Lowering mPAP as a Treatment Goal in PAH
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Survival of Japanese Patients with I/H PAH before
approval of Epoprostenol

® Data from National Cardio Vascular Center
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Survival in Patients with Primary Pulmonary
dypertension
Results from a National Prespective Registry
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Figure 1, Estimated percentage of ‘patients surviving over time 0 454 A 4——______ —
From the baseline catheferization. Number of patients at risk are Mean pulmonary Mean right Mean cardiac
shown for 0 through § years. Median survival -is estimated at : artery pressure atrial pressure index

2.8 years. Estimated percentages of patients surviving at 1, 3.

and 5 years-are 68%, 48%., and 349, respectively.

D'Alonzo GE et al.
Ann Intern Med. 1991 Sep 1;115(5):343-9..



Cumulative survival
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The adjusted hazard ratio for mortality according to mPAP
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Table 1. Clinical Characteristics of Patients Stratified by Referent, Borderline PH, and PH Status
mPAP (mmHg)
Clinical Variable <18 (n=4207) 19-24 (n=5030) >25 (n=12490) PValue
Age (y) 64.3 [59.6-73.0] 65.2 [60.3-73.5] 64.9 [60.2-73.4] <0.0001
Sex (males) 96.5 (4059) 96.6 (4861) 96.6 (12071) 0.8730
Body mass index categorized <0.0001
Normal (18.5-24.9 kg/m?) 26.2 (1103) 18.0 (906) 17.1(2138)
Underweight (<18.5 kg/m?) 1.4 (57) 1.1 (53) .0(125)
Overweight (25-29.9 kg/m?) 38.7 (1628) 33.6 (1692) 28.8 (3603)
Obese (=30 kg/m?) 33.7 (1419) 47.3 (2379) 53.0 (6624)
Systemic hypertension 82.3 (3462) 86.0 (4327) 89.8 (11221) <0.0001
Left heart failure .8 (201) 6(333) 15.5(1939) <0.0001
Congestive heart failure 34.1(1434) 42.7 (2146) 67.9 (8478) <0.0001
Diabetes 33.4 (1405) 40.6 (2043) 52.6 (6568) <0.0001

Maron BA et al.
Circulation 2016;133:1240-8.




Reported Survival of the Patients with CTEPH
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100

80

60

40

20

Mean pulmonary arterial
pressure at diagnosis

<20mmHg (N=64)

21~30mmHg (N=19)

31~40mmHg (N=10)

41~50mmHg (N=19)
> 50mmHg (N=35)

5 4 4 3 10 (years)

Riedel et al, Chest 1982: 81: 151-8
Lewczuk ef al, Chest 2001; 119: 818-23



Background

€ Pulmonary hypertension has been defined by abnormally high PA pressure.

€ High PA pressure would increase the mortality of PAH patients.



Survival of the Patients with CTEPH treated by PEA

3-year Survival:
Operated = 89%
Not Operated = 70%
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Mid term survival after BPA
308 patients treated in Japanese 7 centers between 2004 - 2013

Before BPA (n=308) | After BPA (n=249) | At Follow-Up (n=196) PValue
WHO FC (median) 3 2* 2* <0.001
6MWD, m 318.1+122.1 401.3+104.8* 429.7+108.5* <0.001
BNP, pg/mL 239.5+334.2 43.3+76.4 38.7+71.2* <0.001
HR, bpm 74.9+13.6 70.8+11.9¥ 67.3+11.0* <0.001
mPAP, mmHg 43.2+11.0 24.3+6.4* 22.5+5.4* <0.001
RAP, mmHg 6.5+4 .1 3.2+2.4* 4.7+3.0 <0.001
PAWP, mmHg 8.6+3.3 7.3+3.1* 8.3+3.3 <0.001
Cl, L-min--m~2 2.6+0.8 2.9+0.7* 2.8+0.61 <0.001
SV0,, % 66.3+9.1 71.5+8.0* 68.8+6.4" <0.001
PVR, dyne-sec-cm> 853.7+450.7 359.5+222.6* 288.1+194.5* <0.001
Sa0,, % 93.3+4.5 96.1+4.4* 94.0+5.2 <0.001

Values are expressed as mean=SD unless otherwise specified. P value in the right column indicates the P value among 3
data points. 6MWD indicates 6-minute walk distance; BNP, B-type natriuretic peptide; BPA, balloon pulmonary angioplasty; Cl,
cardiac index; HR, heart rate; mPAP, mean pulmonary artery pressure; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary
vascular resistance; RAP, right atrial pressure; Sa0,, arterial oxygen saturation; Sv0,, mixed venous oxygen saturation; and WHO
FC, World Health Organization functional class.

