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Aggressive Treatment in PAY

Has two meanings:

U Early in the course of the disease (at an early stage)

U Rapid/initial combination therapy

|
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Why Is early treatment needed?

Survival depends on NYHA FC at

diagnosis
A 100TTE—— PAH patients in
- L_“'—|_L (WHGFC) I/l had
e T significantly better
2 e :
— 60~ s ' long-term survival
B .o H, than those
= e e . .
n patients in WHQO
20- FC NV
O T T I
0 12 24 36
Time, months
No. at risk
= NYHA I 12 15 19 23 24 26 27
== NYHA I 37 48 70 79 88 88 89
== NYHA IV T 5] 9 1 10 13 17

A, KaplanMeier estimates of survival Humbert M et al.Circulation2010
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28 Yrs Old Woman, History of SLE

AManaged withplaquenil

AAdmitted in 2013 with
lupus flare

AEcho findings:
A Normal LV function
ARV dilated
A RVF moderately impaired
A2+ TR

A Estimated systolic
PAP=60mmHg

% IIANEAAHNIA ZEMINAPIA
‘| OMAAON EPrAXIAX

~ o 20-22 OEBPOYAPIOY 2020

AChest CT scan normal
parenchyma

AV/Q scan low probability
for thromboembolic
disease

ATreated with pulsed dose
steroids with improvement
and stabilization

A1 mo after discharge, echo
was repeated
ARV mildly dilated with
mildly impaired RVF
A Estimated PAP=45mmHg

EAAHNIKH
KAPAIOAOI'TKH 5
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RHC and Associated Diagnostics

o3 Baseline

RA (mmHgQ) 8
PA (mmHQ) 53/29/37
PCWP (mmHgQ) 10
CO (L/min) 5.1
CI (L/min/n) 2.7
PVR (Wood units) 5.2
BNP (pg/mL) 122
6MWD (m) 415
NYHA FC |

EAAHNIKH

OMAAON EPIrAXIAX KAPAIOAOTTKH
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Diagnosis andnitial Therapy

A Diagnosed with CT&ssociated PAH
A NYHAFCII

A Initial monotherapy withsildenafil20 mg 3x daily
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2015 ESC/ERS - Risk assessment in PAH

Determinants of
prognosis?

Clinical signs of right
heart failure

Progression of symptoms
Syncope

WHO functional class
6MWD

Cardiopulmonary exercise

testing

NT-proBNP plasma levels
Imaging

(echocardiography, CMR
imaging)

Haemodynamics

aEstimated 1-year mortality.

Low risk
< 5%

Absent

No

No

[, 1l
>440m

Peak VO,
> 15 ml/min/kg
(> 65% pred.)
VE/VCO,slope < 36

BNP < 50 ng/l
NT-proBNP < 300 ng/ml

RA area < 18 cm?
No pericardial effusion

RAP < 8 mmHg
cl O 2.5 |

Intermediate risk
5-10%

Peak VO,
11-15 ml/min/kg
(35-65% pred.)
VE/VCO,slope 361 44.9

BNP 50-300 ng/l
\

RA area 18-26 cm?
No or minimal, pericardial

SvO, 60-65%

High risk
> 10%

Present

Rapid
Repeated syncope¢
v
<165m

Peak VO,
< 11 ml/min/kg
(< 35% pred.)
VEINCO, O 45

BNP > 300 ng/l
NT-proBNP > 1400 ng/I

RA area > 26 cm?2
Pericardial effusion

RAP > 14 mmHg
Cl < 2.0 I/min/m?2
SvO, < 60%

bOccasional syncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient.

‘Repeated episodes of syncope, even with little or regular physical activity.



Monotherapy or Initial Combination Therapy?

