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ABSTRACT

Background Uncontrolled studies suggested that
aerosolized iloprost, a stable analogue of prostacyclin,
causes selective pulmonary vasodilatation and im-
proves hemodynamics and exercise capacity in pa-
tients with pulmonary hypertension.

Methods We compared repeated daily inhalations
of 2.5 or 5.0 ug of iloprost (six or nine times per day;
median inhaled dose, 30 ug per day} with inhalation
of placebo. A tatal of 203 patients with selected forms
of severe pulmonary arterial hypertension and chronic
thromboembolic pulmonary hypertension (New York
Heart Association [NYHA] functional class Il or IV)
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
al 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 reason 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;347:322-9,)
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CONTINUOQOUS infusion of prostacyclin
was the first therapy shown to reduce mor-
tality in a controlled study nt'pati::m'; with
severe pulmonary hypertension.! However,
its use i‘i associated with a number of serious draw-
backs. The lack of pulmonary selectivity results in
a}r.slcmu. side effects, tolerance leads to progressive
increases in the dose, and there may be recurrent in-
fections of the intravenous catheter.? As an alternative,
inhaled nitric oxide possesses puimumrv selectivity,
but it is less potent than prostacyclin in the pulmo-
nary vasculature.?* Moreover, an interruprion in the
inhalation of continuous nitric oxide may cause
bound pulmonary hypertension.?s Designed to com-
bine the beneficial effects of prostacyclin with those
of an inhalational application, acrosolized prostacy-
clin was found to be a potent pulmonary vasodilator
in patients with acure respiratory failure, exerting
preterential vasodilatation in well-ventilated lung re-
gions.” ¥ Similar results were obtained in spontanc-
ously breathing patients who had lung fibrosis and
severe pulmonary hypertension.t
[oprost is a stable analogue of prosracyclin thar is
associated with a longer duration of vasodilatation.!?
When administered during a short aerosolization ma-
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neuver to patients with pulmonary hypertension, its
pulmonary vasodilative potency was similar to that of
prostacyclin, but its ettects lasted for 30 1o 90 min-
ates, as compared with 15 minutes, #1515 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. 451620 Our objective in this
trial was to evaluate the effects of inhaled iloprost
using a rigorous end point of clinical efficacy.

METHODS

Selection of Patients

Parients with primary pulmonary hypertension and selecred forms
of nonprimary pulmonary hvpertension were candidates for the
study. The forms of nonprimary pulinonary hypertension includ-
ed appetire-suppressant—associated and sclerodenma-associated
pulmonary hvpertension as well as inoperable chronic thromboem-
bolic pulmonary bypertension. The inclusion eriteria were a mean
pulmonary-artery pressure greater than 30 mm Hg, the ability to
cover berween 30 and 500 m wirhout encouragement on a six-nun-
wte walk rese,? and a New York Heart Association (NYHA) func-
tional class of HT or IV22 despite the use of standard conventional
therapy (anricoagulants, diurerics, digitalis, calcium-channed block-
ers, and supplemental oxyveen). Patients who were taking investi-
gational drogs, prostanoids, or bera-blockers were exclnded. The
doses of ealcium-channel blockers had w be constant for more than
siv weeks betore stady entry. Exclusion eriteria were a pulmonary-
artery wedge pressure at rest of more than 15 mm Hg, a cardiac
index at rest of less than 1.5 or more than 4 liters per minure per
square meter of body-surfice area, bleeding disorders, a bilirabin
level of more than 3 myg, per deciliter (51 wmaol per liter), creatinine
clearance below 30 ml per minure, a forced vital capacity below
50 percent, a forced expiratory volume in one second thar was less
than the mean normal value minus twice the standard deviation,
and ¢linical instability.

Study Design

A tonal of 203 patients participated after giving written informed
consent and after the study had been approved by the local erhics
commitrees at 37 European specialist centers. Patients were ran-
domly assigned to receve tloprose (Homedin, Schering) or placebo
after stratification according to NYHA functional class (1T or [V)
and type of pulmonary hypertension (primary or nonprimary) by
All i]'IL{L'I)u['IdL'J'lr CU“!“‘J;R[L’C \\'hﬁﬂit I'HL'['I'II'}L'[S WOEre unawarc (Ii- p‘l'
tients’ identitics. A toal of 101 patients were randomly assigned to
the iloprost group, and 102 were assigned o the placebo group.

For inhalation, iloprost or placebo was diluted with saline to a
concentration of 10 ge per mlbliter, and 2 md was added to a neb-
ulizer (HaloLire, MedicAid ). This device delivered short pulses of
acrosolized parricles (geometric median | £5D] acrodynamic diam-
eter of particles, 4.3 20,05 pm)?* during the Hrst part of cach in-
spiration until a predefined rtotal inhaled dose of 2.5 wyg had been
dispensed. The inhalation was then stopped or repeated once, w
achieve a total dose of 5.0 pg, depending on how well the patient
tolerated the treatment. After each inhalation, the residual voluome
in the nebulizer was discarded. This manenver was repeated six or
nine times daily, with an overnighe break. The frequency of inba-
fariun and the dose were individually derermined within the firse
cight days of therapy according to a predefined dosing algorithm,

Right-heart catheterization was performed in all patients ar basc
line and after 12 weeks. The acute effects of inhaled iloprost were
evaluated after 12 wy in all patients, but not at base line, to avert
unblinding. At base line and after 4, 8, and 12 wecks, patients com-
pleted a six-minute walk resr, the Mahler Dyspnea Index ques-

tonnaire,#t the EuroQol questionnaire, and the 12-item Medical
Qutcomes Study Shorr-Form General Health Survey.

Tanients were removed from the study if they mer two or more
of the following predefined criteria for a deterioration in their con-
dition: refractory svatolic arterial hypotension (blood pressure, less
than 85 nun Hgl: worsening right ventricular failure (e.g., as in-
dicated by the development of refractory edema or ascites); rapidly
progressing cardiogenic, hepatic, or renal failure; a decrease of ar
least 30 percenr in the disrance walled in six minures; and a decline
i measures of hemodynamic function, such as central venous pres-
sure and mixed venous oxypen saturarion,

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

TaBLE 1. Bast-Ling CHARACTERISTICS OF 1111 PATIENTS.®

ILoPROST PLACEBD

GROUP GRoup
CHARACTERISTIC [N=101] N=102)
Age — yr 51.2+132  528+120

Weight — kg 71.3x14.0 726+139
Sex — %
Male L7 333
Female 68.3 66,7
Underlving discase — no. (%)
Primary pulmonary hypertension 51 (50.5) 51 (530.09
Nonprimary pulmonary hypertension 50 {49.5) 51 {30.0}
Appetite suppressints EREN 5 (4.9
Collagen vascular disease 13(12.9) 22(21.6)
Chronic thromboembaolic pulmoniry 33 (327 24423.5)
hyperension
Oral vasodilator therapy — no. (%) 32(515) 38 {569

NYHA fncrional class — no. (%)

n 60 [59.4) 59 (57.8)
w 41 (40.6}) 43 (41.2)
Mahler Dvspnea Indext 4.14~1 8 +27+18

il5r906

331z93

o-Minute walk distance — m
Hemodvmamic variabiest
Pulmonary-artery pressure — num Hyg,
Cardiae ourput — liters/min
Tulmonary vascular esistance —
dyn-sec-cm™*
Systenyic vascular resistance —
dyn-sec-em™*
Central venous pressure — mm Hg
Pulmonary-actery wedge pressure
— mum Hg
Arterial oxygen saturation — %
Mixed venous oxygen ssturation — %
Heart rare — bears/min

538141
38*09
10414493

18272503

92250
60.528.2
818154

.

28D NYHA denores New York Heart

spruast and

lus—minns values are me
Association, There w t ditferences berween the
the placebio groups, Data on all variables were available for all patients except
in the lellowing categories: pulmonary-artery pressure, 1 patient in cach
eroup; cardiae output, | patient in the loprost group and 6w the placebo
group; pulmonary vascular resistance, 10 and 6, respectively: systemic vas-
cular resistance, 11 and 145 central venous pressure, 3 and 7, pulmonary-
artery weedge pressore, 8 and 3] arterial oxveen situration, 35 and 315 mived
VENOUS OXVEZEN SATIE 16 and 18; and heart rate, 2 and 3.

e

tOn this 12-poine scale, higher scotes indicate less dvspnea,

tlarients who were rece lomg-recm oxvgen therapy received nasal
vxygen during the measurement of base-line hemodynamic variables.
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improvement in the NYHA functional class in the absence of a
deterioration w the dinical condition or death duriog thie 12 weeks
of the study. Secondary efficacy variables were changes in the values
for the siv-minure walk rest, the NYHA class, Mahler Dyspoea In-
dex scores, hemodynamic variables, and the quality of lite; clinical
deterioration: death; and the need for rransplantation.

Statistical Analysis

The primary evaluation of ethcacy mcluded all randomized pa-
ticnts. Data are presented as means 8D, unless otherwise stated.
We included dara on pattents who premarurely disconrinued the
study using a last-observation-carried-torward analysis for the six-
munute walk test. Patzents who died were assigned a value of 0 m.
Al statistical wests for efficacy variables were two-taled, with an
alpha level of 0.05.

To anadyze the primary efficacy end point and the improvement
eriteria, we used the Manrel=FHaenszel tesr 7 stranbied according to
the tvpe of pulmonary hypertension {primary or nonprimary ) and
NYHA class (111 or IW), Patients with missing data on the primary
end point at week 12 were considered not to have had a response.

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

Changes from base line in hemodynamic values were analvzed
with t-statistics. The investigators had full access to the data and
performed the apalyses independently of the sponsor,

RESULTS
Base-line demographic and hemodynamic 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 g per inhalation, and 9 percent received
2.5 pg, corresponding to a median inhaled dose of
30 pg per day,

Primary Efficacy End Point

Lor the primary end point, we tound a signiticant
ctfect of weatment in favor of iloprose (P=0.007)
(Fig. 1), The estimated odds of an effect in the ilo-
prost group, as compared with the placebo group,
were 3.97 (95 percent confidence interval, 1.47 to
10.75, by the Mantel-Haensze! test), with no signif-
icant heterogencity 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 basc-line characteristics. Only trearment assign-
ment (P=0.01) contributed 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 at week 12 was slightly, but not signiticantly,
higher in the iloprost group than in the placcbo
group (P=0.06) (Table 2). The type of pulmonary
hypertension had no significant effect on the outcome
in cither group (P=0.90). A higher percenrage 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 absolure change in the distance walked in six
minutes was significantly larger (by 36.4 m) in the

E 40 -
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Figure 1. Effect of Inhaled lloprost and Placebo on the Mean {=SE) Change from Base Line in the Dis-
tance Walked in Six Minutes, According to an Intention-to-Treat Analysis.

The P value was abtained with Wilcoxon's test for two independent samples.
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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 amonyg, those with non-
primary pulmonary hypertension. A parametric analy-
sis of covariance, which included the absolute value
on the six-minute walk test ar week 12 as a dependent
variable and the treatment assignment (P=0.02), type
of pulmonary hypertension (P=0.06), and distance
walked at base line (P<<0.001)} did nort show a sraris-
ticaily significant interaction between treatment and
tvpe of pulmonary hypertension (P=0.09).

NYHA Class

More patienrs in the iloprost group than in the pla-
cebo group had an improvement in the severity of
lLeart failure, as assessed by the NYHA class (P=0.03)
(Table 2). The type of pulmonary hypertension had
no effect on the outcome in either group (P=0.39).
The percentage of patients with a deterioration in
NYHA class did not ditfer significantly between 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
(Table 2 and Fig. 2). Reasons incJuded death, discon-
tinuation of study medication, and withdrawal of con-

sent, mostly owing to clinical deterioration, insuthcient
clinical benetir, or both.

Hemodynamics and Gas Exchange

In the placebo group, cardiac output, systemic ar-
tertal oxygen saturation, and mixed venous oxvgen
saturation decreased significantly after 12 wecks and
pulmonary vascular resistance and right atrial pressure
increased signiticantly (Table 3). In rthe iloprost group,
values assessed ar 12 weeks, before the first mornin g
dose of inhaled iloprost, were largely unchanged from
base line, whereas values assessed after inhalation
were significantly decreased (in the case of pulmonary-
artery pressure, pulmonary vascular resistance, system-
ic arterial pressure, and systemic arrerial oxygen 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 ftor three months (dara not shown).

Mahler Dyspnea Index

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

TaBLE 2. Errecis o 12 WEeeRs oF THerArY Wittt INpaLed [LorgosT or PLacERO
oncrTiE Mew Yourk HeArRT AssoCIATION (NYHA) Crass ann 1HE Sic-Minore Wark Tesr.

