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ABSTRACT | CONTINUOUS infusion of prosracyclin
Background Uncontrolled studies suggested that | was the first therapy shown to reduce mor-
aerosolized iloprost, a stable analogue of prostacyclin, | tality in a controlled study of patients with
causes selective pulmonary vasodilatation and im- | severe pulmonary hvpertension ! However,
proves hemodynamics and exercise capacity in pa- | its usc is associated with a number of serious draw-
tients with pulmonary hypertension. I backs. The lack of pulmonary selectivity results in
Methods We compared repeated daily inhalations | systemic side cffects, tolerance leads to progressive
of 2.5 0r_5.U g of iloprost {six C|!'c{1ll'1e tl.mhe.s Ee]r day; 1 increases in the dose, and there may be recurrent in-
median inhaled dose, 30 ug per day) with inhalation | ¢ .06 of the intravenous catheter.? As an alternarive,
of placebo. A total of 203 patients with selected forms | . LT 3 o
5 : - | inhaled nitric oxide possesses pulmonary sclectivity,
of severe pulmaonary arterial hypertension and chronic | but it is less i s cacvelin in the pulmo
thrﬂmbﬂembolic puln‘lﬂnary hvper‘tension 'NCW York ! I IL s dess I'Il!ﬂ_]'lt Thian Prf-_)bt;lL}L i the p.l o=

Heart Association [NYHA] functional class lll or 1V)
were included. The primary end point was met if, af-
ter week 12, the NYHA class and distance walked in
six minutes were improved by at least one class and
at least 10 percent, respectively, in the absence of clin-
ical deterioration according to predefined criteria and
death.

Results  The combined clinical end point was met
by 16.8 percent of the patients receiving iloprost, as
compared with 4.9 percent of the patients receiving
placebo (P=0.007}). There were increases in the dis-
tance walked in six minutes of 36.4 m in the iloprost
group as a whole (P=0.004) and of 58.8 m in the sub-
group of patients with primary pulmonary hyperten-
sion. Overall, 4.0 percent of patients in the iloprost
group (including one who died) and 13.7 percent of
those in the placebo group (including four who died)
did not complete the study (P=0.024); the most com-
mon reasen for withdrawal was clinical deterioration.
As compared with base-line values, hemodynamic
values were significantly improved at 12 weeks when
measured after iloprost inhalation {P<0.001), were
largely unchanged when measured before iloprost
inhalation, and were significantly worse in the placebo
group. Further significant beneficial effects of iloprost
treatment included an improvement in the NYHA class
(P=0.03), dyspnea (P=0.015), and quality of life (P=
0.026). Syncope occurred with similar frequency in the
two groups but was more frequently rated as serious
in the iloprost group, although this adverse effect was
not associated with clinical deterioration.

Conclusions Inhaled iloprost is an effective thera-
py for patients with severe pulmonary hypertension.
(N Engl J Med 2002;347:322-8.)

Copyright @ 2002 Massachusetts Medical Society.

322 -

nary vasculature.’* Morcover, an interruption in the
inhalation of continuous nitric oxide may cause re-
bound pulmonary hypertension.®® Designed to com-
bine the beneficial effects of prostacyelin with those
of an inhalational application, acrosolized prostacy-
clin was found to be 4 potent pulmonary vasadilator
in patients with acute respiratory filure, exerting
preferential vasodilatation in well-ventilated lung re-
gions. 71 Similar resnlts were obtained in spontane-
ously breathing patients who had lung fibrosis and
severe pulmonary hypertension.'!

Tloprost is a stable analogue of prostacyelin that is
associated with a longer duration of vasodilatation.!?
When administered during a short acrosolization ma-
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neuver to patients with pulmonary hypertension, its
pulmonary vasodilative potency was similar to that of
prostacvelin, but its ctieets lasted tor 30 to 90 min-
ares, as compared with 15 minutes #1595 Several
open-label, uncontrolled studies of patients with se-
vere pulmonary hypertension suggested that long-
term use of acrosolized iloprost results in substantial
clinical improvement 11430620 Oy gbjective in this
trial was to evaluate the effects of inhaled iloprost
sing a rigorous end point of clinical cfficacy.

METHODS
Selection of Patients

Patients with primary pulmonary hypertension and selected fonms
af nonprinuary palmomary. hypertension were candidates for the
study. The forms of nenprimary pulmonary hypertension mclud-
ed appetite-suppressant—associated and  scleroderma-associated
pulmaonary hypertension as well as inoperable chronic thromboem-
bulic pulmonary hy pertension. The inclusion criteria were 3 mean
pulmonary artery pressure greater than 20 mm Hg, the ability to

tiemnaire, 2 the EuroQol questionnaire,® and the 12-itern Medical
Qutcomes Sudy Short-Form General Health Survey.

Matients were removed from the study if they met two or more
of the tellowing predetined criteria for a dererioration in their con-
dinon: retractory systolic arterial hypotension (blood pressure, less
than 835 mm Hgl; worsening right venrricular tailure (e, as in-
dicated by the development of refractory edema or ascites); rapidly
progressing cardiogenic, hepatic, or renal failure; a decrease of ar
least 30 percent i the distance walked m six minures; and a decline
in measures of hemodynamic function, such as central venous pres-
siee and mixed venons oxypgen saturation.

Outcome Measures

The primary end point of the study consisted of an increase of
at least 10 percent in the distance walked in six minutes and an

TaRLE 1. Bast-Ling Criars

CERISTICS OF TTIE PATT

cover between 50 and 500 m without encouragement on a six-nun- JLOPROST PLACERO
ure walk tese,’ and a New York Heart Association (NYHA fune- GRoup Group
rional class of 111 or V22 despire the use of standard conventional CHARACTERISTIC IN=107] (N=102)
therapy {anticoayulants, diuretics, digitalis, calaum-channel block- \e ) s13+132 528+1
ers, and supplemental oxvien), Patients who were taking invesri ORs T yr : e o %.0
garional drings, prostanoids, or beta-blockers were excluded. The Weight — ke TLATIEE: ZLEELIS
doses oF ealciim-channel blockers had to be constant for more than Sex —
six werks betore study cnuy, Exclusion oriteria were a pulinonary- .\:!.:k- al z

Female o83

artery wedge pressare ar rest of more than 15 mm Hg, a candiae
index ar rest of less than or more than 4 liters pere minute per
square meter of body-surface area, bleeding disorders, a bilirubin

Underlying disease — no. (%)

Peimary pulmonary hypertension a1 (80.5)

. i ; S Nonprimary pulmonacy hypertension 50 (49.5) .0}
level of more than 3 myg per dr_clhtcr 51 ol per lirer), creatinine Appetite suppressants 4140} 504.9)
clearance below 300 ml per minure, a forced vital capacity below Collagen vascular discase 13 (12.9) 22 (21.6)
30 percent, a torced expiratory volume in one second thar was less Chronie thrombocmbolic pulmonary 33 (32.7) 24235
than the mean normal value minus twice the standard deviarion, hypertension
and clinical instability. Oral vasodilastor therapy — no. (%) 52 (31.5) 38 (56.9)

Study Design

A roral of 203 parienrs participated after giving written informed

NYTIA Runctivnal class — nw. (%)
11 6 (594
w 41 (40.6)

59 (37.8)
43 (42.2)

consent and after the study had been approved by the local erhics Mahler Dyspriea Indext 4.14+18 427+18
commirrees at 37 Eoropean specialist centers, Patients were ran- G-Minute walk distance — m 332293 315190
domly assigned o receve doprost ([ Homeding, Scherng) or placebo Flemodvivimie variablest
after stratification according to NYHA functional class (11T or TV) Pulmonary-artery pressure — nun Hy 31.8+1 53.8=14.1
and type of pulmonary hypertension (primary or nonprimary) by Cardiac ourput — liters/min 3B=L1 SHE0Y
an independent committee whose members were unaware of pa- 1“'1".“” : ""f‘;"h‘r S 1029390 10412493
nc:u_s‘ identitics, A total of 101 patients were randomly assigned ro S\_;t::]:tm:‘ R \R72+673 18274503
the iloprost group, and 102 were assigned o the placebo group, R :

For inhalation, iloprost or placebo was diloted with saline o a Central venous pressure — mm Iy 91+53 RI+5.0
concentration of 10 up per mulliliter, and 2 ml was added to a neb- Pulmonary-aetery wedge pressure 7.5+3.3 7.6=39

ulizer (HaloLire, MedicAid ). This device delivered shorr pulses of
acrosolized particles {geomenc median | =S D| aerodvoamic diam-
eter of particles, 4.3+0.05 um)#* during the first part of each in-
spiration until a predetined rotal inhaled dose of 2.5 g had been
dispensed. The inhalation was then stopped or repeated once, to
achieve a total dose of 5.0 pg, depending on how well the parient
tolerated the treatment. After cach inhalation, the residual volume
in rhe nebulizer was discarded. This mancuver was repeated six or
nine rimes daily, with an overmghe break. The freg v of inha-
lation and the dose were individually determined within the firse
eight days of therapy according w a predefined dosing algorithm,

Right-heart cathe terization was performed in all patients at base
line and afrer 12 weeks. The acure etfects of inhaled loprost were
cvalmted after 12 weeks i all patients, but not ae base line, w avert
unblinding. At base line and after 4, 8, and 12 weeks, patients com-
pleted a six-minuee walk west, the Mahler Dyspnea Index ques-
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— mm Hg
Arteriall oxygen saturation — %
Mixed venous oxvpen saturaion — %
Hearr rate — beats /min R39:12.2

*Plus—minus vahies are HA denores New York Heart
Association. There were no signil nees between the dloprost and
the placcha gronps Eata on all vanables were avalable for all patients except
in the following categorics: pulmanary-artery pressure, | paticnt in cach
eroup: cardiac output. | patient m the doprost group and 6 n the placebo
group; pulmonary vascular resistance, 10 and 6, respectively; systemic vas-
cnlar resistance, 11 amd L4; central venous pressire, 5 and 7, pulinonary:
artery wedge pressure, 8 and 3; arcerial oxveen saturation, 35 aud 31; mixed
venous oxvgen saounwion, 16 and 185 and hearr rate, 2 and 3.

TOn this L2-peint seale, higher scores wdicate fess dvspnea.

Flacents who were receiving long-rerm oxygen therapy recenved nasal
oxveen during the messurement of base line hemodynamic varables.
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improvement e the NYHA funcriomal class in the absence of a
deterioration m the cinical condinion or death during the 12 weeks
of the stndy. Secondary oy variabies were changes in the values
tor the six-numuote walk test, the NYHA class, Mahler Dyspuea In-
dex seores, hemody namic variables, and the quality of lite; clinical
deterioranion: death: and the need tor rransplantation.

Statistical Analysis

The primary evaluation of efficacy included all randomized pa-
ricrs. Dara ane presented as means =50, unless otherwise stated.
We mcluded data o patienrs who premarurely discontinned the
study using a last-observation-carried-torward analysis for the six-
minnte walk test. Patients who died were assigned a value of 0 m.
All statistical tests tor efficacy variables were two-tailed, with an
alpha level of 0.05.

o analyze the primary efficacy end pont and the improvement
eriteria, we used the Mantel-Haenszel rest, 7 strantied according to
the type of pulimonary hypertension (primary or nonprinmaey) and
NYHA class (IIT or IV), Patients with missing data on the primary
end poine at week 12 were considered not to have had a response.

Changes in the results of the six-minute walk were evaluared
wirh use of nonparamerric analysis of covariance straritied accord-
ing to the tvpe of pulmonary hypertension (primary or nonpri-
mary) and the NYHA class (111 or IV}, with use of the base-line
value as the covariate (analysis of covariance), and the Wilcoxon
signed-rank test.

Changes from base line in hbemodynamic values were analyzed
with t-statistics. The investigators had full access to the data and
pertformed the analyses independently of the sponsor.

RESULTS
Base-line demographic and humndynumic data are
given in ‘Table 1. The mean frequency of inhalation
was 7.5 times per day. Ninety-one percent of patients
received 5.0 pg per inhalation, and 9 percent received
2.5 pg, corresponding to a median inhaled dose of

30 pg per day.

Primary Efficacy End Point

For the primary end point, we tound a signiticant
cffect of treatment in favor of iloprost (= 0.007)
(Fig. 1). The estimated odds of an ctfect in the ilo-
prost group, as compared with the placeba group,
were 3.97 (95 percent confidence interval, 1.47 to
10.75, by the Mantel-Haenszel test), with no signif-
icant heterogeneity among the four subgroups cate-
gorized according to type of pulmonary hyperten-
sion and NYHA class at base line (P=0.79 by the
Breslow—Day test). The secondary analysis of the pri-
mary end point was a logistic-regression model that
included treatment assignment, demographic data,
and base-line characrerisrics. Only treatment assign-
ment (P=0.01) comributed significantly to the prob-
ability of a responsc.

Secondary End Points
Six-Minute Walk Test

The percentage of patients who had an increase of
at least 10 percent in the distance walked in six min-
utes ar week 12 was slightly, but not signiticantly,
higher in the iloprost group than in the placebo
group (P=0.06) (Table 2). The type of pulmonary
hypertension had no significant effect on the cutcome
in either group (P=0.90}). A higher percentage of
patients in the placebo group than in the iloprost
group had a decrease in the distance walked of at least
10 percent or did not complete the study (Table 2.

The absolute change in the distance walked in six
minutes was signiticantly larger (by 36.4 m) in the

§ 40+
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Figure 1. Effect of Inhaled lloprost and Flacebo on the Mean (1SE) Change from Base Line in the Dis-
tance Walked in Six Minutes, According to an Intention-to-Treat Analysis.
The P value was obtained with Wilcoxon's test for two independent samples.
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INHALED ILOPROST FOR SEVERE PULMONARY HYPERTENSION

iloprost group than in the placebo group (P=0.004)
(Fig. 1): 58.8 m among those with primary pulmo-
nary hypertension and 12 m among those with non-
primary pulmonary hypertension. A parametric analy-
sis of covariance, which included the absolute value
on the six-minute walk test at week 12 as a dependent
variable and the treatment assignment (P=0.02), typc
of pulmonary hypertension (P=0.06), and distance
walked at base line (P<0.001) did not show a startis-
tically significant interaction between treatment and
tvpe of pulmonary hypertension { P=0.09),

NYHA Class

More patients in the loprost group than in the pla-
cebo group had an improvement in the severity of
heart Bulure, as assessed by the NYHIA class (P 0.03)
{Table 2). The type of pulmonary hypertension had
no effect on the outcome in cither group (P=0.39).
The percentage of patients with a deterioration in
NYHA class did not differ significantly berween the
groups, but the analysis did not include patients who
left the study carly owing to death or other reasons.
A larger proportion of patients in the placebo group |
than in the iloprost group did not complete the study |
{"lable 2 and Fig. 2). Reasons included death, discon-

tinuation of study medication, and withdrawal of con-

sent, mostly owing, to clincal deterioration, insufficient
clinical benetit, or both.

H A

F y and Gas Exch

qe

In the placebe group, cardiac output, systemic ar-
terial oxvgen saturaton, and mixed venous oxvgen
saturation decreased significantly after 12 weeks and
pulmonary vascular resistance and right atrial pressure
increased significantly (Table 3. In the iloprost group,
values assessed ar 12 weeks, before the first morning
dose of inhaled iloprost, were largely unchanged from
base line, whercas values assessed atter inhalation
were significantly decreased (in the case of pulmonary-
artery pressure, pulmonary vascular resistance, system-
ic arterial pressure, and systemic arterial oxvgen satu-
ration} or increased (in the case of carbon monoxide
and pulmonary-artery wedge pressure). At the com-
pletion of the 12-week study, acute hemodynamic re-
sponsiveness to inhaled iloprost was equivalent in the
placebo group and the iloprost group, though the lat-
ter group had been exposed to daily iloprost inhala-
tion for three months (dara not shown).

Mahler Dyspnea Index

The mean Mahler Dyspnea Index transition score
was significantly better at week 12 in the iloprost

TABLE 2, EFFECTS OF 12 W
s e New Yore Hearr As

§ OF THERAPY WITH INHALED [LOPMROST OR I"LACERO
N (NYHA) Crass anp anie Six-Minirre Wark Tesr.

VaRIABLE
PATIENTS WITH
PRIMLARY
FULAMEONARY

ALL IATIENTS HYPERITNALON

Clange m NYHA class

Dmproved by 2 clisses Lo~ 19
[mproved by L dass 2348 226
Unchanged 4.4 66.0
Worse 59 38
Drara inE 1.0 19
Noncompletion of study 4.0 38
DPeath (i} 1.9
Other a0t 1.9
Cliange in 6-minute walk distance
376§ w1
126 377
= 10% deereas 159 57
Dhata missing 5.9 75
Combined end point 168y 08

lLorROST GROUP

PLacero GRour

PATIENTS WITH PATIENTS WITH  PATIENTS WITH

NONPRIMARY PRIMARY NONPRIMARY
MUTMONARY PULAMONARY CULMORNARY
EIVPERTEMSION ALL PATIENTS IYPERTENSION iy INRION

parcentage of patients
0.0 0.0 0.0
5.0 7.3 19.1
025 69.1 61.7
8.3 Lo 4.3
0.0 0.0 0.0
4.2 117 149
0.0 36 4.3
4.2 2.1 10.6
25.00 0.9 191
179 0.0 46 8
ne 2.7 17.0
+.Z To4 17.0
12.5 B 4.3

P 0.03 lor the companison of rates of improvement (by ane or two dasses) with the placebo proup.

$lrcatmenm was discontinucd in all three patients.

T Irearment was discontinued in seven patients, and three parients wathdrew their consent.

§0=0.06 tor the comparison with the plicebo gronp.
40 =0.007 for the comparison with the plicebo group.

N Engl [ Med, Vol. 347, No. §
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Figure 2. Kaplan—Meier Estimates of the Likelihood of Completing the 12-Week Study.

Reasons for not completing the study included death, discontinuation of study medication, and
withdrawal of consent {see Table 2).

TaBLE 3. Mean ( £5D) CnanGe rroM Base Ling iy Hemopysasie Vavues
BURING 12 WEERS oF THERAPY WITH [NUALED [LOPROST OR PTACERO.®

VaRIABLE Praceso Grour lLorrosT GROUP

REFORE LTER
ENHIALATION INIALATION

mean +50

Podmonary-artery pressure {mm Hy) -0.2x6.9 01273 —4.6+£9. 3%
Cardiac ourput (liters./min) =0.19*0.81f +0.0520806 +055%1.17
Pulmenary vascular resistance (dynesec-om *) +26£322% 92754 239=279¢
Systemic arterial pressure tmm Fy) ~0.2*12.4 -1.7+128 —4.3113.64
Right arrerial pressure (mm Hy) vl.2x4RE t5*4a -840
Pulmonary-artery wedpe pressure (mm Hgp T30 +1.1+4.7¢ +1.8+539
Arterial oxvgen saturation (%) -l.6+4 4% 04437 -14=47z
Mixed venous oxygen saturation (%) -3.256.7¢ L1706 + 1884
Fleant rate (beats /o =]:2=%h -1.8£124 =2.23212.6

*For the iloprost group, both preinhalation and postinhalation values alfier 12 weeks are compared
with the base-fine valoes a0 sidy ey,

FP=0.001 for the diffcrence from base-ling values,
TP=<0.05 for the difference from base-line values,
FP<0.01 for the comparison with the placebo group.
1r<0.01 for the difterence from base-line values,

group than in the placebo group (change, +142+
2,39 vs. +0.30+2.45; P=0.015). The type of pulmo-
nary hypertension had no effect on this outcome.

| in the placebo group (dropping from 48.6+16.9 to
474+21.1, P=0.026 by analysis of covariance). The
EuroQol health-state score improved from (0.49+0.28
to 0.58*0.27 in the iloprost group and was un-

Quality of Lite changed in the placebo group (0.56+0.29 to 0.56*

Mean scores on the EuroQol visual-analogue scale
improved significandy (from 46.9%15.9 to 52.8+19.1)
in the iloprost group but were virtually unchanged

0.31, P=0.11 by analysis of covariance). None of the
other measures of the quality of life were significantly
different between the groups.
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INHALED ILOPROST FOR SEVERE PULMONARY HYPERTENSION

Clinical Deterioration and Death

One patient dicd in the iloprost group during the
12-week study, as compared with four parients in the
placebo group ¢ 1= 0.37) (Table 2). Criteria for clin-
ical deterioration were met in 4.9 percent of patients
i the tloprost group and 8.8 percent of those in the
placebo group (P=0.41). This indicated that fewer
patients either died or deteriorated in the iloprost
group than in the placebo group (4.9 percent vs. 11.8
percent, P=0.09). The rype of pulmonary hyperten-
ston had no effect on the ourcome. During the study
period, none of the patients received a lung transplant.

