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Tailored management of CTEPH according
to the type of lesions

Proximal fibrotic Iesinﬁé\:
Main, lobar, segmegtal
pulmonary artestes

*»-.'3'{‘

éﬁ
Distal ﬂlﬁtiﬂ lesions:

Sub-s ntal and more distal
P to 3 mm diameter
.{5‘
s

[x
ﬁ? Small vessels disease
similarto those found in IPAH):
Thickening of small PA wall
(0.1 to 0.5 mm diameter)

'@
Med. Rx. (Riociguat)




CTEPH Treatment Algorithm (2015 ESC/ERS guidelines)
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Galie N, HumbertM, et al Eur RespirJ 2015 & Eur Heart J 2016, EFA= balloon pulmonary angioplasty
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Combining different treatment modalities in CTEPH

S
« Current modalities for thg‘*“"treatment of CTEPH
— Surgery (PEA) ﬁ"ﬂ
— Angioplasty (BPA) ,&

— Medical therapyﬁ AH-targeted drugs)
efl*

+ Combined @ﬁ%dalltles

_ PEA + ffedical treatment o
& ore surgery (“bridging therapy”) &
-s- after surgery (“persistent PH") _ﬁaé
?;PEIF’A + medical treatment &

&
&%@ — PEA+BPA &



Pulmonary endarterectomy (PEA) is the treatment of
choice for operable patients with CTEPH

Organized thrombotic material Sl

= Presence of proximal lesions q
= Good correlation between obstruction aﬁvel of PVR
= No comorbidities @ﬁ

Thistlethwait%ﬁ et al J Thorac Cardiovasc Surg 2002.
ﬁdi‘ Dartevelle P et al. Eur Respir J 2004,
- Jamieson 3W et al. Ann Thorac Surg 2003.
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PEA outcomes: major haemodynamic improvement

CorsicoAG, et al.

AJRCCM 2008 Qb‘ﬁ
&

Freed DH
JTCVS 2011

Madani
Ann Th Surg 2012

e
CVS 2012
%)

@c? Skoro-Sajer N

Thorax 2014

Cannon JE
Circulation 2016
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Before PEA After PEA Treatment effect
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Survival in operated and not-operated CTEPH patients
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&
hﬁIzllgtlzlc:mi:{ M, etal. Circulation. 2016;133:859-71.



Pulmonary endarterectomy (PEA) is the treatment of
choice for operable patients with CTEPH

= Peri- Oﬁ’ETE'tWE mortality <5% in experienced centers but increasing mgq%n pre-
Dpe‘f"atwe PVR=> 800-1200 dyn.s.cm™ (1.2)

@’5%—40% are not amenable for PEA (distal lesions, cnmnrbldltleﬁf@

]E"- Some patients have persistent PH after PEA ﬁ.ﬁ*’f@

(1) Dartevelle P, et al. Eur Respird 2004; (2) Mayer E, et al. J Thorac Cardiovasc Surg 201 :ﬁfg}) Pepke-£aba J, et al. Circulation 2011.



Persistent/ residual PH following PEA

A2
« Due toincomplete resectinn@astal vasculopathy, inaccessible lesions, or re-occlusion
« Most important cause of ;;ng\tnperative morbidity and mortality

o

2 T
- No consensus on thgédeﬂnltmn

<
Reference ﬂbﬁ‘a N Criteria Prevalence
o
ar
Mayer E, J Thﬂra&ﬁérdfﬂmsc Stirg 2011 386 | mPAP =25 mmHgend ICU 17%
£ {51-
5
Freed DH, ﬁhgrac Cardiovasc Strg 2011 314 | mPAP =30 mmHg at 3 mo ﬁﬁﬁl T
3 i
Mad%@i%hﬂ,ﬂnn Thorac Surg 2012 500 | PVR >500dyn.s.cm—=end ICU qq.{“& 6%
@E@'ﬂm-ﬁayer N, Circufation 2009 103 | PVR >550 dyn.s.cm end ICU@ 14%
i
Corsico AG, Am J Respir Crit Care Med 2008 157 | PVR >500dyn.s.cm™= atﬁﬁ 24%
rlox