VaRIARLE lLoPROST GROUP Praceso GRoup

PATIENTS WITIL
RIMARY

PATIENTS WITH
NONIRIMARY

FATIENTS WITH
PRIMARY

BITLAONARY TULAMONARY DULMONARY
ALL PATIENTS  HTPERTENSION  HYPERTENSION ALL PATIENTS  HTPERTENSION  IIVPERTENSION
percentage of patients
Change in NYHA class
Tmproved by 2 clisses 107 1.9 0.0 0.0 0.0 o
Lproved by 1 class 238" 22.6 5.0 12.7 7.3 151
Unchanged 644 66.0 62.5 657 691 61.7
Worsened 59 38 8.3 7.8 109 4.3
Data missing 1.0 1.9 0.0 0.0 0.0 (ER1]
Noncompletion of study 4.0 is 4.2 137 7 129
Death 1.0 19 0.0 39 36 +.3
Other 3.0t 1.9 +.2 .81 9.1 106
Change in 6-minute walk distance
=10% merease 376§ 1 25.0 255 309 191
< 10% increase o <10% decrease 116 37.7 479 314 20.0 46.8
=10% decrease 159 5.7 n9 23.5 327 17.0
1ata missing 5.9 75 4.2 16.7 164 17.0
Combined end point Lo 8§ 08 125 19 55 4.3

*P0.03 for the comparison of rales of improvement [by one or two classes) with the placebo group.
tlrcatment was discontinued in all three patients.

Tlrearment was discontinned in seven patients, and three patienrs withdrew their consent.

§P=0.06 for the comparison with the placebo group.

§I'=0.007 for the comparison with the placebo group.
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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).

TasLe 3. Meax ( £ S3D) CnanGe rroM Base LiNg ix Hesopynamic VALUEs
PURING 12 WEERS OF THERAPY WITH INHALED ILOPROST OR PLACERO.*

VariasLe

Pulmonary-artery pressure (mm Hg)

Cardiac ongpin (liters,min)

Pulmeonary vascular resistance {dynesec-cm ¥
Systemic arterial pressure (mm Hy

Righe arterial pressure (mm )
tulmonary-artery wedge pressure (mm Hy)
Arterial oxygen sanation (%)

Mixed venous oxygen saturation (%)

TTeart rate beas/min)

PLacesn GRoup

loprosT GRour

RETORE
INHALATION

mean 250D
-0.226.9 ~0.1+7.3 ~4.6193%
—019+081F  +0.05+0.86 +0.55+1.1¢
~961322¢1 922758 ~239=279%
-0.2+12,4 ~1.7+12.8 —4.3713.6%
v 142484 —0.8+4.6
L0730 ~1.8+5.37
=lhr44t —14+37%
-2.2:67% P18
—1.2%95 —-2.25+12.6

*For the iloprost group, both preinhalation and postinhalation values after 12 weeks are compared

with the base-line valnes at study enry.

1P=0.001 tor the difference trom base-line values,
11"<.0.05 for the difference from base-line values.
$0<0.01 for the comparison with the placebo group.

1P=0.01 for the ditference from base-line vilues.

group than in the placebo group (change, +1.42%
259 vs. +0.30£2.45; P=0.015). The type of pulmo-
nary hypertension had no ettect on this outcome.

Quality of Life

Mean scores on the EuroQol visual-analogue scale
improved significantly (from 46.9+15.9 10 52.8=19.1)
in the iloprost group but were virtually unchanged

in the placebo group {(dropping from 48.6+16.9 o
47.4+21.1, P=0.026 by analysis of covariance). The
EuroQol health-state score improved from 0.4920.28
to 0.58%0.27 in the iloprost group and was un-
changed in the placebo group (0.56=0.29 to 0.50%
0.31, P=0.11 by analysis ot 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 died in the dloprost group during, the
1 2-week study, as compared with four patients in the
placebo group (P=0.37) ('Table 2). Criteria for chin-
wal deterioration were met in 4.9 percent of patients
in the iloprost group and 8.8 percent of those in the
placebo group (P=0.41). This indicated that tewer
patients cither died or deteriorated in the iloprost
group than in the placebo group (4.9 percent vs, 11.8
pereent, P=0.09). The type of pulmonary hyperten-
sion had no effect on the outcome. During the study
period, nonc ol the patients received a lung transplant.

Safety

The roral number of patients who had serious ad-
verse events did not ditfer significantly between the
groups (Table 4). Right ventricular failure and ede-
ma were more than twice as frequent in the placebo

group as in the iloprost group. The total number of

syncopal events in each of the two groups was sim-
ilar (cight in the iloprost group and five in the pla-
cebo group), but these events were more olten con-
sidered serious in the iloprost group. Syncope was
not associated with clinical deterioration or prema-
ture withdrawal from the study. Syncopal events oc-
curred more than two hours after the last inhalation
{often alter an overnight break ), were exercise-induced
in two patients, were induced by bradycardia in two
paticnts (assoctated with gastroenteritis in one patient
andd with verapamil therapy in the other), and resulted
in head trauma 1 one patient. Flushing and jaw pain
were more commaon in the iloprost group, but these
adverse effects were mostly transient and mild and
were not considered to be serious in any patient.

DISCUSSION

The results of this clinical rrial demonstrate thac
long-term mhaled administration of acrosolized ilo-
prost, a stable analogue of prostacyclin, improves a
clinically important combined end point consisting
of excrcise capacity, NYHA class, and clinical dereri-
oration in patients with selected forms of pulmonary
arterial hypertension and chronic thromboembolic
pulmonary hypertension. Moreover, iloprost improved
several secondary end points.

Since intravenous epoprostenol was shown to im-
prove survival among the most severely ill parients
with primary pulmonary hypertension, it has been
unethical to perform randomized clinical trials among
parients with pulmonary hvperrension in which sur-
vival is used as an end point. We chose a combined
rather than a single end point (e.g., the disrance
walked in six minutes) in order ro make a more rig-
orous derermination of whether inhaled iloprost was
ctticacious. Nearly 40 percent of all patients who were
rreated with iloprost increased their six-minute walk-

N Engl J Med, Vol. 347, No. 5

ing distance by at least 10 percent. However, only half
as many patients also had improvement in the NYIIA
class; conversely, not all patients with an improvement
i NYHA 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 substantial num-
ber of the remaining paticnts met less strict criteria
tor 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 chinical condition.

‘The mean inhaled dose of iloprost corresponded
to 0.37 ng per kilogram of body weight per minute,
which is considerably lower than an ctfective intrave-
nous or subcutancous dose. - Thus, targeted delivery
of prostanoids to the pulmonary vasculature by mecans
of inhalation may substantially reduce the drug re-
quircments.

TasLe 4. INCIDENCE OF SERIOUS anD OTHER ADVERSE EVENTS.*

ILoprosT GRour  PLaceso Group P
VARIABLE [N=101) (N=102} VaLue
ne. of patiants (%)

Serious adverse event

Any ewent 28 (27.7) 25 (24.5) 0.63
Right ventricy failure 4 (4.0 1098} 016
and edema
Syncope 5(5.0 0 0.03
Orliert 33327 35(34.3) .88
Adverse evenrI
Any event 91 (90.1) 90 (8.2} .82
Increased couch A9 (38.6) 16 (25.5) .05
I leadache A0 (29.7) 20 {19.6) 0.11
Flushing 27 (26.7) g8 0.001
Influenza-like syndrome 147139 10 (9 8) 030
Periplieral edema 13(12.9) 16 (15.7) .09
Nansea 13(12.9) 8 (7H) .26
Jaw pain 12(11.9) 3(29) 002
Hypotension 11(109) 6 [3.9) 0.22
Diarrhea (8.9 11 (10.8} 081
Vertigo 7(6.9) 11 {10.%} .40
Syncope 8 (7.9 5(4.9) [LE3}
Orther adverse events§ 296 277

*The most common adverse events are listed.

fThese events included an augravation reaction (an event cusing con-
cern abour possible dereriorarion in four parients in rhe idoprost group and
five parients in the placebo group, hvpoxemia iz two parients in the placebo
LROUP, PRedionia in two paticins in the iloprost group, tchyvcardia in iwo
patients in the fluprost group and one in the placebo group, hboratory-

he il s d he placebo group, lat
st abmonmalivies inowe patiens in the doprost pronp, chest pain i iwo
1§ | he 1 |

vatients s cach proup, and dvspica in vwo paticnts in cach group,
i b group, and dys ¥ b groug

FData were available for 101 patiems in the placebo group.

§The mumber is the wral number of other adverse events.
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Like other investigators, we found that the benetit
was greatest among, patients with primary pulmonary
hypertension and was similar to that of cpoprostenol!
and bosenran.® Although patients with nonprimary
pulmonary hypertension had improvement in the
scores for the Mahler Dyspnea Index and quality-of-
life measures thar were similar ro those achieved in
patients with primary pulmonary hypertension, few-
er such parients 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 3 beraprost,
and treprostinil. s

Hemodynamic assessments nf‘pn:in]ml'.uion values
showed that values stabilized in the iloprost group,
whereas they deteriorated in the placebo group. The
degree of deterioration may be underestimated, since
patients who discontinued trearment premarurely did
not undergo follow-up hemodynamic examination.
Postinhalation assessments of hemodynamic variables
demonstrared a significant improvement in the ilo-
prost group, as was anticipated on the basis of pre-
vious reports,+1131% Since the acute hemodynamic
response did nor 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
between preinhalation and postinhalation values. In
comparison, continuous intravenous therapy may re-
sult in a more sustained hemodynamic improvement??;
however, continuous intravenous therapy also poses
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 ctiects
was similar. There were more syncopal episodes in the
loprost group than in the placebo group (cight vs.
tive), and these episodes were more frequently defined
as serious adverse cvents, but they were nor associated
with clinical deterioration. Since syncope occurred a
relatively long time (two to nine hours) after the last
mhal.mun, the loss of an effect of 1]0pru:.t may have
caused these events. However, the same side ctfect
was observed with bosentan therapy, suggesting that
these drugs may have a more pronounced cffect on
blood pressure during excrcise. 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 rhe ini-
tiation of therapy for pulmonary hypertension.

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

and inhalation commonly required 10 minutes. Dif-
lerent techniques of administering acrosolized iloprost
result in similar acute hemodynamic ctfects as long
as idenrical doses are delivered to the respiratory tract
in a particle size suitable for alveolar deposition. 433
With other technigues, the duration of inhalation may
be shortened considerably, 14

In conclusion, this large, placebo-controlled trial
demonstrates the efficacy and safery of inhaled iloprost
for the treatment 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
in a number of clinically meaningtul variables, suggest
that inhaled iloprost therapy is effective. It may be a
suitable alternative to continuous intravenous prosta-
cyclin, especially in patients who do not derive a clear
survival benefit with intravenous therapy.

Supported by Schering, Berlin, Geemany. All the authors have financial
relationships with Scherng, the sponsor of the study. The relationships dit-
fier memme the authors and include employmen, consultaney, membership
in the scientific advisory board, and support for work as investigators.

APPENDIX

The members of the \IR study group were as follows: Steering Commirres
— W, Seeger (chai i¢, T. Higenbortam, S, Nikkho, R. Navije, H.
Olschewski, L1, Rubin, G. Simomwean, Ober Drvestgarors — H. Fabel and
E. Spickerkitrer ( Medizinische  Fluchschule, Fannover, G v, E
Grinmminge: and B, Wiedemann ¢ Ulniversny Chinie
Lenchte (University Clinie Grofhadern, Munich, Germanviz M. Aqmlum
{Universitd di Bologna, Bolopoa, aly); K. Amsha and R. Lawson (Royal
Iallamshire Hospial, Shefiield, United Kingdom): R, Alcock {Freeman
Hospital, Mewcastle-upon-lyne, United Kingdomp A, Plore (Univer-
sititsklinik Eppemdorf, Hamburg, Germany); [ Schaver | Medizinische
Khnik und Poliklinik Universitissklinik, Leipzig, Germanyv; W Bindes |
huisbery University Clinie, Leuven, Belgium); B Escribano and M. Lizaro
{Hospiral 12 de Ocrubre, Madrid}; E. Huchalla (Hépital Clande-Huriez,
Lille, France}; M. BRorst {Ludol=Krehl-Klinik, Heidelberg, Germanv);
C. M. Black (Royal Free Hospital, London); C. Bravo, A. Romin, wd V.
Maonforte {Centro Sanitario, Vall d*Hebron, Barcelona, Spain b A, Peacock
(West Intirmary, Glasgow, United Kingdom); A. Boonstra (Academic Hos-
pical, Free University, Amsterdam); C. Fracchia (Fondazione Salvarore
Mangen, Montescano, Inalvy; C. Marini  Istituto di Fisologia Clinica Con-
i wionale della Ricerche, Pisa, Tralyy; L. NMicod { Hopiral Cantonal
(ut.llﬂ?.ll. 1 Pepke-Zaba (Papworth Hospiral, Canbridgpe
e “ambridge, Unired Kimgdom); G. Sybrecht and H, Wilkens
(Pneumalogic Uniklinik, Homburg, Germany); AL Torbicki § National In-
stitnte of Tuberculosis and Lung Diascase, Warsaw, Poland j; 12 Dion (8]
tal Bretormcan, Tonrs, France): T. Mota (Hospual de Polido Vileme, Lis-
bon, Portugal), L. Penaforte (Cemre [Hospitalior Universitaire [CHUJ
Reims, Reims, Prance); T Peree and B Radenne {CHU Lille, Lilie, France);
C. Pison (CHU IHapual Nord, Grenoble, France); L. Vachiery { Hapital
Erasme, Brussels, Belgmm); U Halleren | Kardiologkliniken. Gotebori,
Sweden); E-X. Kleber | Unfallkrankenhaus, Berlin, Germany); [ lumdcnua
(Hospitais de Universidade de Coimbra, Coimbri, Pormgal) V.RG.
Ribeiro (Vila Nova de Caia, Pormugal iy, M. Soler (Kantonsspital, Basel, Swir-
zerland); and H. Stricker {Ospedale Revionade di Locarno La Carici, Lo-
carmu, Switzerland).