Safety

The total number of patients who had serious ad-
verse events did not differ significantly between the
eroups (Table 4). Right ventricular failure and ede-
ma were more than twice as frequent in the placebo
group as in the loprost group. The total number of
syncopal events in each of the two groups was sim-
ilar (cight in the loprost group and five in the pla-
cebo group), but these events were more often con-
sidered serious in the tloprost group. Syncope was
not associated with clinical deterioration or prema-
ture withdrawal from the studv. Svncopal events oc-
curred more than two hours after the last inhalation
{often after an overnight break), were exercise-induced
in two patients, were induced by bradycardia in two
patients (associated with gastroenteritis in one patient
and with verapamil therapy in the other), and resulted
in head rrauma in one patient. Flushing and jaw pain
were more common in the iloprost group, but these
adverse cffects were mostly transient and mild and
were not constdered to be serious in any patienr.

DISCUSSION

The results of this clinical trial demonstrate that
long-term inhaled administration of acrosalized ilo
prost, a stable analogue of prostacyclin, improves a
clinically important combined end point consisting
of exercise capacity, NYHA class, and clinical deteri-
oration in paticnts with selected torms of pulmonary
arterial hypertension and chronic thromboembolic
pulmonary hypertension. Morcover, iloprost improved
several secondary end points.

Since intravenous epoprostenol was shown to im-
prove survival among the most severely il parients
with primary pulmonary hypertension, it has been
uncthical to perform randomized clinical trials among
patients with pulmonary hypertension in which sur-
vival is used as an end point. We chose a combined
rather than a single end point {e.g., the distance
walked in six nunutes) in order to make a more rig-
orous derermination of whether inhaled iloprosr was
ctficacious. Nearly 40 percent ot all patients who were
treated with iloprost increased their six-minute walk-

N Engl ] Med, Vul. 347, No. 5 -

ing distance by at least 10 percent. However, only half
as many patients also had improvement in the NYHA
class; conversely, not all patients with an improvement
in NYIA class had an increase of ar least 10 percent in
the distance walked in six minutes. Thus, although
only 17 percent of patients in the iloprost group
reached the combined end point, a substantal num-
ber of the remaining patients met less strict criteria
for clinical improvement that would warrant continued
therapy. Furthermore, significantly fewer patients in
the iloprost group than in the placebo group prema-
turely discontinued the study as a result of lack of
ctficacy or other reasons, suggesting that even when
iloprost therapy does not produce substantial improve-
ment, it may stabilize the clinical condition.

The mean inhaled dose of iloprost corresponded
1o 0.37 ng per kilogram of body weight per minute,
which is constderably lower than an effective intrave-
nous or subcutaneous dose.* Thus, targered delivery
of prostanoids to the pulmonary vasculature by means
of inhalation may substantially reduce the drug re-
quirements.

TABLE 4. INCIDENCE OF SERIOUS AND OTHER ADVERSE EVENTS.”

ILoPROST GRour  PLaceso Group P
VARIABLE INI=101) (N=102) VaLue
ae, of patiants (%)

Serions adverse cvent

Ay evenr 28 (27.7) 35 (24.5) 0.63
Right ventricular failure + (4.0} 10 (9.8) 0.16
and edema
Syncope A (50 0 noni
Othert 33 (32.7) 35 (343 0.88
Adverse cvenrg
Any evemt 91 (90.1}) o0 {R9.2} 82
fncreased cough 39 (3R.0) 16 (25.5) 0.05
Fleadache 30 (29.7) 20 {1963 0.1l
TFlushing 27 (6.7 0001
Influcnza-tike syndrome 14 113.9 0.39
Peripheral edema 13 (12.9) 0.09
Nansen 13 [129) 0.26
Taw pain 12 (11.9) 329 002
Hypotension 11 {10.9) 6 (5.9 0.22
Darrhea 9 (8.9} 11 (10.8 .81
Vertigo 7 [6.2) 11 (10.8 0.6
Syncope 2 (7.9 3 (4.9 0.4l

Onher adverse eventsg 296 277

*The maost commaon xdverse evenes are listed.

tThese events inclhaded an aggravation reaction (an event cansing con-
corn abour possible dererioration i four patients in the doprose yronp and
tive panients m the plicebo group, by poxenna wn two patients in the placebo
group, prenimnonis m wo paticins i the doprost group, tachveardia m two
iloprost group and oo he placebo group, Baboratory-
ies 1 two patients in the doprost gronp, chest pain in two
v growp, and dvspnea in pwo patients in each pronp

paticnls i1

st abnon
patients in

D were avalable for 1 paticnts in the placebo group
#The mumber is the total number of other adverse evenis.
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Like other investigators, we found that the benetit
was greatest among patients with primary pulmonary
hypertension and was similar 1o that of cpoprostenol?
and bosentan.®® Although patients with nonprimary
pulmonary hypertension had improvement i the
scores for the Mahler Dyspnea Index and guality-of-
life measures that were similar ro those achieved in
patients with primary pulmonary hypertension, few-
cr such patients reached the combined end point,
and they also had a smaller absolute change in the dis-
tance walked in six minutes. Similar results have been
obtained with the use of other drugs for pulmonary
hypertension, including epoprostenol 2 beraprost,!
and treprostinil

Hemodynamic assessments of preinhalation values
showed that valucs stabilized in the iloprost group,
whereas they deteriorated in the placebo group. The
degree of deterioration may be underestimated, since
patients who discontinued trearment premarturely did
not undergo follow-up hemodynamic examination.
Postinhalation assessments of hemodynamic variables
demonstrated a significant improvement in the ilo-
prost group, as was anticipated on the basis of pre-
vious reports. 46 Since the acure hemodynamic
response did not differ between the groups, it appears
unlikely that tolerance developed over the 12-week
course of iloprost treatment. During long-term treat-
ment, the patients’ hemodynamic status is somewhere
berween premnhalation and postmbalation values. In
comparison, continuous intravenous therapy may re-
sult in a more sustained hemodynamic improvement?#;
however, continuous intravenous therapy also poscs
considerable risks, including relapse after the inter-
ruption of therapy and complications, and is difficult
to administer.

With respect to adverse events, tlushing, was more
common in the iloprost group, but the frequency of
most of the other inhalation-associated side effects
was similar. There were more syncopal cpisodes in the
iloprost group than in the placebo group (eight vs.
five), and these episodes were more frequently defined
as serious adverse events, but they were not associated
with clinical deterioration. Since syncope occurred a
relatively long time (two to nine hours) after the last
inhalation, the loss of an effect of dloprost may have
caused these events. However, the same side effect
was observed with bosentan therapy, suggesting that
these drugs may have a more pronounced effect on
blood pressure during exercise. Alternatively, patients
who had clinical improvement with therapy may have
become more physically active, challenging the lim-
its of their cardiac reserve. We would advise patients to
increase their physical activity gradually after the ini-
tiation of therapy for pulmonary hypertension.

The inhalation device thar we used provided accu-
rate doses of iloprost. However, it is not battery-driven,

328 - N Engl ] Med, Vol. 347, No. 5

[he ‘\.Tu\' England l:)urfml of \5t\lILIﬂL

and inhalation commonly required 10 minutes. Dit-
ferent techniques of administering acrosolized iloprost
result i similar acute hemodynamic elfects as long
as identical doses are delivered to the respiratory tract
1 a particle size suitable for alveolar deposition B33
With other techniques, the duration of inhalation may
be shortened considerably. '

In conclusion, this large, placebo-controlled trial
demonstrates the etficacy and safety of inhaled iloprost
for the rrearment of severe primary pulmonary hyper-
tension and selected forms of pulmonary arterial and
chronic thromboembolic pulmonary hypertension.
The advantages of intermittent inhaled therapy over
intravenous therapy, coupled with the improvement
i a number of cinically meaningful variables, suggest
that inhaled iloprost therapy is effective. It may be a
suitable alternative to continuous intravenous prosta-
cyelin, especially in patients who do not derive a clear
survival benefit with intravenous therapy.

Supported by Schering. Bedin, Germany. All the anthors have financial
onships with Schering, the sponsor of the study. The relationships dif-
the authors and include emplovment, consultancy, membership
and support for work as investigators

in th_ scientific advisory board,

APPENDIX

The members of the AIR study group were as fillows: Seeering C mmﬂm
AW Seeger (chair), N. Galié, T. Higenbortam, 8. Nikkho, R.
Olschewsks, L] Bubm, G, ‘innmmum ey Tevescgqatars— H.
F. Rpivlwrkutrcr { Medizimischie Hochschnle,
Grimminger and R Wi ann  University Clin d
Lenchte ¢ University Clinie Groihadern, Munich, .u'uum] M. Aguilina
{Unmversied di Bologna, Belopma, Baly), K Amsha and B, Lawson {Roval
Elatlamshire Flospital, Shefticld, Unired Kingdom), K. Alcock (Freeman
Hn:nn al, Newcastle-upon<Tyne, Umited Kingdomy, AL Piore |
S ik Eppendor!, Hamburg, Geomawy 1o Schaner (Meds
Kk und Poliklyuk Unversicinskboke, Leipeig, Genmany ), W Bodes | Gast-
huisberg University Chmie, Leuven, Helgium ), It Escribane and M. Liazaro
(Fospital 12 de Octubre, Madvid | E. Hud {Hopinal Clande-Hi jc&,
Lille, Franced; M. Borst {Ludol-Krehl- ik, Heidelberg, Gennany);
C.M. Black (Royal Free Hospital, Lowdond; C. Brave, A, Romin, .md V.
Maonfoirte (Cenrro Sunizario, Vall d*Hebron, Barcelona, Spainj; A.
(West Infirmary, Glasgow, United Kingdom); A, Boonstra {*\ud.\mu Hos-
piral, Frew University, Amsterdam); C. Fracchia (Fondazione Salvatore
Mangeni, Montescano, Inalyh: € Marini ¢ Istiruro di Fiologia Clinica Con
sighio Nazionale della Ricerche, Pisa, Iralyy; 1. Nicod (Hopiral Cantonal
Umiversitare, Genevayy 1 Pepke Zaba (Papworth Hospital, Cambridge
Universiry, Cambridge, United Kingdomp, G, Sybrecht and H. Wilkens
{Menmala Uniklinik, Tomburg, Germany); A Torbicki ( National In-
stitnte of Tubereulosis and Lung Disease, Warsaw, Poland); P Thiot (11dpi-
tal Bretonneau, Tonres, France), T. Mota (1ospital de Pulido Valente, Lis-

Lo, Iy, L Pemmatorre [Contre 1Hospitalior Universitaime I}
Reams, Boims, Frar Perez and 12 Radenne (CHU Lille, Lille, France);
. Pisen [CLIU Hapial Noed, Grenoble, France); LL. Vachiery ([LGpual

Erasiie, Brussels, Belgivmy; U Hallgien (Kandiologkliniken, Goteborg,
Sweder -X. Kleber { Untidlkrankenlans, Berlin, Gennany); L. Provi u.ltmn
(Huspicais de Universidade de Coimbra, Coimbra, Poro VR
Rilreiro (Vila Nowa de Caia, Portugal b, M. Soler (Kantonsspital, Buasel, Swit-
zerland); and H. Stricker (Ospedale Regionale di Locarno La Caned, Lo-
carno, Swirzedand).
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Priority NDA and BLA Approvals in 2004

MDA
Number

NO21539 Acetadote

NO2 1462 Alimits

MNOZ1688 Sensipar

NOZ1256 Human Secretin

NO21264 Apokyn

M2154) Vitrase

NOSOT794 Vidaza

MO21497 Alinia

MNO21431 Campral

MO21752 Truvdda

Pentetata Calcjum

Hnz 5
nO2174 Trisodium

rntatate Zinc
lrisodium

MNU21751

http:fwww fda.goviD rugs/Devel opmentApproval Process/HowD rugsareDevel opedandApproved/DrugandBiologicApprovalReports/uem051209.htm

ProprietaryName

Priority New Drug Application (NDA) Approvals:

Established
MName

Acetyloysteine

Pnarims

Pemetrexed

[isodium Rty

Cinacaleat
Hydrochloride

Amgen

Human

: Chirhocki
Secratin hirhoclin

Aparmorphine

Hydrochloride Bertek
Ista
Pharms

Aczacitidine Pharmion

Mitazoxamde  Romark

s

Acamprosate Ligha

tricitabine;
Tanofovir Gilead

[risoproxil Sclences

Fumarate

Pentatate Fharma
Caleium Hameln
Trisodium G
charma
Pentetate Jint Hameln
insodiam GmbH

Applicant

nbarland

“hemical
Type Classification Date

Review Aporoval

Indication
Scetadote is indicated (o be
adistnistered travencusly wathin 8 to
1 hours after ingestion of a
potentially hepatotoxic quantity of
acetaminophen, ta prevent or lessen
hepatic injury.

PO 23-Jan-04

Alirnta is indicated in the reatment of
patients with malignant pleural
mesothelioma whose disease is either
unresectable or who are otherwise nat
candidates for curative surgery,
Sensipar is indicated for the treatment
of sacondary hyperparathyromdism in
08-Mar- patients with chronic kidney disease
04 o dialysis, and the treatment of
hypercalcemia in patients with
parathyreid carcinoima.
Fluman Secretin s indicated for (1)
Stimulation of pancreatic secretions,
including Licarbonate, to aid in the
diagnusis of pancreatic exucrine
dysfunction, {2) Stmulation of gastrin
secretion to 3:d in the diagnosis of
gastrinama, and (3] Stimulation of
pancreatic sacretions to facilitate the
identification of the ampulia of Yater
and accessory papilla gunng
endoscapic rewrograde
cholangrepancreatography (ERCP)
Apolkyn is indicated for the acute,
(nrtermittent treatment of
s he i nenng 1Y POMODIlty, “off" episedes {"end-of-
P 20-Apr-id dose wearing off* and unpredictable
‘en/off" episodes) associated with
aitvanced Parkinson's disease.
Vitrasa is indicated as an adjuvant to
increase the absorption and dispersion
{5-May- of other injocted druags; for
134 hypordermoclysis: and as an adjunct in
subcutaneous urography for improving
resorption of radiopagque agents.
Vidaza is indicated for the treatment
af patients with the following
myelodysplastic syndrome subtypes:
refractory anemia or refractory
anemia with ringed sideroblasts (if
accompanied by neutropenia or
thrombocyropenia and requiring
transfusions), refractory anemia with
axtess blasts, refractory anemia with
excess blasts in transformation, and
chronic myelomenacyhic l2ukemia,
Alinta is indicatad for the traatment of
P 21-Jul-04 diarrhea caused by Giardia Lamblia in
patients £ years and older.
Campral is incicated for the
maintenance of abstinence from
2 29-1ul-G4 alcohel in patients with alcohol
dapendence who are abstinent at
treatrent initiation.
Truvada is indicated i combination
with other antiretrowviral agents (such
02-Aug- as non-nucleaside reverse

7]

P 0= Apr-04

19-May-
94

-3
; a4 transcriptase nhibiters or protease
inhibitors) for tha trearment of HIV-1
infaction in adults.
Pantetate Calcium Trisodium s
” indicated for the treatment of internal
t1-Aug- =
P a4 contamination with plutonium,

Americium or curium o incraase the
rates of eliminaton.
Penterate Zine Trisodium is indicaned
for the trearment of internal
P 1 T':‘\l 19~ comtamunaton with plutomum,
14 AmMencium ar Cunum te increase the
rates of elimination.

13
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VAT M L g »
c1BEd M Prussian Blue  Limited
SR nphadase Armphadase Amphastar -
NO21865 Thyaluranidase) {hyaluronidasa) Pharms ; b
|;_irl'E'vd Tarceva g
21743 . { Phar P
Np2LTAS {erlotinit) {erlotinib) QST Pharma l
Pentetate
{21786 Kelacal Calcium CIS-Us 5 [
Tosodiwm
- : - Pentetate Zinc ..o -
MNO21TE Calar iy =15 i >
NG21787 Kelazin Trisodiutm 15-Us ] f
MO Vision Blue Teypan Blue DORC 1 P
NB21756 Macugen Pegaptanid  ootech 1 P
o S soditm HEE *
B . Sauinavir Hoffman-La Y .
NOZ17ES Ipvirase HMasylate Reche 3 P
El
NOZ106D Prialt Ziconotide =an 1 B
Pharms
MO21673 Clolay Aofarabire Genzyime 1 P Q
MU21779 Ventavis iloprost CaTherix 1 PO
MO21446 Lyrica Pregabalin Pfizer 1 P
Priority Biologic License Application (BLA) Approvals:
= Proper Review  Approval
roprietar Appli
Number ProprietaryName o o pRlicant oy, ccification  Date
BLI25084 Erbitux Cetuximab  L7ione P Lecfens
e o i Systems 04
i by
ELI25085 Avastin Bavacizumab Genentech {2 2% :_:"
i 73-May-
BL125104 Tysabri MNatalizumab Iaéz?:r.*n F o2 0\{:]"
S s
BLIZ5103 Kepivance Palifermrin Amgen F e r?'ec

NDA Chemical Type:
1 -  New moiacular ent

- Mew wsster, new salt, or ather nopcovalent derivative

- Mew formulation
- Mew combiration
- Mew manufacturer

eview Classification:
Priority Review

2
3
3
5
7 - Drug already marketed, but without an approved MDA
R
P -
a-

Orphan Designation - Pursuant to Section 326 of the Orphan Drug Act (Fub
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Mestaratadine

soluble

Schering

Shd

26-(cr-04

tad for the refief of
ai s' notor‘\s af

ents with chrontc
ik 3
nonths to 2 years of age,
anoplex 13 indicated for the

unent of patients with known or
finternal cuntamination with

dicactive thallium to increase
ras of elymination,

Amphadase Is indicated as an adjuvant
to increase the absorption and
dispersion of ather injected drugs; for
hypodermoclysis; and as an adjunct in
suboutaneous urography for improving
resorption of radiopague agents,
Tarcewa 15 indicated for the treatment
of locally advanced or metastatic Man
Small-Cell Lung Cancer (NSCLC) after
failure of at least one prior
winotherapy regirman,

Kelacal is indicated for the freatment
of mtarnal contamination with
plutoniurn, amaricium, or curium,
Kelazin s mdicated for the treatment

1B-Nov-
o4

01-Dec-
o4

O1-Dec-

< s‘uroery by s
a psule of the lens,
Macugen 15 indicated for the treatmant

staining & he

17-Dec-
o4 af neguascular {wet) age-related
' macular degeneration,
17 e Trvirase 1= indicated in combination

with other antiretrovical agents for tha
traatment of HIV-1 infectian in acdulis,
alt is indicated for the management
af severa chrenic pain in patients for
whorn intrathecal (IT] therapy is
warranted and who are intolerant of or
refractory to other Lreatment, sucl as
systemic analgesics, adjunchive
therapies, or IT morphine.
Clolar s indicated [or the treatment of
pEdiatric patients 1 to 21 years old
with relapsed or refractory agute
Iymphoblastic leukemia alter at least
W0 (ROF FEQINENS,
Ventavis is indicated for the treatment
of pulmaonary arterial hypertension.
Lyrica is indicated for the
30-Dec- management of neuropathic pain
04 assoclated with diabetic
peripheral neuropathy.

h

28-Dec-
24

Indication

Erbitux 15 indicated for the treatmeant of EGFR-expressing, metastatic colorectal
carcinoma in patients who are refractory to rinctecan-based chemotherapy (in
combination with rinotecan); Treatment of EGFR-expressing, |net65tdlﬂ.

colorsctal carcinoma in patients who are irtolerant to irinotecan-basi

chermotherapy {administered as a single sgent),

Avastin is indicated for the first-line treatment of patients with matastatic
carcinoma of the colon and rectum (in combination with intravenaus 5-

flucrayracil-
Tysabri is in

based chemotherapy ),

ficatad in the treatment of pebients with retapsing forms of muitiple

sclerpsis (MS) to reduce the frequency of chnical exacerbations.
Repivance is indicatad to decrease the incigence and duration of severe oral

mitositis in patients with hematmlogic ma
reqguiring hematopoielic stam cell support.

