale

Hamodynam. Einteilung B
d er PH Gruppe 5: PH aufgrund

unklarer und/oder multi-
faktorieller Mechanismen
Postkapilldre PH PAPM =25 mmHg Gruppe 2: PHverbunden mit
S PCWP=>15mmHg Linksherzerkrankungen
? HZV normal oder re-
duziert
Passiv TPG =12 mm Hg (PAP,-PCWP)
Reaktiv TPG > 12 mm Hg
(.out of proportion®)

Galie Eur Heart J 2009; 30: 2493-2537



Formal prakapillare pulmonale Hypertonie

Baseline
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Li.herzinsuff. mit eingeschrankter
oder erhaltener systol. Fkt. ?

PCWP (mmHg)

Champion Circulation 2009;120:992-1007



LV-diast. Dysfunktion assoziierte PH

Baseline Fluid Challenge

PAP (mmHg)
PAP {mmHg)

PCWP (mmHg)

g
E
E
%

11 NaCl tber 20 min oder bis PCWP > 15 mmHg mit Symptomen

Champion Circulation 2009;120:992-1007



Belastungsinduz. Anstieg des PAOP bei LV diast. Dysfunktion

B normal subjects
O preserved LV syst. function

Peak

- 1
Exercise

S ——

PAOP

Peak

Exercise

ml! LV-EndDiastVol

Kitzman DW et al. JACC 1991



Pulmonale Hypertonie bel Patienten
mit PC < 15 und Hinweis auf LV diast. Dysfunktion

|

PCWP<15 mmHg
PVR=3 WE

DHI Risikofaktoren?

! '

I viele I wenige

' '

Belastung oder PAH
Fllissigkeit
|

PCWP hoch PCWP normal
PAH

4. Welt-Kongress zur PH in Dana Point, USA 2008
2 Rosenkranz Dtsch Med Wochenschr 2010;135:5102-S114
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Prakapillare PH PAPm =25 mm Hg Gruppe 1: Pulmonal
PCWP <15 mmHg arterielle Hypertonie (PAH)
HZV normal oder re- Gruppe 3: PHverbunden mit

duziert chronischen Lungen-
erkrankungen

Gruppe 4: Chronisch throm-

boembolische pulmonale
Neue Hypertonie (CTEPH)
Therapieotionen ? Gruppe 5: PH aufgrund

unklarer und/oder multi-

faktorieller Mechanismei

Galie Eur Heart J 2009; 30: 2493-2537



Therapie der Wahl.

Indikation der TEA:

CTEPH

Thrombendarteriektomie

PVR >300 dyn*s-t*cm~
WHO Klasse Il od. IV

prox. Lokalisation (Haupst., Lappen-, prox.
Segmentart.)

@ schweren Komorbiditaten

Doyle Chest 2004;126:63S-71S


Vorführender
Präsentationsnotizen
Bilaterale Prozedur, da CTEPH meist eine bds. Erkrankung ist.
Mediane Sternotomie, kardiopulmonaler Bypass, tiefe Hypothermie, Kreislaufstillstand


Intraoperative Ansicht bel pulmonaler
Thrombendarteriektomie

Thromboembo-
lisches Material

Obstruiertes Lumen
(PA)

Lausberg Anaesthesist 2004; 53:748-52



Operationspraparat nach pulmonaler
Thrombendarteriektomie

Langer J Thorac Cardiovasc Surg 126:874-5



Therapie der inop. CTEPH ?



Hinwels flr evtl. Verbesserung des Langzeittberlebens bel
iInop. CTEPH durch PAH-Medikamente

spezif. behandelte
CTEPH Pat (n=50)
52+30 Monate

nicht spezif. be-
handelte Pat.
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survival (months)

Seyfarth, Halank, et al Clin Res Cardiol 2010;99:553-6



Bosentan

Benefit-Studie
Verbesserung des Herzindex
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*Veranderung Beginn vs.16 Wochen

Jais X et al;: J Am Coll Cardiol 2008;25:2127-2134
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% des PVR Beginn vs. 16 Wochen

geometrisches Mittel)