pi-
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EXHIBIT 3
rome’ Prugs” Development § Approval Process {Drugs)” How Drugs are Developed and Approved” D
Drugs

Priority NDA and BLA Approvals in 2004

MDA
Mymber

Established

ProprietaryMame Name

NiZ1539 Acetacote Acetylcysteine

Fometrexed
Jizodium

MO21462 Alimta

Cinacalcet

MNO21688 Sensigar Jrochloride

Husmian

N(21256 Human Secretmn Eriaci bt
secrain

Aporniorplane

NO2L283: Anokyi rydrochloride

tine

N2164 i
NO21640 Vitrase yaturonidase

NOS0794 Vidaza Azacitidine

MO2 1497 Alinia Mitazoxanide

Acamprosate

FATR prd
MN0O231431 Campral Calciurm

£miricitabine;
Tenufovir
ilisoproxi
Fumarite

MNO21752 Truvada

Pentatate
Calcium
Trisodium

4o Pentetate Calcium

12
HOZATAE Trisodium

Pantetate Zinc
odivm

i Pentaerate Zine
75 o
NOZIT9E 3 isodium

Priority New Drug Application (NDA) Approvals:

Chemical Review Approval

Type Classification Date Indication

Applicant

sradote IS Indicated (o be
administered intravencushy within 8
04 19 hours after (ngestion of a
potentially hepatotoxic quantity of
acetaminophen, to pravent or lessen
hepatic injury.
Abinta is indicated i the treatment of
patients with malignant pleural
mesothelioma whose disease s either
unresectable or who are otherwise not
candidares for curative surgery.
sensipar is indicated for the treatment
of secondary hyparparathyron
(38-Mar- patients with chronig kidney dise
el fialysis, and the treatment of
srialcemia in patisnts with
parathyroid carcinoima.
Human Secretin is indicated for (1)
Stimulation of pancreatic secretions,
inciuding bicarbonate, to aid in the
diagnosis of pancreatic exocrine
dysfunction, (2} Stimulation of gastrin
secrebion to aid in the diagnosis of
aastrinoma, and (3) Stumulation of
pancreatic secrations to facilitale the
identification of the ampuila of Vater
and accessory papilla during
endoscopic retrograde
chelangiopancreatagraphy (ERCP).
Apokyn is indicated for the acute,
intermittent treatment of
hypornobility, "off™ episodes ("end-of-
dose wearing off” and unpredictabla
Woff" episades) associated with
advanced Parkinson's disease,
Vitrase is indicated as an adjuvant to
incrzase the absorption and dispersion
of cther injected drugs; for
hypodernmoctysis; and as an adjunct in
subcutaneous urography for imoroving
orption of radiopsque agents.
Vidaza ig indicated for the treatment
of patients with the following
miyalodysplastic syndrome subtypes:
refractory anemia or refractory
anemia with ringed sideroliasts (if
accompanied by neutropenia or
thrombocytopenia and reguiring
fransfusions), refractory anemia with
extass Masts, refractory anamia with
excess Masts in transformation, and
chronic myelomonacviic leukamia,
Alinla s indicatad for the treatment of
21-1ul-04 diarrhea causad by Glardia Lamblia in
pabients 12 years and oldar,
Campral is indicated for tha
maintenance of aBstinance fram
29-1H-G4 alcohol in patients with alcahol
“apendance who are abstinent at
treatment initiation,
Truvada is indicated in cormbimnation
with other antiretroviral agents (such
25 non-nucleaside reverse
transcriptase infubitors or protease
inhibitors) for the treatment of HIV-1
infection in adults,
Pantetate Calcium Trisodium is
indicated for the treatment of internal
contarmination with plutonum,
americium or curicm to increasa the
riates of elimination,
Fentetate Zinc Trisadium s indicatec
for the treatment of internal
contamination with plutonium,
AMericiium or curium o increase the
rates of elimination.

Cumberfand .
Pharms ’

Ly
o
im

] 23-Jan-

4-Feb-

El Lifly 1 P, 0 o4

Amgen 1 P

Chirhochre 1 PO G3-Apr-o4

20=Apr=04

05-May-

Ista P !
3

Pharms

19-iday-

Pharmian L P, O nq
)1

Romark 3 P

N

Lipiia 1

Gilead
Sclences

02-Aug-
04

™
-

Pharma
Hameln 1 P
GmibH

11-Aug-
04

Pharma
Hameln
GmbH

11-Aug-
2

ot
o

hitp:tfwww fda.gow/Drugs/Devel opmentApproval Process/HowDrugs areDevelopedandApproved/DrugandBiol ogicAppr oval R eports/ucm051209.htm
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RU21563 CI

MO21 Manoplex

Drug and Biologic Approval and IND Activity Reports > Priority NDA and BLA Approvals in 2004

Desigratadineg

Mequssa
nited

aringx is mdicatad for the refief of
nasal and non-nasal symproms of
enntal aller 1itig, and the
pmatic ralief of praritus,

aien in the pumber of hives, ancd
za of hives, in patienls with chronc
Hie urticaria i children 6
nonths to 2 years of aoge.

MManoplex is indicated for the
treatment of patients with known or
tiadd interpal contamination with
oactive cesium and/or radicactive
ar i adicactive thallium to increase
thair rates of elimination,

Amphadase 15 indicated as an adjuvant
ti increase the absorpiion and

NOP1665 r“«mpﬂadas_e Amphadase Amphastar ' 5 36Ot dispersian of other mjected drugs; for
[hyaturonidase {hyaluranidase) Pharims o N hypadermaclysis; and as an adjunct in
subcutaneous uroaraphy for improving
rasorghon of radiopague agents,
Tarceva i3 indicated for the trestment
. Farsavi . ) 18N - o_i iocal!lv advancg_z-d ar mcrgstayc Nnn
NEZ21743 ferlotinit) terlotinib) USL Pharms L P o Srmall-Cell Lung Cancer (NSCLC) after
fadure of at iegst one prior
chemotharapy ragimen,
Pentetate Helacal is indicated for the breatment
MNG21786 Kelacal Cafcium C15-US 5 P af intarnal contamination with
Trisodium plutanium, americitm, or curium,
i re Ketazin s indicated for the treatment
MOZITET Kalazrin I :ggg;t;!,mc CI1s-Us 5 P of internal contamimation with
s plutonium, americium, or curiuern.
t6-Dec- 1sion Blue is indicated as an aid in
MO21670 Vision Blue Trypan Blue DORC i 2 “"}4"( ophthalmic surgery by staining the
Y anterior capsule of the lens,
Pagagtanib Macugen is indicated for the treatment
MNU21756 Macugan m&.”m Eyetech 1 P of neovascular {wet} age-related
o macutar degeneration.
sy 2 7 PP Invirase 15 indicated in combination
NG21785 Invirase “1:?‘;1:(::‘ }{Z::an k4 E} P o with other antiretroviral agents for the
R & i treatment of HIV-1 infectien in adults,
Prialt is indicated for the management
of sevare chronic pain n patients for
. ] Ean . PR Daes whorm intrathecal ([T u_eempy is
WO21060 Priair Ziconotide S ! P 04 warranted and who are intolerant of or
b refractory to other treatment, such as
systemic analgesics, adjuncrive
therapies, or IT morphine.
Clotar is indicated for the treatment of
o pediatric patients L to 21 years old
MO21673 Clolar Clofarabine Genzyme i 20 48__})4“' with redapsed or refractory acute
2 tymphioblastic laukemia after at least
LD BTIOT e ens.
MO21779 Ventavis tioprost CoTherix 1 PO 29-Dec U_f_enna\-is is indlcace_d for the treatment
¢ 0} of pulmaonary artarial hypertension.
Lyrica is indicated for the
5 = . 30-Dec- management of neurcopathic pain
NO21446 Lyrica Pregabalin Pfizer 1 P 04 associated with diabetic
peripheral neuropathy.
Priority Bioclogic License Application (BLA) Approvals:
ar ProBristaryName NP Appiicant gy SSvIEw, | ABrosa tndication
Erbitux s indicated for the treatmant of EGFR-expressing, metastatic colorectal
P ; i 1mtlone \2-Fah- r«‘t!‘tll?nrna in p_ahv,nts who are refractory to lr-.notui‘.an—ba_sed chemotherapy (in
BLE25084 Erbitux Cetuximab Svatoms P b4 combination with irinptecan); Treatment of FGFR-e¥pressing, metastatic
T colorectal carcinoma i patients who are intolerant to irinotecan-based
chemotherapy {administered as a single agent).
6 Feh. S¥ASUN is indicated for the first-ling treatiment of patients with metastatic
BL125085 Avastin BevacizumabGenantech P 4“’_04 carcinarna of the colon and rectum {m combination with intravenous 5-
s fluprouracil-based chemetherapy ),
Ep— g iR Bingen . £3-Mov- Tysabri is indicated in the treatment of pabents with relapsing forms of mu
8L125104Tysabr Natatizumab Telec B 4 sclerosis (MS) 0 reduce the freguency of clinical exa{_'ctrbiihu?u.
. ) i 15-Dec- Kepiva_m:e_ is indicated L:J decrease the :ncu_ience §nd durgtmn of 5evere_oral
BLLI25103 Kepivance Palifermin Amigen P 04 miscosits in patients with hematologic malignancies receiving myelotoxic tharapy

requiring Frematopolel:c stem cell support.

NDA Chemical Type:
nolecular entity
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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, Eniversity 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 lor pulmonary arterial hypertension
{Review). | Intern Med 2005: 258: 199-215.

Pulmonary arterial hypertension (PAH) is a disease
characterized by an clevation in pulmonary artery
pressure that can lead to right ventricular flailure
and death. Although there is no cure for PAH,
newer medical therapies have been shown to
improve a variety of clinically relevant end-points
including survival, exercise (olerance, functional
class, 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 treat-
ments strategies 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 5-year
survival of 34% |1]. Epoprostenol was a therapeutic
breakthrough that brought new hope to those with
PAH. However, treatment decisions for PAH were
relatively uncomplicated as they were limited to this
one medication. The situation today 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 first 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]. Tt 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-5 (PDE-5) inhibitors (Fig. 2).
These medications differ in terms of their pathway
targets and mechanisms of action. indications for
use, routes of delivery, and side-eftect profiles. The
challenge lies in integrating the available information

199
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Fig. 1 Number of published articles per yvear listed in PubMed
nnder the MeSH heading ‘hypertension, pulmonary’. http://
www.pubmed.gov {accessed 4/5/05).

into a sound treatment and management plan that
provides optimal care f[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 hypertension encompasses PAIL. 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 treated with alternative approaches. Recom-
mendations for systematic work-up have been
recently reviewed |4, 5]. 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

staecdin patin

e

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 pual-
monary artery in patients with
pulmonary arterial hypertension
are shown. These pathways cor-
respond to important therapeutic
targets for the medications used to
treat this condition: endothelin
receptor antagonists, phosphodi-
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 (Reproduced with
permission from Humbert et al.

[ 100]: Copyright 2005 Massuchu-
setts Medical Society. All rights

E reserved).

@ 20015 Blackwell Publishing Ltd Journal of Internal Medicine 258: 199-215

UNITED THERAPEUTICS, EX. 2005
WATSON LABORATORIES V. UNITED THERAPEUTICS, IPR2017-01621
Page 13 of 92



REVIEW: THERAPY FOR PULMONARY HYPERTENSION 201

Table 1 Classification of pulmonary hypertension (Venice 2003;
revised from Evian 1998)

Group 1. Pulmonary artery hypertension (PAH)
I.1 Idiopathic [IPAH)
£.2 Familial (FPAH)
23 Associated with (APAH)
1.3.1 Collagen vascular disease
1.3.2 Congenital svstemic-to-pulmonary shunts
1.3.3 Portal hypertension
1.3.4 HIV infection
1.3.5 Drugs and toxing
1.3.6 Other (thyroid disorders, glvcogen storage disease,
Gaucher disease, splenectomy. hereditary
haemorrhagic telangiectasia, haemoglobinopathy)
1.4 Associated with signilicant venous or capillary involvement
1.4.1 Pulmonary veno-occlusive disease
1.4.2 Pulmonary capillary haemangiomatosis
1.5 Persistent pulmonary hypertension of the newborn
Group 2. Pulmonary hypertension with lelt heart disease
Group 3. Pulmonary hypertension associated with lung disease
and/or hypoxaemia
Group 4. Pulmonary hypertension due to chronic thrombaotic
and/or embolic disease
Group 5, Miscellaneous (sarcoidosis, histiocytosis X.
lymphangiomyomatosis, compression of pulmonary
vessels)

valve is indicative of pulmonic valve stenosis.
Sampling of blood to measure oxygen saturation
[rom 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
diagnose or monitor 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 estimate of the right ventricular systolic
pressure based on the tricuspid regurgitant velo-
city. This can underestimate or overestimate the
true pulmonary artery systolic pressure, depending
on a number ol lactors, including the quality of
the echo window obtained and presence or
absence ol pulmonary outtlow obstruction. Under-
estimation can lead to delays in treatment, whilst
overestimalion may expose patients Lo incorrect
diagnoses and unnecessary treatment, Finally, the
haemodynamic responses (o acute vasodilator
testing cannot be reliably assessed with echocardi-
ography.

