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ABSTRACT Treatment for pulmonary arterial hypertension (PAH) has been underpinned by single-agent
therapy to which concomitant drugs are added sequentially when pre-defined treatment goals are not met.

This retrospective analysis of real-world clinical data in 97 patients with newly diagnosed PAH (86% in
New York Heart Association functional class III−IV) explored initial dual oral combination treatment with
bosentan plus sildenafil (n=61), bosentan plus tadalafil (n=17), ambrisentan plus tadalafil (n=11) or
ambrisentan plus sildenafil (n=8).

All regimens were associated with significant improvements in functional class, exercise capacity,
dyspnoea and haemodynamic indices after 4 months of therapy. Over a median follow-up period of
30 months, 75 (82%) patients were still alive, 53 (71%) of whom received only dual oral combination
therapy. Overall survival rates were 97%, 94% and 83% at 1, 2 and 3 years, respectively, and 96%, 94% and
84%, respectively, for the patients with idiopathic PAH, heritable PAH and anorexigen-induced PAH.
Expected survival rates calculated from the French equation for the latter were 86%, 75% and 66% at 1, 2
and 3 years, respectively.

Initial combination of oral PAH-targeted medications may offer clinical benefits, especially in PAH
patients with severe haemodynamic impairment.
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Introduction
Pulmonary arterial hypertension (PAH) is a rare, progressive and life-limiting disease [1] but one for
which treatment options are increasing [2, 3]. Until 2001, epoprostenol was the only drug available to treat
PAH, and then primarily as a bridge to transplantation [4]. Since then, the development of new
PAH-specific medications has grown apace. Today, there are nine medications approved in Europe for
treatment of PAH, six of which are oral, with others in development. With the advent of new medications,
evidence-based guidelines have evolved to reflect the rapidly changing treatment environment [2, 3].
Observations that patients with an inadequate clinical response to initial single-agent therapy had a much
worse prognosis soon led to recommendations to add a second and potentially a third drug to the
PAH-specific regimen to improve clinical and functional parameters and long-term outcomes [5, 6].

Endothelial dysfunction in the pulmonary bed is believed to act as a major trigger for PAH. The
endothelin, nitric oxide and prostacyclin pathways have been implicated in its pathogenesis, with elevated
levels of plasma endothelin and lower levels of nitric oxide and prostacyclin metabolites evident in patients
with PAH [7, 8]. Because of these observations and the potential interaction between these three pathways,
the combined use of drugs that target the different pathways is an attractive therapeutic option that could
increase the effect of targeting one pathway alone and, as a result, may improve treatment outcomes.
Studies on the use of sequential combination therapy in patients failing single-agent therapy have yielded
mixed results [9]. A meta-analysis of six randomised controlled trials on combination therapy, which
included 858 patients with PAH, showed that in comparison with the control group, combination therapy
significantly improved exercise capacity and haemodynamics as well as reducing the risk of clinical
worsening. However, there was no significant reduction in all-cause mortality [10].

Real-life data from registries or single-centre patient databases show that combination therapy has been
widely adopted in clinical practice, with rates ranging from 46–75% in patients with idiopathic PAH
(IPAH) [11, 12] to 29–50% in patients with PAH associated with connective tissue disease (PAH-CTD)
[13, 14] and 17–32% in patients with PAH associated with congenital heart disease [15].

Most data on the use of combination therapy are based on sequential addition to ongoing single-agent
therapy, rather than initial combination therapy, although there is a strong case for initiating combination
therapy to increase efficacy and optimise outcome [16]. In fact, this practice is gaining in popularity,
especially in France, with more patients than ever being treated with first-line dual (and in some cases
triple) therapy. Data now emerging from the Ambrisentan and Tadalafil in Patients with Pulmonary
Arterial Hypertension (AMBITION) trial, the first randomised controlled trial of initial combination dual
therapy, show a highly significant reduction in the risk of clinical failure for patients on first-line dual
therapy, as compared with patients on monotherapy [17]. The study did not, however, include
haemodynamic indices as outcome measures.