Measure/
treatment
Calcium channel blockers WHO-FC
Endothelin receptor antagonists Ambrisentan
Bosentan Ambrisentan +
tadalafit®
Macitentan®
Phosphodiesterase type 5 inhibitors —é Sildenafil Other ERA +
PDE-5i
Tadalafil
Vardenafif Bosentan -+ - -
Guanylate cyclase stimulators Riociguat sildenafil +
Prostacyclin analogues Epoprostenol | Intravenous® - - LV. €pop rostenol
Bosentan + i.v. - -
lloprost Inhaled - -
epoprostenol
ntravenous® | - | - Other ERA or
Treprostinil | Subcutaneous - - PDE-5i +
Inhaled® - s.c. treprostinil
Intravenous’ - -
. Other ERA or
Oral - - 3
PDE-5i + other
Beraprost® i.v. prostacyclin
IP receptor agonists Selexipag (oral)® analogues
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Follow-Up 2014

_ 2013 Baseline | 2014 ~ 9 months

RA (mmHQ) 8
PA (mmHQ) 53/29/37
PCWP (mmHg) 10
CO (L/min) 5.1
CI (L/min/my) 2.7
PVR (Wood 5.2
units)
BNP (pg/mL) 122 95
6MWD (m) 415 465
NYHA FC I I
Treatment Sildenafi
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Follow-Up 2016

2013 Baseline 2014 2016
~ 9 months ~ 2 yrs

RA (mmHQ)
PA (mmHQ) 53/29/37 67/31/43
PCWP (mmHg) 10 12
CO (L/min) 5.1 4.7
CI (L/min/rrY) 2.7 2.5
PVR (Wood units) 5.2 6.5
BNP (pg/mL) 122 95 136
6MWD (m) 415 465 380
NYHA FC | [ I
Treatment Sildenafil Sildenafil
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2015 ESC/ERS - Risk assessment in PAH

Determinants of
prognosis?

Clinical signs of right
heart failure

Progression of symptoms
Syncope

WHO functional class
6MWD

Cardiopulmonary exercise

testing

NT-proBNP plasma levels
Imaging

(echocardiography, CMR
imaging)

Haemodynamics

aEstimated year mortality.

Low risk
< 5%

Absent

No

No

[, 1l
>440m

Peak VO,
> 15 ml/min/kg
(> 65% pred.)
VE/VCO,slope < 36

BNP < 50 ng/l
NT-proBNP < 300 ng/ml

RA area < 18 cm?
No pericardial effusion

RAP < & mmHg
cr 0 2.%
SvO, > 65%

Intermediate risk
5-10%

Occasional syncope®

Peak VO,
11-15 ml/min/kg

(35-65% pred.)
VE/VCO,slope 36i 44.9

NT-proBNP 300-1400 ng/I

RA area 18-26 cm?
No or minimal, pericardial
effusion

RAP 8-14 mmHg

Cl 2.0-ZZTTmin/m?2
SvO, 60-65%

High risk
> 10%

Present

Rapid
Repeated syncope¢
v
<165m

Peak VO,
< 11 ml/min/kg
(< 35% pred.)
VEINCO, O 45

BNP > 300 ng/l
NT-proBNP > 1400 ng/I

RA area > 26 cm?2
Pericardial effusion

RAP > 14 mmHg
Cl < 2.0 I/min/m?2
SvO, < 60%

bOccasionasyncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient.
‘Repeatecepisodes of syncope, even with little or regular physical activity.



Recommendations for combination therapy in PAH
continue to evolve

2009
ESC/ER8

Sequential combination
therapy

MAY BE CONSIDERED

In patients who fail to show
improvement or who
deteriorate on a single drug
(monotherapy)

EVIDENCE LEVEL: lIb-C

Combination therapy

SHOULD BE CONSIDERED
In patients on monotherapy
with what was called

Oi nadequate
(i.e. patients not improving

c |

and remaining in WHO FC IlI)

EVIDENCE LEVEL.: lla-B
In WHO FC IV patients initial
combination therapy

should be considered

Evidence level: lla-C

1. G a ktil. J AN Coll Cardiol 2004; 43:81S-8 8 S ; 2.
3. Barst RJ, et al. 3 Am Coll Cardiol 2009; 54:S78-8 4 ; 4 .
5. G a ktil. J AN Coll Cardiol 2013; 62:D60-7 2 ; 6 .