@ 2005 Blackwell Publishing Tad Journal of Internal Medicine 258

General measures

Phusical activity

Although we recommend an active lifestyle 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 PAH may have only
minimal symptoms with exertion, whilst those with
more advanced disease may experience dyspnoca 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 failure functional classilication
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

Table 2 World Health Organization classification of funictional
stutus of patients with pulmonary hypertension

Description

1 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.

I Patients with pulmon:ary hypertension who have
mild limitation of usual physical activity. There is no
discomfort at rest. but normal physical activity
causes increased dyspnoea, fatigue, chest pain,
oF presyncope.

1 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,
or presyncope,

v Patients with pulmonary hypertension who are unable
to perform any physical activity ut rest and who may
have signs of right ventricular failure. Dvsprioea
and/or fatigue may be present at rest and sympioms
are increased by almost any physical activity.

Adapted from Rich et al. | LO1]. Primary pulmonary hypertension:
Executive Summary. Evian, France: World Health Organization,
19498,

1 199-215
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of volume overload from right ventricular failure,
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 pulmonary 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 ariery 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 to the Cheyne-Stokes
respiration paltern seen in congestive heart [ailure,
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 (0o maintain arterial oxygen saturation
above 90% both at rest and with exercise is
recommended.

Cardiac glycosides

The role ol 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 reported.
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 rom
several studies suggests that the use of chronic
anticoagulation in patients with PAH improves
survival [11-13]. Patients with PAH are likely at
higher risk lor 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 PAIL medications. The
fragile haemodynamic state and limited cardiopul-
monary reserve ol patients with PAH place them at
risk for death even from a small thromboembaolism.
Anticoagulation may also reduce the propensity (or
in situ 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 PAH

Calcivm channel blockers

Treatment of PAH with calcium channel blockers
(CCBs) is reserved for patients who demonstrate
evidence of acute vasoreactivity. currently detined 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 hacmodynamic reversal of pulmonary hyper-
tension during acute vasodilator 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 IPAH patients exhibit acute
vasoreactivity, and of this group, only half experi-
ence sustained benefit from chronic CCB treatment
[L6]. The same can roughly be said about patients
with  anorexigen-associated PAH. Therefore,
although those with acute vasoreactivity may
benefit from chronic CCB therapy, a significant
number of these patients do not. Acute vasoreac-
tivity is unlikely to be found in patients with other
[orms of PAH. and amongst these, the likelihood of
sustained benelit from CCB treatment is exceedingly
rare [17] (Fig. 3). Accordingly. CCB therapy has

© 2005 Blackwell Puhlishing [Ltd Journal of Internal Medicine 258: 199-215
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Type of PAH

Acule
vasareactors”

I 1
Long-term responders \L“D l;
10 calcium-channel 46% (27/57)
biockers® :

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

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

“Nther includes PAH associated with conpective tissue disease, veno-occlusive disease, pulmonary capillary haemangiomatosis, human
mununoedeficiency virus, portopulmonary hypertension, Familial and congenital heart defects.

"Acute vasoreactors were defined by a fall in both mean pulmonary artery pressure and pulmonary vascular resistance >20%.
“Tomng-term responders were defined as those being in lunctional class [ or 11 alter at least 1 year on CCB monotherapy.

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

All patients treated with a CCB should be closely
followed [or evidence of benefit 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-acling vasodilator and
antiproliferative agent whose eflicacy 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 benelit 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 of
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 1II and IV
PAH.

The benelicial acute effects of epoprostenol stem
(rom its potent vasodilatory and, probably. inotropic
actions, whilst the long-term ellects are likely
attributable to its antithrombotic properties and
elfects on vascular remodelling [27-29]. With
chronic administration, epoprostenol lowers pul-
monary vascular resistance to a level beyond that
achieved during acute vasodilator testing [30].
Reports of successful withdrawal of chrenic 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 ¢t 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].

Ol the therapies available for PAH, epoprostenol is
the most complex to administer. It requires a portable
infusion pump for continuous i.v. administration
through a central catheter because of its short hali-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,

@ 2005 Blackwell Publishing Ltd fournal of Internal Medicine 258: 199-215
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diarrhoea and arthralgias. Many of these side-ellects
are dose dependent and respond to conservative
measures or decreases in dose. Patients are also at
increased risk {or catheter-related complications such
as infection and thrombosis.

Prostacylin analogues

The complexity ol continuous i.v. epoprostencl
therapy and its attendant risks has led to the
development ol stable prostacyclin analogues that
can be administrated by simpler routes. In contrast
lo epoprostenol, the prostacyclin analogues are
stable at room temperature and can be diluted in
nhysiological 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 therapeutic eflicacy of s.c. treprostinil was
investigated in a large, 12-week RCT involving
patients with functional classes [1-IV IPAH or PAH
associated with connective tissue 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 (6MWT) compared with
placebo (+16 m). The magnitude of effect appeared
1o 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
signilicantly different between the two treatment
groups.

Notably, 85% of patients reported pain at the
infusion site and 83% had an infusion site reaction.
leading to discontinuation of the study by 8%. Other
commonly reported 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 from an open-label extension study has shown
continued ellicacy of s.c. treprostinil after 24 months
of therapy [ 34].

Treprestinil can also be delivered as a continuous
i.v. infusion. It is dosed similarly to s.c. treprostinil as
they are bicequivalent at steady state |35]. Twelve-
month data {rom a prospective transition study of
i.v. epoprostenol to L.v. treprostinil has shown it to
be effective in this form [ 36]. This was accomplished
without evidence ol deterioration, suggesting that
cpoprostenol’s benelits 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 effective as an initial treatment regimen. In
general, experience with v, treprostinil is relatively
limited,

One advanlage of treprostinil over epoprostenol is
that it does not require constant cooling as it is
stable at room temperature. The longer half-life may
also theoretically allow unintentional dose interrup-
tions to be better tolerated than epoprostenol. which
has a very short hall-life. The s.c. route also offers
the advantage of a less complex delivery system
compared with the L.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 usefulness. Treprostinil is also
being investigated as an inhalation treatment.

Hoprost

lloprost has been marketed as both an iv. and
inhaled medication. It is stable at room temperature
and ambient light and has a plasma half-life of
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
svstemic effects commonly associated with i.v.
prostanoids [38. 39]. The inhaled route also pro-
moles 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].

2 2005 Blackwell Publishing Ltd Journal of Internal Medicine 258: 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 functional classes -1V IPAH or PAH
associated with appetite suppressants, scleroderma,
or inoperable chronic thromboembolic pulmonary
hypertension  (Aerosolized Hoprost 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 ol life scores. Notably, this study
produced positive results for inhaled iloprost despite
including a significant proportion of class IV
patients. The greatest benefit on the 6MWT occurred
in those with IPAH 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 benefit of inhaled iloprost
in those with chromic thromboembolic pulmonary
livpertension.

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

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

Beraprost

Beraprost is an orally active prostacyclin analogue
that has been used in Japan since 1995 lor the
treatment of PAH [41]. It was not until 2002,
however. that the first RCT of beraprost was
published which showed short-term eflicacy in
improving exercise 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 Jonger cvident at either 9 or 12 months.

Therefore, 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 accurately 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 prostancid in the treatment arm-
amentarium is appealing. Further studies may be
warranied to determine whether an oral prostanoid
could be effective as part of a combination treatment
regimen. Beraprost is currently approved [or use
only in Japan.

Endothelin receptor antagonists

Since the characterization of endothelin (ET-1) in
1988 as a potent vasoconstrictor [44], numeronus
lines of scientitic evidence have pointed to a prom-
inent role of ET in the regulation of pulmonary
vasomotor 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 ol 2 1-amino
acid proteins derived [rom vascular endothelial cells
with three known isoforms in humans, ET-1, ET-2
and ET-3 [45]. All three isoforms 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 its actions via two
receptor subtypes: ET 4. which is located on vascular
smooth muscles cells, and ETy, which is found on
both wvascular smooth muscle cells and wvascular
endothelium [46]. Activation ol ET by ET-1 leads to
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,. activation of ET on vascular smooth muscles
cells leads to vasoconstriction [50]. Furthermore,
some studies suggest that blockade of both ET 5 and
ETy is necessary to achieve maximal vasodilation
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in the pulmonary hypertensive state [51-33].
Conversely, other studies suggest a protective role
of ETy in pulmonary hypertension by producing
nitric oxide and prostacyclin and clearing circula-
ting ET-1 [54-58]. Therefore, the overall net
ellfect of ETy in regulating pulmonary vasomotor
tone is unclear. There may be theoretical benefit
in selectively blocking ET, whilst leaving ETy
unopposed.

Dual endothelin receptor antagonism

Bosentan is an oral, nonselective ERA that has proved
its efficacy for the treatment of PAH in two pivotal
RCTs |39, 60]. The second and larger trial, Bosentan
Randomized trial of Endothelin Antagonist Therapy
(BREATHE-1), confirmed the benefits of bosentan
given at a dose ol 125 mgtwice 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 efficacy.
Consistent with a prior study showing a poorer
prognosis in scleroderma-associated PAH patients
|A1], a subgroup analysis of BREATHE-1 showed that
bosentan increased the 6MWT in those with [PAH,
whereas it prevented deterioration in those with
scleroderma (compared with each group’s respective
placebo arms).

It is important to keep in mind that lack of
absolute improvement in clinical parameters does
not necessarily equate to treatment failure. The
main treatment elfect 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-
erable side-effects.

Long-term extension study data with bosentan
show Kaplan-Meier survival estimates of 96%, 89%
and 86% at 1, 2 and 3 vears respectively [62]. These
are significantly higher than those predicted by the
NIH-PPH Registry equation [1]. At 2 years, 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-
deliciency virus (HIV)-assoctated PAH patients
showed significant improvements in a variety of
clinical end-points including the 6MWT and Borg
dyspnoea index, indicating less dyspnoea 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 Eisenmenger's syndrome
(BREATHE-5 trial) and functional class Il 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 associated with
bosentan is hepatocellular injury. Aminotransferase
elevations at least three times above the upper limit
of normal occurred in about 5-10% of patients
treated with bosentan in the pivotal RCTs |39, 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
cumulative incidence of abnormal transaminases
was about 7% [63]. There were no [atal outcomes
related to liver injury.

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

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

Selective ET, receptor antagonism

Selective antagonism of the ET, receptor has the
theoretical advantage ol blocking the deleterious
vasoconstrictive and vascular smooth muscle prolif-
erative cffects mediated through ET .., whilst main-
taining the vasodilatory and ET-1 clearance actions
ol ET}.

The satety and efficacy of sitaxsentan, an orally
active, selective El'y receptor antagonist, was
originally shown in a small, open-label pilot study
[66]. This was followed by a larger RCT involving
functional classes -1V PAH patients randomized
to placebo or either of two sitaxsentan dosing
groups (Sitaxsentan to Relieve Impaired Exercise,
STRIDE-1) [67]. Patients receiving sitaxsenlan had
significant improvements in 6MWT, functional
class, and haemodynamic parameters. Unlike the
studies with bosentan, however, there was no
difference seen in the time to clinical worsening. A
small l-yvear follow-up study showed persistent
improvement in several clinical parameters com-
pared with baseline [68]. Although potentially
useful in treating PAI, the data to date suggest
that selectivity for the ET4 receptor does not confer
superior eifects in PAH compared with dual recep-
tor antagonism.

The incidence ol 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 safety and
efficacy of sitaxsentan compared with placebo and
open-label bosentan. STRIDE-6 is studying the use
of sitaxsentan in patients who have failed therapy
with bosentan because ol clinical deterioration or
liver enzyme abnormalities. Ambrisentan, another

selective ET 4 -recepror blocker, is currently in phase
11 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]. ¢GMP is rapidly inactivated by PDE-5, an
enzyme abundantly found in lung tissue [70]. In the
pulmonary circulation, PDE-5 inhibition promoles
vascular relaxation by inhibiting the breakdown of
¢GMP. Numerous studies have suggested a benelicial
clfect of sildenalil, a PDE-5 inhibitor. in patients with
pulmonary hypertension from a variety of causes.
including interstitial lung disease, thromboembo-
lism. and hypoxia [7, 71-73].

A cross-over RCT ol 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 patients with PAH
predominantly in functional classes [I-IIT (96%)
were reported in oa late-breaking  clinical trials
session at the American College of Chest Physicians’
meeting in October 2004 (Sildenatil Use in Pulmon-
ary Arterial Hypertension. SUPER-1}. The pooled
sildenatfil dosing groups showed signiticant improve-
ments in AMWT 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 for
the treatment of PAH without functional class
restriction. The regulatory approval process in other
countries is ongoing.

Further supporting the efficacy of sildenalil in
PAH, preliminary data from a l-year open-label
extension of SUPER-1 presented at the 2005 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].