Signiflcant freprovemant compared o marketed products, in the treatment, diagnasis, or prevantion of a disease,

1 Law 37414 as amended]).

anancies receiving myslotaxic theran
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EXHIBIT 4

Current treatment strategies for pulmonary arterial

hypertension

S. H. LEE & L. J. RUBIN

From the Division of Pulmonary and Critical Care Medicine, Department of Medicine, University of California, San Diego, La Jolla, CA, USA

Abstract, Lee SH, Rubin L] (University ol California,
San Diego. La Jolla, CA, USA). Current treatment
strategies for pulmonary arterial hypertension
{Review). | Intern Med 2005; 258: 199-215.

Pulmonary arterial hypertension (PAH) is a disease
characterized by an elevation in pulmonary artery
pressure that can lead to right ventricular failure
and death. Although there is no cure for PAH,
newer medical therapies have been shown to
improve a variety ol clinically relevant end-points
including survival. exercise tolerance, functional
clags, haemodynamics, echocardiographic parame-
ters and quality of life measures. Since the intro-
duction of continuous intravenous prostacyclin, the
treatment armamentarium of approved drugs for

PAH has expanded to include prostacyclin ana-
logues with differing routes of administration, a
dual endothelin receptor antagonist, and a phos-
phodiesterase-5 inhibitor. Selective endothelin-A
receptor antagonists have shown promise in clin-
ical trials and are likely to be added to the list of
options. As the number of medications available for
PAH continues to increase, treatment decisions
regarding first-line therapy, combination treat-
ments, and add-on strategies are becoming more
complex. This article reviews the current ftreat-
ments stralegies for PAH and provides guidelines
for its management.

Keywords: drug therapy, hypertension, pulmonary.

Introduction

Until the introduction of intravenous (i.v.) epopros-
tenol in 1995, the prognosis of pulmonary arterial
hypertension (PAH) was dismal as treatment was
limited only to supportive measures. The median
survival was 2.8 years with an estimated S5-year
survival of 34% |1]. Epoprostenol was a therapeutic
breakthrough that brought new hope to those with
PAH. However, (reatment decisions for PAH were
relatively uncomplicated as they were limited to this
one medication. The situation todayv is quite differ-
ent: the last decade has witnessed considerable
growth in clinical interest in PAH that has been
paralleled by scientific advances in our understanding

@ 2005 Blackwell Publishing Ltd

of the pathobiology of this disease (Fig. 1), Reflecting
this expansion, the lirst expert consensus statement
on primary pulmonary hypertension (PPH) pub-
lished by the American College of Chest Physicians
in 1993 was a 14-page document [2]. It has now
evolved into a 92-page updated, evidence-based
monograph [ 3].

There are now three classes of medications that
have shown efficacy in the treatment of PAH:
prostanoids, endothelin receptor antagonists (ERAs),
and phosphodiesterase-3 (PDE-5) inhibitors (Fig. 2).
These medications dilfer in terms of their pathway
targets and mechanisms of action, indications for
use, routes of delivery. and side-effect profiles. The
challenge lies in integrating the available information
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Fig. 1 Number of published articles per year listed in PubMed
under the MeSH heading “hypertension, pulmonary’. hitp//
www.pubmed.gov (accessed 4/5/05).

into a sound treatment and management plan that
provides optimal care [or patients with PAH.

Establishing the diagnosis

The classification scheme for pulmonary hyperten-
sion was recently revised in 2003 at the Third

World Symposium on Pulmonary Hypertension held
in Venice and is shown in Table 1. Group 1
pulmonary hyperiension encompasses PAH, the
focus of this review. whilst a variety of secondary
causes of pulmonary hypertension are grouped into
groups 2-5. Effective treatment of PAH is dependent
upon establishing a definitive diagnosis. Pulmonary
hypertension  resulting [rom  secondary causes
should be excluded as many of these conditions
are (reated with alternative approaches. Recom-
mendations for systematic work-up have been
recently reviewed [4. 3|. Published expert guidelines
suggest that all patients with suspected PAH under-
go formal right heart catheterization (RHC) prior to
initiation of treatment. RHC provides important
diagnostic and prognostic information based on a
thorough characterization ol the cardiopulmonary
system.

Many secondary causes of pulmonary hyperten-
sion can be most thoroughly investigated by RHC.
An elevated pulmonary artery occlusion pressure
suggests the presence of left-sided heart disease
caused by systolic or diastolic dysfunction. or
valvular heart disease. Findings of large v-waves
suggest significant mitral regurgitation. A signifi-
cant systolic pressure gradient across the pulmonic

Fig. 2 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 pul-
monary artery in patients with
pulmonary arterial hypertension
are shown, These pathways cor-
respond to important therapeutic
turgets for the medications used to
treat this condition: endothelin
receptor antagonists, phosphaodi-
esterase-5 inhibitors, and prosta-
noids. Plus signs denote an increase
in the intracellular concentration;
minus signs blockage ol a receptor,
inhibition of an enzyme, or a
decrease in the intracellular
concentration (Reproeduced with
permission from Humbert ¢t al.
{L00]; Copyright 2005 Massachu-
seits Medical Society. All rights
reserved),

‘@ 20005 Blackwell Publishing Ltd journal of Internal Medicine 258: 199-215
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Table 1 Classilication of pulmonary hypertension (Venice 2003;
vevised from Evian 1998)

Group L Pulmonary artery hypertension (PALL
1.1 ldiopathic (IPAH)

1.2 Familial (FPAH)

1.3 Associated with (APAH)

1.3.1 Collagen vascular disease

[.3.2 Congenital systemic-to-pulmonary shunts

1.3.3 Portal hypertension

134 HIV infection

1.3.5 Drugs and toxins

1.3.6 Other (thyroid disorders, glycogen storage disease,

Gaucher disease, splenectomy. hereditary

haemorrhagic telangiectasia, haemoglobinoparhy)

4 Assoctated with signilicant venous or capillary involvement

4.1 Pulmonary veno-occlusive disease
.42 Pulmenary capillary haemangiomarosis
1.5 istent pulmonary hypertension of the newborn
Group 2, Pulmonary hvpertension with lelt heart disease
Group 3. Pulmonary hypertension associated with lung disease
and/or hypoxaemis
Group 4, Pulmonary hypertension due to chronic thromhbaotic
and/or embolic di:
Group 3. Miscellancous (sarcoidosis, histiocytosis X,
lvmphangiomyomatosis, compression of pulmonary
vessels)

e

valve is indicative of pulmonic wvalve stenosis.
Sampling of blood to measure oxygen saturation
from the vena cavae and right heart chambers could
lead to the diagnosis of an intracardiac left-to-right

shunt by demonstrating the presence and location of

a ‘step-up’.

Echocardiograms alone should not be used to
dingnose or monitlor the course of PAH. The
diagnosis of PAH requires documentation of a
mean pulmonary artery pressure >25 mmHg at
rest or >30 mmHg with exercise with a normal
pulmonary artery occlusion pressure. The echocar-
diogram directly measures neither, and only pro-
vides an estimale of the right ventricular systolic
pressure based on the tricuspid regurgilant velo-
city. This can underestimate or overestimate the
true pulmonary artery systolic pressure, depending

on a number of lactors, including the quality of

the eche window obtained and presence or
absence of pulmonary outflow obstruction. Under-
estimation can lead to delays in treatment, whilst
overestimation may expose patients to incorrect
diagnoses and unnecessary treatment. Finally, the
haemodynamic responses to acute vasodilator
testing cannot be reliably assessed with echocardi-
ography.

General measures

Physical activity

Although we recommend an active lifestvle that
promotes general cardiovascular  health, PAH
patients should be counselled against activities that
abruptly increase the work of the heart during
exertion [6]. Patients with mild PAIT may have only
minimal symptoms with exertion, whilst those with
more advanced disease may experience dyspnoea at
rest, exertional lightheadedness, svncope or chest
pain, which are indicative of impaired right ventric-
ular performance. Grading of functional capacity in
PAH is usually based upon the World Health
Organization classification scheme, which is a
modification of the well-known New York Heart
Association heart [ailure functional classitication
system (Table 2). Functional class is an important
prognostic marker and has been used as an end-
point in PAH clinical trials.

Diuretics

Loop diuretics and potassium-sparing aldosterone
inhibitors can be used to control signs and symptoms

lable 2 World Health Organization classification of [unctional
status of patients with pulmonary hypertension

Description

| Patients with pulmonary hypertension in whom
there is no limitation of usual physical activity.
Ordinary physical activity does not cause increased
dyspnoea, fatigue, chest pain, or syncope,

n Patients with pulmonary hypertension who have
mild limitation of nsual physical activity. There is no
discomfort at rest. but normal physical activity
causes increased dyspnoea, fatigue, chest pain,

OF presyncope.

1Ll Patients with pulmonary hypertension who have
a marked limitation of physical activity. There is no
discomfort at rest, but less than ordinary activity
causes increased dyspnoea, fatigue, chest pain,

i presyncope.

v Patients with pulmonary hypertension who are unable
to perform any physical activity at rest and who may
have signs of right ventricular [ailure. Dyspnoea
and/or fatigue may be present at rest and symploms
are increased by almost any physical activity,

Adapted from Rich et al | LOL]. Primary pulmonary hypertension:
Executive Summary. Bvian, Prance: World Health Organization.,
1998,

€ 2005 Blackwell Publishing Ltd Journal of Internal Medicine 258; 199-215
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ol volume overload [rom right ventricular lailure,
such as hepatic congestion, ascites and  lower
extremity oedema. Diuretics should be used cau-
tiously to avoid precipitous reductions in preload.

Supplemental oxygen

Hypoxia is a potent pulmonary vasoconstrictor,
leading to increased pulmaonary arterial pressure
both acutely and chronically [7]. In patients with
PAH complicated or caused by chronic hypoxaemia.
supplemental oxygen can improve haemodynamics
by decreasing the mean pulmonary artery pressure
and increasing the cardiac index. thus decreasing
the calculated pulmonary vascular resistance [8]. A
relatively high incidence of sleep-disordered brea-
thing, in a pattern similar (o the Cheyne-Stokes
respiration pattern seen in congestive heart failure,
has also been observed in idiopathic pulmonary
arterial hypertension (IPAH) [9]. This nocturnal
periodic breathing pattern can produce or aggravate
hypoxaemia and can be markedly improved with
supplemental oxygen. The use of supplemental
oxygen 1o maintain arterial oxygen saturation
above 90% both at rest and with exercise is
recommended.

Cardiac glycosides

The role of cardiac glycosides (e.g. digoxin) in PAH is
unclear. When administered intravenously to
patients with [PAH and right ventricular [ailure,
there is a modest, but significant, acute increase in
cardiac output (3.49-3.81 L min~!) [10]. However,
long-term benefits of chronic cardiac glycoside
administration in PAH have not been reporied.
Well-designed clinical trials are needed in order to
further assess the role of cardiac glycosides in the
management of PAH.

Anticoagulation

Although there have been no prospective, random-
ized, placebo-controlled trials (RCT). evidence from
several studies suggests that the use ol chronic
anticoagulation in patients with PAH improves
survival [11-13]. Patients with PAH are likely at
higher risk for thromboembolic complications
because of their decreased activity level, slower
blood blow, dilated right-sided heart chambers. and

for some. the presence of an implanted central
catheter for administering PAH medications. The
fragile haemodynamic state and limited cardiopul-
monary reserve of patients with PAH place them at
rislk for death even [rom a small thromboembolism,
Anticoagulation may also reduce the propensity lor
in sitn microvascular thrombosis in  the distal
pulmonary arterial circulation that is commonly
observed pathologically in PAH.

In the absence of contraindications, chronic
anticoagulation should be a standard component
of the treatment regimen in patients with PAH.
Expert guidelines recommend a goal international
normalized ratio of 1.5 to 2.5 times control [14].

Specific treatment of PAIl

Calcium channel blockers

Treatment of PAH with calcium channel blockers
{CCBs) is reserved [or patients who demonstrate
evidence of acute vasoreactivity. currently defined as
a reduction in mean pulmonary artery pressure
>10 mmHg to a level that is < 40 mmHg, with a
normal cardiac output during testing with an acute.
short-acting vasodilator such as inhaled nitric oxide
or iloprost or i.v. epoprostenol or adenosine [4, 15].
Although the definition of vasoreactivity has chan-
ged somewhat over the years. the underlying
principle remains the same: only those with signi-
ficant haemodynamic reversal of pulmonary hyper-
tension during acute vasodilalor testing should be
considered candidates for chronic CCB treatment.
The rationale for this stems from the thought that
the primary driving force for PAH in these patients is
significant reversible vasoconstriction, rather than a
structural pathological vasculopathy due to chronic
remodelling changes.

About 13% of [PAH patients exhibit acute
vasorcactivity, and ol this group, only hall experi-
ence sustained benefit from chronic CCB treatment
[16]. The same can roughly be said aboult patients
with  anorexigen-associated PAH.  Therefore,
although those with acute vasoreactivity may
benetit from chronic CCB therapy, a significant
number of these patients do not. Acute vasoreac-
tivity is unlikely to be found in patients with other
forms of PAH. and amongst these, the likelihood of
sustained benefit from CCB treatment is exceedingly
rare [17] (Fig. 3). Accordingly, CCB therapy has

@ 2005 Blackwell Publishing Ltd Journal of Internal Medicine 258: 199-215
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vasoreactors”

Long-term responders
to calcium-channel
biockers®

Fig. 3 Breakdown of long-term responders to calcium channel blocker (CCB) monotherapy amongst those who are acutely vasoreactive, by

rype of PAH (data adopted from Sithon et al. [17]).

"Other includes PAH associated wirh connective tissue discase, veno-occlusive disease, pulmonary capillary haemangiomatosis, human
immunodeficiency virus, portopulmonary hypertension, familial and congenital heart defects.

PAcute vasoreactors were defined by a fall in both mean pulmenary artery pressure and pulmonary vascular resistance > 20%.
“Long-term responders were defined as those being in lunctional class [ or [ alter at least 1 year on CCB monotherapy,

been relegated for use only in a handful of patients
with PAH.

All patienis treated with a CCB should be closely
Tollowed for evidence ol benetit as those who do not
respond have a survival rate that approximates that
of untreated PAH [12]. This is particularly import-
ant as newer and more widely effective therapies
that specifically target the pathogenic processes of
PAH are now available. Their initiation should not
be delayed when treatment with CCBs is not proving
effective.

Prostanoids

Epoprostenol

In 1995. epoprostenol, or prostacyclin (Flolan).
became the first drug approved by the United States
Food and Drug Administration (FDA) for the treat-
ment of pulmonary artery hypertension. Epoproste-
nol is a potent, short-acting vasodilator and
antiproliferative agent whose efticacy and safety
have been well documented in numerous short and
long-term clinical trials and observational studies
[18-22]. It is the only medication for PAH that has
shown a survival benefit in a randomized clinical
trial {19].

Epoprostenol is widely considered to be the most
potent and efficacious treatment for PAH. Although
it has been most extensively studied in IPAH and
PAH associated with the scleroderma spectrum ol
disease, epoprostenol is also useful in PAH associ-
ated with systemic lupus erythematosis [23]. HIV

infection [24]. portopulmonary hypertension [25].
and Eisenmenger's syndrome [26]. Epoprostenol is
indicated for use in functional classes I and IV
PAH.

The beneficial acute effects of epoprostenol stem
from its potent vasodilatory and, probably, inotropic
actions, whilst the long-term effects are likely
attributable to its antithrombotic properties and
effects on vascular remodelling |27-29]. With
chronic administration, epoprostenol lowers pul-
monary vascular resistance to a level beyond that
achieved during acute wasodilator testing [30].
Reports of successful withdrawal of chronic epopr-
ostenol therapy suggest that reversal of the vascul-
opathic process may be achievable in some patients
[31].

In a long-term follow-up study of patients with
[PAH treated with epoprostenol, McLaughlin et al.
observed survival rates of 88%, 76% and 63% at 1,
2 and 3 years respectively [21]. In a similar study,
Sitbon et al. reported survival rates of 85%, 70% and
63% [20]. Survival rates in both studies were
significantly better than those predicted by the
National Institutes of Health Primary Pulmonary
Hypertension (NIH-PPH) Registry equation [1].

Of the therapies available for PAH, epoprostenol is
the most complex to administer. [t requires a portable
infusion pump for continuous i.v. administration
through a central catheter because of its short half-life
(<5 min) and high pH of the diluent. Ice packs
must be used to keep the infusate cold as the drug
is unstable at room temperature. The most
common side-effects are jaw pain. {lushing, headache,

@ 20035 Blackwell Publishing Ltd Journal of Internal Medicine 258: 199-213
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diarrhoea and arthralgias. Many of these side-eftects
are dose dependent and respond to conservative
measures or decreases in dose. Patients are also at
increased risk lor catheter-related complications such
as infection and thrombosis.

Prostacylin analogues

The complexity of continuous i.v. epoprosienol
therapy and its attendant risks has led to the
development of stable prostacyclin analogues that
can be administrated by simpler routes. In contrast
to epoprostenol, the prostacyclin analogues are
stable at room temperature and can be diluted in
physiological saline without inactivation [ 32]. These
characteristics allow them to be delivered by the
inhaled or subcutaneous (s.c.) routes.

Treprostinil

Treprostinil is a stable prostacyclin analogue with a
half-life of 35-117 min [32]. It can be administered
subcutaneously using a minipump, similar to that
used to deliver insulin. The infusion site is typically
rotated every few days to minimize local skin
reactions,

The therapeulic efficacy of s.c. treprostinil was
investigated in a large, 12-week RCT involving
patients with functional classes 1I-IV IPAH or PAH
associated with connective Lissue disease or congen-
ital systemic-to-pulmonary shunt [33]. The trepros-
tinil group had a small, but significant increase in
the 6-minute walk test (GMWT) compared with
placebo (+16 m). The magnitude of effect appeared
to be dose related. Although effective. the improve-
ment in 6MWT seen with treprostinil appeared to be
relatively modest when compared with studies that
used epoprostenol [19. 20]. Improvements were also
seen in haemodynamic parameters and the Borg
dyspnoea score. However, deaths and study discon-
tinuations because of clinical worsening were not
significantly different between the two treatment
groups.

