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Treatment of Primary Pulmonary Hypertension with

Continuous Intravenous Prostacyclin (Epoprostenol)

Results of a RandomnzedTnal

Lewis J. Rubin, MD; Jessica Mendoza, BSN; Michele Hood, BSPh; Michael McGoon, MD;

Robyn Barst, MD; William B. Williams, MD; Jane Hall Diehl, MS; James Crow, PhD; and

Walker Long, MD
WRTH 1> 525 MELEGHER
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Treatment of primary pulmonary hypertension with continuous intravenous prostacyclin
(epoprostenol). Results of a randomized trial.
Rubin LJ, Mendoza J, Hood M, et al,
Abstract
STUDY OBIJECTIVE: To determine the efficacy of continuous intravenous infusion of
prostacyclin (epoprostenol) in primary pulmonary hypertension.
DESIGN: Randomized trial with 8-week treatment periods and nonrandomized treatment
for up to 18 months.
PATIENTS: Sequential sample of 24 patients with primary pulmonary hypertension.
Nineteen patients completed the study. Four patients died and one left the study because of
adverse effects (pulmonary edema).
CONCLUSIONS: Prostacyclin produces substantial and sustained hemodynamic and
symptomatic responses in severe primary pulmonary hypertension and may be useful in

the management of some patients with this disease.



Prostacyclin 11 #] + Conventional 12 FIDAZE

Table 1. Demographic and Clinical Characteristics of Patients in Study

Patient Group Sex, Age, ¥ Functional Class Medications during 2-Month Study
Prostacyclin
1 ¥, 53 IIx digoxin, furosemide
2 F, 42 Ix furosemide
3 M, 66 1831 theophylline, prednisone
4 F, 31 v furosemide
5% M, 21 Iix furosemide, spironolactone
6 F, 34 I PN
7 F, 26 I P
8 M, 34 mx N
9 F, 38 I furosemide
10 F, 37 I1X -
11 M, 30 I e
Conventional
1 M, 21 111 I
2 F, 60 v digoxin, diltiazem, furosemide
3 F, 29 ix diltiazem, furosemide
4% F, 33 v nifedipine, digoxin, furosemide
5 F, 52 I methyldopa
6 F, 25 IIL nifedipine, thiazide
7 F, 52 v diltiazem, furosemide, spironolactone, metolazone
8 M, 23 I1x nifedipine
9 M, 54 v diltiazem, furosemide
10 F, 35 11X diltiazem, furosemide
11+ F, 21 v nitropaste, bumetanide
121 F, 15 338 digoxin
Not randomized
11 F, 27 v

MPAP 58.6 = 49.3 mmHg (2 B PGI2 ;&%)
CI 3.3 = 3.9 L/min
PGI2 dose 7.9 ng/kg + m?

Table 3. Hemodynamic Variables at Baseline and at 2 Months

Treatment Variable Baseline 2 Months 95% CI P Value
Group
Prostacyclin
(n = 10)* Cardiac output, L/min 3.3 3.9 0.11to 1.03 0.020
Heart rate, beats/min 83 87 —4.1 to 12,7 0.34
Mean pulmonary artery pressure, 58.6 49.3 —17.7 to 0.91 0.057
mm Hg
Mean systemic artery pressure, mn Hg 88.8 83.6 —11.8 to 1.41 0.157
Systemic oxygen transport, mL/min 577 681 7.92 to 185.68 0.048
Total pulmonary resistance, units 21.6 13.9 —13.1 to —2.2 0.022
Total systemic resistance, units 29.1 22.9 —11.35t0 —1.17 0.039
6-Minute walk, o7 246 378 49.8 to 212.6 0.011
Conventional
therapy
(n=9) Cardiac output, L/min 3.5 3.9 —0.51to0 1.38 0.393
Heart rate, beals/min 85 83 —12.5 to 8.7 0.735
Mean pulmonary artery pressure, 62.2 62.2 —8.91to 8.91 1.000
mm Hg
Mean systemic artery pressure, mum Hg 102.9 95.7 - 64.2 to —0.3 0.076
Systemic oxygen transport, mL/min 704 751 — 124 to218 0.60
Total pulmonary resistance, units 20.6 20.4 —6.2 to 5.9 0.96
Total systemic resistance, units 34.1 30.3 —11.6 to- 4.1 0.37
6-Minute walk test, m 205 292 21.7 to 135.8 0.022