In this retrospective analysis of real-world clinical data, we explored the effect of different combinations of
first-line PAH-specific dual oral therapy on haemodynamic parameters and clinical and functional
outcomes in newly diagnosed patients with PAH.

Methods
This study complied with the Declaration of Helsinki. Although French law does not require ethics
committee approval or informed consent for retrospective data collection, the data collected were anonymised
and complied according to the requirements of the Commission Nationale Informatique et Liberté (CNIL),
the organisation dedicated to privacy, information technology and civil rights in France. CNIL approved the
methods used to collect and analyse data on May 24, 2003 (approval number 842063).

Study design
This was a retrospective analysis of data from consecutive newly diagnosed PAH patients (incident cases)
admitted to the reference centre (University Paris-Sud, Le Kremlin-Bicêtre, France) and 15 expert centres
from the French Pulmonary Hypertension Network who were initiated on first-line dual oral combination
therapy consisting of an endothelin receptor antagonist (ERA) (bosentan or ambrisentan) and a
phosphodiesterase type 5 (PDE5) inhibitor (sildenafil or tadalafil). Patients meeting inclusion criteria were
enrolled between January 2007 and December 2013. The observational period ended 12 months after
enrolment of the final patient.

Patients
Eligible patients included adults aged over 18 years with confirmed PAH of any aetiology and in
New York Heart Association functional class (NYHA FC) II–IV. Women who were pregnant and those
of childbearing age not using an adequate method of birth control were excluded. Other exclusion
criteria included patients with non-group 1 pulmonary hypertension and pulmonary veno-occlusive
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disease as well as unstable patients in need of parenteral prostacyclin and those for whom ERAs
were contraindicated (i.e. liver enzyme concentrations more than three times the upper limit of
normal (ULN)).

Treatment regimens
Choice of PAH-specific dual therapy was at the discretion of the treating physician and included one of
four oral regimens: bosentan plus sildenafil, bosentan plus tadalafil, ambrisentan plus sildenafil and
ambrisentan plus tadalafil. Within these regimens, therapies were given concomitantly, starting with two
drugs on day 1. Dosing was: bosentan 62.5 mg twice daily, increasing to 125 mg twice daily after 4 weeks;
ambrisentan 5 mg once daily, increasing to 10 mg once daily if needed (in cases of insufficient clinical
and/or haemodynamic response at the first follow-up visit) and there were no tolerability issues; sildenafil
20 mg three times daily, increasing to 40 mg three times daily if needed (in cases of insufficient clinical
and/or haemodynamic response at the first follow-up visit); or tadalafil 20 mg once daily with up-titration
to 40 mg once daily after 3−7 days, according to tolerability. In addition to PAH-specific therapy, if
needed, patients also received standard supportive therapy that included oral anticoagulants, diuretics and
oxygen. Patients were also eligible to receive add-on therapy with prostanoids if their condition
deteriorated or they had an inadequate response while on dual therapy. At the discretion of the treating
physician, patients could receive intravenous, subcutaneous or inhaled prostanoids.

Study assessments
Patients were screened before initiation of therapy (baseline), 4 months after initiation of combination
therapy (first follow-up visit) and once each year until the end of the study. All patients underwent acute
pulmonary vasoreactivity testing with inhaled nitric oxide at the time of their first haemodynamic
evaluation and all were found to be nonvasoreactive.

The last follow-up visit was defined as the time-point where a complete evaluation (including right heart
catheterisation (RHC)) had been conducted. This was performed while patients were on dual oral
combination therapy and before recourse to add-on prostanoid therapy where that was deemed necessary.
Assessments included NYHA FC, 6-min walk distance (6MWD) and pulmonary haemodynamics (assessed
by RHC). If patients were unable to perform the 6-min walk test at baseline or at any of the follow-up
visits, a 6MWD of 0 m was recorded. Adverse events were recorded throughout the study period.

