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ABSTRACT: Prostacyclin and its analogues (prostanoids) are potent vasodilators, and exhibit

antithrombotic, antiproliferative and anti-inflammatory properties. Pulmonary arterial

hypertension (PAH) is characterised by vasoconstriction, thrombosis and proliferation, and is

associated with reduced synthesis of endogenous prostacyclin. This provides a strong rationale

for the use of prostanoids to treat PAH, a concept that is now supported by more than two

decades of clinical research and experience. Intravenous and subcutaneous prostanoids have

clearly demonstrated efficacy in severe PAH, but adverse events related to the drug delivery

system, systemic side-effects and tachyphylaxis have driven research into alternative prostanoid

treatments.

Iloprost is administered by inhalation, and thus avoids most of the systemic side-effects

associated with i.v. or subcutaneous prostanoid infusion. Two randomised controlled 12-week

trials in patients with PAH have demonstrated efficacy and a favourable safety profile for iloprost

as monotherapy (the AIR trial) and in combination with oral bosentan (STEP). Open-label

uncontrolled long-term studies of inhaled iloprost therapy indicate that this treatment may

improve long-term outcomes in PAH.
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P
rostacyclin has potent vasodilatory,
antithrombotic, anti-inflammatory and
antiproliferative effects [1]. Studies of

excreted prostacyclin metabolite levels and prosta-
cyclin synthase expression in lung tissue indicate
that prostacyclin synthesis is reduced in patients
with pulmonary hypertension (PH) compared
with healthy controls [2, 3], providing a rationale
for treating PH with prostacyclin analogues
(prostanoids).

The earliest therapy in this class to be approved
for the treatment of pulmonary arterial hyper-
tension (PAH; group 1 according to the Venice PH
classification [4]) was the intravenous prostanoid
epoprostenol, which improved exercise capacity,
quality of life, cardiopulmonary haemodynamics
and survival compared with conventional therapy
in a 12-week, randomised, open study of 81
patients with primary PH (now classified as
idiopathic and familial PAH) [5].

Although efficacious, epoprostenol is unstable at
room temperature, and the requirement for i.v.
administration renders the therapy prone to
serious complications, including catheter-related
infections and thrombosis. It is also possible that
epoprostenol may not be able to halt disease
progression in cases of aggressive PAH; i.v.
epoprostenol showed a clear survival benefit

compared with historical control data in a retro-
spective study, but survival rates remained rela-
tively poor, with only 70% of patients remaining
alive on epoprostenol therapy after 2 yrs of
treatment [6]. Additional limitations of epoproste-
nol include systemic side-effects, such as pain,
diarrhoea and systemic hypotension, ventilation/
perfusion mismatch and tachyphylaxis [7].

Since the introduction of epoprostenol, prostan-
oids with improved stability and simpler modes
of administration have been developed and
investigated in double-blind, randomised, con-
trolled studies [8]. Subcutaneous treprostinil
improved exercise capacity, cardiopulmonary
haemodynamics, dyspnoea, and signs and symp-
toms of PH, compared with placebo in
470 patients with PAH [9], whereas oral bera-
prost improved exercise capacity and dyspnoea
relative to placebo but did not improve functional
class or cardiopulmonary haemodynamics in 130
patients with PAH [10].

Iloprost is a stable analogue of prostacyclin that can
be administered by inhalation, avoiding the sys-
temic side-effects associated with i.v. administra-
tion. Administration of iloprost by inhalation also
causes selective vasodilation of well-ventilated
regions of the lung (intrapulmonary selectivity),
ensuring optimal gas exchange. The benefits of
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inhaled iloprost were first demonstrated in mechanically
ventilated patients with acute respiratory distress syndrome.
Aerosolised iloprost had similar pulmonary and intrapulmon-
ary selectivity to inhaled nitric oxide, significantly reducing
pulmonary arterial pressure (Ppa) but not systemic arterial
pressure, redistributing blood flow to ventilated areas of the
lungs, and improving oxygenation [11, 12].

UNCONTROLLED STUDIES OF ILOPROST IN PATIENTS
WITH PH
Following the initial proof-of-concept study, the properties of
aerosolised iloprost were investigated in patients with PH.
Aerosolised iloprost and i.v. prostacyclin both significantly
reduced pulmonary vascular resistance (PVR) in a study of six
patients with severe PH, but only iloprost showed pulmonary
selectivity and improved arterial oxygen saturation (Sa,O2).
Aerosolised iloprost had a similar efficacy profile to aero-
solised prostacyclin, but its pulmonary vasodilatory effects
were more durable, lasting 60–120 min compared with 10–
30 min for prostacyclin [13].