Bosentan

Benefit-Studie

Reduktion des PVR um 24%

Plazebo
n=71

p < 0.0001; Wilcoxon test

Jais X et al;: 3 Am Coll Cardiol 2008;25:2127-2134



BENEFIT-Studie: Keine Verbesserung des 6-Minuten Gehtestes

. Plazebo Bosentan
6-Min.Gehstrecke (n = 73) (n = 67)
Beginn (Mittel £ SD, m) 3445+ 82.6 340.0 £ 85.3
Woche 16 (Mittel £ SD, m) 345.3 £109.5 342.9 £106.5
Veranderung (mean = SD, m) 0.8+ 80.9 2.9+ 65.0

2.2m
Behandlungseffekt* (m
) ) p = 0.5449;

@ Verbesserung der WHO-FC oder der TCW
Jais X et al; J Am Coll Cardiol 2008;25:2127-2134



Medikamentose Therapie der inoperablen CTEPH

(Empfehlungen der Kélner Konsesus Konferenz)

» Eine gezielte Therapie mit PAH-Medikamenten darf nur in erfahre-
nen Zentren eingeleitet werden (Definition entsprechend der Euro-
dischen Leitlinien in Tab. 4).

» Bevor diese Patienten mit einer gezielten PAH-Therapie behandelt
werden, sollte gepriift werden, ob sie an einer klinischen Studie
teilnehmen konnen. Auskunft dazu geben die grofsen PH-Zentren
sowie die PH-Selbsthilfegruppe (pulmonale hypertonie e.V).

Wilkens DMW 2010:135:5125-S130



Table 34 Recommendations for a pulmonary
hypertension referral centre

Statement

Referral centres are required to provide care by a
multiprofessional team (cardiology and
respiratory medicine physicians, clinical nurse
specialist, radiologists, psychological and social
work support, appropriate on-call expertise)

Referral centres are required to have direct links
and quick referral patterns to other services
(such as CTD service, family planning service,

PEA service, lung transplantation service, adult ESC/E RS

congenital heart disease service)

A referral centre should follow at least 50 patients Guidelines
with PAH or CTEPH and should receive at least Eur Heart J 09

two new referrals per month with documented
PAH or CTEPH

Referral centres should perform at least 20

vasoreactivity tests in PAH patients per year

Referral centres should participate in collaborative
clinical research in PAH, which includes phase |l

*Class of recommendation.

b .
Level of evidence.



Riociguat bel inop. CTEPH und bei PAI
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Duration of treatment (weeks)

| Titration phase ——
CTEPH 40 41 41 40 41
31 31 31 30 29
All patients 71 72 72 70 70

= CTEPH ——PAH —o— All patients

Ghofrani, Hoeper, Halank, et al ERJ 2010;36:792-6



Prakapillare PH PAPm =25 mm Hg Gruppe 1: Pulmonal
PCWP <15 mmHg arterielle Hypertonie (PAH)
HZV normal oder re- Gruppe 3: PHverbunden mit

duziert chronischen Lungen-
erkrankungen

Gruppe 4: Chronisch throm-

boembolische pulmonale
Hypertonie (CTEPH)

Neue

Therapieotionen ? Gruppe 5: PH aufgrund
unklarer und/oder multi-

faktorieller Mechanismen

Galie Eur Heart J 2009; 30: 2493-2537



Pulmonale Hypertonie bei chronischen Lungen-
erkrankungen
Empfehlungen der Kélner Konsensus-Konferenz 2010

Pulmonary hypertension due to chronic lung disease. Recommendations of

the Cologne Consensus Conference 2010
Dtsch Med Wschr 2010;135:S115-124

Autoren M. M. Hoeper ' S.Andreas- A.Bastian- M. Claussen“ H. A. Ghofrani® M. Gorenflo® C. Grohé’
A. Giinther© M. Halank® P. Hammerl > M. Held '° S. Kriiger '’ T.|. Lange '~ F. Reichenberger*
A. Sablotzki '~ G. Staehler ' W, Stark ' H. Wirtz '® C. witt '/ . Behr '©

Patienten mit Lungenerkrankun-
oen und PH nicht systematisch mit PAH-Medikamenten zu behan-
deln, solange es dazu keine soliden Daten gibt. Dies gilt unabhan-
oig von der zugrundeliegenden Lungenkrankheit.




