
use of systemic prostacyclin and upfront triple combination) or
differences in types of patients and comorbid conditions that may
influence phenotyping were not detailed and discussed. Although the
strength of the centralized French registry is evident, phenotyping
and potential bias by individual centers may be an issue here.

Another obvious question is the effect of timing or epoch
studied on survival. The study includes patients treated over a period
of 14 years, a time during which treatment for PAH, both targeted
and supportive, has evolved significantly and has been associated with
marked improvement in overall survival. The authors note that only
the initial treatment modality was included in the multivariable
analysis; this is another significant limitation of the analysis, as it is
highly likely that many patients had a change in therapy or added
therapies during the study.

Finally, the negative results of the recently completed The
Efficacy and Safety of Initial Triple versus Initial Dual Oral
Combination Therapy in Patients with Newly Diagnosed
Pulmonary Arterial Hypertension (TRITON) trial (5) should be an
additional cautionary tale despite the fact that this trial consisted of
patients on triple oral therapy but excluded patients receiving
intravenous prostacyclin or those patients in Functional Class IV.
Although the study by Boucly and colleagues does have some very
interesting observations with potentially important implications,
the question of triple therapy effectiveness, particularly one
including initial prostacyclin treatment, remains unanswered
and will only be assessed in a large, well-controlled, prospective
clinical trial.�
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Upfront Combination Therapy for Pulmonary Arterial Hypertension:
Time to Be More Ambitious than AMBITION

Modern treatment algorithms for pulmonary arterial hypertension
(PAH) using multiparametric risk stratification have improved
outcomes for patients with PAH (1). Currently, treatment algorithms
propose upfront triple combination therapy, including a parenteral
prostacyclin, for high-risk patients, citing observational studies (2),
and upfront dual oral combination therapy for the majority of low-
and intermediate-risk patients based on the Ambrisentan and

Tadalafil in Patients with Pulmonary Arterial Hypertension
(AMBITION) trial, which demonstrated a 50% relative risk reduction
for time to clinical failure with combination therapy (3).

In this context, in this issue of the Journal, Boucly and colleagues
(pp. 842–854) present a retrospective cohort study evaluating the
association between initial treatment strategy and survival among
patients with newly diagnosed PAH using the French PH Registry
(4). The study included 1,611 patients, of whom 984, 551, and 76
were treated with an initial strategy of mono, dual, or triple therapy
with a parenteral prostacyclin and were followed for a median of 32
months. The primary outcomes were overall survival and transplant-
free survival. The triple therapy group was younger with fewer
comorbidities but more severe PAH. Triple therapy was associated
with improved survival (91% vs. 61%) and transplant-free survival
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(75% vs. 56% for monotherapy and 58% for dual combination) at
5 years, with improvements similarly seen in a propensity-
matched cohort. After adjusting for mortality risk factors, triple
therapy was associated with a.70% lower risk of death.
Importantly, triple combination therapy was associated with
improved survival in 1,135 intermediate-risk patients.
Limitations of the study include the observational nature and
likely selection bias in therapy choice.

Boucly and colleagues should be commended on this analysis
with relevant implications for patients with newly diagnosed PAH.
The study is the largest real-world cohort to support the overall
treatment strategy from the 2018World Symposium (2). It adds to
the observational evidence for upfront combination therapy
including a parenteral prostacyclin for high-risk patients. Notably, it
provides the first evidence for the potential role of earlier triple
combination therapy with a parenteral prostacyclin for intermediate-
risk disease.

So, should all patients with newly diagnosed PAH be treated
with upfront triple combination therapy? Perhaps not all; however,
this work compels us to look closely at the intermediate-risk group.

The majority of patients, 70% in the current study, fall into this broad
category. Unfortunately, current risk assessment tools cannot
differentiate responders or those likely to progress among this group
regardless of treatment strategy. More precise risk stratification,
potentially including parameters of right ventricular function, might
informmore personalized treatment decisions. Until this becomes
available, the evidence suggests that perhaps we should be more
ambitious than AMBITION.