The promising results of this first study in patients with PH led
the investigators to initiate long-term treatment of one patient,
who had severe PAH associated with limited systemic
sclerosis, or CREST syndrome (severe pulmonary hypertension
associated with calcinosis, Raynaud’s phenomenon, oesopha-
geal dysfunction, sclerodactyly and telangiectasia), with aero-
solised iloprost. Inhalation of iloprost caused a dramatic
reduction in Ppa, accompanied by increases in cardiac output
and Sa,O2. The patient demonstrated sustained haemodynamic
and clinical improvement over the course of 2 yrs of treatment,
with no indication of tachyphylaxis (fig. 1) [13].

The German PPH (Primary Pulmonary Hypertension) Study
Group investigated the effects of iloprost in 19 patients who
had PH with progressive right heart failure despite receiving
maximum conventional therapy [14]. The patients received 50–
200 mg aerosolised iloprost per day, in six to 12 daily doses,
over a period of 3 months. A high mortality rate was observed
among this population of severely ill patients (21%), but New
York Heart Association (NYHA) functional class improved
from IV to III in eight (42%) patients and 6-min walk distance
(6MWD; a standard measure of exercise capacity) increased by
148 m (p50.048) from baseline, indicating recompensation of
the right ventricle. Pre-inhalation (trough) haemodynamics
showed significant improvement from baseline after 3 months
of treatment.

A smaller study investigated the effects of inhaled iloprost in
four patients with severe PH over a 7-month period, and
reported progressive long-term improvements in Ppa and
exercise capacity [15]. Sustained effects on exercise capacity
and pulmonary haemodynamics have also been demonstrated
in a study of 24 patients with primary PH. Iloprost at a daily
dose of 100–150 mg improved mean 6MWD by 80 m from
baseline after 1 yr (p,0.001). Mean Ppa and PVR decreased,
and cardiac output increased significantly [16].

A case study of a female with circulatory shock and decom-
pensated right heart failure due to primary PH suggested that
inhaled iloprost may be beneficial in extreme cases of PH. The
patient did not tolerate i.v. prostacyclin therapy; however,

inhaled iloprost was tolerated well, and this treatment drama-
tically improved haemodynamics, gas exchange and clinical
status from baseline [17].

No PAH therapy has yet been approved for the treatment of PH
associated with lung disease (Venice PH classification group 3
[4]). In a study of eight patients with PH associated with lung
fibrosis, i.v. prostacyclin decreased Ppa but worsened ventila-
tion/perfusion matching. In a subsequent test, inhaled prosta-
cyclin (iloprost) circumvented the problem of ventilation/
perfusion mismatching, and reduced Ppa without affecting
systemic arterial pressure [18]. Inhaled iloprost also improved
ventilation/perfusion matching from baseline in six patients
with chronic obstructive pulmonary disease [19]. Although
these results suggest that iloprost may benefit patients with PH
associated with lung disease, it should be noted that a recent
randomised, placebo-controlled trial of iloprost in patients with
PH and pulmonary fibrosis (the ACTIVE study: A Clinical Trial
in IPF to Improve Ventilation and Exercise) found a worsening
in 6MWD with treatment [20].

KEY CLINICAL STUDIES OF INHALED ILOPROST

Inhaled iloprost as monotherapy
The AIR study
The AIR (Aerosolised Iloprost Randomised) study was a
double-blind, randomised, controlled trial of inhaled iloprost
therapy in 203 patients with selected forms of severe PAH and
chronic thromboembolic PH in NYHA functional class III or IV
[21]. The study lasted 12 weeks, and its primary end-point was
an increase in 6MWD of o10% and improvement in NYHA
class, in the absence of clinical deterioration or death. Clinical
deterioration was defined as two or more of the following:
refractory systolic arterial hypotension; worsening right ven-
tricular failure; rapidly progressing cardiogenic, hepatic or renal
failure; a decrease of o30% in 6MWD; and decline in measures
of haemodynamic function. This rigorous primary end-point
was met by 16.8% of iloprost-treated patients compared with
4.9% of those receiving placebo (p50.007).

A substantial number of patients met less strict criteria for
clinical improvement. Nearly 40% of the iloprost group
increased their 6MWD by o10%, and 24.8% improved by at
least one NYHA functional class. The mean placebo-adjusted
increase in 6MWD was 36.4 m in the iloprost group (p50.004;
fig. 2). Cardiopulmonary haemodynamics deteriorated in the
placebo group, whereas pre-inhalation values in the iloprost
group at the end of the study period were similar to baseline
values, and improved following inhalation of the drug. The
mean Mahler dyspnoea score was significantly increased in the
iloprost group compared with the placebo group. Health-
related quality of life (measured using the EuroQol visual–
analogue scale) improved significantly from baseline in the
iloprost group, and remained virtually unchanged in the
placebo group. Fewer patients died or deteriorated in the
iloprost group (4.9%) compared with the placebo group
(11.8%), but this difference was not statistically significant
(p50.09).

