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A new treatment paradigm for pulmonary
arterial hypertension (PAH) has emerged,
heralded by the recently published results
of the AMBITION study in a recent issue
of the New England Journal of Medicine.1

While the practice of combination therapy
is not new, this has previously been imple-
mented in a sequential fashion. The
AMBITION study is the first study com-
paring the use of upfront combination
therapy in patients with treatment-naïve
incident PAH who were randomised to
therapy with ambrisentan plus tadalafil
versus ambrisentan or tadalafil monother-
apy. The results were initially presented at
the European Respiratory Society meeting
in September 2014 with the primary pub-
lication in the New England Journal of
Medicine in August 2015.1

The primary efficacy endpoint of the
AMBITION study was time to first clinical
failure (TTCF) defined as either death,
hospitalisation for worsening PAH,
disease progression (>15% decline in
6 min walk test (MWT) from baseline
with WHO functional class III or IV
symptoms) or unsatisfactory clinical
response (WHO functional class III symp-
toms while in the study for at least
6 months with a decrease in 6 MWT dis-
tance from baseline). The latter three
events were all adjudicated and multiple
secondary endpoints, including change in
the 6 min walk distance, were also evalu-
ated. There were 610 patients enrolled in
the study of whom 500 constituted the
primary analysis set (PAS).1 The other
105 patients were excluded from the PAS
after a protocol amendment aimed at
excluding those patients with risk factors
for left ventricular diastolic dysfunction.
Patients were randomised in a 2:1:1

fashion to upfront combination therapy
or monotherapy with ambrisentan or
tadalafil. The study demonstrated
unequivocally that upfront combination
therapy was indeed superior to monother-
apy with either single agent based on the
selected end points of the study. The HR
for TTCF for combination therapy com-
pared with the pooled monotherapy arms
was 0.50 (CI 0.35 to 0.72, p<0.001). In
numerical terms, approximately 89% of
the combination therapy patients were
event-free at 1 year versus 75.5% for the
pooled monotherapy arms (based on
Kaplan–Meier estimates). At 2 years, the
difference was 79.7% vs 63.2%, while at
3 years, it was 68% vs 56%. This differ-
ence persisted across all subgroups ana-
lysed. Two notable secondary endpoints
supported the primary efficacy analysis.
Specifically, the NT pro-BNP was signifi-
cantly reduced for the combination
therapy arm compared with the ambrisen-
tan (p=0.01) and tadalafil (p<0.001)
arms. Change in the 6 MWT distance at
24 weeks was also significantly improved
for the combination arm (+49 m) com-
pared with both the ambrisentan (+27 m,
p=0.001) and tadalafil monotherapy arms
(+22.7 m, p=0.003).
This study has answered an important

question, but has also raised many more
areas for debate: (1) Is upfront combin-
ation therapy now the standard for all
patients with newly diagnosed PAH? (2)
Are there still patients that should be
treated with monotherapy and what then
of the role of sequential therapy? (3) Is it
truly the synergistic action of the two
agents that are causing the difference, or
are we simply doubling the chances of
individual patients being on a medication
that is best suited to them? This conun-
drum does not impact the practical appli-
cation of the AMBITION findings since
we cannot predict how individual patients
will respond to specific drugs. (4) Is the
concept of upfront combination therapy
applicable to any endothelin receptor
antagonist (ERA) and phosphodiesterase
(PDE) 5 inhibitor (or direct soluble guany-
late stimulators) combination or is it

specific to the two agents used in this
study? (5) What of the cost and will
payers assume this financial burden? (6)
What are the implications for future PAH
clinical trial design? (7) How will the
AMBITION results shape future guideline
recommendations?

The question as to whether or not the
results of this study are drug-specific or if
any combination of ERA and PDE5
would result in the same benefit is
extremely important to address, especially
with the potential availability of cheaper
within class generics. The original PDE5
inhibitor, sildenafil, is currently available
as a generic, while bosentan (the first
ERA) is soon to come off patent.
Although drugs within the same class have
the same general mechanism of action,
each has its own nuanced unique activity
characteristics.2 3 Specifically, in addition
to their different pharmacokinetic pro-
files, sildenafil and tadalafil have different
affinities for the various PDE subgroups,
while the ERAs have different affinities
for the endothelin A and B receptors.
Indeed, dual receptor blockade versus
endothelin A specific blockade has been
an issue of ongoing debate.3 There is also
the issue of drug–drug interactions (DDIs)
which might affect the pharmacokinetic
profile of both agents. This has implica-
tions for side effects and efficacy with a
spectrum of possible outcomes that
include synergism, additive affects and
possibly even antagonism. Therefore, the
results of the AMBITION trial cannot be
generalised to other agents yet. This is
reinforced by the results of two negative
studies using bosentan and sildenafil in
combination. The COMPASS 2 study was
perhaps the longest running trial in PAH
and took >7 years to complete.4 This
study evaluated the effects of add-on
bosentan to patients who were on back-
ground sildenafil. It enrolled 334 patients,
but failed to meet its primary endpoint of
time to first morbidity or mortality. The
corollary study to this evaluated sildenafil
as add-on therapy to bosentan. This nega-
tive study is yet to be presented or pub-
lished, but the results are available online
within the clinicaltrials.gov website.5 It is
conceivable that these studies were nega-
tive due to differences in the respective
trial designs. Arguably, it was the DDI
profiles of these two specific agents that
resulted in negative trials, specifically
bosentan has been shown to reduce silde-
nafil exposure, while sildenafil has been
demonstrated to increase the bosentan
area under the curve.6 It is noteworthy
that both trials did not evaluate upfront
combination treatment, but rather
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sequential add-on therapy. Nonetheless, it
is difficult to postulate that the results
would have been any different if both
drugs were administered upfront together
as per the AMBITION study design. On
the other hand, it remains unknown how
other ERA plus PDE5 inhibitors (or
soluble guanylate cyclase activators) com-
binations might perform and these need
to be subjected to their own study in
order to demonstrate efficacy. In recogni-
tion of the AMBITION data, the recent
European Society of Cardiology and
European Respiratory Society guidelines
published in October 2015 afford initial
drug combination therapy with ambrisen-
tan and tadalafil, the only class I recom-
mendation (with level B evidence) for
patients with functional class II and III
PAH.7