*P<0.001 and tP<0.01 versus hefore BPA in post hoc analysis.

Ogawa A, et al. Circ Cardiovasc Qual Outcomes. 2017 Nov;10(11). pii:
€004029. doi: 10.1161/CIRCOUTCOMES.117.004029.



Mid term survival after BPA
308 patients treated in Japanese 7 centers between 2004 - 2013
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Effect of High Dose CCBs on Survival of the
Patients with PPH
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Background
€ Pulmonary hypertension has been defined by abnormally high PA pressure.
€ High PA pressure would increase the mortality of PAH patients.

€ Lowering mPAP in some PH patients could show the improvement of survival
irrespective of the type of freatments.



Changes of mean PAP by each monotherapy

Drug Amount Pts.No. Duration 6MWD mPAP
Beraprost® 360ug/day 44 12w +33.4m -2.8mmHg
Bosentan® 250mg/day 16 12w +70m -1.6mmHg

Ambrisentan® 10mg/day 29 12w +36.1m -5.2mmHg
Macitentan® 10mg/day 49 24w +12.5m -5.3mmHg
Sildenafil®) 60mg/day 65 12w +45.0m -2.1mmHg
Tadalafil® 40mg/day 79 16w +33.0m -4.3mmHg
Riociguat® 7.5mg/day 241 12w +35m -4mmHg
Selexipag® 1600ug/day 33 16w +14m -3.1mmHg
Treprostinil® <22.5ng/kg/min 134 12w +10m -2.3mmHg
Epoprostenol 0 9.2+0.8ng/kg/min 41 12w +47m -4.8mmHg

(1) Kunieda T et al: Int HeartJ. 50:513-29,2009 (2) Channick RN et al: Lancet. 358:1119-23, 2001

(3) Galié N et al: J Am Coll Cardiol. 46: 529-35,2005 (4) Pulido T etal.: N EnglJ Med. 369: 809\18, 2013
(5) Galie N et al: N EnglJ Med. 353:2148-57,2005 (6) Galie N et al: Circulation. 119: 2894-903, 2009
)
)

(7) Ghofrani HA et al. N Engl J Med. 369:330-40, 2013 (8) Tanabe N et al: Circ J. 81: 1360-1367, 2017
(9) Simoneau G et al: Am J Crit Care Med. 165: 800-4, 2002 (10) Barast RJ et al: N Engl J Med. 334: 296-301, 1996



Ovicomes in Children With IPAH
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Figure 2. Kaplan-Meier curves for survival and treatment suc-
cess in all patients who received epoprostenol (n=35). Survival
rates at 1, 3, 5, and 10 years were 94%, 88%, 81%, and 61%,
respectively; treatment success rates at 1, 3, 5, and 10 years
were 83%, 66%, 57%, and 37%, respectively.

At Start of Last Mean Change

Epoprostenol  Follow-Up* (95% Cl)
PAPm, mm Hg 76+22 57+26 —19( 27 to —11)t
RAPm, mm Hg 5+3 64 0(—-0.6102.7)
Cl, L-min~"-m™2 3.1=1.1 45+1.8 5(0.81t02.1)t
PVR, U - m? 26+13 12+9 —14( 19 to —9)t
SVo,, % 64+8 72+7 7(3t012)t

Abbreviations as in Table 1. n=31.

*Time from start of epoprostenol to last cardiac catheterization was 53+28
months (range, 9 to 102 months).

1P<0.05.

Yung D et al.
Circulation. 2004;110:660-665.



Changes of mPAP in I/H PAH patients freated at OMC
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Speculated pathological change treated with PAH-specific
drugs to maximally lowering PAP.

Pre-treatment with PAH-specific drugs Early phase
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prescribed Bosentan
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Relation between Survival and Lowest mPAP
Achieved after Medication

Clinical and hemodynamic data of survivors and non-survivors at baseline.