Statistical analysis
Data were stored in a personal computer-based data spreadsheet. Analysis was performed using the StatEL
statistical package (Ad Science, Paris, France) in Excel 2007 (Microsoft Corp., Redmond, WA, USA). All
data are presented as mean±SD. Comparison of 6MWD and haemodynamic variables obtained at baseline,
first follow-up and last follow-up visits was made using one-way ANOVA for paired groups for normally
distributed variables and the nonparametric Friedman test for the non-normally distributed variables. Post
hoc comparisons were made using the Newman and Keuls test or nonparametric Wilcoxon test, as
appropriate. The Chi-squared test for independence was used to compare differences between NYHA FC
assessed at the baseline, first follow-up and last follow-up visits. The comparisons of combined bosentan
and PDE5 inhibitor versus ambrisentan and PDE5 inhibitor, and combined sildenafil and ERA versus
tadalafil and ERA were analysed by ANOVA adjusted for baseline values. A p-value <0.05 was considered
statistically significant.

Analysis of overall survival was performed using an intention-to-treat approach and was thus independent
of the treatment regimen patients were receiving at that time (i.e. patients could be receiving add-on
therapy). For the survival analysis, the date of diagnostic RHC (<1 week before commencement of
treatment) was used as the starting point to determine length of survival. The cut-off date was December
31, 2014, or the date of death or transplantation if that was earlier. The Kaplan–Meier method was used to
estimate overall survival at each interval. Patients who underwent lung transplantation were considered
censored at the date of transplantation. Patients who were lost to follow-up were considered censored at
the last available visit. Expected survival was calculated using a survival prediction equation (commonly
referred to as the French equation) using three variables: sex, 6MWD at diagnosis and cardiac output at
diagnosis, as previously described [18, 19]. Comparison of actual and expected survival was only
computed for patients with IPAH, heritable PAH and anorexigen-induced PAH, as the equation is not
valid for other forms of PAH.

Results
Patient demographics and characteristics at baseline
A total of 97 patients met the eligibility criteria for inclusion in this retrospective analysis, the details of
which are summarised in table 1. Consistent with the higher prevalence rates of PAH among women, almost
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two-thirds of the patients were female. A majority of patients had IPAH (54%), followed by heritable PAH
(15%). A majority (86%) were in NYHA FC III−IV and had severe haemodynamic impairment at referral.

Treatment
In total, 61 patients received bosentan in combination with sildenafil, 17 patients received bosentan plus
tadalafil, 11 patients received ambrisentan plus tadalafil and eight patients received ambrisentan plus
sildenafil. A majority of patients (72%) also received supportive therapy consisting of oral anticoagulants,
diuretics and oxygen. At the first follow-up visit, all patients on bosentan were receiving 125 mg twice
daily. Six patients initiated on ambrisentan 5 mg once daily were up-titrated to 10 mg once daily due to
insufficient clinical and/or haemodynamic responses. All patients but one initiated on tadalafil (who
remained on 20 mg) were up-titrated to 40 mg once daily within 1 week. Sildenafil was initiated at 20 mg
three times daily in all patients. Only three patients were up-titrated to 40 mg three times daily due to
insufficient clinical and/or haemodynamic responses at the first follow-up visit.

Treatment response at first follow-up visit
Of the 97 patients who received PAH-specific dual therapy, all had a first follow-up visit at 4 months
(median 4.1 months, interquartile range (IQR) 3.5−4.9 months). Combination therapy (pooled analysis) was
associated with significant improvements in functional class, exercise capacity and dyspnoea. Significantly
fewer patients had evidence of right heart failure (suggesting a reduction in clinical worsening), while levels
of brain natriuretic peptide (BNP) were significantly reduced (table 2). These improvements were
accompanied by significant improvements in 6MWD and haemodynamic parameters, including reductions
from baseline in pulmonary vascular resistance (PVR). Whereas no difference was found when PDE5
inhibitors were combined with either bosentan or ambrisentan, the combination of ERAs with tadalafil was
associated with a significantly greater reduction in PVR compared with sildenafil and an ERA (table 3).