2015
ESC/ERS

Sequential drugs
combination therapy

IS RECOMMENDED

In patients with inadequate
treatment response to initial
monotherapy or to initial
double combination therapy

EVIDENCE LEVEL: I-B

In WHO FC IV patients initial
combination therapy including
l.v. prostacyclin should be
considered

Evidence level: lla-C

et@h Eur HeartN 2004; 25:2243-78;
eBal. Eur HearlNJ, 2009; 30:2493-537;
ebal. Eur HearNJ, 2016; 37:67-119.




Recent Trials of Sequential Combination Therapy

A The efficacy and safety of sequential combination
therapy has been evaluated in long-term trials using
morbidity and mortality as a primary endpoint

Kopec G, et al. J rare Cardiovasc Dis 2015;2:103-107
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SERAPHIN Study Design

* Global (39 countries) multicentre, double-blind, randomised, placebo-controlled,
parallel-group, event-driven, phase 3 clinical trial

Arm 1: Macitentan
10 mg (n = 242)

* 742 pts with
symptomatic PAH
in FC II-1Vv@

* 6MWD >50 m
* Treatment-naive or

on protocol-allowed
Arm 3: Placebo
background tx (n = 250)

Event-driven: 85 (PL) to 104 (10 mq) T

Screening Arm 2: Macitentan
(28 days) 3 mg (n = 250)

T W AT RITIIW I TN W T W wWTw T o\ w Y owrow

Randomisation EOSP (285 events)
May 2008 - December 2009 March 2012

? |diopathic, heritable, or related to connective tissue disease, repaired congenital systemic-to-pulmonary
shunts, HIV infection, or drugs and toxins; confirmed by RHC.
b patients were censored at end of double-blind treatment.



Over 50% of patients in the SERAPHIN trial
were in FC |l at baseline

All patients
nh=742

Female sex, % 76.5
Age, years, mean + SD 45.6 £ 16.13
Time from diagnosis, years, mean £ SD 27 +4.0
6MWD, m, mean + SD 360 * 100.2
PVR, dyn-sec/cm?, mean + SD 1026 + 696.7

WHO FC, %
I 52.5

v 47.5

Background PAH therapy, % 63.7
PDE-5 inhibitors 61.4
Oral/inhaled prostanoids 54

Pulido T, et al. N Engl J Med 2013; 369: 809-18.



SERAPHIN AND CTD-patients

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Female sex — no. (25)
Age — yr
Race or ethnic group — no. (2&) 7
White
Black
Asian
Hispanic
Other
Time from diagnosis of PAH — yr
PAH classification — no. (2&)
Idiopathic

Associated with connective-tissue disease

Associated with HIV infection

Associated with drug use or toxin exposure

6-Min walk distance — m
WHO functional class — no. (26)
I
I
I
v
Hemodynamic variables
Right atrial pressure — mm Hg
Pulmonary-artery pressure — mm Hg
Pulmonary-capillary wedge pressure — mm Hg
Cardiac index — liters/min/m=® of body-surface area
Pulmonary vascular resistance — dyn-sec-cm™°
Receipt of background treatment for PAH — no. (24)
MNo
Yes

Phosphodiesterase type 5 inhibitor
Oral or inhaled prostanoid

Anticoagulant therapy — no. (28)

Placebo
(N =250)

184 (73.9)
46.7+17.03

131 (52.6)
8 (3.2)
71 (28.5)
37 (14.9)
2 (0.8)
2.6+3.7

126 (51.0)

21 (32.8)
3 (1.2)
8 (3.2)
352+110.6

0
129 (51.8)
116 (46.6)
4 (1.6)