Survivor (n = 49) Non-survivor P
(n=7)
Clinical and hemodynamic data before and after treatment.
Age, years 334+ 18 25+ 10 0.26
Male, n (%) 14 (29) 1(14) 0.43 -
HPAH, n (%) 10 (20) 0 (0) 0.41 Baseline Follow-up P
WHO functional class (I/1I/11I/IV) 3 (0/2/34/13) 4 (0/0/2/5) <0.01
6MWD (m) 257 + 166 103 + 179 <0.05 Age, years 32 £ 17
ﬁN_P (Psé"lg‘LJ a é‘;o i2387 225 ifgﬁ <8-gé WHO functional class (I/1I/1II/IV) 3 (0/1/38/17) 2 (0/38/15/3) <0.01
ric acid (mg/ 3+ 2 ./ + 1 X
mPAP (mm Hg) 61+ 17 62 + 14 0.95 6MWD (m) 234 + 174 378 £ 114 <0.01
RAP (mm Hg) 8+4 1349 <0.05 BNP (pg/mL) 313 £ 372 67 £ 156 <0.01
PCWP (mm Hg) 9+ 3 10+ 5 0.52 Uric acid (mg/dL) 64 +19 62 + 1.7 0.70
SVO, (%) 66.1 & 8.7 654 + 10.1 0.86
Cardiac index (L/min/m?) 244+ 09 24409 0.82 mPAP (HIH] HE] 63 + 15 35 + 10 <0.01
PVR (dyns/cm®) 1391 + 615 1375 4 537 0.96 RAP (mm Hg] 84+ 4 544 <(0.01
Heart rate (bpm) 74 + 16 86 + 15 0.07
Sp0, (%) 97 £ 3 95 £ 3 0.08 PCWPO(mm Hg) 94+3 8 +4 0.31
Treatment SvO, (%) 66.2 + 89 772 + 5.7 <0.01
IC\’/‘":)' c[; Gl 27“(% g%gé] 8—?; Cardiac index (L/min/m?) 23 + 08 35+ 09 <0.01
Dose of epoprostenol (ng/kg/min)  79.6 + 43.2 54.0 + 47.8 0:19 PVR {dyn-s;"cm5] 1473 + 600 481 + 421 <0.01
ERA 34 (69) 4(57) 0.52 Heart rate (bpm) 76 £ 17 82 + 18 0.09
PDES5 inhibitor 28 (57) 1(14) <0.05 o
Monotherapy 10 (20) 3 (43) 0.24 Sp0; (%) 97 £ 3 98 £ 3 0.14
Combination therapy 38 (78) 4(57) 0.24 e s ) . ) . . )
Number of PAH-targeted drugs: 2 16 (33) 4(57) 021 Abbmwatmqs are as stated in Table 1. Data were evalLlaAted in 56 patients except for
Number of PAH-targeted drugs: 3 22 (45) 0(0) <0.05 hemodynamic parameters, that were evaluated in 43 patients who underwent follow-
Warfarin 11(22) 2(29) 0.72 up right-heart catheterization >3 months after initial catheterization at our hospital.
Oxygen therapy 46 (94) 7 (100) 0.50

Values other than WHO functional class are expressed as mean & SD. WHO functional

class is presented as the median and number of patients in each class. HPAH: hereditary Og awa A et al.
pulmonary arterial hypertension, SMWD: 6-miute walk distance, BNP: brain natriuretic . .

peptide, mPAP: mean pulmonary arterial pressure, RAP: right atrial pressure, PCWP: pul- LifeSciences1 18(20 14)4 14-419.
monary capillary wedge pressure; SvO,: mixed venous oxygen saturation; PVR: pulmo-

nary vascular resistance, SpO,: oxygen saturation, PGl,: prostacyclin; IV: intravenous;

ERA: endothelin receptor antagonist, and PDE5: phosphodiesterase type 5.



Initiation Timing of Parenteral PGI2
-patients’ characteristics (1)-

Early group Late group P
(n=13) (n=11)
Age at Dx (y.o.) 285 + 8.3 246 = 11.6
male/female 3/10 4/7
IPAH/HPAH 1/12 1/10
WHO Functional Class (II/11/1V) 0/11/2 1/7/3
BNP (pg/ml) 338 =+ 448 382 = 328 0.79
RHC at Dx
mPAP (mmHg) 098 = 118 64.7 £ 14.9 0.38
CI (L/min/m?) 2.3 + 0.6 2.3 + 0.6 0.77
PVR (dynes*sec*cm™>) 1305 = 434 1313 &= 528 0.97
Mean = SD

Unpublished data.