This begins with considering the downsides of not prescribing
upfront triple therapy with a parenteral prostacyclin in intermediate-
risk patients. A closer look at AMBITION highlights that a
satisfactory clinical response was unacceptably low, occurring in only
39% of the combination arm (3). Real-world data suggest that a
minority of patients treated with upfront oral combination therapy
reach low-risk status (5). At the same time, there is ample evidence
that the timing of therapies matter—treatments are more efficacious
early (6), mortality is higher in incident versus prevalent patients (7),
clinical worsening that may trigger escalation is associated with
increased mortality (8), and, most disconcerting, the functional
capacity of the placebo group in open-label extensions of randomized
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Figure 1. Initial treatment strategy for pulmonary arterial hypertension. Intermediate-risk patients can be treated with an initial treatment strategy
of either maximal medical therapy with triple combination therapy, including a parenteral prostacyclin, or aggressive titration with dual oral
therapy. Selection of a treatment strategy requires shared decision-making. The risks, uncertainties, and potential benefits of maximal medical
therapy with upfront triple combination therapy including a parenteral prostacyclin should be discussed at the time of diagnosis. There should
be a plan for a rapid reassessment of response at 3 months if an aggressive titration strategy is chosen. IV= intravenous; PAH=pulmonary
arterial hypertension; PCA=prostacyclin analog; SQ=subcutaneous.
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controlled trials (RCTs) that receive therapy just 12–16 weeks later
never catch up (9).

With most patients not meeting treatment goals and recognizing
that timing matters, the risks, uncertainties, and benefits of upfront
triple combination therapy including a parenteral prostacyclin in
intermediate-risk patients should be considered. The potential
disadvantages include inconvenient delivery, side effects,
complications such as infection, and cost. The uncertainties revolve
around the absence of an RCT. The AMBITION and The Efficacy
and Safety of Initial Triple versus Initial Dual Oral Combination
Therapy in Patients with Newly Diagnosed Pulmonary Arterial
Hypertension (TRITON) RCTs have provided the framework for
combination oral therapy for low- and intermediate-risk patients. The
landmark AMBITION trial found that upfront combination therapy
with ambrisentan and tadalafil resulted in a 50% relative risk
reduction for time to clinical failure compared with monotherapy,
and is the cornerstone of the recommendation for upfront
combination therapy for most patients with PAH (3). The TRITON
trial, which has been previously reported in the form of an abstract,
filled a critical gap showing that the addition of the oral prostacyclin
agonist selexipeg to macitentan and tadalafil was not superior to
initial dual therapy in decreasing pulmonary vascular resistance (10).
However, these results are not generalizable to the more potent
parenteral therapy combination strategy being evaluated in the
present analysis. The evidence of benefit for parenteral prostacyclin in
high-risk patients would make an RCT unethical in this group.
Although an RCT of upfront parenteral prostacyclin combination
therapy in intermediate-risk patients would be informative, it is
likely not feasible for several reasons, including ethics in blinding
to long-term administration of placebo through a central line,
challenges that would arise with enrollment because patients
would be unlikely to want to go on oral medications, and lack of
funding. There are now several observational studies that have
demonstrated a survival benefit of upfront triple combination
therapy with a parenteral prostacyclin (11–13). Boucly and
colleagues extend this observation to an intermediate-risk group.
There has yet to be a study that showed worse outcomes with
combination therapy, and upfront triple combination therapy
allows for deescalation should there be an excellent response. Taken
together, the treatment paradigm should evolve. Optimal medical
therapy for intermediate-risk patients should include either upfront
triple combination therapy with a parenteral prostacyclin or dual
oral combination therapy with a rapid reassessment to ensure
response (Figure 1).

In conclusion, Boucly and colleagues add to the evidence for
upfront triple combination therapy with a parenteral prostacyclin for
patients with PAH. In an ideal world, this study would set the stage
for an RCT of combination therapy including parental prostacyclin
therapy in intermediate-risk patients with PAH, which is
unfortunately unlikely to be feasible. Short of this and until risk
stratification improves, the treatment pathway that likely offers the
highest probability of long-term survival for most intermediate-risk
patients with PAH is triple combination therapy with a parenteral
prostacyclin; whether it is started at the time of diagnosis depends on
the patient’s ambitions.�
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