
EDITORIAL

Learning to pair therapies and the expanding matrix for

pulmonary arterial hypertension: is more better?
M. Gomberg-Maitland

S
tudy design for treatment of a rare disease with few
therapeutic options is straightforward as ‘‘something is
likely better than nothing’’. With the surge of thera-

peutic options for pulmonary arterial hypertension (PAH)
since the late 1990s, trials have been designed based on limited
data without the luxury of patient numbers. As community
physicians can offer combination therapy without evidence of
benefit, clinical trialists are challenged to accrue patients to
studies to prove what some envision is intuitively obvious, that
combining active agents is likely to be better than treatment
with a single agent. PAH is a debilitating, progressive
condition with diverse causes, and for a disease with no
therapeutic cure, targeting multiple pathways concurrently is
appealing. However, without prior evidence for safety and
activity, it is entirely possible that some combinations might be
more harmful than helpful.

PAH is an angioproliferative vasculopathy resulting from
abnormal endothelial and smooth muscle cell interactions,
which leads to a progressive narrowing of the pulmonary
arteries and their branches, resulting in right-heart failure and
death. At the cellular level, PAH is characterised by vasocon-
striction, endothelial dysfunction and smooth muscle cell
proliferation of the pulmonary arterioles, a process known as
vascular remodelling, and in situ thrombosis of the small
pulmonary arteries [1, 2]. Proliferating endothelial cells
obliterate medium-sized pre-capillary arteries [3, 4], thereby
forming the characteristic ‘‘plexiform’’ lesions. At the mo-
lecular level, the balance of vasculature regulation shifts
towards factors that produce vasoconstriction and smooth
muscle cell proliferation. Animal models and culture of cells
from patients with PAH have demonstrated dysregulation of
specific mediators of various signalling pathways, including:
prostacyclin [5–7]; nitric oxide (NO); and endothelin [8–10].
Angiopoietins [11, 12], autoantibodies [13], and proinflamma-
tory cytokines and chemokines have also been implicated [14].
In addition, endothelial cells form tumourlets or plexiform
lesions [2, 4] that obliterate the medium-sized vessel walls.
These lesions express angiogenic factors, vascular endothelial
growth factor (VEGF) and VEGF receptor (VEGFR)-2 [15], and
these endothelial cells expand in a monoclonal pattern [16].
Due to these properties, PAH is now thought of as a process of

dysregulated angiogenesis with some features shared with
neoplastic processes.

There are three major pathways involved in the development
and progression of PAH, and each one is a target for the
treatment of the disease. Prostacyclin induces relaxation of
vascular smooth muscle by stimulating the production of
cyclic adenosine monophosphate [17] and inhibiting the
growth of smooth muscle cells [17] and platelet aggregation
[18]. Current mainstays of therapy for PAH include prostacy-
clin supplementation with epoprostenol, treprostinil or ilo-
prost [19–23]. The NO pathway reduces intracellular calcium
by stimulating cyclic guanosine monophosphate (cGMP)
synthesis by the smooth muscle cell, leading to pulmonary
vasodilatation [24]. As the phosphodiesterase (PDE)-5 enzyme
degrades cGMP and the pulmonary vasculature has a higher
concentration of the PDE-5 enzyme than most vascular beds,
another strategy is to increase cGMP indirectly by inhibiting
PDE-5 with agents such as sildenafil [25]. The third pathway,
the endothelin (ET) system, produces vasoconstriction and
vascular proliferation by ET-1 binding to two receptors, ETA

and ETB [26]. The nonselective inhibitor of ETA and ETB,

bosentan [27], and the selective ETA inhibitors, sitaxsentan
[28] and ambrisentan [29], have both demonstrated benefit for
some PAH patients.

Currently, Food and Drug Administration-approved therapies
for PAH, such as prostacyclins (epoprostenol, treprostinil and
iloprost), [19–23], ET receptor blockers (bosentan) [27] and
phosphodiesterase inhibitors (sildenafil) [25], improve func-
tional class (symptoms) and improve exercise capacity as
assessed by the 6-min walk distance (6MWD). Additional
objective evidence of therapeutic benefit varies; few improve
right ventricular function on echocardiography, and all have
minimal change in haemodynamic measurements at cardiac
catheterisation. Only epoprostenol has provided survival
benefit, with the 5-yr survival remaining at 50% [30, 31]
without demonstrable reversal of the vasculopathy. Recently
approved monotherapy is not as successful as we had hoped.
Of patients treated with bosentan (56%) [32] or iloprost (71%)
[33], .50% require change or addition in therapy or lung
transplantation after 2 yrs of therapy. In addition, .40%
required transition to i.v. prostanoid therapy (42% iloprost,
45% bosentan). With this information, it is not unexpected that
physicians use combination therapy in the hope of improving
outcomes.