* Mean dose of prostacyclin, 7.9 =t 2.7 ng/kg-min.
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A COMPARISON OF CONTINUOUS INTRAVENOUS EPOPROSTENOL (PROSTACYCLIN) WITH
CONVENTIONAL THERAPY FOR PRIMARY PULMONARY HYPERTENSION

RoBYN J. BarsT, M.D., LEwis J. RUBIN, M.D., WALKER A. LoNG, M.D., MicHAEL D. McGoonN, M.D.,
STUART RicH, M.D., DaviD B. BADESCH, M.D., BERTRON M. GROVES, M.D., VicTor F. TarsoN, M.D.,
RoreErRT C. BOURGE, M.D., BRUCE H. BRUNDAGE, M.D., SPENCER K. KOERNER, M.D.,

DaviD LANGLEBEN, M.D., CEsar A. KELLER, M.D., Srmnivas Muravry, M.D.,

Barry F. UreTsKkY, M.D., LiINDA M. CLAYTON, PHARM.D., MARIA M. JOBsIS, B.A,,

SHELMER D. BLACKBURN, JR., B.A., DENISE SHORTINO, M.S., JaMEs W. Crow, PH.D,,

FOR THE PRIMARY PULMONARY HYPERTENSION STUDY GROUP*

WFRTT > 1 12 BREORIAES >4 AMEEBERER
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THSRIERI : mPAP 61mmHg, CI 2.0 L/min/m?

Table 1. Demographic and Hemodynamic Characteristics at
Base Line, According to Treatment Group .*

CONVENTIONAL

EropPROSTENOL THERAPY
CHARACTERISTIC (I = 41> (I = 40)
Age — Y 4O =3 40 =2
Sex — no. {(95)
Miale 10O (24 12 {30
Female 31 (76> 28 (FO>
MNYH.A functional class — no. (95)F
ox 31 (76> 29 (73)
I~ 10O (24 11 (238>
Months since diagnosis 328 256
Oral vasodilator therapsy — no. {95) 27 (66 24 (&0
Mean pulmonary-artery pressure — mm Fg S1 =2 So =2
MMean right atrial pressure — mm He 131 121
Mean systemic-artery pressure — mm Hg SO =2 BG =2
Mean pulmonary—capillary wedge pressure 10X 1 101
— mm Hg
Cardiac index —— liter/min/sm> 2.0x20.1 2.1 =02
Heart rate — beats/Amnin Fo =2 86 =22
Systemic arterial oxygen saturation —— % ol =2 g2+ 1
Mixed venous oxygen saturation —— 9% &2 T2 5% =2
Stroke volume — ml/beat 4G5 =3 45 -
Pulmonary vascular resistance 161 161
— mm Hg/lhiter/min
Systemic vascular resistance 25=1 24 =1
— mm Hg/liter/min
&-min walk — ok 31618 272 =23

PGI2 M3NE : mPAP -4.8 mmHg (12 BRD PGI2 &)
CI +0.3 L/min/m?
PVR -3.4 wood units



Table 4. Hemodynamic Effects of Epoprostencol or Conventional
Therapy at 12 Weeks >

DIFFERENCE 259
BETWEEN < ONFIDEN CE
W ARLABLE CHAMNGE FROM BASE LINE TREATMENTS INTERVALY
CONVENTIORNAL
EPOPROSTENOL. THERAPY

Mean pubnonarsy - —gd 8=1.3 1.9=1.6 —&. 7 —10.7 to —2.6
artery pressure
Goom Hgh

Mean right atrial pres- —2.21.1 O. 1L =09 —2.3 —S.2 to O.7
sure (mm Hg)

MhMean systemic-artery —4.8x2.1 —O. 9 1.7 —3.9 —2P. .6 o 1.7
pressure (mm Hg)

MMean pulmonary-cap — o4 =12 — L. O 1.5 1.4 —2.5 o 5.3
illary wedge pres-—
sure {(mm ¥Hg)

Cardiac index (liter/ O.3x0.1 —0.2+=0.2 o.5 O.2 to 0.9
minsIn=)