Sildenafil 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 specific laboratory monitoring is
recommended: however, its use is contraindicated in
those taking nitrate medications because ol poten-
tiation of hypotensive effects. A summary of the
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currently approved medications for PAH is presented
in Table 3.

Treatment decisions

A treatment algorithm for PAH is presented in
Fig. 4. All patients with PAH should be treated with
anticoagulants and, il indicated, diuretics, and
supplemental oxygen. For acufely vasoreactive
patients with lanctional class 1 1o early I [PAH or
PAH associated with anorexigen use. an initial
strategy using a CCB is reasonable. Still, these
patients need to be closely monitored for evidence of
improvement as up to 50% will not have a beneficial
long-term response and thus have poarer survival.
Those who do not show evidence of benetit alter 3-
6 months of CCB therapy should start treatment
with a PDE-5 inhibitor, ERA, or prostanoid.

Although the most recently published evidence-
based treatment algorithms recommend CCB ther-
apy as first-line therapy in all patients with PAH
who are acutely vasoreactive, many experts are
re-considering whether such a broad management
strategy is appropriatle. For example, it may be
reasonable to reserve use of CCBs only to those with
acutely vasoreactive IPAH or PAH associated with
anorexigen use, as the incidence of long-term
response to CCB therapy in other forms of PAH is
exceedingly low (Fig. 3). For several reasons, strong
consideration should also be given to using a PDE-5
inhibitor. ERA or prostaneid instead ol a CCB as
first-line therapy for those in advanced functional
classes, despite being acutely wasoreactive. First,
these patients have little cardiopulmonary reserve
and may deteriorate quickly if they turn out to be
nonresponders to chronic CCB therapy. Secondly,
numerous proven PAH-specilic therapies lor ad-
ranced functional classes are available. Thirdly,
there are now less invasive and simpler methods to
deliver these effective medications. Thus. in an era in
which the number of definitive treatment options for
PAH are expanding. the role of CCBs is diminishing.

Nevertheless, it is still currently recommended
that acute vasoreactivity testing be performed in all
patients with PAH. The presence and magnitude of
vasoreactivity may have some prognostic implica-
tion, although this is controversial [76-78].

At present, early functional classes ol PAH may
potentially be treated with sildenafil or continuously
administered s.c./i.v, treprostinil, although the latter

Table 3 Summary of medications upproved for use in pulmonary arterial hypertension, ta) Approval may be limited to certain PAH subgroups, depending on the country: (h) upproved

for classes HI-1V in the US and I in Europe

Regulatory approval (a)

Contraindications

Functional side-eflects

Major class

Dose range

Route

Drug (class)

U8, Burope. Canada.

Australia

None

dache, nausea,

=
|

2ng ke min~' and up

Epoprostenol

Iprostunoid)

gias

lightheadedness, arthr

Flushing, c

S, Burope,

I\:ﬂ]](_‘.

=

2.5-5 meg 6-9 times d

inh.

loprost

during waking hours: total
daily dose usually

urope, Canada

C]
B a
=
]
=
=
o

5

1. hiu

i

site pain and reaction
(i.v./s.c.). headache, diar-

rhoea,

jaw pain, insomni

hypotension

-
y

Land up,

<45 meg

min

1.25 ng kg

v

(prostunoid)

z
=
2

=

¢ ke™! min”

(s.c. and 1.v. roules are

bioequivalent)

i.v. usually <40 n

(prostunoid)

nausea, jaw pain. flushing
Hepatocellular injury. flushing,

porin

or glyburide; pregnaney;

Concurrent use of cyclos

-

1. 4 weeks,

then 125 mg b.id.

.5 mg q.d

¥

P

Bosentun

Australia. Japan

headache, ocedema, sinus

(Dual ERA)

moderate-to-severe

congestion, hacmoglobin

US, under review

it Burope

pre-existing liver impairment
Concurrent use of organic

nitrate medication

epistayis,

back pain, sinus congestion

Headache, dyspepsia

-V

20 myg Lid.

p.o.

afil (PDE-5

Silder
inhibitor}
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Pulmonary arterial .h?beﬁen_sionJ
General treatment measures: ()
anticoagulant, diuretic, oxygen
¥
Acute vasoreachwty
 Sustained *Sildenafil
| response? 4 2 | roligena .
e | slloprostinh -t!oprost inh
- | *Treprostinil sCiIv _oTreprosﬁmI SCJN
+ | *Epoprostenol IV | | *Epop
— ' i )
Continue e .
ccB - No wnprovement' -

/

Comblnation therggy 3

Fig. 4 Treatment algorithm for pulmonary arterial hypertension. The recommended therapies presented in this algorithm have been
evaluated 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 for PAH medications vary. (1) All patients
should receive treatment with an anticoagulant. Diuretics and oxvgen should be added as necessary. (2) A positive acute vasodilator
response is defined as a fall in the mean pulmonary artery pressure from 210 to < 40 mmHg with 4 normal or increased cardiac output
when challenged with inhaled nitric oxide, i.v. epoprostenol or i.v. adenosine. (3) Consideration should be given to using a PAH-specilic
medication such as a PDE-5 inhibitor. endothelin receptor antagonist (ERA), or prostanoid as first-line treatment instead of a calcium
channel blocker tCCB) in those with PAH that 1s not IPAH or PAH associated with anorexigen use, or in those in an advanced FC given the
exceedingly low long-term response rate to CCB monotherapy in the former and poor prognosis in the latter. (4) Sustained response to CCB
therapy is detined as being in FC 1 or U with normal or near-normal haemodynamics alter several months of treatment. (3) The risks and
benetits of treatment in early PAH should be considered. {6) First-line therapy for FC I includes bosentan, epoprostenol, inhaled iloprost,
sildenatil, and s.c/iv. treprostinil. (7) Most experts recommend v, epoprostencl as first-line treatment for unstable patients in FC IV, (8)
RUTs studyving add-on combination mrearment regimens are underway,

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 l[unctional

class [ patients. In flact, only one patient in the
sildenafil SUPER-1 trial was [rom this class. Oral
bosentan is also currently being studied for use in
functional class Il patients in the EARLY trial.
Patients in functional classes III and IV pose a
significant challenge in choosing an initial treatment
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regimen. lor patients in class V. most experts
recommend first-line treatment with i.v. epoproste-
nol given the extensive experience with its use,
proven efficacy, survival benefit, and rapidity of
action. This is consistent with the most current
evidence-based treatment algorithins published |15,
791

For the rest of the patients in class I or IV,
treatment with inhaled iloprost. treprostinil s.c./i.v.,
bosentan, and sildenafil are available, Because
direct, prospective comparisons between different
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 inlluenced by the clinical
scenario, availability of medication, preferred route
of administration. medication side-effect profile,
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 for PAH as
it comes lrom the powerlul prostanoid class of
medication and administration is noninvasive. Com-
pared with systemic therapies, the inhaled route
may also particularly be useful in sitnations in
which the ventilation-perfusion relationship is sig-
nificantly altered, e.g. those with parenchymal lung
disease complicating PAH associated with connect-
ive tissue disease, although more studies are needed
to investigate this. The downside to inhaled iloprost
includes the relatively short duration of action
requiring repeated lreatments six to nine times a
day. 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 form, an implanted central venous
catheter is not required. However, long-term eflicacy
data for s.c. treprostinil are not yet available. As for
i.v. treprostinil, it has been shown to be eflective as a
transition therapy from i.v. epoprostenol: however,
data are not available about its efficacy 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 elfects 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

of right heart failure on initial RHC may help predict
poor response 1o bosentan and could persuade one
to use a prostanoid as lirst-line treatment in this
situation |80]. For those in lunctional class I11, there
are data to suggest that survival estimates up o
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 benelit compured
with using epoprostenol alone in class II/IV patients
(BREATHE-2 trial) [B2].

Sildenatil's place within the treatment algorithm
is most firmly established for functional classes 11
and III as 96% ol the patients in the SUPER-1 trial
were [rom these classes; however, general clinical
experience with its use in PAH is still in its inlancy.
Certainly, for those in whom oral therapy is being
considered and/or bosentan is contraindicated. sil-
denatil is a viable option. A more thorough evalu-
ation will be possible when the SUPER-1 results are
published. Additionally, more complete lollow-up
data from SUPER-2 are needed regarding its long-
term efficacy. In this respect, at least in comparison
with the only other oral therapy available for PAH,
bosentan may have an advantage as data regarding
3-yvear survival and need for add-on therapy are
already available [62]. It is unknown whether the
difference in dosing [requency between bosentan
{twice daily) and sildenafil (three times daily) could
potentially affect treatment compliance.

Keeping these {actors 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 111 IPAI or PAH
associated with connective tissue [83]. One patient
in the sildenafil group died unexpectedly. When
analysed by intention-to-treat, there were no signi-
ticant differences between the treatment groups with
respect to changes in right ventricle mass, 6MWT,
echocardiographic parameters, brain natriuretic
peptide, or Borg dyspnoea index.

Combination/add-on therapy

[Infortunately. 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 to
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, persislence
of an advanced functional class or lack of improve-
ment in certain  haemodynamic parameters at
[ollow-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 successlully
employed in systemic hypertension and congestive
heart failure. and a similar strategy in PAH may
elficacy whilst minimizing  toxicity.
Although prostanoids, ERAs and PDE-5 inhibitors
work through dillerent intracellular pathways, there
may be important interactions between them. For
example, the stable prostacyelin analogue cicaprost
inhibits the release of ET-1 [rom pulmonary artery
smooth muscle cells, whilst the antiproliferative
effects of cicaprost are attenuated by ET-1 |32, 85].
Similarly, PDE-5 inhibitors increase the intracellular
levels of cyclic adenosine monophosphate, a medi-

increase

ator for the cardiovascular effects ol prostanoids
[32].

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

Switching therapies

Transitioning therapies has been made possible with
the availability of less invasive and more convenient
treatment options. The concepl 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 that transitioning patients Irom chronic i.v.
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
adequate improvement with epoprostenol or trepros-
tinil, transitioning to 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
ol agents, these decisions should be reserved for
highly experienced physicians.

Lung or heart-lung transplantation

Lung or heart-lung transplantation for PAH remains
the treatment of last resort when medical therapy
has failed. 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 [une 2002, the
Registry of the International Society for Heart and
Lung Transplantation reported that 427 lung trans-
plants were performed around the waorld for IPAH
193]. The majority were bilateral lung transplants
(85"%). Compared with other conditions for which
transplantation was performed, those with IPAH
had the highest risk of death within the first year 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 alter transplantation
for IPAH was 4 years.

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

Monitoring treatment

Pulmonary arterial hypertension is a progressive
disease for which no single therapy may suffice.
Accordingly, 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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goal is to improve the 6MWT to >380 m and
[unctional class o 1711 whilst on treatment, given
their prognostic significance [20]. In instances when
add-on therapy is being considered or the haemo-
dvnamic status is unclear, we perform repeat RHC.
Echocardiography can also noninvasively provide
useful measurements that have prognostic signiti-
cance [94-9Y].

Conclusions

Until quite recently, PAH was an unlreatable
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 ellicacious for many patients with
PAH.

Fach advance. however. raises new questions
about [irst-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 staff 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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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 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 -tV 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.
OINHALED

entavis:

&l loprost) sstasaaien

Please see accompanying full Prescribing Information and Patient
Information, and Important Safety Information on pages 3 and 4.
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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 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 [HI-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 SATETY INFORMATION L

What should § tell my doctor before taking VENTAVIS?

VENTAVIS may not be right for you. Befare 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.

s are pregnant, or plan to become pregnant. it is not known if VENTAVIS can harm your unborn baby.
VENTAVIS sheuld only be used during pregnancy if the benefit to you is worth the possible risk to your baby.

¢ are breast-feeding. [t is not known if VENTAVIS passes into your breast milk. You and your dactor
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 doctar if you take:

* medicines used to treat high blood pressure or heart problems

» medicines thatlessen blood clotting {warfarin, Coumadin, Jantoven)

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.

Haw should | take YENTAVIS?

» 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 nat 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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iMPﬁRTANT SAFETY INFORN FATICN {eontinued)

* Do not allow other people ta be exposed ta VENTAVIS while you are breathing it, especially
bab;es and pregnant women. ;

= If you take too much VENTAVIS, vuu 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 doctor or get emergency help right away.

 What are the rmzmﬂr* side effects of VENTAEJ‘%? -

- VENTAVIS may cause side effects, mc!ndmg feelmg dlzzy, llghtheaded and iaml h‘y{m have

~ any of these side effects, you should stand up slowly when you get out of chairs or bed. 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 drive a car or operate any tools or machmes if dlzzmess or iamlmg from low blood
pressure is a problem for you. ' :

You mav have trnullle hreathmg after iakmg VENTAVIS because it may cause the muscles
~ around your airway to tighten (bronchospasm). Get emergency help right away if you have
trouble breathing. '
Other important 5|de effects of VENTAVIS include:
~» bleeding
s red face {ﬂushmg)
= increased cough

= lowbloed pi'essure

i hea’daches
) nausea .
L. spasm of your jaw muscles that makes |t hard to open yaur mcuth

i Ta!k to your dactnr 1f you have any side effect that bothers you or that. dues not go away.