Treatment response at last follow-up visit
Of the 97 patients assessed at 4 months, 20 had no further haemodynamic assessment: six (6%) patients
were lost to long-term follow-up, eight had died and six were still alive, with a follow-up ranging from
12 to 19 months. Therefore, a complete reassessment of dual oral combination therapy was available in 77
patients (median follow-up 24.6 months, IQR 15.8–37.4 months) (table 4). Despite a slight increase in
mean pulmonary arterial pressure (mPAP) and PVR, improvements observed at first follow-up visit were
sustained in these patients.

TABLE 1 Demographics and baseline characteristics of the 97 patients with newly diagnosed
pulmonary arterial hypertension (PAH) initiated with endothelin receptor antagonist and
phosphodiesterase type 5 inhibitor dual combination therapy

Male/female 34 (35)/63 (65)
Age years 54.1±16.5
Body mass index kg·m−2 27.5±6.6
>30 kg·m−2 28 (29)

PAH diagnosis, n (%)
Idiopathic PAH 52 (54)
Heritable PAH 15 (15)
Anorexigen-induced PAH 7 (7)
PAH-CTD 12 (12)
Portopulmonary hypertension 9 (9)
Repaired PAH-CHD 1 (1)
PAH-HIV 1 (1)

NYHA FC
II 15 (15)
III 70 (72)
IV 12 (12)

Clinical signs of right heart failure 49 (51)
6-min walk distance m 324±132
Borg dyspnoea index 4.3±2.0
BNP# ng·L−1 median (IQR) 372 (115–710)

Data are presented as n (%) or mean±SD, unless otherwise stated. CTD: connective tissue disease; CHD:
congenital heart disease; NYHA FC: New York Heart Association functional class; BNP: brain natriuretic
peptide; IQR: interquartile range. #: n=42.
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Long-term follow-up
Over a median (IQR) observational follow-up period of 30 (20–43) months, 75 (82%) patients were still alive.
Among survivors, 53 received only dual oral combination therapy, while 22 had their treatment escalated with
additional prostanoid therapy (i.v. epoprostenol (n=8), subcutaneous treprostinil (n=5), inhaled iloprost (n=5)
or selexipag as part of the GRIPHON (Prostaglandin I2 Receptor Agonist in Pulmonary Arterial
Hypertension) randomised controlled trial (n=4) [20]). Of the 16 patients who died during long-term
follow-up, 11 had IPAH, three had PAH associated with systemic sclerosis and two had portopulmonary
hypertension. At the time of death, 11 patients received only dual oral combination therapy while five
received additional prostanoid therapy. Causes of death were as follows: right heart failure (n=8), sepsis (n=2),
sudden death (n=1), atrioventricular block (n=1), cancer (n=2) and unknown (n=2). Amongst the eight
patients who died from right heart failure, five had received additional prostanoid therapy. Prostacyclin was
not prescribed because of advanced age in one patient and blindness in another. No patient underwent lung
transplantation. Overall survival rates were 97%, 94% and 83% at 1, 2 and 3 years, respectively (figure 1).
Separate calculations for the patients with IPAH, heritable PAH and anorexigen-induced PAH were 96%, 94%

TABLE 2 Effect of initial pulmonary arterial hypertension-specific dual oral combination
therapy on New York Heart Association functional class (NYHA FC), symptoms, exercise
capacity, brain natriuretic peptide (BNP) and haemodynamics at first follow-up visit (n=97)

Baseline First follow-up visit# p-value

NYHA FC I/II/III/IV n 0/15/70/12 4/57/31/5 <0.001
Clinical signs of RHF n (%) 49 (51) 25 (26) <0.001
6-min walk distance m 324±132 395±114 <0.00001
Borg dyspnoea index 4.3±2.0 3.1±1.9 <0.00001
BNP¶ ng·L−1 median (IQR) 372 (115–710) 62 (34–274) <0.00001
Haemodynamics
RAP mmHg 9.5±5.7 6.7±4.5 <0.00001
mPAP mmHg 53.9±10.4 45.1±10.9 <0.00001
PAWP mmHg 8.8±3.5 8.7±3.3 0.82
Cardiac output L·min−1 3.94±1.17 5.65±1.62 <0.00001
Cardiac index L·min−1·m−2 2.14±0.51 3.13±0.79 <0.00001
PVR dyn·s·cm−5 1021±357 565±252 <0.00001
Mean BP mmHg 97±18 87±13 <0.00001
Heart rate beats per min 85±15 81±12 <0.011
SvO2 % 59±8 67±8 <0.00001