Do the results of AMBITION herald a
new era where upfront combination
therapy with these agents becomes the
standard for all patients with PAH? It is
well established that there are subgroups
of patients who do very well long-term on
monotherapy. These subgroups are some-
what small with reported ranges of 31%–

56% in long-term open-label extension
trials.8–12

Unfortunately, we are not very good at
identifying these patients a priori to be
confident that monotherapy will suffice. It
is also well recognised that it can be diffi-
cult to rescue patients with PAH who
deteriorate. This, therefore, begs the ques-
tion of why wait for deterioration and
deny upfront combination to all patients?
On the other end of the severity spec-
trum, there is the subgroup of patients
who present with advanced symptoms
who require parenteral prostanoid therapy
as their first-line treatment. Whether these
patients should be treated with parenteral
therapy plus oral therapy (or therapies)
upfront poses a different question. This
has been answered to an extent in other
clinical trials, most notably the PACES
trial.13 PACES was a positive study of
add-on sildenafil to patients who were
already on intravenous epoprostenol.
Whether clinicians extrapolate from the
AMBITION dataset that oral therapy with
ambrisentan plus tadalafil can substitute
for sildenafil, while seemingly pragmatic
and intuitive, requires its own study for
further validation.

Upfront combination therapy for PAH
is an expensive undertaking both at the
individual patient and societal levels. How
will this new treatment paradigm be
managed by individual and national
payers? There is indeed a cogent pharma-
coeconomic argument for upfront

combination therapy which is embedded
within the primary composite TTCF end-
point. Examination of the Kaplan–Meier
curve is noteworthy that one of the
biggest step-downs in the monotherapy
arm occurs at 6 months, which marks the
first time that patients could meet the
failure to improve component of the com-
posite. Interesting, however, is that many
of these events were actually hospitalisa-
tions, thereby underscoring the favourable
cost–benefit of upfront combination
therapy.
Lastly, how will the results of

AMBITION influence the implementation
and design of future PAH clinical trials. It
is largely accepted that placebo trials are
unethical and all clinical trial designs now
allow patients to be on at least one PAH
therapy. If indeed, the combination of
ambrisentan plus tadalafil is the new
standard, then arguably it becomes uneth-
ical to have patients on anything short of
this in the context of future clinical trials.
If this sets the new standard of care, then
future trials will need to have this as the
comparator group. An AMBITION-like
study design and endpoint will result in
an event rate that is very low and will
require a large patient cohort followed
over a long period of time to show a dif-
ference. What of the cost to do such a
trial, both in terms of financial burden
and the human cost of committing many
patients with PAH to a lengthy trial which
may or may not be positive. Do we need
to move back to the era of smaller,
shorter duration studies? While this might
fly in the face of the current viewpoint of
larger and longer equates to more robust
data, this might be a pragmatic necessity.
Such studies will require modification of
our endpoints for an achievable event
rate. Prior composites of time to clinical
worsening could be regarded as a defen-
sive strategy where as long as patients
stayed stable or even had some mild
deterioration, they did not breach any
component of the endpoint. The time to
clinical failure endpoint raised the bar in
that ‘clinical failure’ included a compo-
nent that required some demonstrable
benefit, however small, at 6 months. In
order to power future shorter-term
studies, the bar needs to be raised further
and the time to clinical failure definition
modified with expectations of a greater
improvement. This might include the old
standard and enduring 6 MWT with
perhaps the expectation of a 10% or 15%
increase in the distance. It could also
include a threshold for haemodynamic
improvement, evidence of right ventricu-
lar regression or biomarker (pro-NT

BNP) concordance. Perhaps time to clin-
ical improvement becomes the new end-
point, with time to clinical worsening an
important secondary endpoint. An alter-
nate approach might be to combine these
two disparate outcomes in a competing
risk analysis over a medium-term (eg, 6–
12 months) period with three possible
endpoints of worsening, stability or
improvement.

The field of PAH has come a long way
in recent years and clinicians are now
faced with many different choices. The
AMBITION study answers an important
question and may change clinical practice
meaningfully. However, it is ultimately up
to the individual clinician how they apply
this new information in the context of
other choices in their day-to-day practice,
since each patient is nuanced and invari-
ably do not fulfil the exact criteria of sub-
jects enrolled into clinical trials. We still
have much to learn and a long way to go
with ample room and need for future
therapies. The real challenge is to be able
to predict the response a patient will
show to each class of drug and use this
to inform decision-making. Hopefully,
AMBITION will serve to encourage
further novel drug development, trials of
treatment strategies and future pragmatic
innovative clinical trial designs.
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