?3}



CTEPH Treatment Algorithm (2015 ESC/ERS guidelines)

t&-‘“& Diagnosis confirmed by
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Galie N, HumbertM, et al Eur RespirJ 2015 & Eur Heart J 2016, # EFA= balloon pulmonary angioplasty



RCT with bosentanin CTEPH

Study . . Secondary
Treatment Firation Primary endpoint endpoints
BENEFIT Bosentan q@#@ i5F 16 wks APVR Positive
Vs ﬁ;\@ -24% TPR; Ci;
plan:ebn.“:" Inoperable _0.0001 Borg scale;
ﬁu (n=113) (p=0.0001) A NT-pro-BNP
P :
& ; A 6-MWD Negative:
& FETE 22 m FC: TICW.
A2 44" Qol (SF-36
¥ I:I'I—fi-ﬂj' :p=[]_54:| ol | é_ﬁ-
&
i -
& | FC: Functional class; 6-M -E- B-minwalk distance; @ ardiac Inde
ﬂp _— MNT-pro-BMP: M-terminal pro-brain natriuretic peptig®” QoL Quality of
5 Life; TPR: Total Pulmonary Fwa!'-:'rar:: nagfe: PVR: Pulmonar
Tim Arsenin

Jascular Resistance: TTC
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RCT with riociguatin CTEPH

Treatment

Study
duration

Primary endpoint

Secondary

CHEST
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placgt
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261 16 wks

Inoperable
(n=189)

Persistent PH
after PEA,
(n=72)

FPatinnts with parsiatent’
recurrent PH after PEA
(n=S2720)
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endpoints

A 6MWD
+46 M
(95%Cl: 25-67m)

(p<0.0001)

Positive:
PVR; NT-pro-BNP;
FC; Borg scale;
Gol (ED-Q5)

Negative: -
TTCWW: ,&“
QoL (LR
&
FC. Functional class; 6-MWD: Ga#hin walk distance;
NT-pro-BMP: M-terminal pro-afin natriuretic
peplide; QoL Quality =:fL|ir§u-. /R Pulmonary

/ascular Resistance; TIEW: Time to clinical

worsening; LPH: Livingewith PH questionnaire;
ED-Q5: EuroCial fic.?é'“’:i mensions questionnaire.

A,
&Y
i

<g°
N Ghofrani HA, etal M Engl J Med. 2013.



RCT with macitentan in CTEPH

Patient: Study - - Secondary
Treatment (r} diraiien Primary endpoint endpoints
MERIT-1 Macitentan® -@@E 60 24 whks A PVR atweek 16 Positive:
vs Hﬁ:}& 16% AGMWD at week 24
placebo™ & Al Inoperable L +34 M (p=0.03)
éﬁp (p=0.04) AC| at week 16;
e A NT-pro-BNP  at week 24
<8’

MNegative &

&
FC; Borg ggale
u?“emé gﬁ.

2
& &
&° &
&D‘?. ; 5 e i A & s
*At baseline, 61% of patients were receiving f_‘-Ti *'-="§;’%;'-F-‘-fj{i}SE-fi- 6-MWD: 6-min &bkﬁ‘u Sl Index;
M -Ero-oNE. MN-Termingal pro-oraimn naiRaretc pepiude; Fyvm
F'%Fﬁargeted therapy: Pulmonary Vascular Resistance. 38
A 2 N
® - 96% were on PDE-5i qﬁ'
5 3 i
— 24% were on oral /inhaled prostanoids f’

N Ghofrani HA, ef al. Lancet Respir Med 2017.



Randomized controlled trials (RCTs) in inoperable
CTEPH or persistent PH after surgery

Stud Inopersole [ Persistent Study Primary Primary Secondary
y Pl post PEA (%) duration endpoint EP met EP met
"l"es,

t»
BENEFIT Bosentan' ﬁp 72 /28 6weeks O (TTCW) No
Sildenafil® Cpﬁ 53147 12 weeks B-MWD Mo (PVR) Yes
& (PVR) Yes
CHESTA Ru:umguaté; 261 12128 16 weeks 6-MWD Yes (TTCW) No
AL A
MERIT-1 M?@\tﬂn* 80 100 /0 24 weeks PVR Yes [ﬁm Yes
& #
« 4 Iiﬁ'l’s showed beneficial effects of PAH medications on hemodynamics in inoperable Cc#\EFH but only 2
C%gmnﬂstrated an improvement in 6-MWD (MERIT-1 and CHEST-1) 6@,‘5&
"o o effect on TTCW 513:“
,E}'Q" Only one approved medical therapy (riociguat) for inoperable CTEPH or residugp‘:bnstnperative FH
o
o