8.8+5.6
53.1+18.1
9.5+3.4
2.44+0.80
996+784.3

95 (38.2)
154 (61.8)
150 (60.2)
7 (2.8)
119 (47.8)

Macitentan,
3 mg
(N =250)

187 (75.4)
44.5+16.26

137 (55.2)
5 (2.0)
69 (27.8)
37 (14.9)

o
3.0+4.5

144 (58.3)

70 (28.3)

138 (55.6)
105 (42.3)
5 (2.0)

9.2+5.3
55.1+16.7
9.8+3.3
2.36=0.79
1044+624.2

85 (34.3)
163 (65.7)
154 (62.1)

18 (7.3)
134 (54.0)

Macitentan,
10 mg
(N=242)

194 (80.2)
45.5+14.99

135 (55.8)
6 (2.5)
65 (26.9)
35 (14.5)
1 (0.4)
2.6+3.6

134 (55.6)

73 (30.3)
6 (2.5)
5 (2.1)
363+93.2

1 (0.4)
120 (49.6)
116 (47.9)

5 (2.1)

9.2+6.0
53.5+x17.6
9.5+3.4
2.36x0.78
1040x672.5

88 (36.4)
154 (63.6)
150 (62.0)

15 (6.2)
125 (51.7)

All Patients
(N=742)

565 (76.5)
45.6+16.13

403 (54.5)
19 (2.6)
205 (27.7)
109 (14.7)
3 (0.4)
2.7+4.0

404 (55.0)

224 (30.5)

10 (1.4)
22 (3.0)
360+£100.2

1 (0.1)
387 (52.4)
337 (45.6)

14 (1.9)

9.1+5.6
53.9+17.5
9.6+3.4
2.39+0.79
1026+696.7

268 (36.3)
471 (63.7)
454 (61.4)
40 (5.4)
378 (51.2)




Effect of Macitentan on morbidity or mortality
In patients receiving background therapy

Combination therapy:
Macitentan 10 mg + background therapy

Median 115 wks
Monotherapy:
Placebo + background therapy

Combinationvs monotherapy: Risk reduction 38%
(95% CL 0.4®.89; logrank p value 0.009)

the event (Kaplan-Meier estimate)

et
-
o]
=
=
=
2]
c
o
E
=]
Yy
=]
L]
c
o
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E
o
o
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£
]
L]
w

12 18 24 30
Patients at risk Time from treatment start (months)

Macitentan 154 134 119 107 97 53 24
Placebo 194 142 106 90 g0 40 10

Am JCardiovas®rugs https//doi.org/10.1007/s40256-017-0260-1




Primary endpoint:

Exploratory subgroup analysis (10mq)

No. of events/no. of patients Hazard ratio (95% ClI)

Macitentan 10 mg Placebo Favours macitentan Favours placebo

< ; >
Allpatients __________________________ Tol2d2 _ _ M6i250 ___ ____ ked [
Sex (interaction p value = 0.73) '
Male 16/48 35/65 ——i
Female 60/194 81/185 —o i
Race (interaction pvalue =0.82) T TTTTTTnmmmmmmmmmem e T
Caucasian/white 43/135 58/131 —e— ,
Asian 19/65 36/71 —a—i
other 442 22148 e
PAH therapies at baseline (interaction p value = 0.24) :
Yes 50/154 68/154 —e—,
No 26/88 48/96 a1
PAH aetiology (interaction p value = 0.84) :
Connective tissue disease 20/73 31/82 ——
Congenital shunts 4/21 10/26 I . —
Idiopathic/Other? 52/147 75/140 .
Geographical region (interaction p value = 0.82) :
North America 4/23 5/30 I o |
Western Europe/lsrael 12/48 21/51 —e—,
Eastern Europe/Turkey 24162 33/59 [p—
Asia 21/68 33/68 ———p
Latin America 15/41 24/42 A —
0.1 1 10

AOther 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.