These are not ai! the possmle snde eﬁects of VENTAV%S For more information, ask your

~ doctoror pharmac:st

Call your doctor for medfcal advice about side elfecls You mav report s:de eﬁects tothe

. DA at1-600-FOA-1086.

Please see accompanying full Prescribing Infarmation and Patient Information.
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More ahout how VENTAVIS can help
VENTAVIS is delivered right to the lungs—the site of the disease. VENTAVIS is an

inhaled therapy that can be given alone to help patients walk farther and breathe

easter with daily activities.

In clinical studies, UENTAVIS has been shown to Iower hlgh bland pressure and

resistance in the pulmonary artery (main blood vessei) leading to the lungs to
allow the heart to pump better.!

VENTAVIS 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™:

Improved functional class’

* Patients felt better doing daily activities [~ _
and improved their NYHA Class. I"'p"";f":ﬂﬁm:c';ssm

Many patients whoa felt short of
breath {even when sitting still) found
that they were able to be more active.

5% of patients treated with VENTAVIS improved their NYHA
unctional elzss compared to 8% of patents net taking VENTAVIS

Increased their ability to exercise™ | -
* Also, patients were able to walk
farther in a timed test.
Patients who took VENTAVIS were ( R Tm—— 3y
able to walk farther by at least 10% Py

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’

* VENTAVIS decreased the worsening e ' — 'W‘-j.

of PAH symptoms. Keep PAH from getting worse

PAH is a progressive disease, which R’

means it tends to get worse if not
treated. Many patients who took

e

VENTAVIS had less warsening of PAH. { M2 weakwlr %oipm-m trated with VENTAWIS i
; gmwurse compared to 13% of patients not taking \!'EM‘MIS

Itis important to remember that each
person responds differently to therapy.

*In a study of 146 patients with NYHA Class i or |V 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 5 times as many patients taking VENTAVIS
had clinical improvement compared to those who took placebo during the study (19% vs 4%).}

5
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- Gemng ynur VENTAV!S® (!Ioprost) !ﬂhaiatlon
- Solution presmptmn '

our VENTAV[S prascrlptmn comes with haipfui services
- brought to you by Actelion Pathways. Actelion Parhways s
_your one paint of contact for access to VENTAVIS, answefs
~ to questions abautfliimg your prescnphon, and heip in-
~coordinating with your doctor, insurance company, and
~ specialty pharmacy to imd uut whether yﬂu have coueraga
' :fcr your medicme :

. _'_H?re’s-_-l!pw it'_hﬁl‘lpeﬂs;';_f .

~Your healthcare provider will send
your pres'cfib_tiaﬁ_form directiy to
Actelion Pathways. An Actelion Patient
--Semwes Gounselor will conrdlna!e w;th
-~ your dﬂctur. msurar’ice company, arid
spamattv pharmacv 0 ﬁnd out whether

"\. '\"'P'I;éé':sé'Sfe_é,"é'b:&'a_rr__i;iaﬁy{n'g fult Presenbingfnformat?onandPaﬁenﬂnformaﬂon
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-Acl_‘elfqn Pathway}s"is with you on your 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 through a
~ specialty pharmacy that is part of the VENTAVIS network.

Is VENTAVIS covered by insurance? |

Every insurance company is different. Our Actelfion Patient

Services Counselors will help in coordinating with your

doctor, insurance company, and specialty pharmacy to find
~ out whether you have caverage for your medicine.

~Ifyou 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 pw-8 pu (ET)/
gaw5em(PT.

 Please see pages 3._@{1&(4fd_irz'Inipdr'rahr'-Sa_fe_ty.mfarm.arfon. i ; oy
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' _"'thel neb® AAD® System, which is compact, portable,
- has an internal rechargeable battery like a cell phone,

 doctor prescribes, usually -9 times a day, butnot

~ thatthis system adjusts 1o fit your breathing pattern

How is VENTAVIS taken?
VENTAVIS is inhaled through a spemai bystem called

' _and Iightwe|ght Thel- neb AAD System is small—
about the size of a box of kitchen matches—and it

~ s0you can take your medication almost anywhere
_atany time. VENTAVIS should be inhaled as your

mare often than every 2 hours !

_' What does AAD stand for?_
Adap’uve Aerosol Dalwaw :
. The word Adaptwe is important because itmeans
_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.!
* “Aerosol” means fine miSf

 Why is VENTAVIS inhaled?

Inhaling VENTAVIS gets it right to the iungs——the sne of
 the disease. There are other ways to deliver medications
-~ like VENTAVIS into the body that require pumps, needles

o and catheters.

¢ VENTAV#S must be taken wﬁh the I- neb AAD System hecause it
isthe only system approved by the FDA and available far use
 with VENTAVIS. This special handheld system turns VENTAVIS
itqmd medlcme into a fine mist {or “aerosol”) that you breathe

i lts advanced technsiagy prawdes dtrect to- lung delsver\; '
0 VENTA‘%’IS - e :

Please see accompanying fuﬂPrggqrii_ﬁng;_fnfdrmat;féntand Patient Iﬁ_fdrmaﬁdn. -

 Canl take VENTAVIS only with the 1-neh AAD smem?-"' ..
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A high-tech handheld system

The {-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 é i h
The I-neb AAD System is compact, :
portable, and comes with a
‘convenient over-the-shoulder
carrying case, making your
treatments accessible and easy
when you're on the go.

I.éaming how to use
the I-neb AAD System e

After you receive your VENTAVIS prescription and I-neb AAD System from
your specialty pharmacy, they will schedule a meeting between you and a
VENTAVIS-trained nurse educator. 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 about 4-10 minutes.

+ |f you notice that your treatments are starting to take longer than usual, call
your specialty pharmacy or your healthcare professional to ask for help.

A

= Or you can call Actelion’s team of Registered Nurses and Respiratory
Therapists, who will be glad to help answer your questions. Call
1-866-ACTELION (1-866-228-3546) Monday through Friday, 12 pm-8 pm (ETY,
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 pages 3 and 4 for Important Safety Information. )
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o ‘!!*!.ur _l.‘."?-'..b MD Svstem_“f
 Mobility and portability. That's

_ AAD System. You can takethe

' The I-neb AAD System.cumeswith__ -
~ two convenient carrying casesfor %
~ your chamber lids with mesh.

: yuur device.

' He!p when you start

A VENTAVIS-trained nurse educatcrfrnm your specialty pharmacy
will be with you to help you get started on VENTAVIS® (iloprost)

inhalation Solution. The nurse educator will show you, step-hy-step,

~ how to use and clean your I-neb AAD System. You will also get a

more deta:led instruction hooklet

what you get with the I~neb

i-neb AAD System with you for
treatments almost anywhere
at any time”

With Mesh

For fuli.deiai!s onhowtouse
the I-neb AAD System, see the
user manual that accompames

Body.

. *Usually6 10 9times a day butno more than once every 2hours.'

-‘M‘nuihpie'ee_ =

. Chamber Lid

Medication Chamber

 Please see acc_ampa;’iyfn_g'fuﬂ Prescribing Information and Patient fn-fafma_tion; .
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gy Make sure the baﬁerv is charged The i-neh'; .

. ~ AAD System, when fully charged, will last
. foruptod0 treaiments befare recharging
.|sneeded o s

~* Hold the VENTAV!S ampu!e w:th the blue dot
 facing away from you and align with doton

ampule breaker to npen the ampu!e

e Affer remuvmg the medlcahon ln:i put the
- dasmg guide over the medication chamber.
~ Use the pipette to draw VENTAVIS out of the
~ ampule, Carefully squeeze the liquid into the
~ medication chamber.

e Hepiacethe ild cover the latch, and attach
the mauthpiece

~ Ifyou have any questions about VENTAVIS or the |-neb AAD System, help
- isjusta phone call away. Contact Actelion Patient Services at
: 1-866-ACTELION (1-866-228-3546) Monday through Friday, 12 pm-8pm [En,f
. 9 PM {PT} Dr call your s;aemaity pharmacy

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

- S'E#i"'éfu,p_is s#im'pie' and easy .

it
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o Lé_arn ti_ae_ ABCs—Angle, Bre’atiling;.'Cieanillg;to help you manage
~ your VENTAVIS® {ifoprost} Inhalation Solution treatment. These are the
~ three keysto taking__VENTAVIS-with the i-neb AAD System. :

o uldmg the l-neb AAD System at the rlght
: ar:gle ensures the best drug delivery. :
_"3 Sitin a ccmfortab_ie, upright 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 hnldlng
your |-neb AAD System makes it easy.

- _* The I-neb AAD System will remind you
- with4 short beeps if you. are not holdmg
itatad0- degree angle. - :

~ » Hoiding the I-neb AAD Svstem atthe e
_wrong angle will increase the length
of treatment tsme S

2. Please see accompanying full Prescribing Information and Patient Information.
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Proper breathing is the single most
important part of your treatment.
Keep your lips closed around the I-neb AAD
System mouthpiece as you breathe in and out.
= Breathein and out through your mauth,
» The |-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.

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

“leaning:

Keeping your -neb AAD System clean is important to treatment success.
Thorough 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 !mparfant Safety Information. : B
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. Tﬂ keep your |- neh” AAD“" System in the best workmg canditlun o
‘ clean it oncea day and bml it weekiy ; -

- Load the hiue gggg Wlthﬁ clean drv chamber Itds wnh mesh* .
. the blue case is always for clean ch

f"f* Fill the orange case e with distilled water and secure 1he Iid—_ .
~ theorange case s now ready to store up tus used ghimgg_ﬁ_ -
- :_ wntn mesh ._ . : s

g_

. loadblie casa with clean, oo ORI umnge case with sh'mldedwaterand
lidswithmesh, o0 e sscumthelatf ; : i

_2.__ Durmg tha day

o Remov& a chamber lid with mesh fi'om the blue carrying case
- and p!ace 1t on tep af the I-neb AAD System medlcatm chamher o

- . 'Take yaur VENTAWS“" t‘flcprost) Inhalatlon Sa!utmn lreatment

0 -'f- When fmlshed wn:h yuur treatment, removeme usedchamber !rd '
= 'wﬁh m&sh anﬁplace ltm- .

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

» When your orange case is filled with
~used chamber lids with mesh from
~ the day's treatments, you' re rea dv fcrr
onca—da:l\{ cleaning. -

. Remove the chamber lids W|th mesh and |
~ placethemin the.mes_h wash basket.

~» Place the mouthpiece, medication
chamber, chamber lids with mesh, and
drug guide in the main wash basket.
_ * Using only one drop of dishwashing
- liquid,” wash all of the piecesin
' 'dlst:ﬁed water S

. Hin'se'th{;- pieces with more distilled
- water (never reuse the distilled wate r).
= Shake off the water and then air dry the
- pieces for 2 hours before using again.
- » Besureto clean the orange used :
- chamber lid with mesh carrying case with {
 soapy water at least once a week.

: N_Qte:.lf Y_o_u_ 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 described above. %

*Use any liguid detergent without bleach, fragrance, or antibacterial ingredients—
examples are Original Dawn®, Ultra Dawn®, Palmolive® QOriginal, Method® Go Naked
~ Dish Soap, and Seventh Generation® Free & Clear Natural Dish Liquid. Only one
dropis needed per cleaning.

 Plaase see pages_.Z-ahd14-fof.::tm:pmi‘ant-_Safét)'_/'._!nfarmaﬂbn. e -
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 Why cleaniug W'ith distilled water is so importan_t :
L Your I-neb® AAD® &ystem cantains chamber lids with
_ mesh that has very tiny holes. Tap water {'Qntams mmera]s
~ that can build up and collect on the mesh over time. Each
~ chamber lid has over 5000 holes smaller than a human
~ hair.ifthe chamber ltds with mesh are blocked, the l~neb
~ AAD System will not work as it should. As a result, ﬁ .
L may take iunger to do your treatments T

s ;mportant to use ONLY distilled water for your
~ daily cleaning and weekly boil. Oo not reuse your
 distilled water. Keeping the mesh clear of mme'rals
is important to malntamlrtg ﬂ'le I-neb AAD System
and to helping you manage your VENTAVIS““ [[loprost}
: .inhaianon Solutmn treatments. : :

Once—WeekIy Cleanmg

. .f'Waekly hulfmg
_ « Putall of the pans in the cieanmg basket
{do not bail the main body). =

_' Boil for 6-10 minutes—do not microwave since same of the pans are metai
~ {also, do not wash in the dlshwasher as| thfs mav damage the partsj

: * Rinse wnth dastti!ed wate - ;
_.* Shake affth&Waterand then alluwto arr r.frv.e_ =

Tp‘ Keep ail of your supp?res tngetherts make itas easy as pussrhle

you have any questmns aboutthe use, care, and. cleanmg of yeur i‘neb
AAD System, just call Actelion Patient Serwc es, toll-free, at 1-&66-&81’ ELIBN
88&228-35461 Monday through Fnday, 12 Pu- 8 P ET){H AM-5 PM (?T)
callyour speclaiw pharmacv . :

: 16 Lo o ':":"P:'_ééfsze-f_éee "accb;ﬁpaﬁyfhg-f_uﬂ Pfés‘bribiﬁg fﬁfb@a_ﬁan and Pairr'eﬁt.’fnfonnafi@h;:_. i
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You will start with this dose,
which uses the red-latched
medic_aﬂun chamber. _

- Iftolerated

_ Nearly all patients transition to H
. ! this dose, which uses the purple- |
latched medication chamber o

If you are experiencing long

treatment times, your doctor |

| may transition you to this dosing |

option, which may decrease
your treatment time.