Data are presented as mean±SD unless otherwise stated. RHF: right heart failure; IQR: interquartile range;
RAP: right atrial pressure; mPAP: mean pulmonary artery pressure; PAWP: pulmonary artery wedge
pressure; PVR: pulmonary vascular resistance; BP: blood pressure; SvO2: mixed venous oxygen saturation.
#: median follow-up time 4.1 months (IQR 3.5–4.9 months); ¶: n=42.

TABLE 3 The effect of initial pulmonary arterial hypertension-specific dual oral combination therapy regimens on
haemodynamic parameters at first follow-up visit

Treatment regimen Patients n Visit mPAP
mmHg

Cardiac index
L·min−1·m−2

PVR
dyn·s·cm−5

Change in PVR from
baseline dyn·s·cm−5

p-value#

Bosentan+PDE5 inhibitor 78 Baseline 54.1±10.7 2.14±0.49 1040±376

0.74
First follow-up¶ 46.0±11.1 3.17±0.82 579±273 −452±23 (−498–−407)

Ambrisentan+PDE5 inhibitor 19 Baseline 52.5±8.9 2.15±0.59 913±258
First follow-up¶ 41.1±9.7 2.92±0.66 504±143 −470±46 (−561–−379)

Sildenafil+ERA 69 Baseline 55.3±10.3 2.18±0.53 1044±371

0.03
First follow-up¶ 47.6±10.8 3.13±0.81 605±267 −427±24 (−474–−380)

Tadalafil+ERA 28 Baseline 50.0±9.6 2.06±0.47 945±323
First follow-up¶ 38.8±8.8 3.09±0.75 465±188 −524±37 (−596–−451)

Data are presented as mean±SD or mean±SD (95% CI) unless otherwise stated. mPAP: mean pulmonary artery pressure; PVR: pulmonary vascular
resistance; PDE5: phosphodiesterase type 5; ERA: endothelin receptor antagonist. #: comparisons of combined bosentan and PDE5 inhibitor
versus ambrisentan and PDE5 inhibitor, and combined sildenafil and ERA versus tadalafil and ERA (ANOVA adjusted for baseline values);
¶: median follow-up time 4.1 months (interquartile range 3.5–4.9 months).
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and 84% at 1, 2 and 3 years, respectively. Expected survival rates calculated from the French equation for
these patients were 86%, 75% and 66% at 1, 2 and 3 years, respectively (figure 2).

Safety and tolerability
PAH-specific dual therapy with ERAs in combination with PDE5 inhibitors was generally well tolerated with
adverse events consistent with the drugs’ known side-effect profiles. During follow-up, one patient stopped
sildenafil due to ocular problems (blurred vision). She remained stable in NYHA FC II on bosentan
monotherapy. Nine patients initially receiving sildenafil were transitioned to tadalafil, mainly to facilitate the
treatment regimen (once a day versus three times a day). Two patients were switched from bosentan to
ambrisentan due to liver enzyme elevation more than five times the ULN. Two other patients were switched

TABLE 4 Effect of initial pulmonary arterial hypertension-specific dual oral combination
therapy on New York Heart Association function class (NYHA FC), symptoms, exercise capacity
and haemodynamics at first and last follow-up visits (n=77)