Notably, 85% ol patients reported pain at the
infusion site and 83% had an inlusion site reaction,
leading to discontinuation of the study by 8%. Other
commonly reporied side-effects included headache.
diarrhoea, nausea and rash. Five patients (2%) who
were receiving treprostinil were transitioned to
epoprostenol for worsening clinical status. Long-term

data [rom an open-label extension study has shown
continued efficacy of s.c. treprostinil after 24 months
of therapy | 34].

Treprostinil can also be delivered as a continuous
v infusion. 1t is dosed similarly to s.c. treprostinil as
they are bioequivalenl at steady state | 35]. Twelve-
month data from a prospective transition study of
i.v. epoprostenol to i.v. treprostinil has shown it to
be effective in this form | 36]. This was accomplished
without evidence of deterioration, suggesting that
cpoprostenol’s benefits were being maintained by
treprostinil. It is important to note that no RCT
using i.v. treprostinil as initial treatment has been
performed. Its efficacy in this situation is extrapola-
ted from the bioequivalence data to s.c. treprostinil
and the fact that s.c. treprostinil has been found to
be eflective as an initial treatment regimen. In
general, experience with i.v. treprostinil is relatively
limited.

One advanlage ol treprostinil over epoprostenol is
that it does not require constant cooling as it is
stable at room temperature, The longer hall-life may
also theoretically allow unintentional dose interrup-
tions to be better tolerated than epoprostenol. which
has a very short half-life. The s.c. route also offers
the advantage of a less complex delivery system
compared with the i.v. route as it does not require
an implanted i.v. catheter; however., it sulfers from a
high incidence of skin infusion site complications
that may limit its uselulness. Treprostinil is also
being investigated as an inhalation treatment.

Hoprost

lloprost has been markeled as both an iv. and
inhaled medication. It is stable at room temperature
and ambient light and has a plasma half-life ol
almost 30 min |37]. Most of the attention has
focused on iloprost as an inhalation drug. This route
allows it to selectively promote vasodilation in the
pulmonary artery circulation whilst minimizing the
systemic effects commonly associated with i.v.
prostanoids [38. 39]. The inhaled route also pro-
motes drug deposition and selective action to those
arcas that are well ventilated, thereby minimizing
ventilation—perfusion mismatch. This may be espe-
cially important in patients with PAH who have
underlying parenchymal lung disease. In contrast,
i.v. prostacyclin increases the shunt fraction in this
setting [38].

@ 2005 Blackwell Publishing Ltd Journal of Iternal Medicine 238: 199-215
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The safety and eflicacy of inhaled iloprost was
studied in a pivotal 12-week RCT involving 203
patients with lunctional classes IU-IV IPAH or PAH
associated with appetite suppressants, scleroderma,
or moeperable chronic thromboembohe pulmonary
hypertension  (Aerosolized [oprost  Randomized,
AIR) [40)]. Those receiving inhaled iloprost showed
signilicant improvement in the combined primary
end-point of 6MWT. functional class, and absence of
clinical deterioration, in addition to the dyspnoea
and quality of life scores. Notably, this study
produced positive results for inhaled iloprost despite
including a significant proportion of class [V
patients. The greatest benefit on the 6MWT occurred
in those with TPAH compared with non-IPAH and
the magnitude of change was similar to that seen in
studies using i.v. epoprostenol [19]. A subgroup
analysis of AIR showed no benelit of inhaled iloprost
in those with chronic thromboembolic pulmonary
hypertension.

The inhaled route theoretically provides the
advantage of minimizing systemic side-effects asso-
ciated with infused prostanoid therapy. However,
the incidence of reported adverse events from the
pivotal s.c. treprostinil RCT [33] and the inhaled
iloprost RCT [40]| shows mixed results, respect-
ively: headache (27% wvs. 30%). diarrhoea (25%
vs. 9%), nausea (22% vs. 13%), jaw pain (13%
vs. 12%). wvasodilation/flushing (11% vs. 27%).
dizziness/vertigo (9% vs. 7%). and oedema (9% vs.
13%). As expected, increased cough was a com-
monly reported side-effect in the inhaled iloprost
study.

lloprost requires administration six to nine times a
day, with each inhalation {aking 5-10 min through
a special nebulizer device.

Beraprost

Beraprost is an orally active prostacyclin analogue
that has been used in Japan since 1995 for the
treatment of PAH [41]. [t was not until 2002,
however, that the first RCT of beraprost was
published which showed short-term eflicacy in
improving excrcise capacity and symptoms [42]. A
similar, but longer RCT of 12 months duration was
subsequently performed in the US [43]. This study
confirmed the short-term benefits of beraprost seen
in the previous trial; however, these improvements
were no longer evident at either 9 or 12 months.

Therelore. as monotherapy, beraprost has found
little use in the management of PAH.

This trial highlighted the importance of perform-
ing longer-term pivotal PAH drug trials to investi-
gate the durability of short-term gains. A primary
end-point measured at 12 weeks, which is not
uncommon in the published PAH literature, may
not accuralely reflect what happens to that end-
point in the long-term. In the case of beraprost,
although it may not be useful as monotherapy in the
chronic management of PAH. the prospect of having
an orally active prostanoid in the treatment arm-
amentarium is appealing. Further studies may be
warranted to determine whether an oral prostanoid
could be effective as part ol a combinalion treatment
regimen. Beraprost is currently approved lor use
only in Japan.

Endothelin receptor antagonists

Since the characterization of endothelin (ET-1) in
1988 as a potent vasoconstrictor [44], numerous
lines of scientilic evidence have pointed to a prom-
inent role of ET in the regulation of pulmonary
vasomofor tone and possible role in  vascular
remodelling, processes which are important in the
pathogenesis of PAH. Antagonism of ET receptors is
now firmly established as a therapeutic target for
patients with PAH.

The endothelins represent a family of 21-amino
acid proteins derived from vascular endothelial cells
wilh three known isoforms in humans, ET-1, FT-2
and ET-3 [45]. All three isolorms are characterized
by two intramolecular disulphide bonds between
cysteine amino acids at residues 1-15 and 3-11.
ET-1, the endothelin that is thought to play the most
prominent role in PAH, exerts ils aclions via lwo
receptor subtypes: ET 4, which is located on vascular
smooth muscles cells, and ETqx. which is found on
both vascular smooth muscle cells and vascular
endothelium [46]. Activation of ET by ET-1 leads ta
potent vasoconstriction due to an increase in cyto-
solic calcium levels via influx of extracellular
calcium [47, 48] and release of intracellular calcium
stores [49].

The actions of ETy are more complicated. Like
ET 4. activation of KTz on vascular smooth muscles
cells leads to vasoconstriction [50]. Furthermore.
some studies suggest that blockade of both ET 4 and
ETy; is necessary to achieve maximal vasodilation
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in the pulmonary hypertensive state [31-33]
Conversely, other studies suggest a protective role
of ETy in pulmonary hypertension by producing
nitric oxide and prostacyclin and clearing circula-
ting ET-1 [34-38]. Therefore, the overall net
cllect of ETy in regulating pulmonary vasomotor
tone is unclear. There may be theoretical benefit
in selectively blocking ET, whilst leaving Ely
unopposed.

Dual endothelin receptor antagonism

Bosentan is an oral, nonselective ERA thal has proved
its efficacy for the treatment of PAH in two pivotal
RCTs [59, 60]. The second and larger trial, Bosentan
Randomized trial of Endothelin Antagonist Therapy
(BREATHE-1), confirmed the benefits of bosentan
given al a dose of 125 mg twice daily in improving the
6MWT, Borg dyspnoea index, and functional class,
whilst increasing the time to clinical worsening [59].
The higher dose of 250 mg twice daily was associated
with a higher incidence of aminotransferase abnor-
malities without a significant increase in eflicacy.
Consistent with a prior study showing a poorer
prognosis in scleroderma-associated PAH patients
|61], a subgroup analysis of BREATHE-1 showed that
bosentan increased the 6MWT in those with TPAH,
whereas it prevented deterioration in those with
scleroderma (compared with each group's respective
placebo arms).

[t is important to keep in mind that lack of
absolute improvement in clinical parameters does
not necessarily equate lo treatment [ailure. The
main treatment effect may be one of disease stabil-
ization or decreasing the rate of deterioration rather
than overt improvement. Whilst this may not be an
optimal response, bosentan is still clearly exerting a
beneficial effect by delaying the time to clinical
worsening. For this reason. we do not recommend
withdrawing bosentan therapy once it has been
started unless clinical deterioration is thought to be
directly attributable to bosentan or there are intol-
crable side-eftects.

Long-term extension study data with bosentan
show Kaplan—Meier survival estimates of 96%, 89%
and 86% at 1, 2 and 3 years respectively [62]. These
are significantly higher than those predicted by the
NIH-PPH Registry equation [1]. At 2 vears, 70%
of patients remained on bosentan monotherapy.
Clearly, the majority of patients experience long-term

benefits from bosentan alone: however. there is
certainly a subset of patients who will require other
agents as add-on therapy as the disease continues to
Progress,

Data regarding use of bosentan in other forms of
PAH are limited. BREATHE-4, a small. prospective.
noncomparative cohort study of human immuno-
deficiency wvirus (HIV)-associated PAH patients
showed significant improvements in a variety of
clinical end-points including the 6MWT and Borg
dyspnoca index. indicaling less dyspnoca despile
increased walk distance [63]. Bosentan had no
impact on control of the HIV infection. Additionally.,
despite the fact that several of the patients were co-
infected with either hepatitis B or hepatitis C virus
and the majority were receiving potentially hepato-
toxic antiretroviral therapy. elevated liver function
tests were seen only in a minority (12.5%).

Studies investigating the use of bosentan in PAH
associated with Fisenmenger's syndrome
(BREATHE-5 trial) and functional class II patients
with PAH (EARLY trial) are ongoing and should
shed further light into the role of bosentan in these
conditions.

The most important adverse effect assaciated with
bosentan is hepatocellular injury. Aminotransferase
elevations at least three times above the upper limit
ol normal occurred in about 5-10% ol patients
treated with bosentan in the pivotal RCTs |59, 64].
Long-term safety data up to 2 years from a Euro-
pean postmarketing surveillance system (TRAX) of
patients treated with bosentan showed that the
cumulalive incidence of abnormal transaminases
was about 7% [65]. There were no fatal outcomes
related to liver injury.

The likelihood of first aminotransferase clevation
appears to diminish over time: however. it can
develop at any time. Therefore, it is important to
continue monthly monitoring of liver enzymes
throughout the duration of treatment. If needed,
most patients can be successfully managed with
dose reduction or temporary cessation of treatment.
Guidelines are available in the packaging insert.
Other commonly reported side-effects include flush-
ing and headache, with a few patients experiencing
unexplained decreases in haemoglobin concentra-
tion.

Bosentan is a pregnancy category X drug.
Women of childbearing potential must be monit-
ored with pregnancy tests belore and regularly
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during treatment with bosentan. In addition,
women  using a  hormonally  based method of
contraception must use a sccond form of birth
control as bosentan decreases hormone levels.
Bosentan  should not be co-administered  with
glyburide or cyclosporin because ol a pharmacolo-
gical interaction that increases the risk of liver
enzyme abnormalities.

Selective ET receptor antagonism

Selective antagomsm ol the ET, receptor has the
theoretical advantage of blocking the deleterious
vasoconstrictive and vascular smooth muscle prolil-
erative effects mediated through ET ., whilst main-
taining the vasodilatory and ET-1 clearance actions
of ETy.

The safety and efficacy of sitaxsentan, an orally
aclive, selective ET'y receptor antagonisl, was
originally shown in a small, open-label pilot study
[66]. This was followed by a larger RCT involving
functional classes II-1V PAH patients randomized
to placebo or either of two sitaxsentan dosing
groups (Sitaxsentan to Relieve Impaired Exercise,
STRIDE-1) |67]. Patients receiving sitaxsentan had
significant improvements in  6MWT, lunctional
class, and haemodynamic parameters. Unlike the
studies with bosentan. however, there was no
difference seen in the time to clinical worsening, A
small 1-year follow-up study showed persistent
improvement in several clinical parameters com-
pared with baseline [68]. Although potentially
useful in treating PAII, the data to date suggest
that selectivity for the ET, receptor does not confer
superior effects in PAI compared with dual recep-
tor antagonism.

The incidence of liver enzyme abnormalities with
sitaxsentan does not appear to be noticeably differ-
ent from that seen with bosentan, although direct

comparisons are not yet available. The dose of

warfarin may need to be decreased as sitaxsentan
can cause an increase in the protime international
normalized ratio.

Several other studies are underway with sitaxs-
entan, STRIDE-2 is investigating the salfety and
efficacy of sitaxsentan compared with placebo and
open-label bosentan. STRIDE-6 is studying the use
ol sitaxsentan in patients who have failed therapy
with bosentan because ol clinical deterioration or
liver enzyme abnormalities. Ambrisentan. another

selective LT y-receptor blocker, is currently in phase
HI trials.

Phosphodiesterase-5 inhibitors

Cyclic guanosine monophosphate (¢cGMP) is an
intracellular second messenger that is responsible
for mediating the vasodilatory activity of nitric oxide
[69]. cGMP is rapidly inactivated by PDE-5, an
cnzvme abundantly found in lung tissue [70]. In the
pulmonary circulation, PDE-5 inhibition promotes
vascular relaxation by inhibiting the breakdown of
¢GMP. Numerous studies have suggested a beneficial
elfect of sildenafil, a PDE-5 inhibitor, in patients with
pulmonary hypertension from a variety ol causes,
including interstitial lung disease, thromboembo-
lism. and hypoxia |7, 71-73].

A cross-over RCT of patients with PAH showed
significant improvements in exercise duration, car-
diac index, and dyspnoea and fatigue scores with
sildenafil treatment [14]. More recently, the results
of a 12-week RCT involving palients with PAH
predominantly in functional classes II-IIT (96%)
were reported in a late-breaking clinical trials
session at the American College of Chest Physicians’
meeting in October 2004 (Sildenafil Use in Pulmon-
ary Arterial Hyperlension, SUPER-1). The pooled
sildenafil dosing groups showed significant improve-
ments in 6MWT and functional class. A more
thorough evaluation and interpretation of SUPER-
1 are not possible until the full results are published:
however, the US FDA has already announced
approval of sildenafil 20 mg three times daily lor
the treatment of PAH without functional class
restriction. The regulatory approval process in other
countries is ongoing,

Further supporting the ellicacy of sildenafil in
PAH, preliminary data from a 1-year open-label
extension of SUPER-1 presented at the 2003 Inter-
national Conference of the American Thoracic
Society (SUPER-2) showed continued benefit of
sildenafil on 6MWT and functional class [74], in
addition to survival [75].

Sildenalil appears to be well tolerated with head-
ache as the most commonly reported side effect.
Others include dyspepsia, sinus congestion, epistaxis
and back pain. No specitic laboratory monitoring is
recommended: however, its use is contraindicated in
those laking nitrate medications because of poten-
tiation of hypotensive effects. A summary of the
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currently approved medications lor PAH is presented
in Table 3.

b} approved

Treatment decisions
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Fig. 4 Treatment algorithm for pulmonary arterial hypertension. The recommended therapies presented in this algorithm have been
eviluated mainly in those with idiopathic pulmonary arterial hypertension (IPAH), or PAH associated with connective tissue disease or
anorexigen use. Extrapolation to other forms of PAH should be made with caution. Medications are listed in order of increasing inva-
siveness. Country-specific regulatory agency approval status and functional class indications lor PAH medications vary, (1) All patients
should receive treatment with an anticoagulant, Diuretics and oxygen should be added as necessary, (2) A positive acute vasodilator
response is defined as a fall in the mean pulmonary artery pressure from 210 o < 40 mmHg with a normal or increased cardiac output
when challenged with inhaled nitric oxide. iv. cpoprostenol or i.v. adenosine. (3) Consideration should be given to using a PAH-specific
medication such as a PDE-5 inhibitor. endothelin recepror antagonist (ERA), or prostanoid as first-line treatment instead of a calcium
channel blocker (CCB) in those with PAH that is not IPAH or PAH associated with anorexigen use, or in those in an advanced FC given the
exceedingly low long-term response rate to CUB monotherapy in the former and poor prognosis in the latter. (4) Sustained response to CCB
therapy is defined as being in FC 1 or U with normal or near-normal haemodynamics alter several months of treatment. (3) The risks and
benelits of treatment in early PAH should be considered. (6} First-line therapy for FC Il includes bosentan. epoprostenol, inhaled iloprost.
sildenalil, and s.c./iv. treprostinil, (7) Most experts reconmnend i.v. epoprostenol as first-line treatment for unstable patients in FC V. (8)
RCTs studying add-on combination treatment regimens are underway,

class T patients. In fact, only one patient in the
sildenafil SUPER-1 (rial was from this class. Oral
bosentan is also currently being studied for use in

is rarely used in these instances due to the potential
serious risks and complications related to its admin-
istration. Given its oral availability, sildenafil is an

attractive option for early PAH, especially in patients
who are class II. There is actually very little
information about sildenalil's efficacy in functional

functional class Il patients in the EARLY trial.
Patients in functional classes Il and IV pose a
significant challenge in choosing an initial treatment
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regimen. For patients in class [V, most experts
recommend first-line treatment with i.v. epoproste-
nol given the extensive experience with its use.
proven eflicacy, survival benefit. and rapidity of
action. This is consistent with the most current
evidence-based treatment algorithms published |15,
791.

For the rest of the patients in class I or [V,
treatment with inhaled iloprost, treprostinil s.c./i.v.,
bosentan, and sildenafil are available. Because
direct, prospective comparisons between dilferent
PAH medications are not available (with the excep-
tion of one study, discussed below), the decision to
use one treatment over another in the majority of
cases will ultimately be influenced by the clinical
scenario, availability of medication, preferred route
of administration. medication side-effect protfile,
patient preference and provider experience. Still,
there are situations in which it may be rational to
use one medication over another.

Inhaled iloprost is an attractive option lor PAH as
it comes from the powerlul prostanoid class of
medication and administration is noninvasive. Com-
pared with systemic therapies, the inhaled route
may also particularly be useful in situations in
which the ventilation—perfusion relationship is sig-
nificantly altered, e.g. those with parenchymal lung
disease complicating PAH agsociated with connect-
ive tissue disease, although more studies are needed
o investigate this. The downside to inhaled iloprost
includes the relatively short duration of action
requiring repeated treatments six to nine times a
dav. Additionally, long-term efficacy data are not yet
available.

In terms of administration, treprostinil has some
advantages over epoprostenol in that it does not
have to be continually cooled and, at least for the
subcutaneous lorm, an implanted central venous
catheter is not required. However, long-term efficacy
data for s.c. treprostinil are not yet available. As for
i.v. treprostinil, it has been shown to be effective as a
transition therapy from i.v. epoprostenol: however,
data are not available about its elficacy as initial
treatment. This must be extrapolated from the
bioequivalence data to s.c. treprostinil.