Reported side-effects were mild and generally typical for
prostanoid therapy (flushing and jaw pain). There was a slight
increase in the number of patients reporting coughing in the
iloprost group compared with the placebo group. Syncopal
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events occurred at a similar frequency in both groups, but were
more often described as serious adverse events in the iloprost
group (five reports of serious syncope, compared with none in
the placebo group). The type of PH had no effect on the
outcome in terms of 6MWD, NYHA functional class, Mahler
dyspnoea score, clinical deterioration and death.

Inhaled iloprost in combination therapy

The COMBI study

The COMBI (Combination therapy of Bosentan and aerosolised
Iloprost in idiopathic pulmonary arterial hypertension) study
investigated the effect of inhaled iloprost as an add-on to
endothelin receptor antagonist (bosentan) monotherapy in 40
patients with idiopathic PAH in a 12-week, open, randomised,
controlled trial [23]. The primary end-point was the change in
6MWD at 12 weeks, and secondary end-points included
functional class, quality of life (assessed using the EuroQoL
questionnaire) and clinical deterioration (defined as the
occurrence of death, hospital admission for right heart failure,
deterioration in functional class or a decrease in 6MWD by 20%
or to ,150 m). The study was terminated early because a
preliminary analysis predicted failure with respect to the
predetermined sample size. The sample size had been
calculated based on a 45 m difference in 6MWD between the

iloprost and placebo groups, which did not turn out to be
realistic in combination therapy. No significant differences
were observed between the active group and placebo group for
any of the end-points, although 6MWD improved in more
patients in the iloprost group. A number of factors may have
contributed to the failure of this trial: the fact that three
patients who experienced marked clinical deterioration were
all in the iloprost group; the small sample size at the time of
early discontinuation; the open-label design; the severity of
disease in the study population (all patients were in functional
class III); and the timing of the assessments (1–3 h after the last
inhalation of iloprost). Another study of iloprost in combina-
tion with bosentan, performed using a blinded and placebo-
controlled design, was published in the same year (STEP:
Safety and pilot efficacy Trial in combination with bosentan for
Evaluation in Pulmonary arterial hypertension; see following
section) and found significant improvements in Ppa and PVR
directly after inhalation of iloprost, but not before.

The STEP study

The STEP study was a 12-week, double-blind, randomised,
controlled trial of iloprost as an add-on to bosentan mono-
therapy in 67 patients with PAH (55% idiopathic PAH) [22].
The study focused on safety as the primary end-point. Efficacy
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FIGURE 1. Maintenance of response to iloprost inhalation during long-term therapy. A female patient with CREST syndrome was treated with inhaled iloprost

(100 mg?day-1 in six daily doses) and monitored for 2 yrs. Measurements taken before (h) and immediately after (&) inhalation of iloprost are shown. CREST: severe

pulmonary hypertension associated with calcinosis, Raynaud’s phenomenon, oesophageal dysfunction, sclerodactyly and telangiectasia; Sa,O2: arterial oxygen saturation;

PVR: pulmonary vascular resistance; Ppa: pulmonary arterial pressure; CO: cardiac output. Modified and reproduced from [13] with permission from the publisher.
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end-points included change from baseline in 6MWD, and
alteration of NYHA functional class, haemodynamic para-
meters and time to clinical deterioration, prospectively defined
as PAH-related death, hospitalisation or early study discontin-
uation owing to worsening PAH, initiation of new PAH-
specific therapy, lung transplantation or atrial septostomy.

STEP results indicated that addition of iloprost to bosentan had a
favourable safety profile. Adverse events were again typical for
the prostanoid class and the delivery system; coughing was

frequently reported (40% of the iloprost group and 19% of the
placebo group), but was mild to moderate in severity and did not
result in discontinuation of the treatment. Syncope, which raised
concerns in the AIR study, was only reported for one iloprost-
treated patient in the STEP study and was classified as non-
serious. The results of the STEP study also showed a clear
tendency for improved exercise capacity compared with placebo
(p50.051; fig. 2) and significant improvement in NYHA func-
tional class (p50.002) and time to clinical deterioration (p50.022).