Heart rate (beats/Amind — 0.9 2. 5 —1.8x=1.5 0.9 —_—5.2 o 7.2

Systemic arterial oxy - 2.0x1.6 —O. 6 1.4 2.6 — 1.8 to 7.1
=en saturation (950

Mixed venous oXygen 1.231.8 —2.6x=2.0 3.8 — 1.6 to 9.2
satmration (95)

Sitroke volume &6 =22 —3.5=3.3 10.1 2.5 to 17.8
{(ml/beat)

Pulmonary vascular re- — 3.4 +=0.7 1.5+=1.2 — 4.9 — 7.6 to —2.3
sistance {(mm Hg/
litexr A ind

Systemic vascular re- —a O =10 2.1 1.4 — &1 —9.5 tao —2.8
sistance (mm Hg/s
liter/moin)

PGI2 (CKDEFRDUE : 100%47F (12 B D PGI2 JAE)

100 H
O
80 M e e e — =
&2 e0-
£
=
= 40 -
w2
20 — Epoprostenol (N = 41)
- -= Conventional therapy {(n = 40)
0 L] L} - L] L] L ] ¥
8] 2 4 [ 8 10 12
VWeek
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Continuous Intravenous Epoprostenol for Pulmonary Hypertension
Due to the Scleroderma Spectrum of Disease

A Randomized, Controlled Trial

David B. Badesch, MD; Victor F. Tapson, MD; Michael D. McGoon, MD; Bruce H. Brundage, MD;
Lewis J. Rubin, MD; Fredrick M. Wigley, MID; Stuart Rich, MD: Robyn J. Barst, MD:

Pamela S. Barrett. PharmD; Kenneth M. Kral, MS: Maria M. Jdbsis, BA; James E. Loyd, MD:

Srinivas Murali, MD: Adaani Frost, MD: Reda Girgis, MB, BCh: Robert C. Bourge, MD;

David D. Ralph, MD: C. Gregory Elliott, MD: Nicholas S. Hill, MD: David Langleben, MD;

Robert J. Schilz, DO, PhD; Vallerie V. McLaughlin, MD; Ivan M. Robbins, MD; Bertron M. Groves. MD;
Shelley Shapiro, MD, PhD; Thomas A. Medsger Jr., MD: Sean P. Gaine, MB, BCh: Evelyn Horn, MD:
Jumes C. Decker, MS; and Katharine Knobil. MD

ARTT > 12BEORIEES >4 AMELESG R
FEMMIER : PGI2 (CKLDIEEMESEE 6MWD, fiMNiTEIRE, BEMEIR, £FX
EBERIREAE « SSc spectrum PAH B

OBJECTIVE: To determine the effect of epoprostenol on pulmonary hypertension
secondary to the scleroderma spectrum of disease.

DESIGN: Randomized, open-label, controlled trial.

SETTING: 17 pulmonary hypertension referral centers.

PATIENTS: 111 patients with moderate to severe pulmonary hypertension.
INTERVENTION: Epoprostenol plus conventional therapy or conventional therapy alone.
MEASUREMENTS: The primary outcome measure was exercise capacity. Other measures
were cardiopulmonary hemodynamics, signs and symptoms of pulmonary hypertension
and scleroderma, and survival.

CONCLUSIONS: Continuous epoprostenol therapy improves exercise capacity and
cardiopulmonary hemodynamics in patients with pulmonary hypertension due to the

scleroderma spectrum of disease.