Baseline First follow-up visit# Last follow-up visit¶ p-value

NYHA FC I/II/III/IV n 0/11/57/9 4/49/22/2 10/37/26/4 <0.00001
Clinical signs of RHF n (%) 35 (45) 15 (19) 16 (21) <0.0004
6-min walk distance m 354±127 427±107** 438±117** <0.00001
Borg dyspnoea index 4.4±2.1 3.0±2.0** 3.2±1.9** <0.0003
Haemodynamics
RAP mmHg 9.1±6.0 6.1±3.9** 7.7±4.5 <0.00008
mPAP mmHg 54.2±11.1 44.6±11.3** 47.4±13.3*,** <0.00001
PAWP mmHg 8.9±3.6 8.8±3.5 9.2±3.8 0.67
Cardiac output L·min−1 3.93±1.09 5.74±1.75** 5.71±2.00** <0.00001
Cardiac index L·min−1·m−2 2.14±0.49 3.14±0.85** 3.07±0.91** <0.00001
PVR dyn·s·cm−5 978±304 536±215** 618±332*,** <0.00001
Mean BP mmHg 94±17 87±14** 89±14** <0.0003
Heart rate beats per min 86±15 79±12** 79±12** <0.0006
SvO2 % 61±9 70±5** 69±7** <0.00001

Data are presented as mean±SD unless otherwise stated. RHF: right heart failure; RAP: right atrial
pressure; mPAP: mean pulmonary artery pressure; PAWP: pulmonary artery wedge pressure; PVR:
pulmonary vascular resistance; BP: blood pressure; SvO2: mixed venous oxygen saturation. #: median
follow-up time 4.1 months (interquartile range 3.5–4.9 months); ¶: median follow-up time 24.6 months
(interquartile range 15.8–37.4 months). *: p<0.05, comparison with first follow-up visit value; **: p<0.01,
comparison with baseline value.
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FIGURE 1 Overall survival rates in all patients with newly diagnosed pulmonary arterial hypertension following
initial dual oral combination therapy with endothelin receptor antagonist and phosphodiesterase type 5
inhibitor (n=97). The solid line denotes the actual survival and dashed lines the 95% confidence interval.
Survival was 97% (95% CI 93−100%), 94% (95% CI 89−99%) and 83% (95% CI 73−93%) at 1, 2 and 3 years,
respectively.
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from ambrisentan to bosentan due to leg oedema. All switches between ERAs led to resolution of the adverse
event. In all cases of medication change, patients remained stable with no signs of clinical deterioration.

Discussion
Data from retrospective analyses have shown that long-term outcomes of patients with PAH are strongly
correlated with NYHA FC and exercise capacity, in which right ventricular dysfunction is believed to
account for the effects of functional class and exercise capacity on mortality [21, 22]. An important goal of
therapy is therefore to improve haemodynamic indices of right ventricular function leading to
commensurate improvement in NYHA FC and exercise capacity; the latter are important end-points as
they provide an indication of patient well-being. As a guideline, several indices have been suggested as
appropriate treatment targets and have evidence of survival benefit [21–25]. These include an NYHA FC
of I or II, a 6MWD of ⩾380–440 m, a cardiac index of more than 2.5–3.0 L·min−1·m−2, a right atrial
pressure (RAP) of <8 mmHg and levels of BNP in the normal range (0–99 ng·L−1).

Results of this retrospective analysis of 97 patients with newly diagnosed PAH of varying aetiology showed
that first-line oral combination therapy of an ERA plus a PDE5 inhibitor is associated with significant
improvements in all of the aforementioned indices. At first reassessment, mean 6MWD exceeded 380 m,
RAP declined to 6.7 mmHg and cardiac index increased to 3.13 L·min−1·m−2 (reflecting normalisation of
right ventricular function at rest), while BNP levels decreased from a median value of 372 ng·L−1 before
treatment to 62 ng·L−1 at 4 months. Reductions in PVR were significant with all treatment regimens and
exceeded 40%, consistent with the findings from other comparable studies [2]. Available evidence suggests
that PVR typically falls by about 30% on PAH-specific monotherapy, to 40–50% on dual therapy [26, 27],
and by almost 70% on triple therapy [16]. First-line dual oral combination therapy was also associated
with significant reductions in mPAP, which appeared greater than the modest reductions (typically 2–
5 mmHg) documented for single-agent therapy [28]. However, the maximum reduction of 11 mmHg in
mPAP observed after 4 months therapy with tadalafil plus ERA was not as great as the average >20 mmHg
reduction observed with initial triple therapy in a similar patient population [16].