Recommendations of efficacy for sequential drug combination
therapy for PAH (group 1) according to WHO FC

Measure/treatment

Macitentan added to sildenafil”

Class of recommendation 7 Level of evidence

WHO-FC Il WHO-FC llI

(09)

WHO-FC IV

@]

Riociguat added to bosentan

Selexipag™ added to ERA and/or PDE-5i"

Sildenafil added to epoprostenol

Treprostinil inhaled added to sildenafil or bosentan

lloprost 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

OfojlojofojlO(0O|@| |||

Ofojlojofolo(fo]lo]| O |W|O|O0

Riociguat added to sildenafil or other PDE-5i

w

0]

“Time to clinical worsening as primary endpoint in RCTs or drugs with demonstrated reduction in all-cause mortality (prospectively
defined). "This drug was not approved by the EMA at the time of publication of these guidelines.




Follow-Up 2017

2013 Baseline 2014 2016 2017
~ 9 months = 2 yrs ~1yr

RA (mmHgQ)
PA (mmHg) 53/29/37 67/31/43
PCWP (mmHg) 10 12
CO (L/min) 5.1 4.7
CI (L/min/n®) 2.7 2.5
PVR (Wood units) 5.2 6.5
BNP (pg/mL) 122 95 136 75
6MWD (m) 415 465 380 480
NYHA FC Il Il 1 I
Treatment Sildenafil Sildenafil Sildenafil+
Macitentan
Added
Macitentan
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Follow-Up 2018

2013 Baseline 2014 2016 2017 2018
~ 9 months ~2Yyrs ~1yr ~1yr

RA (mmHg)
PA (mmHg) 53/29/37 67/31/43 66/33/46
PCWP (mmHg) 10 12 12
CO (L/min) 5.1 4.7 4.1
CI (L/min/n¥) 2.7 2.5 2.1
PVR (Wood 5.2 6.5 8
units)

BNP (pg/mL) 122 95 136 75 154
6MWD (m) 415 465 380 480 345
NYHA FC [l [l 11 | 1]

Treatment Sildenafil Sildenafil Sildenafil+ Sildenafil+

Macitentan Macitentan
Add Macitentan
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2015 ESC/ERS - Risk assessment in PAH

Determinants of
prognosis?

Clinical signs of right
heart failure

Progression of symptoms
Syncope

WHO functional class
6MWD

Cardiopulmonary exercise

testing

NT-proBNP plasma levels
Imaging

(echocardiography, CMR
imaging)

Haemodynamics

aEstimated year mortality.

Low risk
< 5%

Absent

No

No

[, 1l
>440m

Peak VO,
> 15 ml/min/kg
(> 65% pred.)
VE/VCO,slope < 36

BNP < 50 ng/l
NT-proBNP < 300 ng/ml

RA area < 18 cm?
No pericardial effusion

RAP <8 mmHg
cr 0 2.5 |
SvO, > 65%

Intermediate risk
5-10%

Occasional syncope®

Peak VO,
11-15 ml/min/kg

(35-65% pred.)
VE/VCO,slope 36i 44.9

NT-proBNP 300-1400 ng/I

RA area 18-26 cm?
No or minimal, pericardial
effusion

SvO, 60-65%

High risk
> 10%

Present

Rapid
Repeated syncope¢
v
<165m

Peak VO,
< 11 ml/min/kg
(< 35% pred.)
VEINCO, O 45

BNP > 300 ng/l
NT-proBNP > 1400 ng/I

RA area > 26 cm?2
Pericardial effusion

RAP > 14 mmHg
Cl < 2.0 I/min/m?2
SvO, < 60%

bOccasionasyncope during brisk or heavy exercise, or occasional orthostatic syncope in an otherwise stable patient.
‘Repeatecepisodes of syncope, even with little or regular physical activity.