SHSRAERF : mPAP>35mmHg. PVR>3WU



Tabxle 1. Key Inclusion and Excliusion Criteria

fnclusion oriteria
Diagnosis of the scleroderma spectrum of disease
Agge =S v
Akle to wvwalk at least SO i im & minutes at baseline
Moderate o severs pulmonany hyvpertension with the following
conditiors:
Mears pulrmonanry arterial pressaure 2= 35 mirm Ha
Pulmonanry vascular resistancs = 3 rrmiem HoAl per rmminoaie
Rigitnt atriad pressure = 20 rmirvy Hig
Absence of congsnital heart discase
Puibrmonany capitlary weaedge pressure <or left verntricular enc-diastalic
pressure == 15 rruan He. iF it veas mot possible 1o measure the
pulmonary capiilarny wedgese pressure or left ventricular encl-diastolic
pressure, echocardiographic oriteria to excluds left heart diseasse
wwere applied.
WwWentilatiomn—perfusion lung scan or pubmonary angiogramby not indicative
ot thromboemibolic disease
Pulmvmonary Tunction tTests or high-resolution cormpuled tormograrntsy
scanning showing Mo more than midld interstital lung disease
Exclusiom ariteria
Ay ey long-term therapy for pulrmonary hiyvpertension or the
scleroderrma spectruaT of disease acided withim the past rmonth
Sy miedication used 1o treat pulmonary hypertension or the sclderodermma
spectrurm Of disease discontinued within the last week, except
anticoagulant agents
Ay type of current prostaglandin theraoy

PGI2 (KD 6MD DEfiEIR

o
Lod
i
<

ds

60
40 1
20 13.25

T ]

-204 -700 -14.00

48.50

i Change in 6-Minute Walk
Test Results, m

1
i

Med

Week 1 Week 6 Week 12

SHERAES : WHO-FC III 75%, IV 23%
mPAP 51mmHg, CI 1.9 L/min/m?



Table 2. Demographic and Hemodynamic Characteristics
at Baseline™

Tharacterisoic Epoprostenot Comwventionasl
SGroup Ther’apy LS rauEs
AgE, 4 S3.0 = 13,1 57 .3 = 10,3
Sex, rr (Fes
sl S (9 1O (18
Faermals 51 (21 45 (82
MY A Tumoriomal class, 7 0960
i1 T L2 < T
i1 <32 (75 S5 (82
(A Vg T2 (23 S 41y
Tirme sinces pulrmonary hhypertension
GiSgriasis, T TS5 = 17.9 15.2 = 240019

Cimssification of sclerocerma spectrurm of
dizease v ()

Diffuse scleroderma T L1130 7132
Limited sclerodernma zZ8 (58) BS {F R
Orverlap syricdrorie = (1 4) S €1 1)
Features of sclerodernma = (5 3 (5
Time since diagnossis of sclerodermma
spactrurmy of diseasss, o S5 .2 = 93 .0 248 o 1028
rat vasodilator therapy, 7 (960 =28 (68 B8 (59
Caarreryt wuse of anorexigens, rr 9 L0 O G
FPast expOosure 1o anorexigens, r (ol =2 {14l (SRS B
Pean pulrmmonanry arterial pressure, e Hog 50.9 = 14.6 431 = 1O 2
MAean rght strial pressaarss, rrerry ey T3S = 5.0 1T1.1 = 5.5
eSS SysTermic arterial pressure, 5Ty Ao Q2.8 — 12.4 2271 = 10.8
Cardiac imddex, Liriiry per rrr 1.9 — 0.8 2.2 = O.7
Heaasrt rate, Hestslrriin 83.7 — 102 B44.5 = 135
Systermic arteri’al Cxwgen saturation., 26 Q2T = 6.8 D25 4 S5
PAAIxedd venous oxygen saturation, 9% 57.4 = 10.8 S8.8 0 2.9
Puirmonary vascular resistasnae, rrere Aol
e rrieieste 1.2 = 70 1T7.2 = 5.3
MNMedian distance wvwalked imn & miinutes, o 271.5 2400
75 . : 2
PGI2 MFHER : mPAP -5mmHg, CI +0.5 L/min/m
Table 3. Changes from Baseline in Cardiopulmonary Hemodynamic Measurements
Variable Change from Baseline” Difference between Groups
N {95% iyt
Epoprostenol Group Conventional Therapy Graup i
Pulmanary artery presure, mim Hg 5032109 094 =110 ~557 (89810 ~2.96)
Pulmonary vascular resistance, mm Hofl per minute ~458=076 092 =056 ~550(-73310-3.67)
Right atrial pressure, mm Hy ~126 =082 1202069 ~-246{-45410 ~0.39)
Cardiac index, Limin per o ‘ 0.50 = 0.08 ~010=008 060{03910 08
Systemic arterial oxygen saturation, % -033 =109 ~031£061 ~0.02{-24510242)
Mixed venous osygen saturation, % 355147 -107 1.4 4 62 {094 10830)
Systemic arterial pressure, mm Hg ~826% 169 ~063 4152 3 {(-1207 10 -3200
Heart rate, beatsimin 3741147 -0.90+193 54(-0061w0933)
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Barst =L CW(NS) — 52 118
IRIVDAF/—)b Rubin z4) SMWD — 12 23
Barst =L 8MWD &EF 12 81
Badesch =L MWD — 12 111
MWD
lloprost AR gz BEOFO — 12 203
STEP Revs 8MWD TTCW 12 67
COMBI Riersz 6 MWD(NS) — 12 40
N TORFTIL SC-Simonneau HL MWD — 12 470
e sUFEEE
Inhal TRIUMPH gy MWD — 12 235
PO-Freedom M #HL SMWD — 16 185
Rev&FrBS8LT/
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ok Rerdr8LTS/
Selexipag Phase 2 LT T4 PVR 8 MWD(NS) 17 43
PAH BEANDOI/RITORT ) —)U%5(CEET D RCT DX ST
e OR BEEE uEE W OR BEE R
- (95%Cl) FREmZ RR=S - (95%CI) Hm=g HR=s
Rubin i 0.30 Rubin i 0.35
(1990) 1 ooszay T 32 (1980) —#FT 04286 M1 32
Barst 0.05 Barst 0.1
(1995) &% (0.00,0.83) 041 840 (1995) — &+ (0.03,045) 01 840
Badesch i i 0.77 Badesch i é 0.77
(2000) (0.20,3.03) %6 555 (2000) (0.20,300) 456 55
26 2%
- 0.30 X 0.32
(i-squared= 5108 161107 (i-squared= <> 51108  16/107
41.4%, p=0.182) Pl wiow 46.6%, p=0.153) ©.13,0.77)
T T T T
0.00256 1 390 0.0255 1 383
EEOEL IRZORT /=) BREOEL IHR7ORF /-
BEICLDEL C BSICEDEL
Mantel-Haenszel z=2.35 p=0.019 Peto z=2.52 p=0.012
Heterogeneity p=0.182 Heterogeneity p=0.153
RR=70% RR=68%
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Addition of Sildenafil to Long-Term Intravenous Epoprostenol Therapy
in Patients with Pulmonary Arterial Hypertension