Pulmonale Hypertonie bei chronischen Lungen-
erkrankungen
Empfehlungen der Kélner Konsensus-Konferenz 2010

Pulmonary hypertension due to chronic lung disease. Recommendations of
the Cologne Consensus Conference 2010

Autoren M. M. Hoeper ' S. Andreas- A.Bastian- M. Claussen~ H. A. Ghofrani® M. Gorenflo® C. Grohé ’
A. Giinther® M. Halank® P. Hammerl * M. Held ' S. Kriiger '' T.]. Lange '~ F. Reichenberger®
A. Sablotzki '~ G. Staehler '* W, Stark '° H. Wirtz '® C. Witt '’ }. Behr '©

Gesondert zu betrachten sind allerdings Patienten mit Lungener-

krankungen und schwerer pulmonaler Hypertonie, vor allem dann,
wenn die Lungenerkrankung nicht so weit fortgeschritten ist, dass
sie zwanglos als alleinige Ursache der PH gelten kann.

Solche Patienten sollten den Empfehlungen der Europa-
ischen Leitlinien folgend in klinische 5tudien eingeschlossen wer-
den. .




Prakapillare PH PAPm =25 mm Hg Gruppe 1: Pulmonal
PCWP <15 mm Hg [arterielle Hypertonie (PAH)
HZV normal oder re-/ Gruppe 3: PH verbunden mit

duziert chronischen Lungen-
erkrankungen
Gruppe 4: Chronisch throm-

boembolische pulmonale
Hypertonie (CTEPH)

Neu_e Gruppe 5: PH aufgrund
Therapieotionen ?

unklarer und/oder multi-

faktorieller Mechanismen

Galie Eur Heart J 2009; 30: 2493-2537



Rechtsherzkatheter —— PAP>25 mm Hg
PWP<15 mm Hg

Gezielte Diagnostik
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Galie Eur Heart J 2009;30:2493-2537




Rechtsherzkatheter —— PAP>25 mm Hg
PWP<15 mm Hg

Gezielte Diagrmstik

PlacekaQn

Klinik, Anamnme
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ereditare Familienanamnese

Galie Eur Heart J 2009;30:2493-2537




Hamodynamik bel PAH

I
|
WHO-FC || | WHO-FC I1I/IV WHO-FC III/IV
| (77% | 23%) (33% /67%)
|
|
PAPM (mmHg) 53+19 i 57+12 61+15
|
PCWP (mmHg) ? I 8+6 8+3
|
PVR (dynscm-5) 839531 i 15331624 18581856
|
Cl lI/min/m2) 2,7+0,8 I 1,7+0,6 1,5+0,4
|
RAP (mmHg) 7+5 i 10+6 13+6
|
6 MWD (m) 438486 | 287+112 228+114
, Early Study“ calie o v Befan®
Lancet 2008; 371:2093-2100 Hoepe’r’ ERJ 2009; 34:132-137

3 59J: WHO-FC llI: PAPm:36 mmHg, PVR: 412 dynscm-5 ClI:2, 4], RAP: 10 mmHg, PCWP: 13 mmHg

6-MWD: 350 m

L., IPAH (WHO Il1) ?



Hamodynamik bel PAH
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WHO-FC || | WHO-FC I1I/IV WHO-FC III/IV
| (77% | 23%) (33% /67%)
|
|
PAPM (mmHg) 53+19 i 57+12 61+15
|
PCWP (mmHg) ? I 8+6 8+3
|
PVR (dynscm-5) 839531 i 15331624 18581856
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3 59J: WHO-FC llI: PAPm:36 mmHg, PVR: 412 dynscm-5 ClI:2, 4], RAP: 10 mmHg, PCWP: 13 mmHg

6-MWD: 350 m | . g IPAH (WHO Ill) !

4




Ghofrani DMW 2010; 135:S87-S101



Etablierte Therapieanséatze
Im Bereich der
Endothelinstrecke
NO-Strecke
Prostazyklinstrecke