With respect to bosentan, it should be kept in
mind that the benelicial effects probably take at least
8 weeks to manifest. Therefore, bosentan is not
appropriate for use as monotherapy in unstable class
IV patients, Additionally, haemodynamic evidence

ol right heart failure on initial RHC may help predict
poor response Lo bosentan and could persuade one
lo use a prostanoid as first-line treatment in this
situation [80]. For those in functional class L1, there
are data to suggest that survival estimates up to
36 months are similar between those initially trea-
ted with bosentan compared with those initially
treated with epoprostenol |81]. Using an initial
treatment combination of bosentan with epoproste-
nol may provide some additional benefit compared
with using epoprostenol alone in class 11I/1V patients
(BREATHE-2 trial) [82].

Sildenafil’'s place within the treatment algorithm
is most lirmly established for functional classes 1l
and IIT as 96% of the patients in the SUUPER-1 trial
were lrom these classes; however, general clinical
experience with its use in PAH is still in its infancy.
Certainly, lor those in whom oral therapy is being
considered and/or bosentan is contraindicated. sil-
denatfil is a viable option. A more thorough evalu-
ation will be possible when the SUPER-1 results are
published. Additionally, more complete follow-up
data from SUPER-2 are needed regarding its long-
term elflicacy. In this respect, at least in comparison
with the emly other oral therapy available for PAH,
bosentan may have an advantage as data regarding
J-year survival and need for add-on therapy are
already available [62]. It is unknown whether the
difference in dosing frequency between bosentan
{twice daily) and sildenafil (ihree times daily) could
potentially affect treatment compliance.

Keeping these lactors in mind, one small. double-
blind RCT has already been published investigating
the eflicacy of bosentan versus sildenalil over a 16-
week period in patients with class 11 IPAH or PAH
associated with connective tissue |83]. One patient
in the sildenafil group died unexpectedly. When
analvsed by intention-to-treat. there were no signi-
ficant differences between the treatment groups with
respecl to changes in right ventricle mass, 6MWT,
echocardiographic parameters, brain natriuretic
peptide, or Borg dyspnoea index.

Combination/add-on therapy

Unfortunately, not everyone responds to the initial
drug treatment regimen chosen. The addition of a
second PAH drug may be reasonable for patients
who deteriorate or have a suboptimal response 1o
monotherapy. Potential candidates include those
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with worsening symptoms or deteriorating exercise
capacity, functional class, or hacmodynamics. In
those initially treated with epoprostenol, persistence
of an advanced lunctional class or lack of improve-
ment in certain haemodynamic parameters  at
lollow-up portend a poor prognosis [20. 62, 84].
These are also appropriate candidates for combina-
tion drug therapy.

An approach that uses a combination of drugs
that targets different pathways has been successfully
employed in systemic hypertension and congestive
heart failure. and a similar strategy in PAH may
increase  elficacy  whilst  minimizing  loxicity.
Although prostanoids, ERAs and PDE-5 inhibitors
work through different intracellular pathways, there
may be important interactions between them. For
example, the stable prostacyclin analogue cicaprost
inhibits the release of ET-1 from pulmonary artery
smooth muscle cells, whilst the antiproliferative
elfects of cicaprost are attenuated by ET-1 |32, 85].
Similarly, PDE-5 inhibitors increase the intracellular
levels of cyclic adenosine monophosphate, a medi-
ator for the cardiovascular effects of prostanoids
[32].

A handlul ol case series and observational cohort
studies preliminarily have shown promising results
using various combinations of sequential add-on
therapy including prostanoids + sildenafil [73. 86,
87]. prostanoids + bosentan [88]. and bosen-
tan + sildenaltil [89]. However. rigorous RCTs, sev-
eral of which are currently ongoing, are needed to
clarify definitively the proper timing and appropriate
combination ol drugs to use [90].

Switching therapies

Transitioning therapies has been made possible with
the availability of less invasive and more convenient
treatment options. The concept of transitioning
therapy is one of de-evolution: going from a more
invasive and complex treatment to one that is less
invasive and simpler. This should be accomplished
without clinical deterioration. Preliminary data sug-
gest thal transitioning patients from chronic iv.
epoprostenol to i.v. treprostinil |36] or s.c. trepros-
tinil [91] can be carried out safely and without
clinical deterioration. For patients who have made
adequale improvement with epoprostenol or trepros-
tinil, transitioning 1o oral therapies such as an ERA
or PDE-5 inhibitor may also be possible. As there are

no guidelines available for the selection of candidates
for transitioning therapies, the timing, or the choice
of agents, these decisions should be reserved for
highly experienced physicians.

Lung or heart-lung transplantation

Lung or heari-lung transplantation for PAH remains
the treatment of last resort when medical therapy
has lailed. Atrial septostomy can be used as a bridge
to transplantation in patients with refractory right
heart failure or as an alternative when transplan-
tation is not a viable option. Septostomy is a high-
risk procedure that should only be performed in
centres with expertise [92].

Between [anuary 1995 and June 2002, the
Registry of the International Society for Heart and
Lung Transplantation reported that 427 lung trans-
plants were performed around the world for IPAH
[93]. The majority were bilateral lung transplants
(85"%). Compared with other conditions for which
transplantation was performed, those with [PAH
had the highest risk of death within the first vear of
transplantation. However, for those who survived
the first year, the prognosis improved considerably
compared with the outcome of other recipient
groups. The median survival after transplantation
for [IPAH was 4 years.

We recommend considering transplantation for
PAH patients in class [l or IV who are deteriorating
on medical therapy [92]. For those being treated
with epoprostenol, the presence of right-sided heart
tailure, persistence ol NYHA functional classes I11-
IV, or the absence of a significant fall in total
pulmonary resistance >30% relative to baseline
after 3 months of therapy is associated with poor
survival and may be useflul in the consideration and
timing of transplantation [20].

Monitoring treatment

Pulmonary arterial hypertension is a progressive
disease for which no single therapy may suflice.
Accardingly, ongoing and methodic monitoring of
the responses to treatment is crucial in order to
optimize outcomes. We reassess the clinical status
every 2-3 months using noninvasive assessments
such as functional class and 6MWT. Decisions
regarding dose changes or add-on therapy depend
on subjective and objective criteria. In general, our
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woal is to improve the 6MWT to >380 m and
lunctional class to I/1I whilst on treatment, given
their prognostic signilicance [20]. In instances when
add-on therapy is being considered or the haemo-
dynamic status is unclear, we perform repeat RHC.
Echocardiography can also noninvasively provide
useful measurements that have prognostic signifi-
cance [94-99].

Conclusions

Until quite recently, PAH was an untreatable
condition that invariably progressed to premature
death. Whilst i.v. epoprostenol. the first medication
introduced specifically for PAH, is still widely con-
sidered the ‘gold standard’ of therapy. newly studied
prostacyclin analogues, ERAs and PDE-5 inhibitors
provide alternative means of treatment that are less
complex yet still efticacious for many patients with
PAH.

Each advance, however, raises new questions
aboul lirst-line treatment strategies and proper use
of combination regimens. Certainly, treatment and
management decisions are becoming increasingly
complex. Referral of PAH patients to centres that
have physicians and clinical support stafl with
particular expertise in managing patients with
PAH may be necessary. In the meantime, as more
data become available, the treatment algorithm will
continue to evolve to optimize the evidence-based
decision-making process.
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IMDICATION

What is VENTAVIS?

VENTAVIS is a prescription medicine used to treat adults with certain kinds of severe pulmonary arterial
hypertension (PAH), a condition in which blood pressure is too high in the blood vessels between the heart and the

lungs. VENTAVIS may improve your ability to exercise and your symptoms for a short time by lowering your blood
pressure and opening up the blood vessels in your lungs.

The study showing VENTAVIS is effective included mainly patients with NYHA Functional Class l1I-1V PAH. In these
patients, PAH was caused hy unidentified ar hereditary factors (65%) or connective tissue diseases (23%).

VENTAVIS has not been studied in children younger than 18 years old.
7 INHALED

A b "
Please see accompanying full Prescribing Information and Patient / s en taV's
Information, and lmportant Safety Information on pages 3 and 4. A it PO

SOLUTION
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INDICATION

What is VENTAVIS?

VENTAVIS is a prescription medicine used to treat adults with certain kinds of severe pulmonary
arterial hypertension {PAH), a condition in which blood pressure is too high in the blood vessels between
the heart and the lungs. VENTAVIS may improve yaur ability to exercise and your symptoms for a short
time by lowering your hlood pressure and opening up the blood vessels in your lungs.

The study showing VENTAVIS is effective included mainly patients with NYHA Functional Class [11-IV PAH. In
these patients, PAH was caused by unidentified or hereditary factors (65%) or connective tissue diseases (23%).
VENTAVIS has not been studied in children younger than 18 years old.

IMPORTANT SAFETY INFORMATION e
What should § tell my docior Belore taking VENTAWIS?

VENTAVIS may not be right for you. Before taking VENTAVIS, tell your doctor about all of your medical
conditions, including if you;

= have liver or kidney problems. Your doctor may need to give you a lower dose of VENTAVIS.

= are pregnant, or plan to become pregnant. It is not known if VENTAVIS can harm your unbarn baby.
VENTAVIS should only be used during pregnancy if the benefit to you is worth the possible risk to your bahy.

s are breast-feeding. It is not known if VENTAVIS passes into your breast milk. You and your doctor
should decide if you will take VENTAVIS or breast feed.

Tell your doctor about all the medicines you take, including prescription and nonprescription medicines,
vitamins, and herbal supplements.

VENTAVIS and other medicines may affect each other causing side effects. VENTAVIS may affect the
way other medicines work, and other medicines may affect how VENTAVIS works.
Especially tell your doctor if you take:
» medicines used to treat high blood pressure or heart problems
= medicines that lessen blood clotting {warfarin, Coumadin, Jantaven)
Know the medicines you take. Keep a list of your medicines and show it to your doctor and pharmacist
when you get a new medicine,
How should | iake YENTAYIS?
_+ Take VENTAVIS exactly as your doctor tells you to take it. Your doctor may change your dose if needed.

= You should not take VENTAVIS more than every 2 hours, The benefits of VENTAVIS may not last 2
hours, so you may adjust the times that you use it to cover planned activities.

» Do not drink VENTAVIS.

» Do not let VENTAVIS solution come into contact with your skin or eyes. If it does, rinse your skin or
eyes with water right away.

Please see accompanying full Prescribing Information and Patient Information.
Please see the Important Safety Information continued on the next page.
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if\&P(}RTANT SAFETY (NFORE AATION {continued;

» Donot allow other people to be exposed to VENTAVIS while you are breathmg it, especnally
_habies and pregnant women.

* If you take too much VENTAV!S you may have a headache, red face, dlzzmess nausea,
vomiting and diarrhea. If this happens stop taking VENTAVIS. If your symptoms do not go
away, call your d_acmr or get emergency help right away.

What are the possible side sifacts of VENTAVIS?

VENTAVIS may cause side effects, including feeling dizzy, lightheaded and faint. If you have

~ any of these side effects, you should stand up slowly when you get out of chairs or hed. Tell

- your doctor if your fainting gets worse during treatment with VENTAVIS. Your doctor may need
to change your dose or your treatment.

Do not drwe acaror operaie any tools or macbmes if dlzzmess or fainting from low blood
pressure is a problem for you.

You may have trouble hreathmg after taking VENTAVIS because it may cause the muscles
around your airway to tighten {hronchospasm} Get emergency help right away if \mu have
o tmuble hreathing. S _ _ S i st
: Uther important side effects of VENTAV!S include:

* bleeding

« red face (flushing)

. increased cough

» low blood pressure

* headaches

* nausea e

. spasm of your jaw muscles that makes i it hard to open your mauth

Talk ta yaur doctur if you have any side effect that bcthers you oF that does not go awav

= These are notall the pas&ble s:de effects of VENTAV!S For more mfcrmatmn ask your

: doctor or pharmacsst

e Call s your doctor for medicai advice abuut side effects. You may report side eﬂects to the
: I_FDA at1- BUG-FDA-1088 ' -

Please see accompanying fuil Prescribing Information and Patient Information.
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More about how VENTAVIS can help

VENTAVIS is delivered rightto the lungs—the site of the disease. VENTAVIS is an
inhaled therapy that can be given alone to help patients walk farther and breathe
easier with daily activities.

In clinical studies, VENTAVIS has been shown to lower high blood pressure and
resistance in the pulmonary artery {main blood vessei} leading to the lungs to
allow the heart to pump better.

VENTAV!S is the only inhaled PAH therapy which has shown that patients have clinical
improvement with treatment—defined as the combination of 3 different clinical
measurements. The clinical study showed that PAH patients treated with VENTAVIS™;

Inipraved functional class'

» Patients felt better doing daily activities [

: . Improve functional class
and improved their NYHA Class. Y YYY

Many patients who felt short of
breath (even when sitting still} found
that they were able to be more active.

5% of pationts traited with VENTAVIS anproved their NYHA
funchional elass compared o 8% of patients net taking VENTAVIS

Increased their ability to exercise™

* Also, patients were ahle to walk
farther in a timed test.

Patients who took VENTAVIS were 4 P—— h
ahle to walk farther by at least 10% 15 o i)

in a 6-minute walk test. On average,
patients who took VENTAVIS could
walk 40 meters farther than those

who did not take VENTAVIS.

-

Experienced less worsening of
PAH symptoms®

'VENTAVISdecreasedthewnrserung e

of PAH symptoms Keep PAH from getting worse &

PAH is a progressive disease, which
means it tends to get worse if nat
treated. Many patients who took

VENTAVIS had less warsening of PAH. In 12 eeks, only 4% of patents troate vith VENTAVIS
: . : kgnn.\mrm|:a|||||.nr4:adml!%nfpaﬂems|'1nttalllm:j\l'ﬁri‘l‘sﬂn‘l-'ls
It is important to remember that each e e e

person responds differently to therapy.

*In a study of 146 patients with NYHA Class Il or IV PAH, researchers compared 2 groups of
patients for 12 weeks: 1 group received VENTAVIS inhaled 6 to 9 times per day, while the other
group inhaled placebo (no active medicine). About § times os many patients taking VENTAVIS
had clinical improvement compared to thase who took placebo during the study (19% vs 4%).
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Connect wit

e _Gemng vour VENTAV%S® ([laprust) Inha!atmn
- Solution prescnptmn

~ Your VENTAVIS prescnptmn comes wnh hefpful services
~ brought to you by Actelion Pathways. Actelion Parhways is
~ your one point of contact for access to VENTAVIS &nswers
. to questaﬂns ahc}utiulimg your prescrlpunn and help in -
‘coordinating with your doctor, insurance company, and
~ specialty pharmacy to find out wheiheryﬁu have coveraga
o fop your medrcme . : d

__.'Hg_re's __how -it;-h_a ppe_ns;..f'

~Your healthcare provider will send

- your prescription form directly to

~ Actefion Pathways. An Actehon Patient
e Services Ccunsa!armﬂcaardmate with
o your doctor, i insurance company,. and
A -:spemalw pharmacy fu ﬁnd out whether i

Then, Actelicn Pathways will work
 with the spemalt\c pharmacy to help

 Please sea accompanying full Prescribing Information and Patient information.
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__ Ac_tgﬁan Pazhwé’?# -.:i.s with you on y_bnr journey -

~ When your VENTAVIS prescription is written, it goes to

Actelion. A VENTAVIS prescription cannot be filled at your
- neighborhood pharmacy. It must be dispensed througha
~ specialty pharmacy that is part of the V__E_!_\tTAVlS network.

~ Is VENTAVIS covered by insurance?

Every insurance company is different. Our Actefion Patient
- Services Counselors will help in coordinating with your
doctor, insurance company, and specialty pharmacy to find
out whether you have coverage for your medicine.

If you have any questions about the services and

support offered by Actelion, call toll-free, 1-866-ACTELION
~ (1-866-228-3546) Monday through Friday, 12 pv-8 pv (ETY/
9 am-5 P (PT). ;

 Please see pages 3 and 4 for fmﬁﬁﬁéﬂtsréfety Information.
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~ How is VENTAVIS taken?
~ VENTAVIS is inhaled through a special system called
the I-neb® AAD® System, which is compact, portable,

 and I|ghtwe|ght The |-neb AAD System is small—

about the size of a box of kitchen matches—and it

~has an internal rechargeable battery like a cell phoné,

50 you can take your medication almost anywhere
~ atany time. VENTAVIS should be inhaled as your
 doctor prescribes, usually 6-9 times a day, but not

~ more often than every 2 haurs )

. o :What does AAD stand for?
- Adaptwa Aerosnl Delivery. '

- » The word "Adaptive” is important because it means
that this system adjusts to fit your breathing pattern

~each time you use it. It releases the medicine (as a mist)
only when you breathe in. This device was designed to

deliver the right amount of medication.!
"Aemsoi" means fine mist.

~ Whyis VENTAVIS inhaled?

. Inhaling VENTAVIS gets itright to the IungsWthe SIte of
e disease. There are other ways to deliver med}catmns '
 like VENTAVIS into the body that requ:re pumps, needles

_ and carhete rs.

. '__:Can_ i take VENTAVIS onlv w:th the I-neb MD S',rstem" -

VED TAVIS rﬁust be taken with the I-neb AAD System because it '
; '-|Sth&0niy system approved by the FDA and available for use
 with VENTAVIS. This special handheld system turns VENTAVIS

liquid medicine into a fine mist (or “aerosol”) that you breathe

il fts advanced techneiagv prowdes direct-to- Iung dellver\;

o .Pfs'é'se.“séé' ébca_mpanyfng f_u.H' Prssg(fbing _inform_ét.fdﬂ-'aﬁd Pat_ienﬁﬁ?érm&ﬁﬁﬁ. :
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A high-tech handheld system

The f-neb AAD System has been developed with high-tech features
sothatit:

« Adjusts to fit your breathing pattern each time you use it {unlike other
nebulizers which make you adjust when and how you breathe)

+ Produces a fine mist that can reach into the tiny airways throughout
the lungs

* Makes sure dosing is accurate every time you take VENTAVIS
= Records treatment information to help your doctor follow your progress

- Handy carrying case
The I-neb AAD System is compact,
portable, and cames with a
convenient over-the-shoulder
~ carrying case, making your
~ treatments accessible and easy
when you're on the go.

Learning how to use
the I-neb AAD System R
After you receive your VENTAVIS prescription and I-neb AAD System from
your specialty pharmacy, they will schedule a meeting betweenyou and a
VENTAVIS-trained nurse educatar. The nurse educator will meet with you
{either at home or in your doctor's office) to show you how to take your
VENTAVIS treatments, and how to use and clean the I-neb AAD System:

* Each treatment should take abaout 4-10 minutes.

)

~» |fyou notice that your treatments are starting to take longer than usual, call
your specialty pharmacy or your healthcare professional to ask for help.

* Oryou can call Actelion’s team of Registered Nurses and Respiratary
Therapists, who will be glad to help answer your questions. Call
1-866-ACTELION (1-866-228-3546) Manday through Friday, 12 pv-8 pm (ET)Y
9 am=5 pm (PT).

To learn more about VENTAVIS and watch videos about using the I-neb
AAD System, visit the I-neb AAD Learning Center at. www.VENTAVIS.com.