A Randomized Trial

Gérald Simonneau, MD; Lewis J. Rubin, MD; Nazzareno Galié, MD; Robyn J. Barst, MD; Thomas R. Fleming, PhD; Adaani E. Frost, MD;
Peter J. Engel, MD; Mordechai R. Kramer, MD; Gary Burgess, MD; Lorraine Collings, MSc; Nandini Cossons, MD, PhD; Olivier Sitbon, MD;
and David B. Badesch, MD, for the PACES Study Group*

OBJECTIVE: To investigate the effect of adding oral sildenafil to long-term intravenous
epoprostenol in patients with pulmonary arterial hypertension.

DESIGN: A 16-week, double-blind, placebo-controlled, parallel-group study.

PATIENTS: 267 patients with pulmonary arterial hypertension (idiopathic, associated
anorexigen use or connective tissue disease, or corrected congenital heart disease) who
were receiving long-term intravenous epoprostenol therapy.

INTERVENTION: Patients were randomly assigned to receive placebo or sildenafil, 20 mg
three times daily, titrated to 40 mg and 80 mg three times daily, as tolerated, at 4-week
intervals. Of 265 patients who received treatment, 256 (97%) patients (123 in the placebo
group and 133 in the sildenafil group) completed the study.

CONCLUSION:



In some patients with pulmonary arterial hypertension, the addition of sildenafil to
Iong-term intravenous epoprostenol therapy improves exercise capacity, hemodynamic
measurements, time to clinical worsening, and quality of life, but not Borg dyspnea score.

Increased rates of headache and dyspepsia occurred with the addition of sildenafil.