Prostacyclin pathway
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Endothelial I
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Vorführender
Präsentationsnotizen
Figure 1. Targets for Current or Emerging Therapies in Pulmonary Arterial Hypertension. 
Three major pathways involved in abnormal proliferation and contraction of the smooth-muscle cells of the pulmonary artery in patients with pulmonary arterial hypertension are shown. These pathways correspond to important therapeutic targets in this condition and play a role in determining which of four classes of drugs — endothelin-receptor antagonists, nitric oxide, phosphodiesterase type 5 inhibitors, and prostacyclin derivatives — will be used. At the top of the figure, a transverse section of a small pulmonary artery (<500 µm in diameter) from a patient with severe pulmonary arterial hypertension shows intimal proliferation and marked medial hypertrophy. Dysfunctional pulmonary-artery endothelial cells (blue) have decreased production of prostacyclin and endogenous nitric oxide, with an increased production of endothelin-1 — a condition promoting vasoconstriction and proliferation of smooth-muscle cells in the pulmonary arteries (red). Current or emerging therapies interfere with specific targets in smooth-muscle cells in the pulmonary arteries. In addition to their actions on smooth-muscle cells, prostacyclin derivatives and nitric oxide have several other properties, including antiplatelet effects. Plus signs denote an increase in the intracellular concentration; minus signs blockage of a receptor, inhibition of an enzyme, or a decrease in the intracellular concentration; and cGMP cyclic guanosine monophosphate.
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Vorführender
Präsentationsnotizen
Figure 1. Targets for Current or Emerging Therapies in Pulmonary Arterial Hypertension. (ET NO PGI2 Strecke)
Three major pathways involved in abnormal proliferation and contraction of the smooth-muscle cells of the pulmonary artery in patients with pulmonary arterial hypertension are shown. These pathways correspond to important therapeutic targets in this condition and play a role in determining which of four classes of drugs — endothelin-receptor antagonists, nitric oxide, phosphodiesterase type 5 inhibitors, and prostacyclin derivatives — will be used. At the top of the figure, a transverse section of a small pulmonary artery (<500 µm in diameter) from a patient with severe pulmonary arterial hypertension shows intimal proliferation and marked medial hypertrophy. Dysfunctional pulmonary-artery endothelial cells (blue) have decreased production of prostacyclin and endogenous nitric oxide, with an increased production of endothelin-1 — a condition promoting vasoconstriction and proliferation of smooth-muscle cells in the pulmonary arteries (red). Current or emerging therapies interfere with specific targets in smooth-muscle cells in the pulmonary arteries. In addition to their actions on smooth-muscle cells, prostacyclin derivatives and nitric oxide have several other properties, including antiplatelet effects. Plus signs denote an increase in the intracellular concentration; minus signs blockage of a receptor, inhibition of an enzyme, or a decrease in the intracellular concentration; and cGMP cyclic guanosine monophosphate.



. ) Allgemeine MaBnahmen und
Sichere Kontrazeption (FC) B 9 I

Pneumokokken und Grippeschutzimpfung (I-C)
Kontrollierte Rehabilitation (lla-B)
Psychosoziale Unterstiitzung (lla-C) Zuweisung zum Experten (1-C)
Vermeidung kdrperlicher Uberanstrengung (IIHC)

unterstiitzende Therapie

Akuter Vasoreaktivitatstest

(I-C fiir IPAH)
‘ (Ib-C fiir APAH)

3 F il -] : 1 i - ¥
Vasoreaktiv Nicht vasoreaktiv

Diuretika (I-C)
Sauerstoff* (I-C)
Orale Antikoagulation
IPAH, HPAH und Appetitziigler-PAH (lla-C)
APAH (IIb-C)
jgoxin (I1b-C




Akute Vasoreagqibilitatstestuno

Vasoreaktiv Nicht vasoreaktiv

! | | Initiale Therapie
WHO-FC M Empfehlunas-
. pfehlungs ) )
CCB (KO) fidenzgrad  WHOFCIl  WHO-FCIH WHO-FC IV
l Ambrisentan  Ambrisentan, Bosentan,
I-A Bosentan Sitaxantan, Sildenafil, Epoprostenol i.v.
Anhaltende Besserung Sildenafil Epoprostenol i.v., lloprost inh.
(WHO-C Hil) _
| B Tadalfi ~ JadaRfl
l l Treprostinil s.c., inh.
Ambrisentan, Bosentan,
E Nein I I ‘i Sitaxantas, Sildenafil,
l lla-C SHaxaRtan Oprost LY. Tadalafil, lloprost inh., i.v.,
Treprostinil i.v.

Treprostinil s.c., i.v., inh.,
Fortsetzung CCB primare Kombitherapie

Beraprost

Ghofrani DMW 2010; 135:5S87-S101



Initiale Therapie

WHO+C 1l WHO-FC 1l WHO-FC IV

Empfehlungs-
Evidenzgrad

Ambrisentan  Ambrisentan, Bosentan,

I-A Bosentan Sitaxentan, Sildenafil, Epoprostenol i.v.
Sildenafil Epoprostenol i.v., lloprost inh.

Tadalafil,

B Tadalafl Treprostinil s.c., inh.