In our study, patients receiving tadalafil appeared to exhibit a greater haemodynamic improvement than
those on sildenafil, irrespective of the concomitant ERA. This could be explained by the fact that all
patients on sildenafil were initiated on the approved dose of 20 mg three times daily. In the pivotal
randomised controlled trial of sildenafil versus placebo (SUPER-1), the change from baseline in PVR was
dose dependent, from −12% with the lowest dose of 20 mg three times daily to −28% with the highest
dose of 80 mg three times daily [29]. Interestingly, in the haemodynamic substudy of the randomised
controlled trial with tadalafil (PHIRST), the decrease from baseline in PVR was 25−30% in patients
receiving tadalafil 20 mg or 40 mg once daily [30]. This difference in haemodynamic effect may explain
our observations with respect to sildenafil and tadalafil treatment regimens.
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FIGURE 2 Actual and expected survival rates of patients with idiopathic pulmonary arterial hypertension
(PAH), heritable PAH and anorexigen-induced PAH following initial dual oral combination therapy with
endothelin receptor antagonist and phosphodiesterase type 5 inhibitor (n=74). The solid line denotes the
actual survival and dashed lines the 95% confidence interval. Circles denote the expected survival rates at 1,
2 and 3 years according to a survival prediction equation (commonly referred to as the French equation), as
previously described [18, 19]. Actual survival was 96% (95% CI 91−100%), 94% (95% CI 88−99%) and 84%
(95% CI 72−95%) at 1, 2 and 3 years, respectively. For comparison, predicted survival was 86% (95% CI 83
−88%), 75% (95% CI 71−79%) and 66% (95% CI 62−71%) at 1, 2 and 3 years, respectively.
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At referral, 82 patients were in NYHA FC III and IV. Within 4 months of treatment, 61 (74.4%) patients
were in NYHA FC I or II. These significant improvements occurred irrespective of the dual combination
therapy regimen, suggesting a class effect. Improvements in haemodynamic indices and, in turn, NYHA
FC are associated with a better prognosis and this is supported by our survival data, which showed that
patients on initial dual combination therapy had better survival prospects than would have been expected
based on the equation derived from the French Registry for newly diagnosed (incident idiopathic, heritable
and anorexigen-induced cases). There are, as yet, only a limited number of studies that have explored the
potential benefits of using first-line combination therapy as an alternative to sequential addition.
Nonetheless, the present study adds to a growing body of evidence to suggest that initial combination
therapy is a viable strategy for patients with PAH with potential to delay clinical worsening.

In BREATHE-2, a prospective, double-blind, placebo-controlled study that compared initial bosentan plus
epoprostenol versus epoprostenol alone in severe PAH, there was a trend (although nonsignificant)
towards greater improvement in haemodynamic parameters, exercise capacity and NYHA FC after
16 weeks’ combination treatment [31].

Data from the AMBITION trial provide more robust evidence of clinical benefit, albeit without any
supporting haemodynamic data. In this large-scale, prospective, double-blind study, treatment-naïve patients
with NYHA FC II and III PAH were randomised to either first-line combination therapy (ambrisentan and
tadalafil) or first-line monotherapy with ambrisentan or tadalafil. The primary end-point was the time to the
first clinical failure event, which included the time from randomisation to the first occurrence of death
(all-cause), hospitalisation for worsening PAH, disease progression or unsatisfactory long-term clinical
response. Results showed a significant difference between combination therapy and monotherapy (pooled
single-therapy arms) for the primary end-point (p<0.01), driven primarily by a 63% reduction in
hospitalisation for worsening PAH (p=0.0002). Overall, initial combination therapy reduced the risk of
clinical failure by 50% (p=0.0002). These improvements were achieved without compromising safety or
tolerability [17]. A small, single-centre haemodynamic substudy from the AMBITION trial showed that
initial combination therapy with ambrisentan and tadalafil was associated with larger improvements in
haemodynamics and exercise capacity compared with monotherapy [32].