PACES study : PGI2 + Sildenafil in PAH

Enrollment

Analysis  Follow-up ~ Allocation

MWEREBE : WHO FC-1II 65%, IV 5~8%
IPAH 80%, CTD 12%



Characteristic Placebo Sildenafil ‘
{rr = 133) {rr = 134)

| Sex, 11 (%)

Viiomen 103 (F7) 110 (82

Range

- Ethnicity,

Range 40—~122 38127

WHO PAH functional class, i1 (252

1 24 (25.6) 34 (25 4>

Pritmary diagnosis
Idiopathic, 7 (252 105 (78.9) 107 (79.9)

Assodated with CTD
Sderaoderma, rr (253 15 ¢11.3) 16 ¢11.9)

a

g€

Mean baseline assessments (SD)

g7
Cardiac output, £/m7in S50 1.7 4.5 (1.4)

 Median epoprostenol dosage, ng/kg/min 28.0 29.0




PACES study : PGI2 + Sildenafil in PAH 6MD NMD3I5R

A B
50 E 50
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Clinical Worsening Event Patients with

Event, 1 (%)

Placebo Sildenafil
r = 131) 134)

2 , ,
Hospitalization due to pulmonary arterial 11 (8.4) 8 {(6.10)

hypertension

Initiation of bosentan therapy 1 0.8 S (0)]




PACES study : PGI2 + Sildenafil in PAH BRERE(L1 > &

1 00 — =—asssagazzazssgres poosesen .

Mo m—————

S0 —
80 —
O —
S0
S0 —
40—
30— — Placebo

20 — R R
10— weeeee Sild enafil

0y T ] T T T ! T T
Baseline 14 28 42 56 70 84 o8 112

-—
P = 0.002

No Clinical Worsening Event, %

Time from Randomization, &

Treatment Persons at Risk {Censocred), n

Baseline Day 28%* Day 561t Day 84F Day 1128
Epoprostencl + placebo 131 123 1) 116 {O) 111 {2) FO (36)
Epoprostencl| + sildenafil 134 134 (0) 128 (2 125 (2) 78 (44)
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Upfront triple combination therapy in
pulmonary arterial hypertension:
a pilot study

Alivier Sitbon™#?, Xavier Jais'??, Laurent Savale’*%, Vincent Cottin®,

Emmanuel Bergot®, Elise Artaud Macari’??, Héléne Bouvaist®, Claire Dauphin?,
Francois Picard?, Sophie Bulifon™?*?, David Montani"?* Marc Humbert'*2 and
Gérald Simonneau’?®

FHREE  WHO FC-III 42%, IV 58%
mPAP 67.7 mmHg, CI 1.64

Subjects 19
Age years [range) 39.4+14.2 (18.1-63.1)
Females 17 (89
Idiopathic/heritable/anorexigen-associated PAH 9/10/0
BMPR2 mutation carrier n/n tested (%) 10/13 (77)
NYHA functional class llI/IV 8 (42)/11 (58)
6-min walk distance m 216+174
Haemodynamics :
Right atrial pressure mmHg 12.245.2
Mean pulmonary arterial pressure mmHg 67.7+15.8
Pulmonary capillary wedge pressure mmHg . 83+3.4
Cardiac output L+min™’ 2.83+0.77
Cardiac index L-min~"sm™ 1.64+0.34
Pulmonary vascular resistance dyn-s-cm™ 1807 +722
Mean blood pressure mmHg M.7+12.2
Heart rate beats per min 92.34+10.7
Mixed venous oxygen saturation % 50.1+9.0
mPAP 65.8 = 44.4
Cl1.7 = 3.6

Baseline Month & visit Final follow-up visit*
NYHA FC /ALY n 0/0/8110 1161f0% L14f0f0
SMWD m 27417 463494 514+105%1
Haemodynamics
RAP mmHg 119452 L9+4.9% 52435%
mPAP mmHg 6584137 [5.I4140% Gh4+13.4%
PCWP mmHg 84435 67432 79428
Cardiac index L-min™m 146+0.35 3.49+0.49% 3664065
PVR dyn-s-cm’® 17184427 5bh+ 260" 4924209+
Mean BP mmHg 9214125 80.1 111 7% 8494194
HR beats per min 9234107 839+9.8% 79.9413 4+
50, % 51.0+8.5 §9.745.2% T2.044,0%
Dose of epoprostenol achieved ng-kg™"min’ 0 159419 19,6460



Upfront triple combination therapy
6MWD, mPAP, CI, PVR ANDZIER
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