{1)Jdais X etal. JAm Coll Cardicl2008. {2} Suntharalingam J et ai. Chest 2008, {3) Ghofrani HA et &l NEJME{I;‘IE’E-. {4) Ghofrani HA ef &l Am J Respir Gt Care Med 2017,



CTEPH Treatment Algorithm (2015 ESC/ERS guidelines)

&-@. Diagnosis confirmed by
CTEPH expert centre
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Galie N, HumbertM, et al Eur RespirJ 2015 & Eur Heart J 2016, < EFA= balloon pulmonary angioplasty



Balloon pulmonary angioplasty (BPA) series

Patients (n) | Medical treatment before BPA

Kataoka 2012 Prospective 29 100%
Mizoguchi 2012 .;;F' Observational 68 100%
Andreassen 201 %?Q Observational 20 10%
Inami E\Qﬁ‘\ 4 Retfrospective 136 85%
Taniguchi ﬁ{] 14 Refrospective 29 100%
Fukui &gé:? 2014 Retrospective 20 5%
Aokl aﬂ‘p& 2016 Prospective 24 92% @@‘9 |
Roik & 2016 Prospective 11 66% eﬁlﬁ
inami # 2016 Retrospective 170 Eiyﬁ
I{mzrﬁﬁ"' 2017 Observational 56 éﬁﬁﬂ%
2017 Retrospective a0 & 61%
N @g awa 2017 Retrospective 308 :ﬁ*& 72%

iy
oka M, et al. Cire Cardiovasze inteny 2012575882 MizoguchiH, =t al. Cire Cardiovasc inferny 201 2,5 74855, And&as&q;&%-.l'{, et sl Heand 2013595141520, Inami T, ef
&l. PLoS One 2014,59:=B845887. Taniguchi, ef ai. Eurcintenention 201410:318-25. Fubui 5, ef 5l. Eur Respir S 2014,43:13, 2 A0k T, etal. Cire J2018: 80227734 Roik
M, et al. int S Cardiol 2018:203228-35. Inami T, et &l Circwlation 201813420302, Kurzyna M, et 5l Kardiciogis Fo 17, 73:845-54 Ogo T, et al. Eur J Radicl

2017882708 . Ogawa A, et al. Circ Cardiovaze Qusl Ouicomesz 2017;10:e004025. ?E_,"



Haemodynamic effects of BPA

Before BPA

PVR (dyn.s.cm™)

-

R,

P

Mizoguchi, 2012

Sugimura, 2012

Andreassen, EEH

Fukui, 2014 f”

Tanig uclg?"ﬁzm 4

Agkr: 2016
cglﬁ?,

Dgawa, 2017

20

20
29
24
308

942+367
672+236

7104+320

669+365

763+308
317

854+451

After BPA Treatment
PVR (dyn.s.cm™®) effect
327151 £65%
310£73 -54%
472+288 -33%
490+201 ﬁ %

264+128 ‘ﬁ@ —63%
2608 -48%

35{]% -236%
i

Mizoguchi H et al, Circ Cardiovasc interv 2012; Sugimura K et al, Circ J 2012; Andreassen AK et al art 2013; Fukui S et al, Eur Respir J
2014; TaniguchiY et al, Euro/ntenvention 2014; Aoki T etal. Circ J 2016; Ogawa A, etal. Circ CE&: vasc Qual Outcomes 2017102004029,



Complications of BPA

+ Complications after BPA«&TE frequent (10% of sessions and 38% of patients)

+ Main complications a@ pulmnnary artery injuries: PA ruptures, PA dissection,
PA perforations, PWnnaw injury (mortality=1%)

« Correlation begg;@en the rate of complications and hemodynamic severity

&
Iman}ﬁal (1) Pulmonary injury Pulmonary injury p
:"" el
+ = @e;
éﬁ‘ﬂPﬂP (mmHg) 42 (38-50) 33 (28-41) %@ﬁm
&%c}ﬁu PVR (WU 9,2 (7-14,6) 6,1(3,98,7) 6@@0 0001
,g}“ﬂ‘@ Cl (L/min/m?) 2.5(1,927) 2,6 (2,4-3,3) @ﬁf 0.008