LONG-TERM STUDIES OF INHALED ILOPROST
THERAPY IN PAH

Long-term studies of first-line inhaled iloprost
In a study performed in Germany by OPITZ et al. [24], a total of 76
patients with idiopathic PAH were treated with inhaled iloprost
(100 mg?day-1 in six daily doses) for up to 5 yrs, and clinical,
haemodynamic and exercise parameters were monitored. No
serious side-effects causing withdrawal from treatment were
reported. Survival in the study population was higher than
would have been expected without treatment; 49% of the study
population survived for 5 yrs, whereas estimated survival
without treatment (according to the National Institutes of
Health survival probability formula [25]) was 32% (table 1).
However, event-free survival (defined as freedom from death,
transplantation, switch to i.v. therapy or addition of oral
therapy) was relatively poor, falling to 13% after 5 yrs.

The results of the study implied that only a minority of
patients could be stabilised in the long term with inhaled
iloprost monotherapy [24]. However, the study population
consisted of seriously ill patients receiving compassionate
treatment, and the results should not be extrapolated to all
patients with PAH. In addition, escalation of iloprost dose was
not permitted, and the patients’ adherence to the treatment
regimen was not assessed. Furthermore, the reported event-
free survival rate may not accurately reflect clinical stability.
The definition of event-free survival excluded those patients
who initiated treatment with oral therapy during the course of
the study, and reimbursement issues associated with the
unapproved use of iloprost may have introduced a bias
towards oral bosentan, which received regulatory approval
for the treatment of PAH in Germany during the study period.

Data from a long-term, open-label extension of the AIR study
(71 patients) revealed that NYHA functional class improved in
41% and 76% of patients treated with inhaled iloprost after 1
and 3 yrs, respectively. The survival rate was 83% at 1 yr, 78%
at 2 yrs and 58% at 5 yrs [26].
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FIGURE 2. Inhaled iloprost effects on 6-min walk distance (6MWD) in patients

with pulmonary arterial hypertension in two pivotal phase-3 randomised controlled

trials. Patients were treated with: a) iloprost (m; n5101) or placebo (&; n5102) on top

of conventional therapy in the AIR trial (p50.004 at week 12); or b) iloprost (n; n532)

or placebo (h; n533) on top of conventional therapy and bosentan in the STEP study

(p50.051 at week 12). Modified from [21, 22] with permission from the publishers.

TABLE 1 Survival of patients treated with first-line inhaled iloprost compared with estimated survival of untreated patients#

Time yrs Cumulative survival of the study population % (95% CI) NIH estimated survival % (95% CI)

1 79 (69–88) 68 (58–79)

2 70 (60–81) 55 (44–66)

3 59 (48–71) 46 (35–57)

4 59 (48–71) 38 (27–49)

5 49 (33–65) 32 (22–43)

CI: confidence interval. #: according to the National Institutes of Health (NIH) survival probability formula [25]. Reproduced from [24], with permission from the publisher.
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An additional prospective, 2-yr, open-label study was initiated
independently of the AIR study. A total of 63 patients with
primary PH (idiopathic or familial PAH) or secondary PH
were treated with inhaled iloprost for up to 2 yrs, at a daily
dose of ,24 mg divided into six inhalations per day. Long-term
treatment with inhaled iloprost was well tolerated in the study.
The overall survival rate at 2 yrs was 85%, and patients with
primary PAH (n540) had a survival rate of 91% [27]. The latter
appeared higher than the predicted 2-yr survival rate without
treatment for patients with primary PAH, which was 63%
according to the formula proposed by D’ALONZO et al. [25].

Open-label extension of STEP
A total of 30 patients from the STEP placebo group and
30 patients from the iloprost group were enrolled into an open-
label, 12-month extension study [28]. Overall survival during
the extension study was 97%, with one death in the ex-iloprost
group and one death in the ex-placebo group. Neither death
was related to iloprost. Iloprost in combination with bosentan
was well tolerated over the 1-yr study period, and both patient
groups showed similar improvements in 6MWD (ex-iloprost:
+30 m; ex-placebo: +27 m) and NYHA functional class (55%
and 53% improved by more than one functional class in the ex-
iloprost and ex-placebo groups, respectively). However,
clinical worsening occurred in 23% of ex-iloprost patients
versus 43% of ex-placebo patients. This result suggests that
withholding prostanoid therapy for 3 months can adversely
affect the clinical outcome.

CONCLUSIONS
Two double-blind, randomised, controlled trials have demon-
strated that inhaled iloprost has a favourable safety profile and
is effective in patients with pulmonary arterial hypertension in
New York Heart Association functional classes III and IV [21,
23]. Results of a smaller, uncontrolled study suggest that
inhaled iloprost may also be beneficial in patients with
progressive right heart failure despite maximum conventional
treatment [14]. Long-term, open-label studies have not raised
any safety concerns, and have given strong indications that
treatment with inhaled iloprost may improve survival rates.
Furthermore, evidence from the long-term extension of the
STEP study [28] suggests that withholding prostanoid therapy
can be detrimental to clinical course.
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