Patients continue to experience disease progression despite

dual combination therapy (sequential or upfront)

Sequential combination therapy Upfront combination therapy
SERAPHIN study AMBITION study
(pretreated patients only — 63%) (all patients treatment-naive)
100
5 §
3 o
£ c 607
® L
H :
£ 40- £ 40
3 RRR vs. placebo: 38% 3 RRR vs. placebo: 50%
g | p=oom g | p<oo
% PDESI + Macitentan 10 mg % = Combo-Tx (Tadalafil + Ambrisentan)
@ | —— PDESi+Placebo - — '

For patients not achieving a low risk status, the addition of a third therapy

may be adequate in order to improve long-term prognosis

Pulido T, ef al. N Engl J Med 2013, 369:809-18; Galié N, et al. N Engl J Med 2015; 373:834-44.



Options in the Context of Dual
Background Therapy

N

Switch From
Sildenafil to
Riocigua

Add Inhaled
PGI2

Add IP Add

Receptor Parenteral
Agonist PGI2

-
-
R
27N
RalgPs
7
S
7 e
it
v
7
e
R
e
it
Ps

e
-’
N

Add Oral PGI2



RESPITE: switching to riociguat In
pulmonary arterial hypertension patients
with inadequate response to
phosphodiesterase-5 inhibitors

Marius M. Hoeper', Gérald Simonneau?®, Paul A. Corris®, Hossein-
Ardeschir Ghofrani*-®, James R. Klinger®, David Langleben’, Robert Naeije®,
Pavel Jansa’, Stephan Rosenkranz'?'", Laura Scelsi'?, Ekkehard Griinig'?,
Carmine Dario Vizza ©'4, MiKyung; Chang'®, Pablo Colorado'®,

Christian Meier'?, Dennis Busse'’ and Raymond L. Benza'®

RESPITE investigated
the safety, feasibility and benefit of switching from PDE-5i to riociguat

Eur Respir J 2017;50:1602425
[https://doi.org/10.1183/13993003.02425-2016]




RESPITE: Patient disposition and flow over 24 wks of
treatment

Patients in Screened
A WHO FC I, (n=79)
A 6-MWD 165i 440 m,

A cardiac i ndexmahd 0 -
reated

A°'PVR >400 dynbksbkcm (neb1)
underwent a 1i 3 day PDE-5i treatment
free period before receiving riociguat

Riociguatupto 2.5 mg tid
[n=61)

Completed 24 weeks of treatment
(n=51] (84%)

Eur Respir J 2017;50:1602425
[https://doi.org/10.1183/13993003.02425-2016]

Discontinued*  (n=10] (16%) Lack of efficacy 1(2%]
Adverse event 4 [7%) Physician decision 1(2%)
Deathl 1(2%) Withdrawal by patient 3 [5%]




RESPITE: change from BSL in 6-MWD, NT-proBNP, FC

Dose-adjustment
phase

in &aMWD m

Mean change from baseline

Mean treatment change
(n=51):+31m
p=0.0010
[95% Cl +13 to +49 m|

08—

Baseline 2

Eur Respir J
2017;50:1602425
[https://doi.org/10.1183/1399
3003.02425-2016]

12 24

Time weeks

Patients %

150+
250+
-350+
~450+

Mean change from baseline in
NT-proBMNP pg-mL-!

Mean treatment change

p=0.0170¢

=504

AN _ (n=51): =347 pg-mL""
[ 1

Dose-adjustment
phase

-550

Baseline 2 4 b 8 12

Time weeks

WHO FC Il
WHO FC I
B WHO FC |

p<0.0001

T
Baseline

INn=5411




Conclusions

A The findings from RESPITE indicate that replacing-BiDE
with riociguatmay bea feasible and effective treatment
strategyfor patients with PAH who have an insufficient
clinical response to PD& monotherapy or to combination
therapy with ERA and PD&.

A This study represents an important step towards
determining if this new treatment strategy is an effective
approach to the management of patients with PAH, although
additional data from larger, randomized, controlled studies
are neededo further establish the safety and efficacy of this
approach.

Eur Respir J 2017;50:1602425
[https://doi.org/10.1183/13993003.02425-2016]