These data are supported by results from a number of noncontrolled prospective and retrospective
analyses. A retrospective study of 23 subjects initiated on epoprostenol plus bosentan compared with
matched historical controls treated with epoprostenol alone showed that dual therapy with bosentan and
epoprostenol improved patients’ haemodynamics, NYHA FC, exercise capacity and clinical status over
4 months [26]. PVR was significantly improved in patients on dual therapy compared with patients on
epoprostenol alone (−48±17% versus −29±17%, respectively; p=0.0001). However, no statistically
significant difference was observed between treatment arms with respect to survival or transplant-free
survival. Results from a prospective, nonrandomised, observational study of 43 treatment-naïve subjects, in
which 26 received dual therapy with epoprostenol plus oral treatment (ERA (n=16), PDE5 (n=1) or both
ERA and PDE5 (n=9)), showed significantly greater haemodynamic improvement in the combination
group compared with epoprostenol alone (p=0.03) and a trend towards improved exercise capacity [33].
Results from a retrospective analysis of 77 patient records in Sweden between 2000 and 2011 showed that
initial combination therapy (n=13) was associated with significantly greater reductions in PVR (p=0.017)
and significantly improved cardiac index (p=0.04) [34]. A recent open-label study analysed the efficacy
and safety of initial combination therapy with ambrisentan and tadalafil in patients with PAH-CTD and
showed marked haemodynamic improvements with this strategy [27].

Although PAH remains an incurable disease, survival rates continue to improve. In 1986, median survival
for IPAH was only 2.8 years [35], whereas it now exceeds 7 years in the REVEAL (Registry to Evaluate
Early And Long-term PAH Disease Management) in the USA [36]. As we observed, patients initiated on
dual combination therapy have better survival prospects than would have been expected based on the
equation derived from the French Registry for newly diagnosed (incident cases). Nonetheless, our survival
rate of 83–84% at 3 years is below the 100% overall and 94% transplant-free survival rates observed for a
similar cohort of patients treated with initial triple therapy including i.v. prostacyclin [16]. This raises the
interesting question of whether patients with PAH, and especially those with severe haemodynamic
impairment (i.e. RAP >14 mmHg, cardiac index <2.0 L·min−1·m−2 or mixed venous oxygen saturation
<60%), should be started routinely on three therapies (including i.v. prostacyclin) rather than two oral
PAH-specific therapies, as recommended in the 2015 European Society of Cardiology/European
Respiratory Society pulmonary hypertension guidelines for patients considered to be at high risk of death
(i.e. estimated 1-year mortality >10%) [2, 3].

Our study has limitations requiring cautious interpretation of our findings. The study was retrospective in
design and was conducted in a heterogeneous population of group 1 pulmonary hypertension patients,
including those with IPAH, heritable PAH, anorexigen-induced PAH, PAH associated with CTD, congenital
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heart disease or HIV, and portopulmonary hypertension. Factors associated with these different aetiologies
could have had an impact on our observations. In addition, this study reflects physician treatment choices
across France, which has contributed to an imbalance with respect to treatment regimen, with a large
proportion of patients receiving initial dual therapy with bosentan and sildenafil. This imbalance may also be
due to the timescale of availability of the different drugs and the relative experience with their use.

In patients with PAH, the standard of care has been single-agent therapy with concomitant drugs added
sequentially when patients fail to meet pre-defined treatment goals. Results of this retrospective analysis of
initial dual oral combination therapy suggest that simultaneous initiation of combined ERA and PDE5
inhibitor therapy may offer benefits, especially in patients with severe haemodynamic impairment for
whom prognosis with standard regimens is still poor. All initial dual drug regimens were effective. The
combination of tadalafil with bosentan or ambrisentan seems to be associated with a greater haemodynamic
improvement than a sildenafil combination regimen when utilised at the recommended dose.
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