VENTAVIS 20 meg/mL:

 Your doctor may prescribe VENTAVIS 20 meg/mL if you have
long treatment times and are maintained atthe 5mcg dose.
The higher concentration of medicine lowers the amount

~ of solution you need to take by 50% which gives you shcrter“; o
treatment time.! -

i *Different colored chambers and dosing discs are NOT mterchaﬁgeéh"l :
- Donotuse the 20 meg/mL ampuie with the purp[e or red- Iatched
medtcatmn chamhers

 Please see pages 3 and 4 for Important Safety Information.
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'_ Actelmn Pathways

Your VENTAVIS preserrptmn comes w:th
'suppurt fmm Acte!mn Parhways. .

- .A dedicated support team

: __Actelmn Patient Services prowdes 8
- dedicated team of Registered Nurses and
= :ﬂesparamry Therap:sts who are availableto
~ answer your questions about VENTAV%S ar
~ the l-neh” AAD® System, including:

= Use of thel neb AAD System '

fe e [:Ieanmg and maintenance of the l neb
AAD System

If you would like to enroll i in Acte[mn Pathways,
- you will receive mformatlon updates from
= -'_Actefmn Pathways about changes or [mprnvemems
~ inthe l-neb AAD System or new or expanded
- 'mformatlun ahouttreatment wnh VENTAVIS

-*'-;""_j.'_"If you have any questuans about VENTAVIS ar the I-neb AAD System, e
- call Actelion Patient Services at 1-866-ACTELION (1-866-228-3546),
. '_'Monday through Fnday, 12 PM-—B PM {ET}fE! am-5 e (PT). :

8 Pleasesee accompanying full Prescribing Information and Patient Information.

UNITED THERAPEUTICS, EX. 2005
WATSON LABORATORIES V. UNITED THERAPEUTICS, IPR2017-01621
Page 46 of 92



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 rescurce to answer
~ your questwns about PAH, VENTAVIS, and your I-neb AAD Svstem

Your Specaaity Pharmacy: VENTAVIS is supplied through specialty pharmacies onty The
specialty pharmacy will deliver VENTAVIS and the I-neh AAD System to you, and show
- you how to use them. You can call the specraity pharmacy with questions about your
~ VENTAVIS drug shipment.

Your Actelion Patient Services Team We are dedicated to helping you make your
treatment a success. Rememher, 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 Faiﬂways Coordinates wmth your doctor, insurance company, and
specialty pharmacy to find out whether you have coverage for your medication. Call
1-866-ACTELION (1-866-228-3546) Monday through Friday, 12 pm-8 pn (ET)/9 am-5 v (PT).

Heferem:es ' :
1. VENTAVIS (iloprost) full preseribing infermation. Actelion Pharmaceuticals US, inc. May 2013,
2 i-neb AAD System user quide. Koninklijke Philips Eisctronics NV 2010,

_ Please see.page_s3=Iand'4.f¢_fl'lmpb&aht_S‘afety Iﬁfcrmatfﬁn,' e LS 19
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Actelion Pathways™

if you enroll, Actelion can prcunde you with services and suppon such as
helping you with:

s Answering your guestions about filling your prescription

_» Coordinating with your doctor, insurance company, and specialty pharmacy
to find out whether vou have coverage for your medicine or if additional
information is needed

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

Through Actefion’s Patient Services Department, you'll also have access
to a dedicated team of nurse educators—including Reglstered Nurses and
Respiratory Therapists.

An Actelion Nurse Educator can be reached from Monday through Friday,
12 pm-8 e (ET)/9 Am-b em (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.

“WENTAVIS is a licensed trademark of Bayer Schenng Pharma AG.
Respironiss and 1-neb Adapive Aurosol Delivery (AAD) System are
trademarks of or betonging to Xoninklijke Palips Electronics NV
“deteiion Pathwoys s a trademark of Acteiion Pharmaceuticals, Lid

Originat Daver and Ultra Dawn are registered trademarks of Procter & Gamble,

Patmolive is @ registered rademark of Colgate-Palimative Company.

tfethad is a registered rademark of Method.

Seventh Generaoon s a reqistered trademark ot Saventh Generation, {ne.

7 Ventavis’

t‘ -
\\“ HCTGLION 2 2013 Actelion Pharmacewticais US, fne. All nghts reserved. VEN-00032 1013 (IlODrOSt

INHALATION
SOLUTION
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Selected Important Saftety Information

A Tyvaso s breathed in (inhatable) through your mouth into your lungs.

aso should only be used with the Tyvaso Inhalation System
# The effects of

YYAS0 are Unknown in patients with lung disease {such as asthma
or chronic obstructive pulmaonary disease) and in patients under 18 years of age

Please see complete important Safety Information and Indication on page 18.

HNALATION
o LTION
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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.
e 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.
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How should I take Tyvaso?

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

« See the detailed Tyvaso Inhalation System Instructions for Use.

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

s 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:
e 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 more 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.

s Tyvaso is sensitive to light. The unopened Tyvaso ampules should be stored in the fail
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).

« 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 Tyvaso 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.

Tyvaso is 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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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 bicchemical cellular responses on human prostanoid
receptors expressed in cell lines, have now been compared. lloprost had high binding affinity for EP, and IP
receptors (K; 1.1and 3.9 nM, respectively), low affinity for FP, EP; or EP, receptors, and very low affinity for
EP;, DIy or TP receptors. By contrast, treprostinil had high affinity for the DPy, EP; and IP receprors (K 4.4, 3.6
and 32 nM, respectively), low affinity for EP, and EP4 receptors and even lower affinity for EP3, FP and TP
receptors, In functional assays, iloprost had similar high acuvity in elevating cyclic AMP levels in cells
expressing the human 1P receptor and stimulating calcium influxin 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,, IP and EP; receptors (ECs, 0.6, 1.9 and 6.2 nM, respectively), but had low activity at the other
receptors. Activation of IP, DPy and EP; receptors, as with treprostinil, can all result in vasodilatation of
human pulmonary arteries, However, activation of EP; receptors can provoke vasoconstriction, and hence
may offset the [P-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 rece ptor is down-regulated.

2 2012 Elsevier Inc. Openaccess under CC 37 -NCND heense,

1. Introduction

pulmonary hypertension, peripheral vascular disease as well as
Raynaud's phenomenon and digital ulcers associated with scleroder-

The endogenous prostanocid, prostacyclin, is of substantial
therapeutic benefit in the treatment of the highly debilitating
disease, pulmonary hypertension | 1-4]. Prostacyclinitselfis however
chemically unstable at physiological temperatures and pH, and
rapidly decomposes to a relatively inactive breakdown product as
reviewed by Whittle and colleagues [5,6]. Therefore, 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 been 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 6]F, UK. Tel.: +44 020 7679 6180; fax: +44 20 7679 6212

E-mail oddresses; b.jwhittled@gmul.ac.uk (8. Whittle), asilverstein@unither.-
com {AM. Silversrein), dmortola@lunellc.com (DM, Mattola), Lclapp@uclacuk
(LH. Clapp).

00058-2952 & 2012 Elsevier Inc.Open access under (0 BY-NC-NID license
artpsfidx.donorg/ 101 016/.bep. 201 2.03.012

ma [7-173|. 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]. [t 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, EP,, EP,, EP3, EF,4, DP(now DP,, see below), FP and TP receptor
[23-25]. The IP, EP, EP4 and DP, receptors are classically known to
be Gi-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 EPy which can couple negatively
or positively to G; or G, respectively [19],
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The natural ligand for the 1P receptor is prostacyclin (PGls), with
prostaglandin E; (PGE;) for the EP receptors, PGFs, for the FP
receptors and thromboxane A, for the TP receptor [24]. A recent
pharmacological study has suggested evidence for a second [P
receptor on human airway epithelial cells that mediates the
inhibition 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 rakes into account the more recently identified DP; receptor or
CRTh, 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 experimental systems and models. It is generally
assumed that both are potentagonists at the prostacyclin [P 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 IP 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 functionally
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 EP,, and EP; receptor, has been
reported for hoth 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 vespective pharmacology of these two extensively used
prostacyclins. Thus, the current study investigares 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 of 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 radioligand binding assays

using standard techniques. Cell lines, conditions and materials
used are documented in Table 1 and broadly follow protocols

Table 1

59

previously described [21,34.35]. Briefly, cells from each cell line
stably expressing the recombinant human prostanoid receptor
were spun down at 4 C and the cell pellet suspended in a 50 mM
Tris/HCl (pH 7.4} buffer containing 5 imM EDTA, 20 mum NacCl, 5 mM
KCl, 5 mM MgCl,, 1.5 mM CaCly, 10 pg/ml trypsin inhibitor, 1 pg/
ml leupeptin and 75 pug/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 1301) of the resulting homogenate at 4 C (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 ug per
sample for the EPy and DPy receptors. Incubations were carried out
using nanomolar concentrations of the appropriate {*H]| radioli-
gand (Table 1)in the absence or presence of various concentrations
af 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 binding was calculated as the difference
between total binding measured in the presence of radicligand
alone and nonspecific binding determined in the presence of an
excess of unlabelled ligand, as performed in the laboratory at Cerep
{Le bois I'Evéque, France). Specific binding for ligands reached
equilibrium after 30-40 min of incubation at rcom temperature,
was stable for greater than 2 h and 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-
linear regression analysis of the data (Prism 4,03; GraphPad, San
Diego, USA) using a four parameter logistic (Hill) equation:

(A - D)

Y=D+ (1 + 10 108 ICsyy <ntty

()

where Y =specific binding, D=minimum specific binding,
A=maximum specific binding, ICso=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:

1Csq

K= 1+ (L/Ka)

(2)

Experimental conditions for prostanoid receptor radioligand 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 receptor Expression systemjaccession nao. Ligand Concentration {nh) Kaf{nM) Manspecific (juM) Incubation time @RT {min)
P (h) HEK-293/NM_000960 |"H] iloprost 10 8 lioprast (10) G0
EPy (h} HEK-293/NM_000955 [*H] PGE; 1.5 15 PGE; (10) 120
EP; (h) HEK-293/NM_000956 [_'II] PGE; in 3.0 PCE; (10) 120
EP; [h) HEK-293/NM_198714 | 'H] PGE; 0.5 0.8 PGE; (1) 120
EP4 [h) CHO/NM_000958 |'H] PGE; 0.5 0.3 PGE; (10) 120
DF, () 1321N1/NM_000953.1 "H] FGD, 15 1.2 BW245C (1) GO
FP (h) HEK-293/NM_000959 [*H} PGFy, 2 3.8 Cloprostenol (10) B0
TP (h) (TXA;) HEK-293/U11271 [7H] 5Q 29548 5 4 U44069 (10} G0
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where L = concentration of radicligand in the assay, and Ky = affi-
nity of the radioligand for the receptor. Scatchard analysis was
used to determine Kp from a plot of specific binding/free
radioligand concentration versus specific binding giving a slope
equivalent to —1/Kp and are given in Table 1 {see Figure S1 of
Supplementary Information for examples of Scatchard plots).

2.2, Receptor activation assays

2.2.1. Cyclic AMP assay

HEK 293 (expressing EP5, EPy) CHO (EP4, IP) or 1321N1 (DPy)
cells were lifted with a non-enzymatic cell stripper and re-
suspended in assay buffer at the desired cell density for each cell-
line. Cyelic 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 D2-labelled cyclic AMP and
cryptate-labelled anti-cyclic AMP antibody contained in lysis
buffer. The plate was incubated at room temperature for 60 min
before reading of fluorescent emissions at 620 nm and 668 nm
with excitation at 314 nm were made on a microplate reader
{Molecular Devices, Sunnyvale, CA, USA). These experiments were
performed in the laboratory at Multispan { Hayward, CA, USA). Data
were caonverted from a cyclic AMP standard curve and expressed as
cyclic AMP (nM).

2.2.2. Calcium mobilization

HEK293 cells expressing FP. TP or EP, receptors were seeded in
384-well plates at appropriate densities and cultured overnight.
The calcium flux 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 dye, was added to the cells and incubated for 60 min
at 37 "C. The plate was then transferred to a FlexStation™ 3
benchtop multi-mode microplate reader (Molecular Devices),
where compounds were automatically injected into each well.
Intracellular calcium, monitored 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, USA). Assay results (5~ 10 determinations
per analogue concentration) were plotted as relative fluorescence
units (RFU).

2.3. Materials

Ireprostinil was provided in powder form by United Therapeu-
tics Corporation (Research Triangle Park, NC, USA). lloprost (50:50
R/S isomer), BW245C, prostaglandin E; (PGE;z) and PGD,; were
purchased from Cayman Chemical Company {Ann Arbor, MI, USA).
Cloprostenol, 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 p.M 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 studies (Table 1) were obtained from Perkin
Elmer NEN {Courtaboeuf, Cedex 191945, France), or for iloprost,
from Isobio (Fleurus, Belgium). Likewise for functional assays
conducted in the laboratories of Multispan, stable 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 0D0958; Cat#
C1204) in HEK293T, FP {GenBank Accession Number NM_000959:
Cat# C1205) in HEK293T, [P (GenBank Accession Number
NM_000960; Cat# C1206-1) in CHO-K1, DP; (GenBank Accession
Number NM 000953; Cat# C1200) in HEK2931 and TP (TXAuR;
GenBank Accession Number NM 001060.4; Cat# C1365) in
HEK293T were from Multispan.