Ambrisentan, Bosentan,
Sitaxentan, Sildenafil,
Tadalafil, lloprost inh., i.v.,
Treprostinil s.c., i.v., inh.,
primdre Kombitherapie

lloprost i.v.

lla-C Sitaxentan S
Treprostinil i.v.

lIb-B Beraprost

BAS (FC) und|/oder Nicht zufriedenstellender Sequentielle Kombitherapie (1la-B)§
ITX (I-C) klinischer Verlauf +ERA +Prostanoide +PDES

Nicht zufriedenstellender
klinischer Verlauf

Ghofrani DMW 2010; 135:5S87-S101



Welche Firstline-Therapie ?

keine Uberlegenheit oder Unterlegenheit einer Substanz oder
—klasse gegenuber einer anderen Substanz oder —klasse
bezluglich Effektivitat belegt



Kombinationstherapie

Sequentiell ?
Simultan von Anfang an (, hit hart and early“) ?
Uberhaupt ?

Wenn dann Einleitung nur im Expertenzentrum !*

1 Galie Eur Heart J 2009:30:2493-2537



Meta-Analysis of Monotherapy Versus Combination Therapy for
Pulmonary Arterial Hypertension

Benjamin D. Fox, BM, BS*", Avi Shimony, MD*¢, and David Langleben, MD*#*
6 prospektive random. Studien

In conclusion, this meta-analysis suggests that in PAH CT does
not offer an advantage over MT apart from modestly increasing exercise capacity. How-

ever, given the paucity of good-quality data, more studies are required to define the efficacy
of CT in this population before establishing final guidelines.
rights reserved. |

Am J Cardiol 2011;108:1177-82



Combination Therapy:

Ongoing or Recently Completed Clinical Trials

14 trials

Current therapy

Added therapy

Patients (n)

Study duration

Primary end point

FREEDOM-
c

Bosentan and/ or
sildenafil

Treprostinil oral

300

16 weeks

MWD

AMBITION

Ambrisentan/
tadalafil/combo

Combo vs mono

300

Event-driven

Morbidity/mortality event

Pfizer

Bosentan

Sildenafil

106

12 weeks

6MWD

COMPASS-1

Bosentan

Sildenafil

45

Single dose

PVR

COMPASS-2

Sildenafil

Bosentan

Event.-driven

Morbidity/monrtality event

COMPASS3

Bosentan

Sildenafil

16 weeks

MWD

ATHENA-1

Sildenafil or tadalafil

Ambrisentan

24 weeks

PVR

SERAPHIN

Naive/PDE-
S/PGlcombo

Macitentan

Event-driven

Morbidity/mortality event

PATENT

Naive/PGVERA

Rinciguat

12 weeks

G6MWD

IMPRES

&2 current therapies

Imatinib

24 weeks

MWD

Gilead

Stable PAH therapy

Cicl .

12 weeks

6MWD

ATPAHSS

Ambrisentan/
tadalafil’'combo

Combo v8 mono

36 weeks

RV mass/PVR

GRIPHON

ERA, PDES or both

Selexipag

Event-driven

Morbidity/mortality event

MNovartis

Stable PAH therapy

Nilotinib

6 months

PVR

Agrawal Am Heart J 2011;162:201-213




Zukunftige Therapieoptionen ?

neue Endothelin-Rezeptor-Antagonisten (z.B. Macitentan)

Phosphodiesterase-5-Hemmer (z.B. Vardenafil)

Prostazyklinanaloga (z.B. Trepro p.o.) und -rezeptorAnaloga (z.B.Selexipag)



Neue therapeutische Angriffspunkte ?

Tyrosinkinasehemmunq

(Imatinib (Hemmung von platelet-derived growth factor receptor)

cGC-Stimulation (-Aktivierung)

Serotoninrezeptor-Antagonismus
Rho-Kinase-Antagonismus
Ka-Kanalstimulation
etc.