Please see psges Jand 4 fbr !mporfént Safety fnfoﬁnarian. . . . 9
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Help when you start _ _
~ AVENTAVIS-trained nurse educator from your specialty pharmacy
- will be with you to help you get started on VENTAVIS® (iloprost)
~ Inhalation Solution. The nurse educator will show you, step-by-step,
how to use and clean your I-neb AAD System. You will alse get a
mure detaaled instruction booklet.
_ e ; Mouthpiece
Your !-n‘ebAAD System? :
* Mobility and portability. That's
- what you get with the l-neb
- AAD System. You can take the
I-neb AAD System with you for

treatments almost anywhere T .
; Chamber Lid

~ atanytime’ =
The I-neb AAD System comes with . Yo Mash
- two convenient carrying cases for ;
‘your chamber fids with mesh. Medication Chamber
 For full details on how to use Bo’d#‘
the I-neb AAD System, see the '
user manual that accompanies
yu ur de\nce .
s f_Us_i}a__IEv:_ﬁ_tq Qfgi_més'aday_.hgt.nu mdrg.ﬁlan:ﬁnc.e e_vvgry'zz__gat_}r_s:"'_ L
1_3:_ = o Pleasa ses ac'compa'n ying full Prescribing !nfarmé-ﬁon and Patient !nfm_*matiam '
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seveamads

AAD Syslem, when tully charged w:lt iast
- fcr up to 40 treatments before reehargmg
i |s needed :

e vENTszs Gl Wit bl ot
fac:ng away from you and align with dot on
~ ampule breaka_arto open the ampule.

o Af‘tef removmg the medlcatlon lid, put the
~ dosing guide overthe medacatmn chamber.
- Use the pipette to draw VENTAV]S out of the
~ ampule, Carefully squeeze the liguid into the
' :;: medfcatmn chamber.

L Heplace the iid, cuvar lhelatch and attach
. the mauthplece e

~ Ifyou have any questions about VENTAVIS or the I-neb AAD System, help
~ is just a phone call away. Contact Actelion Patient Services at
- 1-866-ACTELION (1-866-228-3546) Monday through Fnday, 12 pm-8 i IEF};’
 9am- 5PM {PT} Or call your specialty pharmacy.

. Uattns e it Sty ol
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: Leam the ABCS_AngIe, Breathmg, C!eanmg—m help you manage
your VENTAVIS® (iloprost) Inhalation Solution treatment. These are the
three keys to taking VENTAVIS with the I-neb AAD System.

. _ 'Huldmgfhe - nebAAD System at the rrght
~ angle ensures the best drug delivery. '
= Sit m-a_eﬂmfortable, upnght_ position.

* Hold the I-neb AAD Systemata :
90-degree angle to your mouth, like you
would when eating a hamburger; resting |

- your elbows on the table while holding
your l-neb AAD System makes it easy.

« The I-neb AAD System will remind you :
with 4 short heeps if you are not hotdmgz -
it at a 90-degree angle. 14

~* Holding the I-neb AAD System atthe
wrong angle will increase the length
D mdeniine

§ Practiceyour ABCs every day. |88

v o - Please seé_&bcompényfnﬁ full Pre'sjcr.fbfng_:!hfar_mario.f’_r-and'Pa_tienr_'n‘n'formaﬁbn._ -
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ruper breathing is the single most
_ impaortant part of your treatment.

Keep your fips closed around the I-neb AAD

System mouthpiece as you breathe in and out.

» Breathe in and out through your mouth,
not your nose.

* The I-neb AAD System will take the first
3 breaths in and out to adapt to your own
breathing pattern. As you begin your

4" breath in, VENTAVIS will be delivered. _

¢ The I-neb AAD System will vibrate as you begin to take a breath in
to let you know VENTAVIS is being delivered.

Relax and breathe in and out in a slow and steady manner

« While breathing in a slow and steady manner, try counting one
one-thousand, two one-thousand, three one-thousand.

= The longer you can breathe in, the more VENTAVIS is delivered

- and your treatment times may decrease.

¢ |fyou need a break, take one. Rest a minute or 2, then restart your
treatment. Remember, the 1-neb AAD System will take 3 breaths in
and out to adapt to your breathing pattern before VENTAVIS will he
delivered again.

Keeping your [-neb AAD System clean is important to treatment success.
Tharough cleaning keeps the I-neb AAD System working well. The parts
must be cleaned once a day and boiled once a week. See the "Cleaning
the I-neb AAD System” section for more details on cleaning.

Please see pages 3 and 4 for Important Safety Information ' S
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To keep vour I-neb® AAB® Systemm the best wurkmg can{}itmn
clean :t uﬂce a day and bmi ﬁwaek[y i
3 Startmg the dav - .
~+ Load the blue case with 6 clean dw chamber tlds with mesh% e
the biue case is aiways fore nith me i

-'?.‘ Fill the orange case with dlstllle(fwater and secure the Itd— s
the oraﬂge case isnow readv to store up toﬁusgd ghamger I:ri :_ S
withmesh _ el e e

Load blue cssa wﬁh clean, d'v chemt:er G F1Ii orange casa w"t.h IiISU.HEﬂ water and
lds with, mesh = i - securathedid.

Hemova a chamber hd Wlth mesh fmm ’fhe blue carrying case
; - and place it on top of the |-neb AAD System rnecircauan chamber
Close the latch and attach the mouthplece - .
> Take your VENTAV!S@ hlopmsﬂ I*nhaiauon So[utmntreatment

. When finished with yuurtreatment remove the used ehamber hd

: wuth mash and place It in the nrange carwmg casa e
- above each ﬁme you take a VENTAVI& treatment

Please see accompanying full Prescribing Information and Patient Information.
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3 Endmg the dav

» When your orange case is filled wnh
used chamber lids with mesh from -

- the day's treatments, you're ready for

once-daily cleaning.

. « Remove the chamber lids with rnesh and

: p!ace themin th_e mesh wash basket. -

¢ Placethe mouthmece medlcatiun

chamber, chamber lids with mesh, and
drug guide in the main wash basket.

. Using only one drop of dishWashing

~ liquid,’ wash all of the pieces in
~ distilled water.

. _.Hunse the plecas Wlﬂ'l more distilled
water {never reuse the distilled water).

« Shake off the water and then air dry the

~pieces for 2 hours before using again.

= Be su_re'tp'tiiean the orange used

- chamber lid with mesh carrying case with
soapy water atleastonce a week.

"Nota If you want, you can wash each chamber lid with mesh after
each treatment instead of all at once at the end of the day. Use the

same cleaning method descrl_hed above.

*Use any liquid detergent without bleach, fragrance, or antibacterial ingredients—
examples are Original Dawn®, Ultra Dawn®, Palmolive® Original, Method® Go Naked
Dish 8oap, and Seventh Generation® Free & Clear Natural Dish Liquid. Only one

dmp is needed per cleaning.

. Please see pages 3and 4 for Important Safety Information. 1

Ahavaivenis

i
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~ maytake longer to do your treatments.

- Why cleaning with distilled water is so important

~ Your l-neb® AAD® System contains chamber lids with
“mesh that has very tiny holes. Tap water contains mmerals
_thatcan build ‘up and collect an the mesh over time. Each

- chamber lid has over 5000 holes smaller than a human

~ hair. If the chamber lids with mesh are blocked, the l-neb
AAD System will not work as it should. As a resuit it

Itis important to use ONLY distilled waterfor your
daily cleaning and weekly boil. Do not reuse your
distilled water. Keeping the mesh clear of minerals

__isimportant to mamtam:ng the l-neb AAD System

~ andto helping you manage your VENTAV}SFO{;Iaprast}

' inhalatmn Soiutmn treatments. :

o :_Weekly hmimg

_' Put all of the parts inthe cleaning hasket
~ {do not boil the main body). :

« Boil for 6-10 minutes—do not micmwave since some of the parts are metai
~ {also, do notwash in the dlshwasher as thrs may damage the partsi

. _* Rinsewith dssnlleﬂ water

' '-Shalce off the water and the& ai}ow to air dry .
'l';i Keep all cfvour suppi:es togetherto make it as easy as possable

. Efvou have arw questmns abnufthe use, care, and creanmg m‘vnur I- neh
stem, just call Actelion Patient Services, toll-fres, at 1- MG-ABTEHON
—228_ 546). Monday through Fnday, 12 PM»B I {ETJIB m~5 M PT)

E}(_ call your specsalty pharma cy

. __'Pié.'s_-.sé' see accpmﬁaéﬁng full -Prefscf_fﬁing '!hfo.t_‘_mgﬁan and Patf'ght'?ﬁfarméﬁbn. -
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You will start with this dose, |
which uses the red-latched ¢
’m medlcatmn chamber _

If {blerated

Nearly all patients transition to [
this dose, which uses the purple-
i lnet'B - | latched med:catmn chamber

If you are experiencing lang
treatment times, your doctor |
may transition you to this dosing |
aption, which may decrease
; vour treatment time,

. 3Ta ke vour VENTAWS treatments as prescnbed by vour doctor. FDA-recommended das:ng is
-B 9 trmas each day, at least 2 hours apart, or as prescnbed bv your ductur

. VENTAVIS 20 meg/mL:

Your doctor may prescribe VENTAV!S 20 mcg/mL if you have
long treatment times and are maintained at the 5mcgdose.
The higher concentration of medicine lowers the amount
of solution you need to take by 5{)% which gwes you shoﬂar-‘ sop i

- treatment‘time 2 AT

*Different colored chambers and dosing discs are NOT'lmerchangeab#é".-:f il
‘Do not use the 20 meg/mL ampure wsth the purple or red iatched
S medlcatnon chambers. S

 Please see pages 3and 4 for Important Safety Information.
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- Actefmn Pathways -
- Your VENTAWS ptescnphen comes with -
suppurt from Actelion Pathways

. A dedicated support team

= Acte__h{}n .F'atlent Services prg\nd__es a
dedicated team of Registered Nurses and
= Respiratory Therapists who are avau[able o
- answer your questions about VENTAVIS or -
s ':thei neb“ﬁ* AAD® System, mc[udmg

~ » Useofthe I-neb AAD System

' - Cleanmg and mauntenanae of the |- neb
AAD System .

o ifvou would hke to enroll i in Actelion PathanS, -
~ youwill receive mformatmn updates from
Actehon Pathways about {:hanges ar fmprovemants
~inthe l-neb AAD System or new or expanded
. informatmn about ireatmenf with VENTAVIS

' If you have any questlons abuut VENTAVIS ar the I-n eb AAD SVSZem
~ call Actelion Patient Services at 1-866-ACTELION (1- 866-228-3546),
P 'Monday thmugh Frmay, 12 PM»B PN tET}r‘Q Al 5 M {PT}

o B o i il Pt ofossiion ahdPaFEinis it
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As you can see, getting your VENTAVIS invalves a team of people and several
organizations. Here is a brief outline of the various groups you'll interact with:

Your Healthcare Team: Diagnoses and treats PAH. They're a great resource to answer
your questions about PAH, VENTAVIS, and your I-neb AAD System.

Your Specialty Pharmacy: VENTAVIS is supplied through specialty pharmacies only. The
specialty pharmacy will deliver VENTAVIS and the I-neb AAD System to you, and show
you how to use them. You can call the spec:altv pharmacy with questlans about your

- VENTAVIS drug shipment.

- Your Actelion Patient Services Team: We are dedicated to helping you make your
treatment a success. Remember, our team of Registered Nurses and Respiratory
Therapists is waiting to help you with answers to your questions about VENTAVIS
and the I-neb AAD System.

Actelion Pathways: Coordinates with your doctor, insurance company, and
specialty pharmécy to find out whether you have coverage for your medication. Call
1-866-ACTELION (1-866-228-3546) Mondzay through Friday, 12 pw-8 pm (ET)/9 am-5 pn (PT).

References:
1. VENTAVIS (iloprast} full prc.,cnblﬂg infarmation. Actehﬁn Pharmaceuticals US, Ine. May 2013
2. ineb AAD Systor user guide. Koninklijke Philips Electionics NV 2010,

'Please"-seepage_s;?a}id#foﬂmpo}'fahr'Safe'tyinfbfm_atfan.' e 19
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Actelion Pathways™

if you enroll, Actelion can provide you with services and support such as
helping you with: -

= Answering your questions about filling your prescription

« Coordinating with your doctor, insurance company, and'specialty pharmacy

to find out whether you have coverage for your medicine or if additional
infarmation is needed

= Informing you of possible financial assistance programs based on
your eligibility

Through Actelion’s Patient Services Department, you'll also have access
{0 a dedicated team of nurse educators—including Registered Nurses and
Respiratory Therapists.

An Actelion Nurse Educator can be reached from Monday through Friday,
12 pri-8 e {ETH9 am-5 pm (PT) at 1-866-ACTELION (1-866-228-3546).

Please see accompanying full Prescribing Information and Patient
Information, and Important Safety Information on pages 3 and 4.

WVENTANIS 15 a lcensed irademark of Baver Schennyg Pharma AG.
“Respironics and Fneb Adaptive Asrosol Dalivery [AAD) System are
trademarks of or belnnging to Keninklijke Philips Electranics NV

ton Pathevays is 8 rademark of Actelion Pharmaceubcals, Lid

awer and Ultra Dawn are reqistered trademarks of Procter & Gamble,
Paimolive s a registerad wrademark of Colgate-Paimolive Company.

Method is a registered wadamark of Method.

Seventh Genarauon is a registered rademark of Seventh Generavom, Inc.

’J
'l\
o

™ Ventavis

N HCTE Llo N 22013 Actelion Pharmacouticals US, inc. Al rights reserved, VEN-00082 113 (l|0pr05t]

INHALATION
SOLUTION
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Selected Important Safety Information

A Tyvaso s breathed in (inhalable} through your mouih into your fungs,
I'yvase should only be used wath the Tyvaso Irhalation System

4 The effects
or chironic obstructive pulmenary disease) and in patients under 18 years of age

Tywaso gra unknown in patients with iung disease (such 2s asthma ' WAL
TELUTION

Flease see complete important Safety Information and Indication on page 18,
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T;L? -t o Aoctor JCD"?“‘Z(
abol,d: ow?a? i y\ﬁﬂ@mgo.

To learn more about Tyvaso,
visit tyvaso.com or call 1-877-UNITHER (1-877-864-8437).

gistered trademark of United Therapeutics Corporation.
1 Therapeutics Corperation. All rights reserved. US/TYV/APR14/268 Printad in USA.

% United Tyvaso is
= &=Therapeutics 5204 L
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PATIENT PACKAGE INSERT
Tyvaso (Ti-vaso)
(treprostinil)
Inhalation Solution

Read this Patient Package Insert before you start taking Tyvaso and each time you get a refill.
There may be new information. This leaflet does not take the place of talking with your
healthcare provider about your medical condition or your treatment.

What is Tyvaso?

Tyvaso is a prescription medicine used in adults to treat pulmonary arterial hypertension (PAH),
which is high blood pressure in the arteries of your lungs. Tyvaso can improve the ability to do
exercise in people who also take bosentan (an endothelin receptor antagonist (ERA)) or
sildenafil (a phosphodiesterase-5 (PDE-5) inhibitor). Your ability to do exercise decreases 4
hours after taking Tyvaso.

It is not known if Tyvaso is safe or effective in people under 18 years of age.

What should I tell my healthcare provider before taking Tyvaso?

Before taking Tyvaso, tell your healthcare provider about all of your medical conditions,
including if you:
« have lung disease, such as asthma or chronic obstructive pulmonary disease (COPD)
have a lung infection
have liver problems or kidney problems
have low blood pressure
are pregnant or plan to become pregnant. It is not known if Tyvaso will harm your
unborn baby. Women who can become pregnant should use effective birth control while
taking Tyvaso.
» are breast-feeding or plan to breast-feed. It is not known if Tyvaso passes into your
breast milk. Talk to your healthcare provider about the best way to feed your baby while
taking Tyvaso.

Tell your healthcare provider about all the medicines you take, including prescription
and non-prescription medicines, vitamins, and herbal supplements. Tyvaso and other medicines
may affect each other.

Especially tell your healthcare provider if you take any of these medicines:
» medicines that decrease blood clotting

water pills (diuretics)

medicines used to treat high blood pressure or heart disease

gemfibrozil (Lopid) (for high cholesterol)

rifampin (Rimactane, Rifadin, Rifamate, Rifater) (for infection)

Know the medicines you take. Keep a list of them and show it to your healthcare provider and
specialty pharmacist when you get a new medicine.

. s 9 @
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How should I take Tyvaso?

» Take Tyvaso each day exactly as your healthcare provider tells you.

e See the detailed Tyvaso Inhalation System Instructions for Use.

» Tyvasa is breathed in (inhaled) through your mouth into your lungs. Tyvaso should only
be used with the Tyvaso Inhalation System.

e Tyvaso is taken in 4 treatment sessions each day during waking hours. The sessions
should be at about 4 hours apart.

« At the beginning of each day, it will take about 5 minutes to prepare the Tyvaso
Inhalation System. Each treatment session will take 2 to 3 minutes.

» Take your first Tyvaso treatment session in the morning and take your last treatment
session before bedtime.

« Your healthcare provider may change your dose if needed.

« If you miss a dose of Tyvaso take it as soon as you remember.

« Do not let Tyvaso solution get into your eyes or onto your skin. If it does, rinse your skin
or eyes right away with water.

+ Using the Treatment Tracker, record the number of breaths you inhale during each
treatment session (4 times a day). You should bring your Treatment Tracker to your
medical appointments, as your doctor may want to review it with you.

What are the possible side effects of Tyvaso?

Tyvaso can cause serious side effects, including:
« Tyvaso may increase the risk of bleeding in people who take blood thinners
(anticoagulants).
» If you have low blood pressure, Tyvaso may lower your blood pressure further.

Ask your healthcare provider if you are not sure if this applies to you.
The most common side effects of Tyvaso include:

» coughing
« headache
« nausea

» reddening of your face and neck (flushing)
» throat irritation and pain
= fainting or loss of consciousness

Tell your healthcare provider if you have any side effect that bothers you or that does not go
away. These are not all the possible side effects of Tyvaso. For maore information, ask your
healthcare provider or specialty pharmacist.

Call your healthcare provider for medical advice about side effects. You may report side effects
to FDA at 1-800-FDA-1088.
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How should I store Tyvaso?

« Store Tyvaso ampules in the unopened foil pack between 59°F to 86°F (15°C to 30°C)
until ready to use.

« When the foil pouch is opened, Tyvaso ampules should be used within 7 days.

e Tyvaso is sensitive to light. The unopened Tyvaso ampules should be stored in the faoil
pouch.

« After a Tyvaso ampule is opened and put into the medicine cup in the Tyvaso Inhalation
System, Tyvaso can be kept in the medicine cup for no more than 1 day (24 hours).

o Tyvaso that is left in the medicine cup at the end of the day must be thrown away.

» The Tyvaso Inhalation System can be stored in the carrying case when not in use
(Example: between treatment sessions or overnight). If storing between treatment
sessions, ensure that the plugs are firmly in place in the dome assembly to prevent
spillage of Tyvaso. See the Instructions for Use for additional information regarding
storage of your Tyvaso Inhalation System.

Keep Tyvasa and all medicines out of the reach of children.

General information about the safe and effective use of Tyvaso.

Medicines are sometimes prescribed for conditions that are not mentioned in a patient
information leaflet. Do not use Tyvaso for a condition for which it was not prescribed. Do not
give Tyvaso to other people, even if they have the same symptoms you have. It may harm
them.

This patient information leaflet summarizes the most important information about Tyvaso, You
can ask your healthcare provider or specialty pharmacist for information about Tyvaso that is
written for health professionals.

For more information, go to www.tyvaso.com or call 1-877-UNITHER (1-877-864-8437).

What are the ingredients in Tyvaso?

Active ingredient: treprostinil

Inactive ingredients: sodium chloride, sodium citrate, sodium hydroxide, hydrochloric acid, and
water for injection.

Tyvasois a registered trademark of United Therapeutics Corporation.
Literature issued May 2013.