Initiation Timing of Parenteral PGI2
-patients’ characteristics (2)-

Early group Late group P
(n=13) (n=11)

Therapy duration (V) 73 £ 30 69 = 28 0.78
ERA/PDE5I~PGI, (day) 39.1 =534 6422 + 361.1
Epo/Tre 12/1 11/0
Dosage of PGI; (ng/kg/min) 824 £+ 393 73.3 = 48.2 0.61
Oral drugs

ERA 12 10

PDESI 10 6

Mono (ERA or PDESI) 4 4

Dual (ERA + PDES5I) 9 6

Mean = SD

Unpublished data.



Changes in mPAP
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Unpublished data.



Long term survival
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Dosing of Epoprostenol in Patients Treated In
OMC and Okayama University Hospital
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Tokunaga N, et al. J Cardiol. 2016 Dec;68(6):542-547.



Average mean PAP (mmHg)

Relation between Changes in mPAP
and Increasing Pace of Epoprostenol
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Relation between Patients’ Survival and
Increasing Pace of Epoprostenol
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Changes of mPAP in I/H PAH patients
(Apr 1999 — Mar 2019, n = 67 )
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Transplant free survival of patients with I/H PAH treated with parenteral PGl2 in OMC

Cumulative survival rate

(Apr 1999 — Sep 2018, n =53)
End point = disease related death
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Unpublished data.



Improved Survival of Japanese Patients with I/H PAH
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Reversal of pulmonary vascular remodeling after
unilateral lung transplantation (40y.o. female)
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FIGURE 1 Lung perfusion scans demonstrating the
relative blood flow between the native (left) and
transplant (right) lungs.

Levy NT et al. J Heart Lung Transplant. 2001

Mar:20(3):381-4.
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FIGURE 3 Explanted lung. Marked intimal arterial
thickening (arrows). Plexiform lesion (arrowhead).

FIGURE 5 Left native lung. There is no evidence of
intimal thickening. (VVG X 100).



Haemodynamic unloading reverses occlusive
vascular lesions in severe pulmonary hypertension
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Speculated pathological change treated with PAH-specific
drugs to maximally lowering PAP.

Pre-treatment with PAH-specific drugs Early phase Late phase
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PA feature is heterogenous
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Dose of PGl2 (ng/kg/min)

mPAP (mmHg)
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Clinical course (31y.o. Female, IPAH)
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31y.o0. female (IPAH)

on admission 8 months later

=

il e

1.5 yrs later
’J\L\/ :

4.5 yrs later

e o , ~ Ko
| Vs 2k . 2ebn:ky —
FC VI [l I I
6MWD (m) 80 330 400 -
BNP (pg/ml) 312.6 <5.8 9.6 10.3
PAP (mmHg) 77/33 (51) 24/11 (16) 20/12 (16) 26/4 (14)
Cl (L/min/m) 1.7 4.2 3.1 2.7
PAH-targeted epoprostenol 68.4 ng/kg/min treprostinil 60.6 ng/kg/min macitentan 10 mg/day

drug bosentan 62.5 mg/day bosentan 62.5 mg/day riociguat 4.5 mg/day



Dose of PGl2 (ng/kg/min)

MPAP (mmHg)
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Withdrawal from parenteral PGI2
(IPAH 5 cases, HPAH 1 case)

78.3 £ 23.2 ng/kg/min

Epo 3 patients
Trepro 3 patients

66.0+£10.4 mmHg

21.8+7.2 mmHg

19.7+6.9 mmHg

20.5+£10.7 mmHg
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Baseline

Peak dose
(3.9%3.0years)

Withdrawal
(9.314.3 years)

Follow up
(10.916.6 years)

Unpublished data.



Summary

€ Lowering mPAP could be a freatment goal of I/H PAH patients.

€ Early initiation and quick up-titfration of parenteral PGIl2 with upfront combination
use of other oral drugs would be the key for success.

€ By achieving improvement of hemodynamics, I/H PAH patients can survive more
than 15 years without experiencing deterioration.

&€ Parenteral PGl2 could be safely stopped after achieving normalization of
patients’ hemodynamics.