2.4, Data analysis

In binding studies, ICszp 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 cyelic AMP
or calcium (mean + S.EM. of n determinants per concentraticn as
indicated) as appropriate, were constructed using a variable slope
sigmoidal fitting routine in GraphPad Prism 4.03 (San Diego, CA, USA).
The ECso value, the concentration of agonist causing 50% of the
maximal response | Eyax ), was determined from individual fits to each
dara-set and expressed as mean + S.E.M. Statistical analysis was
performed using GraphPad with significance assessed using a
Student's t-test or ANOVA with correction for multiple comparisons,
A Pvalue <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 iloprost (10" to 107> M)
or treprostinil (107'" to 1077 M) for the eight recombinant human
prostanoid receptors studied, the IP, EPy, EP, EP5, EP;, DPy, FP and
TP receptor, are shown in Fig. 1. Both iloprost and treprostinil
yielded concentration-dependent reductions in specific binding for
each of the receptor types over the range of concentrations
evaluated. However, neither prostacyclin analogue yielded a full
specific binding curve for the 11" 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 II' 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,
EP5 and EP4 receptors was some twao log orders lower and was even
lower tor the DP,, EP; and TP receptors (Table 2).

In general, the overall binding profile to 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
Tabie 2 indicates that the order of atfinity for iloprost in the current
work was EPy = IP == FP > EPy = EP; > DP} = EP3 = TP, while that
reported previously by Abramovitz and colleagues [21] was
EPy =IP > EP3 > EP4 > FP = DP; = EP5 > 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 receptor 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
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Fig. 1. Competition binding assays for different recombinant human prostanoid receprors, Recep rors were stably expressed in HEK-293 (1P, EP,, EP., EPs, TP, FI'), CHO (EPy ) or
1321M1 [DP,) cell lines. The tatal specific and non-specific hinding was determined for each [3H] ligand as per methods and equilibrium competition binding assays
perforimed in the presence of 0.01- 10,000 nM of either iloprost or treprostinil. Data are shown as mean £ S.EM. of 6 individual determinations performed on two separate
occasions, Statistical analysis using 2-way ANOVA indicared that differences in binding affinity curves existed between treprostinil and iloprost for the [P, EPy, EP2 EPy DPy, FP

(P = 0.001) but not EP, (P = 0.08) receptor.

affinity tor the EP,4 receptor, and very weak affinity for EPs, FI" and
P receptors {Table 2). Thus, the rank order of affinity of
treprostinil for the human prostanoid receptors based on the
derived K; values was DPy =EP; > IP = EP; > EP4 > EP5 > FP > TP.

In the current worle, the K; values at the IP receptor showed a 10-
fold difference (P < 0.001, unpaired t-test) in affinity between
iloprost and treprostinil. The major difference between the overall
binding profile of iloprost and treprostinil for Gs-coupled receptors
was the high affinity of treprostinil for the DPy 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 EP, receptor, though overall the

Table 2

Prostanoid receptor binding 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 & 5.EM. of 6 individual determinations obtained
on [weo separate occasions. The K; for iloprost at the EPy receptor was significantly
(P= 0X002) greater than that for the |P receptor. and its K; for [P receptor was
significantly (P= 0.001) greater than the K of rreprostinil at this receptor. For
comparison, the table also contains K; values for iloprost obtained from historical
binding data published by Abramovitz et al. for human prostanoid receplors expressed
in HEK 293 (EBNA) cells |21]. NC=not calculable,

Receptor  Radioligand binding assay Abramevitz et al. [21]
Treprostinil & (nM)  loprost K; (M) lloprost K (aM)

e 32.1=0.2 354106 111

EP, 21256 1.1+03 M+l

EP, 3603 1172+ 159 1870+ 176

EPy 2505 £ 263 208+ 26 56+b

EPy 826+ 116 212L27 2844L9

DRy 44=04 1016 £ B3 1035 £ 171

FP 4680 +927 131 +17 G19+159

™ NC 3778+ 375 G487 + 29

specific binding 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 LM 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 ECsp was
calculated and shown in Table 3.

The rank order of iloprost potency for evoking a respunse in
cells expressing each particular prostancid human receptor was
EP; = IP = EP3 > FP = EP,4 = TP = DP, = EP5, 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 EC5q value for
activity (sub nanomolar) at either receptor. Furthermore, iloprost
was 75-fold less active at the EP5 receptor than at the IP receptor,
500-1000-fold less active at the FP and EP, receptor and had ECso
values in the micromolar range for activity at the EP,, DP,, and TP
receptors (Table 3).

As with the radioligand binding studies, iloprost had higher
activity in evoking a functional response in cells expressing the 1P
receptor than did treprostinil, having a 5-foid {I* < 0.01, unpaired
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Fig. 2. Receptor activation assays in cells stably expressing human prostanoid receptors. Concentration-dependent increases inintracellular cyelic AMP [P, EPy. EP4, EP4, DI
receptars | or calcium (EPy, FP, TP) were measured upon treatment with either treprostinil or iloprost (0.001-10,000 aM) for 1 h, Data are shown as mean = SEM. of 5-10
determinations performed on 2-3 separate occasions. Corves have heen genevated from fitting dara to a variable slope sigmoidal function, Statistical analysis using 2-way ANOVA
indicated that differences in concent ration response curves existed beoween treprostinil and iloprost for the 1P, EPy, EP, DPy, FP TP (P = 0.001) but not EP; and EP, (P -~ 0.9) receptor.

r-test) lower ECsp 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 ot ilopraost, the rank order for evoking a
response with treprostinil in cells expressing each separate
receptor was DP, = IP > EPy > EP3 > EP4 > EPy > TP > FP, again
in general agreement with the rank order for the radioligand
binding studies, Thus, treprostinil had high potency in activating
DP, and EP; receptors as well as the IP receptor. From comparison
of the ECg, values, it was some 36-fold less active at the EP;
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.

Table 3

Keceptor activation assays in cells stably expressing human prostanoid receptors,
For I, EP2, EPs, EPy and DV, receptor activation assays, concentration-dependent
intracellular cyclic AMP accumulation was measured upon treatment with either
wreprostisil or iloprost. For FP. TP and EP, receptor activation assays, concentration-
dependent increases in intracellular calcium were measured upon prostacyclin
analogue treatrment. The concentration of agonist causing 50% of the maximal
response, the ECsp value, were determined from the concentration-response curves
(5-10 determinations per drug concentration performed on to 2-3 separate
occasions) and shown as the mean £ S.EM. The ECyg values for iloprost at the P and
EP, receptor were not significantly different (P= 0.6, unpaired r-test); the ECsy values at
the DP, receptor for iloprost and rreprostinil were significantly different (¥ < 0.02,
unpaired r-test).

Recepror Treprostinil ECsa (nM) loprost ECsy (nM]
P 19:04 0,37 £ 010

EPy 285+ 143 0.3+01

EP: 62212 2094 + 560

EPy 68.9+7 275+05

EPy 181 +37 189+ B6

npPy 0.5+01 2059 + 765

FP 3500 191 + 44

i 919 110 1417 = 141

4. Discussion

The current study has compared the activity of two clinically
used prostacyclin analogues, iloprast and treprostinil, in receptor
binding assays and in bioche mical functional responses using cells
stably expressing individual human prostanoid receptors. The
prostanoid receptors investigated were those classified as IP, EP,,
EP;, EP3, 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 ilopraost, 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 K;
values and rank order of affinity derived from the current work is
comparable. A K; value of 11 nM for iloprost at the human IP
receptor in that previous work, and 4 nM in the current study, are
also similar to the K; of 4 nM for iloprost at this receptor in another
report | 36]. Maoreover, studies on the binding of iloprost to murine
IP receptors gave a K; value of 11 nM [33]. As described previously
for bath 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 EP, receptor was even lower
(1 nM) than for the [P 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 EP,
receptor, and even lower affinity for the EP3, 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 human 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 i
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.
Thus, iloprost had high activity in stimulating cyclic AMP levels in
the cells expressing the human IP receptor or in sktimulating
calcium influx in cells expressing the EP, receptor; indeed the ECsy
values for these responses were the same (-0.35 nM, Table 2).
Earlier pharmacological studies using a range of isolated smooth
muscle bivassay preparations also concluded that iloprost has
potent activity at both the IP and EPy receptor [25,38.39).

In the present biochemical functional assays, iloprost also
activated the human EP; receptor to elevate intracellular cyclic
AMP levels, although the ECsq value was some 75-fold higher
than that reguired 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
ability to elevate cyclic AMP in such cells [40]. Recent studies in
HEK-293 cells over-cxpressing EPs receptors also showed
iloprost failing to elevate 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
DP; 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 difterent cell systems including human platelets and
COS5-M6G 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,
treprostinil had a high affinity for bath EP; and DP, receptors in
the binding assay, which was surprisingly, some 10-fold greater
than that for the IP 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 to the nanomolar range for iloprost.
Atfinity for the EP,4 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 IP or DP; receptor, and its activity on cells
with the EP, receptor was also high. Other work assessing
prostanoid receptor antagonists in murine alveolar macrophages
has suggested that treprostinil acts on EPy receptors to inhibit
phagocytosis and cytokine release [43]. In the current work,
treprostinil was less active on cells expressing the human EP3 or
the EP4 receptor, and poorly active on the EPy receptor, with very
low activity on the TP and FP receptors.

As with the binding studies, the high activity of iloprost at the
EPy 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 EP,, DPy and IP
receptor are the most highly related receptors within one 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 both

vasoadilatation and inhibition of human platelet aggregation, as
does IP 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 involved 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 IP receptor
appears to be the predominant receptor invalved in relaxation
|47]. Additional studies have indicated that the prostanoid
receptors involved in the contraction of human isolated
pulmonary veins were the EPy and TP receptor [49]. Indeed,
EP; receptors are expressed in human pulmonary veins, as
demaonstrated by immunohistochemistry [48]. Earlier pharma-
cological work had also suggested that EP, receptor agonists had
potent contractile activity on the human iselated pulmonary
artery |50].

It is not yet known whether the high affinity and potency of
iloprost for the EPy receptor will lead to vasoconstriction and
oppose the vasodilatation evoled 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-
lator response to IP receptor activation by iloprost in rat small
pulmonary arteries in vitro |51]. In other studies, EPy 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; receptor,
suggesting a functional antagonism with |P receptors in this tissue
[54].

Apart from the potential opposing functional interactions
between the vasodilator and vasoconstrictor response following
prostanoid receptor activation, there is the possibility of additive
or synergistic effects through simultaneous activation of the
different G.-coupled prostanoid receptors, which theoretically
could enhance the therapeutic efficacy of the prostacyclins.
lloprost has relatively poor affinity for the EP,4 receptor that can
evoke vasodilatation in human vascular tissue |48,55], and even
less atfinity for the DPy and EP; 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, is
unlikely. In contrast, the high affinity and activity of treprostinil at
the human DP; and EP; receptors in addition to the [P receptor
could synergise to potently evoke a vasodilator response, while the
minimal activity of treprostinil at EP, 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 pharmacoclogical 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 only a partial agonist at these sites, (¢) that the
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response to iloprost at the 1P receptor was limited by concurrent
EPy and EP; receptor activation or () 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 overall 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 prostacyclins in clinical use, including those exerted on
the gastro-intestinal tract. Under physiological conditions, both
anatogues 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 fissue,
as detected by both immunoblotting and immunohistochemical
technigues [29.58]. Under such conditions of low IP receptor
density or stimulus-coupling activity, the pharmacological
responses of either iloprost or treprostinil through IP receptors
could potentially be compromised. Indeed, in a rat model of
pulmonary hypertension where almost complete down-regula-
tion of the IP receptor was observed, it was suggested that
iloprost may act through another vasodilator receptor, the EP,4
receptar, as this was not similarly down-regulated [58]. The
expression of the EPy receptor has been detected in human
pulmonary vein using immunohistochemical techniques [43].
However, the relatively poaor atfinity 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 concenfrarions achieved with
intravenous administration in humans for example, being less
than 1 nM [59].

Should expression of IP receptors be sufficiently down-
regulated in pulmenary vascular disease to reduce efficacy at
the I receptor, treprostinil could have the capacity to act on the
other key vasodilator prostanoid receptors in the lung, namely the
DP, receptor and the EP; receptor. As treprostinil has high affinity
and activity at these latter prostancid 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 IP receptor, the DPy 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
monocrotaline 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 with further knowledge of the pathology of this disease,
particularly as regards to changes in IP and other prostanoid
receptor expression or desensitisation and their coupled
functional activity in the pulmonary vasculature. Moreover,
consideration of pharmacological actions other than the
vasoactive 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-
ated wvascular smooth muscle proliferation in pulmonary
hypertension requires careful evaluation [28,29]. All such
information may guide the eventual selection, based on its
pharmacological 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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