United Therapeutics Corp.
Research Triangle Park, NC 27709 USA
Copyright © 2013, United Therapeutics Corp. All rights reserved.
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Clogning and Maintenance of the TYVASO fnhalstion System
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Binding and activity of the prostacyclin receptor (IP) agonists, treprostinil
and iloprost, at human prostanoid receptors: Treprostinil is a potent
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ABSTRACT

The prostacyclin analogues, iloprost and treprostinil are extensively used in treating pulmonary
hypertension. Their binding profile and corresponding biochemical cellular responses on human prostanoid
rece ptors expressed in cell lines, have now been compared. [loprost had high binding affinity for EP, and IP
rece ptors (K; 1.1 and 3.9 nM, respectively), low affinity for FP, EPy or EP, receptors, and very low affinity for
EP,, DP, or TP receptors. By contrast, treprostinil had high affinity for the DPy, EP; and IPreceptors (K 4.4, 3.6
and 32 nM, respectively), low affinity for EP; and EP; receptors and even lower affinity for EPy, FP and TP
receptors. In functional assays, iloprost had similar high activity in elevating eyelic AMP levels in cells
expressing the human [P receptor and stimulating calcium influx in cells expressing EP, receptors {ECs, 0.37
and 0.3 nM, respectively) with the rank order of activity on the other receptors comparable to the binding
assays. As with binding studies, treprostinil elevated cyclic AMP with a similar high potency in cells
expressing DP;. IPand EP; receptors (EC5 0.6, 1.9 and 6.2 nM, respectively), but had low activity at the other
receprors, Activation of IP, DP, and EP; receprors, as with treprostinil, can all result in vasodilatation of
human pulmonary arteries. However, activation of EP, receptors can provoke vasoconsrriction, and hence
may offset the IP-receptor mediated vasodilator effects of iloprost Treprostinil may therefore differ from
iloprost in its overall beneficial pulmonary vasorelaxant profile and other pharmacological actions,

especially in diseases where the IP receptor is down-regulated.

@ 2012 Elsevier Inc. Open access under O BY -5C-ND license

1. Introduction

The endogenous prostancid, prostacyclin, is of substantial
therapeutic benefit in the treatment of the highly debilitating
disease, pulmonary hypertension | 1-4]. Prostacyclin itself is however
chemically unstable at physiological temperatures and pH, and
rapidly decomposes to a relatively inactive breakdown product as
reviewed by Whittle and calleagues | 5,6]. Therefare, the early clinical
use of prostacyclin, as the chemically synthesised material epopros-
tenol, necessitated the use of a high pH formulation and ice packs for
its prolonged intravenous use. The development of chemically stable
prostacyclin analogues such as iloprost, treprostinil and beraprost
obviated the requirement for such a formulation [6]. These agents
have Dbeen used clinically for different indications, including

* Corresponding author at: Centre for Clinical Pharmacology, Division of
Medicine, Floor 3, Rayne Building, University College, 5 University Street, London
WCIE 6JF, UK. Tel: +44 020 7679 6180: fax: +44 20 7679 6212.

E-mail addresses: bj.whittlecdgmul.ac.uk (8.). Whittle}, asilverstein@unither.-
comt {AM. Silverstein), dmottola@lungllcoom (DM, Mottola), |.clapp@uclacuk
(LH. Clapp).

0006-2952 & 2012 Elsevier Inc.Open access under (0 BY-RE-NDY heense
hetp: fidx.doi.org 101016/ bep 2012.03.012

pulmonary hypertension, peripheral vascular disease as well as
Raynaud’s phenomenon and digital ulcers associated with scleroder-
ma [7-13]. In particular, iloprost and treprostinil are currently used
extensively in Europe and the US for the treatment of pulmonary
arterial hypertension | 14-18].

As with most other mediators, prostaglandins such as prostacy-
clin elicit their molecular, pharmacological and biochemical effects
through binding and activation of specific receptor sites [ 19]. It was
initially established by pharmacological techniques that there was a
range of specific receptors for the naturally occurring prostanoids
(see [20]} and these receptors have been subsequently cloned and
expressed [19.21]. The original classification of the different
prostanoid receptors [20,22,23] has remained essentially intact
since the early proposals | 24]. Thus, the receptors are identified as
the IP, EFy, EP;, EPy, EP4, DP(now DPy, see below), FP and TP receptor
{23-25]. The IP, EP, EP4 and DP, receptors are classically known to
be Gs-coupled receptors linked to cyclic AMP (cAMP) generation,
while EPy, FP and TP receptors couple to calcium mobilisation
pathways through G,, G; and as yet unidentified G proteins [ 19,25].
There are several splice variants of EP; which can couple negatively
or positively to G; or G, respectively [19].
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The natural ligand for the IP receptor is prostacyclin (PGl ), with
prostaglandin E; {PGE;) for the EP receptors, 'GF,,, for the FP
receptors and thromboxane A; for the TP receptor [24]. A recent
pharmacological study has suggested evidence for a second IP
receptor on human airway epithelial cells that mediates the
mhibition of cytokine release | 26]. This is not thought to be a splice
variant although its occurrence elsewhere has not been described.
The original classification of the DP receptor with prostaglandin D,
(PGD,) as the natural ligand has now been designated as DP; |24],
This takes into account the more recently identified DP, receptor or
CRThy receptor, that while recognising PGD,, is more closely
associated with chemo-attractant molecules and has no significant
homology with the other prostanoid receptors |24].

Despite their extensive clinical use over the past decade, there is
relatively little direct comparative pharmacology of iloprost and
treprostinil in expernimental systems and models. It is generally
assumed that both are potent agonists at the prostacyclinIP receptor
and that such agonist activity predominantly underlies their
respective responses, including their potent vasodilator effects in
the pulmonary vasculature, at least under physiological conditions
|27-29). Indeed, based on this premise, novel agents that are highly
selective agonists at the 1P receptor such as the non-prostanoid
moiety, selexipag, are being developed for clinical utilities including
pulmonary hypertension [30,31]. However, the situation is more
complex, since the prostacyclins appear to have functionaily
relevant effects at other prostanoid receptors as reviewed by Clapp
and Patel |32].

Although the receptor binding profile of iloprost, including its
high affinity for the IP as well as the EPy, and EF; receptor, has been
reported for both murine and human prostanoid receptors [21,33],
there has been no reported comparable evaluation of treprostinil.
Because of the multiple pathophysiological processes involved in
pulmonary hypertension, there is a need to understand more about
the respective pharmacology of these two extensively used
prostacyclins, Thus, the current study investigates the binding
profile of treprostinil on human prostanoid receptors, individually
expressed in separate cell lines, and has directly compared this
profile to that of iloprost in the same studies, In addition, the
cellular responses of either an elevation of intracellular cyclic AMP
or calcium levels as appropriate, as a consequence af activation of
the individual human prostanoid receptors by either iloprost or
treprostinil, have also been evaluated.

2. Methods and materials
2.1, In vitro radio-ligand binding assays

Evaluation of the affinities of treprostinil and iloprost for each
prostanoid receptor was determined in radicligand binding assays

using standard techniques. Cell lines, conditions and materials
used are documented in Table | and broadly follow protocols

Table 1

4]

previously described [21,34.35]. Briefly, cells from each cell line
stably expressing the recombinant human prostancid receptor
were spun down at 4 'C and the cell pellet suspended in a 50 mM
Tris/HClH(pH 7.4) buffer containing 5 mM EDTA, 20 mm NaCl, 5 mM
KCI, 5 mM MgCly, 1.5 mM CaCly, 10 wgiml trypsin inhibitor, 1 g/
ml leupeptin and 75 pg/ml phenylmethylsulphonyl fluoride.

Cell lysis was performed by ultra sonication (3 min at 4 °C}
using a Vibro cell 72405, followed by centrifugation (Beckman
Avanti J301) of the resulting homogenate at 4 € (50,000 < g for
15 min). The membrane pellet was resuspended in fresh Tris buffer
containing 10% glycerol and stored as aliquots at —70 “C until used
in the binding studies. Proteins levels were determined using the
Bradford method and the optimised quantity of protein used in the
binding studies was 16 g for the TP receptor, 20 pg for the EP,,
EP3, EP4 and FP receptors, 40 pg for the IP receptor and 60 pg per
sample for the EPy and DP, receptors. Incubations were carried out
using nanomolar concentrations of the appropriate [*H| radioli-
gand (Tahle 1 )in the absence or presence of various concentrations
of the prostacyclin analogue (final solvent concentration was kept
constant). Total binding was determined in the presence of vehicle.
Non-specific binding was determined in the presence of 650-
5000-fold excess of the corresponding non-labelled ligand.
Following a 60-120 min incubation of ligands at room tempera-
ture (Table 1), samples were filtered rapidly under vacuum
through glass fibre filters, dried, and then counted for radioactivity
in a scintillation counter.

The specific ligand hinding was calculated as the difference
between total binding measured in the presence of radiolizgand
alone and nonspecific binding determined in the presence of an
excess of unlabelled ligand, as performed in the laboratory at Cerep
(Le bois I'Eveque, France). Specific binding for ligands reached
equilibrium after 30-40 min of incubation at reom temperature,
was stable for greater than 2 hand was determined to be saturable.
Results are expressed as a percent of the control specific binding
obtained.

Competition curves for each data-set were generated by non-
lincar regression analysis of the data (Prism 4.03; GraphPad, San
Diego, USA) using a four parameter logistic (Hill) equation:

A-D)
where Y =specific bhinding, D=minimum specific binding,
A=maximum specific binding, 1C5q=the concentration that
inhibits half of the control specific binding and nH = Hill factor.
The inhibition constants (K;) were calculated using the Cheng
Prusoff equation:

_ ]C.-'-El

K =1k

(2)

Experimental conditions for prostanoid receptor radicligand binding assays. h=human; K,=dissociation constant; RT = room temperature; HEK-293 = human embryonic
kidney 293 cells; CHO = Chinese hamster ovary: 1321N1=human glial brain astrocytoma.

Prostanoid recepror Expression system/faccession no. Ligand Concentrabion (nM} Fa (nd) MNonspecific (M) Incubation time @RT {min)
P (h) HEK-293/NM_000960 |*H] iloprost 10 8 loprast (10) 60
EP, (h) HEK-293/NM_000955 [*H] PGE; 1.5 1.5 PGE, (10) 120
EP; (h) HEK-Z93/NM_000956 |H] PGE, 3.0 3.0 PGE; (10) 120
EP, (h} HEK-203/MNM_198714 |’H] PCE; 0.5 0.8 PCE; (1) 120
EPy (h) CHO/NM_000958 |*H] PGE; 05 n3 PGE; (10) 120
Py (h) 1421NT/NM_000953.1 1PH] PGD, 1.5 1.2 BW245C (1) 60
FP (h) HEK-293/NM_000959 I’H} PGF,, 2 1.4 Cloprostenal {10} 60
TR (h) (TXA) HEK-293/U11271 |'H| 50) 29548 5 4 U44069 (10) 60

UNITED THERAPEUTICS, EX. 2005

WATSON LABORATORIES V. UNITED THERAPEUTICS, IPR2017-01622

Page 86 of 92



it} BI. Whittle er al / Biochemical Pharmacolagy 84 (2012) h8-75

where L = concentration of radioligand in the assay, and K, = affi-
nity of the radioligand for the receptor. Scatchard analysis was
used to determine Kp from a plot of specific bindingffree
radioligand concentration versus specific binding giving a slope
equivalent to —1/Kp and are given in Table 1 (see Figure 51 of
Supplementary Information for examples of Scatchard plots).

2.2, Receptor activation assays

2.2.1. Cyclic AMP assay

HEK 293 (expressing EP,, EP4) CHO (EP3, IP) or 1321N1 (DPq)
cells were lifted with a non-enzymatic cell stripper and re-
suspended in assay buffer at the desired cell density for each cell-
line, Cyclic AMP was assayed in suspension of cells using a CisBio
HTRF cAMPHiRange Kit (Cisbio US, Bedford, MA, USA} according to
the manufacturer's protocol. Cells were incubated with the
prostacyclin analogues for 20 min at 37 'C. The reaction was
terminated by sequentially adding DZ2-labelled cyclic AMP and
cryptate-labelled anti-cyclic AMP antibody contained in lysis
buffer. The plate was incubated at room temperature for 50 min
before reading of fluorescent emissions at 620 nm and 668 nm
with excitation ar 314 nm were made on a microplate reader
{Malecular Devices, Sunnyvale, CA, USA). These experiments were
performed in the laboratory at Multispan [ Hayward, CA, USA). Data
were converted from a cyclic AMP standard curve and expressed as
cyclic AMP (nM).

2.2.2. Colcium mobilization

HEK293 cells expressing FP, TP or EP, receptors were seeded in
384-well plates at appropriate densities and cultured overnight.
Ihe calcium fux assay was conducted according to the manu-
facturer’s protocol using the FLIPR Calcium 4 Assay Kit (R8142;
Molecular Devices). Loading buffer, containing the calcium-
sensitive dve, was added to the cells and incubated for 50 min
at 37 'C. The plate was then transferred te a FlexStation™ 3
benchtop multi-mode micropiate reader (Molecular Devices),
where compounds were automatically injected into each well.
Intracellular calcium, menitored as changes in fluorescent, was
recorded for 90 s with a single compound application occurring
after 19 s. These experiments were performed in the laboratory at
Multispan (Hayward, CA, U5SA). Assay results {5-10 determinations
per analegue concentration} were plotted as relative fluorescence
units (RFU).

2.3. Materials

Treprostinil was provided in powder form by United Therapeu-
tics Corporation (Research Triangle Park, NC, USA). lloprost (50:50
R/S isomer), BW245C, prostaglandin E; (PGE2) and PGD, were
purchased from Cayman Chemical Company (Ann Arbor, M1, USA).
Clgprostenol, U-44069 and buffer reagents and materials were
purchased from Sigma-Aldrich (Lyon, France). Treprostinil was
dissolved in DMSO at a stock concentration of 10 mM and iloprost
was dissolved in methylacetate at a concentration 13.9 mM. For
concentration-response experiments, the highest agonist concen-
tration used was 10 pM with serial 1:10 dilutions.

In binding assays, stable cells expressing respective human
prostanoid receptors were used by Cerep (Table 1). The radi-
oligands used in these stuelies (Table 1) were obtained from Perkin
Elmer NEN (Courtaboeuf, Cedex 191945, France), or for iloprost,
ftum Isubio (Fleurus, Belgium) Likewise for functivnal assays
conducted in the laboratories of Multispan, stahle cell lines
expressing human receptors were: EP; (GenBank accession
number NM_000955.2; Cat# C1201a) in HEK293T, EP; (GenBank
Accession Number NM_000956.3; Cat# C1202) in HEK293T, EP;
(GenBank Accession Mumber NM_000957; Cat# C1203-1a), in

CHO-K1, EP; (GenBank Accession Number NM 000958: Cat#
C1204]) in HEK293T, FP (GenBanlk Accession Number NM_000959;
Cat# C1205) in HEK293T, IP (GenBank Accession Number
NM_000960; Cat# C1206-1) in CHO-KI1, DPy (GenBank Accession
Number NM 000953; Cat# C1200) in HEK293T and TP (TXAzR;
GenBank Accession Number NM_001060.4; Cat# C1365) in
HEK293T were from Multispan.

2.4. Duta anulysis

In binding studies, 1C5p values were obtained from each
individual concentration-response curve for specific binding
(n=6) and used to determine the affinity constant, K;.

Concentration-dependent relationships for each prostacyclin
analogue stimulating elevations in either intracellular cyclic AMP
or calcium {mean + S.E.M. of n determinants per concentration as
indicated) as appropriate, were constructed using a variable slope
sigmoidal fitting routine in GraphPad Prism 4.03 { San Diego, CA, USA).
The EC.y value, the concentration of agonist causing 50% of the
maximal response (F,,.. ). was determined from individual fits to each
data-set and expressed as mean + S.EM. Statistical analysis was
performed wvsing GraphPad with significance assessed using a
Student’s t-test or ANOVA with correction for multiple comparisons,
A P value <0.,05 was considered significant

3. Results
3.1. Radioligand binding data

The data obtained from the competition binding assays with the
tritiated ligands in the presence of either tloprost (107" to 107" M)
or treprostinil (107" to 107> M) for the eight recombinant human
prostanoid receptors studied, the IP, EPy, EPy, EP4, EP4, DP,, FP and
TP receptor, are shown in Fig. 1. Both iloprost and treprostinil
yielded concentration-dependent reductions in specific binding for
cach of the receptor types over the range of concentrations
evaluated. However, neither prostacyclin analogue vielded a full
specific binding curve for the TP receptor because of the high
concentrations (>10 M) that would have been required to reach
full displacement of radioligand (Fig. 1). The derived affinity
constant, the K; value, for either iloprost or treprostinil at each
prostanoid receptor, is given in Table 2. To aid comparison of this
data to that obtained from earlier human prostanoid receptor
assays. the K; values reported for iloprost from the work of
Abramovitz and colleagues [21], are also presented in Table 2.

The data from the current study shown in Table 2 indicate that
iloprost has high binding affinities for the IP and EP, receptors,
though this was significantly (P=0.002) greater for the EP,
receptor, as indicated by the lower K; value. Its affinity for the FP,
EP; and EP,4 receptors was some two log orders lower and was even
lower for the DPy, EP; and TP receptors (Table 2).

In general, the overall binding profile ta the prostanoid receptors
obtained in the current work with iloprost was similar to that
previously reported for iloprost against human prostanoid receptors
(see Table 2; data from Ref. [21]). Comparison of the K values in
Table 2 indicates that the order of affinity for iloprost in the current
work was EPy > IP > FP » EPy = EP4 > DP, > EP; > TP, while that
reported previously by Abramovitz and colleagues [21] was
EPy =IP > EP3 > EP4 > FP > DP, = EP; = TP, Thus, the main differ-
ence found between the two studies utilising iloprost was the
ranking of the K; for the FP receptor.