£
@

(1)Inami T et al, fntJ Cardiol 2016; (2) Inalj‘ﬁ}QT et al, JACC Cardiovasc interv 2013
-



RACE study: Riociguat vs balloon pulmonary Angioplasty in
non-operable Chronic thromboEmbolic pulmonary hypertension

S

* Multicenter open- Iagé\‘l randomized, parallel groups study to assess
the efficacy and g._ﬁfety of riociguat vs BPA in patients with inoperable
CTEPH ¥

« 20PH cent;@s in France / 2 BPA centres

&
. Prlma@%ndpmnt
- Gﬁange in PVR at week 26 expressed as a percentage of baseline vallé\s

*  Hypothesis aﬁ
&&d‘ — Decrease by 50% in BPA group and 30% in riociguat group ﬁﬁa
%d:fp — 62 newly diagnosed treatment-naive patients in each group &s@q
o” « Inclusion period: 3 years &
"'T" @ﬂ"
’E} A



RACE: Study design

Patients with (i EPH evaluated in a Multidisciplinary Meeting

Ope:able Non-operable

@d‘-‘
ag“ Standard Rx
#y + PEA
s ! . #
bé-'f’ Evaluation at 6 months (FC, ﬁl.ll:."‘.l"l', RHC) \@ |
G‘fp‘? Add-on therapy in patients with persistent sympfométic PH (PVR=4 WU)
@C?% v 46 ¥
rﬁ;ﬁ BPA aﬁﬁ Riociguat
Standard Foc: VKATdiureticsoygen: o v
Eﬁ'::: E::E:a mﬂﬁnﬁﬁw Second evaluation at 6 months {?J‘éﬁr from baseline)

[ r |



Rescue BPA after PEA

Paris-Sud University — Marie Lannelongue Hospital experience (n=8)

& patients
operated

2 patienis
alive

Patient £J Patient #b Fatient #2: muiti-organ failure

(MV caly) (MV + ECMO) o gy Patient #. ARDS (infection)

3 BPA sessions 2 Sessions = ; 'atiew. #5: septic shock

3 EiIF.-l-E'.__I.un_ P @F‘A ses Iun. . NOVALUNG retrieval day 5 ; F.E_t_ll_ﬂ # H?P’LH. hock
Extubated day 7 ECMO retneval day 7 Urerenbinest swtdon: daakl: o & Patieni #7: multi-organ failure
[Nscharged day 36 Discharged day 40 Kplainea s e Y Patieat #8: haemodynamic failure

g
Slide courtesy of Philippe Brenot — Presented at InternatiggﬁTETEF‘H Conference 2017, Leuven, Belgium.



BPA a long time after PEA

6&@' Systolic PAP
& n: g u\_ﬁ'ﬂ!‘l";_.: I i o 1
.@%El'a :T:: L) .
« 41(2.7-79)years ¢ 100 +
q‘ L}
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@“ PEA PTPA PTFPA
48’
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) -.f;" 25 - | — | p—
&9 20 2
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o
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i
] P ||
Fih = | ——
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CO &g&'
e
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— —
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- 1
i
[iumlin@‘usi— Pre- Poesi-
&% PEA PTPA PTPA
i
<&

Shimura M et al. int J Cardiol 2015.



Conclusion

+ Surgery (PEA) remains ﬁe treatment of choice in operable cases.

» Increased mortality wia@n PVR are elevated (> 800 dyn.s.cm™)
» Persistent PH is freﬁuent after surgery

« Medical thera &must be considered in non operable CTEPH or in
persistent P after surgery (riociguat is the only agent approved).

. Balluun&pulmunary angioplasty is an appealing technique = &°

7 Mgdfcal therapy as a bridge to BPA is widely used despite the absﬁﬁce of
5€?T5 The RACE study will provide important data. -q

rﬁ? The role of combination of PEA and BPA is more questmnab@
"
2 - After PEA, "Rescue BPA" immediately after surgery |1£ poor prognosis

* In contrast, the results of BPA long time after F’Eﬁ};ﬂ)’e vVery encouraging