(Endothel-Zell-Transplantation)



Targeting non-malignant disorders
with tyrosine kinase inhibitors

Table 2 | Non-malignant diseases with involvement of derequlated RTK signalling

Indication Deregulated RTK pathway targets Compounds that modulate these targets ~ Development status
Pulmonary PDGFR®-E Imatinib (Gleevec/Glivec; Novartis)- Phase Il
WPEMENION  pGFR and VEGFREs:s: Sorafenib (Nexavar; Bayer/Onyx)/5:22722 Phase |b

PDGFR, VEGFR and FGFR™%3%6%  §1J5614% Phase [Ib

Grimminger Nat Rev Drug Discov 2010;9:956-79



Imatinib (Glivec®) bel PAH

Verbesserung der Hamodynamik nach 6 monatiger Therapie
Phase Il - Studie

Imatinib P = 0.02

Placebo

Clr?"
=
O
9]
0]
o2
»
Q
=
=

=

oC
=

O

<]

Imatinib: Bl: n=14, Study end: n= 8
Placebo: Bl: n=16, Study end: n=12

Ghofrani AJRCCM 2010; 182:1171-7


Vorführender
Präsentationsnotizen
Einschluss: IPAH bzw CTD-PAH-Pat.
Primary endpoints:safety and change from, baseline in 6 MWD
Secondary endpoints: hemodynamics and functional classification
Enrollment: Imatinib n= 28; Placebo: n=31
Serious adverse events: Imatinib: n=11 (39%); placebo: n=7 (23%)
Deaths: 3 in each group
Most common AE in imatinib group: nausea (50%), headache (38%), peripheral edema (25%) ----> AEs did not lead to discontinuation of drug


IMPRES*

o 24-week, multicentre, double-blind, placebo-controlled, parallel-group study
of the efficacy, tolerability and safety of imatinib

 Enrolled patients with advanced PAH who were symptomatic and had PVR
2800 dynes-s-cm™ despite treatment with 22 PAH drugs

400 mg (if well tolerated)

Imatinib down-titrated to 200 mg if not well tolerated
Qs s nn n @ - e EEE RN AR EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
200 mg
6-week screening period
o— T I SN S —
Open-label long-
blinded up-titration (if well tolerated) term uncontrolled
down-titrated if not well tolerated extension
QIACEN0] | guueeiierrutrrerrer e st e e s e e
Randomization  Week Week
(1:1) 2 %4
RHC, echocardiography, RHC, echocardiography,
6MWD (monthly) 6MWD repeated

*Imatinib is currently not approved for the treatment of PAH Hoeper et al. Chest 2011;140:1045A



Patient characteristics and
disposition in IMPRES*

202 patients randomised (imatinib, n=103; placebo, n=99)
Mean age 48 years (18-77)

Mean duration of PAH 5.3 years

67.7% WHO Class Il

Mean 6MWD 344m (337 vs. 351m for imatinib and placebo,
respectively)

® 6/7.0% of imatinib and 81.8% of placebo patients completed the
study and entered a separate extension study

Hoeper et al. Chest 2011;140:1045A

*Imatinib is currently not approved for the treatment of PAH



Key findings from IMPRES*

® Placebo-corrected treatment effects at Week 24 vs. baseline:
— Imatinib improved 6MWD by 32m (p=0.002)

— Imatinib improved PVR (—379 dynes.sec.cm™, p<0.001),
CO (0.88 L/min, p<0.001) and PAP (p<0.001)

— Imatinib improved NT-pro-BNP values (—45.10 pmol/L, p=0.04)

« There was no difference between imatinib and placebo for TTCW at Week 24
(hazard ratio 1.16, p=0.563)

 Overall incidence of AEs similar for imatinib and placebo (97% vs. 96%,
respectively)

« SAEs (44% vs. 30%) and discontinuations were more frequent with imatinib.
There were 3 deaths in each group

Hoeper et al. Chest 2011;140:1045A,;
http://www.novartis.com/newsroom/media-releases/en/2011/1549437.shtml
*Imatinib is currently not approved for the treatment of PAH



NO-sGC-cGMP-Signalkette im Blutgefafl}

Vaso-
dilatation

Evgenov Nature Reviews 2006;5:755-768

Inhibition of
platelet

aggregation




Neue Therapieoptionen bel der prakapillaren PH

PH der Gruppen V (seltene Ursache) und Gr. Ill (Lungenerkr.)
@ zugelassene Therapieotionen

PH der Gruppe IV (CTEPH)
operabel: PEA
iInoperabel: aktuell keine zugelassene Therapie zukunftig Riociguat ?

PH Gruppe | (PAH)

3 etablierte therapeut. Interventionsmaglichkeiten
Endothelin-Rezeptor-Blocker
Phosphodiesterase- 5-Hemmer
Prostazyklinanloga
neue vielversprechende Interventionsmadglichkeiten
Tyrosinkinasehemmer
zykl. Guanylatzyklase Stimulatoren (Aktivatoren)
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