In the present issue of the European Respiratory Journal (ERJ),
HOEPER et al. [34] report the results of their multicentre,
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randomised, open-label, stepwise approach to assessing the
safety and efficacy of inhaled iloprost added to oral bosentan
therapy. HOEPER et al. [34] and the ERJ should be commended
for realising the importance of reporting this ‘‘negative’’ trial,
as it raises important issues in PAH treatment and trial design.
This 12-week study (the Combination Therapy of Bosentan and
Aerosolized Iloprost in Idiopathic Pulmonary Arterial
Hypertension (COMBI) trial) randomised stable World
Health Organization functional class III idiopathic PAH
patients currently on bosentan (125 mg b.i.d.), to either inhaled
iloprost 5 mg six times daily or no additional therapy. The
investigators powered this study with the assumption that the
addition of iloprost to bosentan would yield the same
magnitude of improvement as iloprost monotherapy com-
pared with placebo: an increase in the 6MWD of 45¡75 m [21].
With this assumption, the study required a total of 72 patients
and included an interim safety/efficacy analysis at the study
midpoint. According to the interim analysis (36 completed and
40 enrolled patients), a larger study could not demonstrate a
statistically significant improvement in 6MWD for combin-
ation therapy; consequently, the investigators terminated the
study.

Concerning and intriguing, three subjects in the combination
arm of this trial had significant clinical deterioration with a
marked decline in all objective measures. Although the study
failed to meet its planned end-point, it raises two important
and interconnected questions: 1) Why was the trial under-
powered? and 2) Does the deterioration of three subjects in this
study represent a true signal of harm or is it noise? HUMBERT et
al. [35] completed a similar trial with upfront initiation of
bosentan and epoprostenol, with three patient deaths during
or shortly after patients were exposed to this combination. The
study by HUMBERT et al. [35] was powered based on the
magnitude of expected haemodynamic changes on cardiac
catheterisation at 16 weeks, determined for prostacyclin
monotherapy when compared with placebo. Similar to
HUMBERT et al. [35], HOEPER et al. [34] overestimated the
improvement for their power calculation, but if they had
expected less, the sample size would have been prohibitive.
With little data on the mechanistic basis for combination
strategies and the range of potential responses, estimating
improvement over a short time period can be precise only with
luck. These trials were underpowered to meet the predeter-
mined clinical end-points, unless the arbitrarily determined
doses and schedules for the combinations had additive or
better benefit for all subjects receiving them.

It is unclear if when combined with ET receptor blockers,
prostacyclin causes harm in some patients and improvement in
others. Without obtaining more definitive outcome measures,
such as catheterisation, or longer trial duration with frequent
visits to assess 6MWD and cardiopulmonary exercise meas-
ures, it is difficult to determine if the changes are within the
normal variability of the 6MWD itself, if the effects may have
improved over time, or if they are due to negative effects of the
combination therapy. Importantly, we have not learned the
reasons for the deterioration of three subjects in both
the studies by HOEPER et al. [34] and HUMBERT et al. [35]. Is
the 6MWD as the primary end-point responsible for some of
this confusion? Maybe it is time to develop new end-points for
PAH trials such as more discriminative exercise measures,

PAH-specific quality-of-life measures, measures of right
ventricular function, and new biomarkers to help us answer
these questions [36]. In addition, we need to redefine progress
in PAH prognosis and not only continue comparisons to the
National Institute of Health registry historical control [37].

Despite the limitations cited by the investigators, such as short
observation time, open-label design and small sample size, the
results are similar to the double-blind trial of similar design,
the STEP trial (iloprost inhalation solution safety and pilot
efficacy trial in combination with bosentan for evaluation in
PAH; V.V. McLaughlin, University of Michigan, Ann Arbor,
MI, USA; unpublished data), with neither improving exercise
capacity. Patients in the COMBI trial appeared more ill based
on haemodynamics and 6MWD compared with the STEP trial;
this may be why the combination in the STEP trial improved
functional class and decreased time to clinical worsening. To
further complicate the matter, the investigators previously
reported improvement in 6MWD and cardiopulmonary
exercise measures with the addition of bosentan to patients
stable on either inhaled iloprost or beraprost, the converse
approach to their present study [38]. When they evaluated
therapy using a ‘‘real-life’’ approach of goal-oriented therapy
using combinations in clinical practice, this approach appeared
successful compared with historical controls [39]. From these
studies, the community is left with unclear data, except that
this combination is not curative.

An alternative study design, such as a crossover study, might
have yielded more informative results. Learning trials, studies
aimed at investigating therapeutic mechanism and differences
in individual response, enable the investigator to discriminate
variation that is related to differences based on treatment and
disease classification, a true signal, from noise, variation based
on measurement variability and individual patient differences
[40]. With combination therapy, one cannot assume additive
response to therapy based on dose alone. Variability in
pharmacokinetics and pharmacodynamics for each individual,
and as yet poorly understood variability in disease status,
confound our ability to interpret small studies of combination
therapy versus monotherapy. Hence, our traditional ‘‘confirm-
ing’’ trial designs [40] might be ill-suited to developing
methods of appropriate patient selection and identification of
treatment combinations that will benefit our patients. We need
to initiate smaller scale mechanistic studies before embarking
on confirmatory trials set out to prove superiority. These data
highlight the need to improve trial design, end-points and
measures of prognosis to answer the important questions and
expedite development of better treatment regimens for our
patients.
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