The prostanoid recepror binding profile for treprostinil differed
from that observed with iloprost (Table 2). Treprostinil had a high
and similar affinity for the DP, and EP; receptor, which was some
10-fold {P < 0.01, one way ANOVA) greater than that for the IP
receptor. It had a much lower affinity for the EP, receptor, weaker

UNITED THERAPEUTICS, EX. 2005
WATSON LABORATORIES V. UNITED THERAPEUTICS, IPR2017-01622
Page 87 of 92



B {. Whitrle et al. / Binchemical Pharmacology B4 (2012) 68-75 71

P rataptor P raceptor EF . recaptar EF . receplor
0 120y 1204
H f
tne ad &k a4 51
= el | “—{' é - = W!.T{\
ﬁ o 3 504 ?\ 4 3 é i .
N i \ ; & T
2 o TR Y ) 2 e Lo
] | = \ - X
i | 2 ;o] H 3 I \
& anf n | ] w04 \
# = \ o | . &
o 2 = "\ i ‘1 R
& Al
“ i 1 i 3| >
2 -1 Q0 49 4 = -t :1 -1 -1 AT =it 0 4 & T 4 <% - <12 S1F i 9 - T £ S5 4
TP receptor
120 120 120
100 100 120
g H S 2 g -
iw 3 i %
= & -4 a .:
] 2 60 2 60 = g 1
] S it v} Y
H 2 2 2 \
a & 40 @ 4 & a0 L]
& F'i & & '
20 2 20
1 ¢ & e rmeen o T . D D e R
12 6 8 B 7 8 5 - A2 41 0 4 8 T A S5 4 A2 -t A0 8 A T B 5 A <12 At - 9 & 7 8 5 4

Log (PG analogue] M Log [PGI ; ansloaue] M

Log [PGl ;. analogua] M

Log [PGl ; amalogue] M

Fig. 1. Competition binding assays for different recombinant human prostanoid receptors, Receprors were stably expressed in HEK-293 (1P, EPy, EPs, P, TR, FP), CHO (EF ) o
1321N1 (DPy) cell lines. The total specific and non-specific hinding was determined for each [3H] ligand as per methads and equilibrium campetition binding assays
performed in the presence of 0.01-10,000 nM of either iloprest or treprostinil. Data are shown as mean + SEM. of 6 individual determinations performed on two separate
nrcasions. Statistical analysis using 2-way ANOVA indicared thar differences in binding affinity curves existed between treprostinil and iloprost for the 1P, EPy, EP> EP; Dy, FP

(P < 0,001 but not EP, (P = (L08) receptor.

affinity for the EP, receptor, and very weak affinity for EPy, FP and
TP receptors (Table 2). Thus, the rank order of affinity of
treprostinil for the human prostanoid receptors based on the
derived K, values was DP = EP; > IP = EP; = EP4 = EPy = FP = TP,

In the current work, the K; values at the IP receptor showed a 10-
fold difference (P = 0.001, unpaired t-test) in affinity hetween
iloprost and treprostinil. The major difference between the overall
binding profile of iloprost and treprostinil for G,-coupled receptors
was the high affinity of treprostinil for the DP, and EP; receptor.
This was reflected by the 230-fold and 325-fold lower K; value
obtained in the current study for the DPy and EP» receptor
respectively with treprostinil compared with iloprost. Treprostinil
had a higher K; than iloprost at the EP4 receptor, though overall the

Table 2

Prostannid receptor hinding profiles for treprostinil and iloprost. Specific binding
was determined using displacement radioligand binding in cell membranes over
expressing recombinant human prostanoid receprors. Values of the inhibition
constant, K, are shown as the mean & SEM. of 6 individual determinarions obtained
on two separate occasions. The K, for iloprost ar the EPy receptor was significantly
(P 0.002) greater than that for the P recepror, and its & for IP receptor was
significantly (< (L01) greater than the K, of treprostinil at this receptor. For
compatison, the table also contains X values for iloprost obtained from historical
hinding data published by Abramaovitz et al. for human prostanoid receplors expressed
in HEK 293 (EBNA] cells [21]. NC=not caleulable,

Receptor  Radioligand binding assay Abramovitz et al. |21]
Treprostinil K; (nM}  lioprost K, (nh] Hoprost K (nM)

1Y 121202 35206 11=1

EPy 1.1-03 &l

EP; 1172=159 1870£176

EPy 20826 36+8

EP4 LEE B 212227 28449

DRy 44=04 1016 =63 1035 + 171

FP 46804927 131=17 G194+ 158

jLd NC 778 =375 G487 + 29

specific hinding curves were not significantly different (P = 0.08, 2-
way ANOVA), These binding studies also indicted that treprostinil
had a 200-fold lower affinity for the EP, receptor than did iloprost,
as well as a much lower affinity for the FP and TP receptor (Table 2).

3.2, Prostanoid receptor activation studies

Studies on the effect of iloprost or treprostinil over a wide
concentration range (10 '? to 10 * M) on functional responses in
cells expressing each prostanoid receptor were conducted, The
concentration-response curve for each prostacyclin analogue
against each prostanoid receptor is shown in Fig. 2, the responses
being determined, depending on the receptor under investigation,
as an elevation of intracellular cyclic AMP or calcium influx (Fig. 2).
Typical sigmoid curves were obtained for all but one of the
prostanoid receptors with either analogue (Fig. 2). The exception
was iloprost at the DP, receptor, which unlike in the binding study,
showed an atypical sigmoidal relationship with a shallow slope,
the response at 10 M being comparable to the maximal response
to treprostinil, achieved at 10 nM (Fig. 2). From the concentration-
response data obtained for each prostanoid receptor, the ECsq was
calculated and shown in Table 3.

The rank order of iloprost potency for evoking a response in
cells expressing each particular prostanoid human receptor was
EPy =1P = EPy = FP = EP4 > TP > DP, = EP,, which is broadly simi-
lar to the ranking observed in the binding studies. Thus, iloprost
had high activity at both the IP and the EP, receptor in the
expression system used and indeed had a similar ECsq value for
activity (sub nanomolar) at either receptor, Furthermore, iloprost
was 75-fold less active at the EF; receptor than at the [P receptor,
500-1000-fold less active at the FP” and EP4 receptor and had ECsq
values in the micromolar range for activity at the EP;, DF,, and TP
receptors (Table 3).

As with the radioligand binding studies, iloprost had higher
activity in evoking a functional response in cells expressing the IP
receptor than did treprostinil, having a 5-fold (P < 0.01, unpaired
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Fig. 2. Receptor activation assays in cells stably expressing human prestanoid receptors, Concentration-dependent increases in intracellular cyclic AMP ([P, EP,, EP,, EP,, DI,
recepiors) or calcium (EPy. FP, TP) were measured upon treatment with either treprostinil or iloprost {0.001- 10,000 nM) for 1 h. Data are shown as mean = SEM, of 5-10
determinations performed on 2- 3 separate occasions. Corves have been generated from fitting data to a variahle slope sigmoidal function. Statistical analysis using 2-way ANOVA

indica ted that differences in concentration response curves existed berween treprostinil and iloprost for the 1P, EPy, EP, DP,, FP, TP (P = 0,001 ) but not EPy and EP, (P -

t-test) lower ECo, value (Table 3) and a concentration-response
curve significantly shifred (P < 0,001, 2-way ANOVA) to the left
(Fig. 2).

By contrast to the profile of iloprost, the rank order for evoking a
response with treprostinil in cells expressing each separate
receptor was D[P, = IP = EPy = EPy = EPy = EPy = TP = FP, again
in general agreement with the rank order for the radioligand
binding studies. Thus, treprostinil had high potency in activating
DPy and EP; receptors as well as the |P receptor. From comparison
of the ECsqy values, it was some 36-fold less active at the EPy
receptor, 95-fold less active at the EP; and 150-fold less active at
the EP; site than at the IP receptor. As can be seen from Table 3,
treprostinil had little activity at the FP? or TP receptor sites.

Tahle 3

Receptor activation assays in cells stably expiessing human prostanoid receptors,
Far I, EFz, EFy, EPy and DIy receptor acrivation assays, concentration-dependent
intracellular cyclic AMP accumulation was measured upon treatment with either
rreprastinil or iloprost. For FP. TP and EP, receplor activation assays, concentration-
depemdent increases in intracetlular calcivm were measured upon prostacyclin
analogue treatment. The concentration of agonist causing 50% af the maximal
respanse, the ECsp value, were determined from the concentration-response curves
(510 dererminations per drug concentration performed on 1o 2-3 separate
occasions ) and shown as the mean £ SEM. The ECop values for floprost at the IP and
EP, receptor were not significantly different [P=0.6, unpaired I-test): the EC.p values at
the DPy receptor for iloprost and treprostinil were significantly different (P 0,02,
unpdiced -test),

Receptor Treprostinil ECsy (nM) loprost ECsg {nM]
P 19104 L37 =0.10

EP, 285+ 143 0.3=0.1

EPy B24+1.2 2094 - 550

EP,y 689+ 7 275205

EPs 181 =37 389=85

0P, 06«01 2058 = 765

Fi2 3500 191 + 44

P 918=110 1417 = 141

0.9) receptor,

4. Discussion

I'he current study has compared the activity of two clinically
used prostacyclin analogues, iloprost and treprostinil, in receptor
binding assays and in biochemical functional responses using cells
stably expressing individual human prosranoid receptors. The
prostanoid receptors investigated were those classified as IP, EP,,
EPy, EPy, EP4, DPy, FP and TP [23,24]. Substantial differences in the
profile of activity between these prostacylins have now been
identified, the key findings being that unlike iloprost, treprostinil is
a potent agonist at both the DP, and EP; receptor, while having
little activity at the EP; receptor.

Previous work has reported on the binding of iloprost to these
human prostanoid receptors | 21|, and it was reassuring that the £,
values and rank order of affinity derived from the current work is
comparable. A [; value of 11 nM for iloprost at the human IP
receptar in that previous work, and 4 nM in the current study, are
also similar to the K; of 4 nM for iloprost at this rece ptor in another
report [3G]. Moreover, studies on the binding of iloprost te murine
IP receptors gave a K; value of 11 nM [33]. As described previously
for both murine and human prostanoid receptors [21,33], iloprost
also had high affinity for the human EP, receptor. Indeed, in the
current work, the K; value for the EPy receptor was even lower
{1 nM) than for the IP receptor. Likewise, other radioligand binding
studies have reported high affinity binding with iloprost for the
human EP, receptor, with a K; not significantly different from the
natural ligand, PGE, [37].

lloprost had a relatively low affinity for the human FP or EPy4
receptor, and even lower affinity for the EPs, DPy or TP receptor in
the current study, comparable to that found previously in
radioligand binding studies on both murine and human prostanoid
receptors [21,33]. In the former two studies however, iloprost did
have significant affinity for the murine or human prostanoid EP,
binding site, but this was less pronounced in the current work
using the hurmnan EP; receptor. As the EP; receptor is known to
exhibit a range of splice variants for both murine and human
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receptors [19], this may have some bearing on differences in the K;
values obtained in these assays.

Findings on the relative affinities for the different prostanoid
receptors in the binding assay were generally translated to activity
in the biochemical functional assays utilised in the present work.
Thius, iloprost had high activity in stimulating cyclic AMP levels in
the cells expressing the human IP receptor or in stimulating
calcium influx in cells expressing the EP; receptor; indeed the ECsg
values for these responses were the same (~0.35 nM, Table 2).
Earlier pharmacological studies using a range of isolated smooth
muscle bipassay preparations also concluded that iloprost has
potent activity at both the IP and EF, receptor [25,35,39],

In the present biochemical functional assays, iloprost also
acrivated the human EPy receptor to elevate intracellular cyclic
AMP levels, although the ECsq value was some 75-fold higher
rhan that required to activate the response in cells expressing
the IP receptor. lloprost was less active on the cells expressing
the FP or EP4 receptor, and very much less active in eliciting a
response in cells expressing the TP, EP; or DP, receptors. Earlier
work in cells expressing either the human EP,; or EP4 receptor
has also shown iloprost be a very weak agonist in terms of its
ahility to elevate cyclic AMP in such cells [40]. Recent studies in
HEK-293 cells over-expressing EP; receptors also showed
iloprost failing to elevarte intracellular cyclic AMP [26]. However,
iloprost had some activity in cells over-expressing the EP4
receplor, and partial agonist activity in cells over-expressing the
DPy receptor, with Wilson and colleagues [26] concluding that
the latter receptor may be activated at high concentrations of
iloprost. In the current study and in all previous work, iloprost
likewise had very low activity on the DP, receptor expressed in a
number of different cell systems including human platelets and
COS-M6 cells [21.41,42].

In the present work, treprostinil exhibited a very different
profile in the radioligand binding assays for the human prostanoid
receptors when compared to iloprost. Thus, unlike iloprost,
treprostinit had a high affinity for both EP; and DP, receptors in
the binding assay, which was surprisingly, some 10-fold greater
than that for the 1P receptor. On the other hand, treprostinil had a
200-fold lower affinity for the EP, receptor compared with iloprost,
and the affinity for the EP3 and FP receptors was in the low to mid
micromolar range as opposed ro the nanomolar range for iloprost.
Affinity for the EP, receptor was low for treprostinil and iloprost,
and both had minimal affinity for the human TP receptor,

The rank order of activity of treprostinil in evoking changes in
either cyclic AMP or intracellular calcium levels in the cells
expressing the individual human prostanoid receptors was
comparable to that found in the radioligand binding assays. Thus,
treprostinil elevated cyclic AMP with a similar high potency in cells
expressing either the 1P or DPy receptor, and its activity on cells
with the EP, receptor was also high. Other worl assessing
prostanoid receptor antagonists in murine alveolar macrophages
has suggested that treprostinil acts on EP; receptors to inhibit
phagocytosis and cytokine release [43]. In the current work,
treprostinil was less active on cells expressing the human EP; or
the EP, receptor, and poorly active on the EP; receptor, with very
low activity on the TP and FP receptors.

As with the hinding studies, the high activity of iloprost at the
EP, receptor site along with the finding that treprostinil had high
affinity and potent activity at the DP; and EP, sites, are the key
differences in the profiles of these two prostacyclin analogues.
Interestingly, from a phylogenic perspective, the EP3, DPy and IF
receptor are the most highly related receptors within ene of two
subgroups of prostanoid receptors {41,44]. Such potent activity of
treprostinil at the DP, receptor provides a novel aspect to
interpreting pharmacological activity of this prostacyclin ana-
logue, as activation of the DPy receptor will lead to borh

vasadilatation and inhibition of human platelet aggregation, as
does |P receptor activation |45 46).

In terms of pharmacological responses that could underlie
the therapeutic benefit of these prostacyclin analogues in the
clinical treatment of pulmonary hypertension, studies on human
pulmonary vascular tissue are clearly important, It is known
from studies utilising pharmacological agonists and antagonists
that the prostanoid receptors inveived in the relaxation of
human pulmonary venous preparations in vitro are the DP; and
IP receptors, and to a lesser extent the EP4 receptor [47.48]. In
human pulmonary artery preparations however, the [P recepror
appears to be the predominant receptor involved in relaxation
|47]. Additional studies have indicated that the prostanoid
receptors involved in the contraction of human isolated
pulmonary veins were the EP; and TP receptor |49]. Indeed,
EPy receptors are expressed in human pulmonary veins, as
demonstrated by immunohistochemistry [48]. Earlier pharma-
cological worl had also suggested that EP4 receptor agonists had
potent contractile activity on the human isolated pulmonary
artery |50].

It is not yet known whether the high affinity and potency of
ilopraost for the EP; receptor will lead to vasoconstriction and
oppose the vasodilatation evoked through IP receptor activation in
arteries or veins, This will depend on factors such as the relative
density and distribution of the EP, and IP receptor in these tissues,
especially human pulmonary vasculature. There is however, some
evidence that activation of the EPy receptor, which like EP,
receptor activation elicits vasoconstriction, can offset the vasodi-
latar response to IP receptor activation by iloprost in rat small
pulmonary arteries in vitro [51). In other studies, EP; or EP,
receptor activation has been suggested to limit the relaxant
activity of prostacyclin analogues in guinea-pig aorta [52] or rabbit
iliac artery [53]. Moreover, the vasorelaxant actions of both
iloprost and treprostinil in rat tail artery was enhanced to a small
but significant degree by an antagonist at the EP;y receptor,
suggesting a functional antagonism with IP receptors in this tissue
[54].

Apart from the potential opposing funcrional interactions
between the vasodilator and vasoconstrictor response following
prostanoid receptor activation, there is the possibility of additive
or synergistic effects through simultancous activation of the
different G,-coupled prostancid receptors, which theoretically
could enhance the therapeutic efficacy of the prostacyclins.
lloprost has relatively poor affinity for the EP4 receptor that can
evolke vasodilatation in human vascular tissue |48,55), and even
less affinity for the DPy and EPs receptors, that along with the IP
receptor, are primarily involved in the pulmonary vasodilator
response to prostanoids [56). Therefore, additive or synergistic
effects of iloprost at prostanoid receptors evoking vasodilatation, 15
unlikely. In contrast, the high affinity and activity of treprostinil at
the human DP, and EP; receptors in addition to the IP receptor
could synergise to potently evoke a vasodilator response, while the
minimal activity of treprostinil at EPy receptors would not be
expected to produce an opposing vasoconstriction. This profile
suggests that treprostinil could have a comparatively preferential
vasodilator profile in vascular tissue, particularly in the human
pulmonary circulation.

The difference in the pharmacological profile between iloprost
and treprostinil in some models may hence reflect activity at
multiple prostanoid receptor sites. Thus in human pulmonary
arterial smooth muscle cells, treprostinil evoked a full dose-
dependent elevation of intracellular cyclic AMP, whereas iloprost
was less potent and reached a far lower maximal response |57].
Whether this reflected (a) activation by treprostinil of multiple
prostanoid receptors coupled to G, compared with iloprost {b) that
iloprost was nnly a partial agonist at these sites, (¢) that rthe
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response to tloprost at the 1P receptor was limited by concurrent
EPy and EP4 receptor activation or (d) a combination of the above, is
not known.

The disparity of the profile between iloprost and treprostinil
at the various prostanoid receptors will have importance when
determining the owverall pharmacological events that they
initiate, especially when used to treat disease. This could also
contribute to any differences in the degree of side-effects of
these prostacycling in clinical use, including those exerted on
the gastro-intestinal tract. Under physiological conditions, both
analogues are potent agonists at the IP receptor, which may
dominate the nature of the overall pharmacological responses in
vascular tissue, However, it has been demonstrated clearly in
two studies using human pulmonary tissue, that in idiopathic
pulmonary arterial hypertension, the expression of the IP
receptor is down-regulated when compared to control tissue,
as detected by both immunoblotting and immunohistochemical
techniques [29,58]. Under such conditions of low IP receptor
density or stimulus-coupling activity, the pharmacological
responses of either iloprast or treprostinil through 1P receptors
could potentially be compromised. Indeed, in a rat model of
pulmonary hypertension where almost complete down-regula-
tion of the IP receptor was abserved, it was suggested that
iloprost may act through another vasodilator receptor, the EPy
receptor, 45 this was not similarly down-regulated [38]. The
expression of the EP4 receptor has been detected in human
pulmenary vein using immunohistochemical techniques [48].
However, the relatively poor affinity and activity of iloprost at
the human EP, receptor suggests that activation of this receptor
is unlikely to occur in the therapeutic dosing range of
iloprost, the upper plasma concentrations achieved with
intravenous administration in humans for example, being less
than 1 oM [59].

Should expression of IP receptors be sufficiently down-
regulated in pulmonary vascular disease to reduce efficacy at
the IP receptor, treprostinil could have the capacity fo act on the
other key vasodilator prostanoid receprors in the lung, namely the
DPy receptor and the EP; receptar. As treprostinil has high affinity
and activity at these latter prostanoid receptors, such positive
interactions should be achieved within the same clinical dose
range that affects IP receptors, with plasma concentrations of
treprostinil in patients treated by intravenous or subcutaneous
routes ranging from 2.5 to 25 nM [60]. This would require that
unlike the [P receptor, the DP, and EP, prostanoid receptors were
not similarly down-regulated in human pulmonary vascular
disease. Interestingly, EP; receptor expression in pulmonary
arterial smooth muscle cells did not appear to be affected by
maonocrotaline treatment that produced experimental pulmonary
hypertension in rats | 58], though its effects on DP; expression were
not monitored.

The importance of the differential prostanoid receptor
agonist profile of iloprost and treprostinil will therefore become
clearer wirh further knowledge of the parhology of this discase,
particularly as regards to changes in IP and other prostanoid
receptor expression or desensitisation and their coupled
functional activity in rhe pulmonary vasculature. Moreover,
consideration of pharmacological actions other than the
vasaactive properties of the prostacyclins is warranted. Thus,
the degree of involvement of IP receptor or other receptor
activation in the processes limiting the characteristic exagger-
dated wvascular smooth muscle proliferation 1n pulmonary
hypertension requires caretul evaluation [28.29]. All such
information may guide the eventual selection, based on its
pharmacoelogical profile, of a particular prostacyclin analogue or
IP agonist for the various aetiologies that comprise the spectrum
seen in pulmonary hypertensive patients.
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