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Randomized study of adding tadalafil to existing
ambrisentan in pulmonary arterial hypertension

Yugang Zhuang1,3, Bojie Jiang1,3, Hui Gao2 and Wei Zhao1

This prospective, double-blinded, randomized controlled study aimed to investigate the efficacy and safety of oral tadalafil in

patients receiving background ambrisentan therapy. Current treatments for pulmonary arterial hypertension (PAH) remain

insufficient, resulting in high mortality rates. The addition of oral tadalafil, a phosphodiesterase-5 inhibitor, to background

ambrisentan may provide a safe and effective therapeutic strategy. A total of 124 patients who had been treated with

ambrisentan for at least 4 months and had a stable 6-min walking distance (6MWD) and World Health Organization (WHO)

functional class (FC) for at least 1 month were randomized to either the oral tadalafil or placebo group. Treatment differences

in 6MWD, changes in FC, clinical worsening (CW) and adverse events were analyzed after 16 weeks of treatment. At week 16,

the tadalafil group showed a significantly improved exercise capacity as assessed by the 6MWD (Po0.05). In addition, 5

(8.3%) patients receiving tadalafil add-on therapy had CW vs. 15 (23.4%) with placebo (Po0.05). No significant differences

were found in adverse events or changes in hemodynamic parameters between the placebo and tadalafil groups. Tadalafil 40mg

was well-tolerated as add-on therapy to background ambrisentan. However, the data from this study are insufficient to prove the

additional therapeutic benefits of tadalafil add-on therapy.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) remains a devastating chronic
and progressive disease, characterized by elevations in the mean
pulmonary arterial pressure and pulmonary vascular resistance
(PVR).1 The resulting increases in pulmonary arterial pressure and
PVR frequently lead to extensive impairment of right ventricular
function, eventually resulting in right heart failure and death.2 PAH
carries a grave prognosis, with a median survival of 2.8 years for
untreated patients.3 In the last decade, novel treatments have been
developed, studied and approved for use in patients with PAH,
including prostacyclins (epoprostenol, treprostinil and iloprost),
endothelin (ET) receptor antagonists (bosentan and ambrisentan)
and phosphodiesterase (PDE) inhibitors (sildenafil and tadalafil).
With these treatments, PAH patients have shown improvement in
symptoms and exercise tolerance. However, none of these treatments
provide a cure for PAH or have demonstrated optimal long-term
therapeutic outcomes.
ET-1 is a potent vasoconstrictor that has a key role in the

pathophysiology of PAH, binding to two distinct receptor isoforms
in the pulmonary vascular smooth muscle cells: ET-A and ET-B
receptors.4 ET-1 receptor antagonists approved for the treatment of
PAH include the nonselective ETA/ETB receptor antagonist bosentan
and the selective ETA receptor antagonist ambrisentan. Both agents

block ETA receptor-dependent vascular smooth muscle contraction,
whereas ambrisentan does not reduce ET-1-mediated nitric oxide
production or ETB receptor-mediated ET-1 clearance.5,6 In addition,
ambrisentan has fewer drug interactions and is related to only mild
adverse effects on the liver.7

The vascular endothelium and airway epithelium in the lung
produce nitric oxide, which can cause vasodilation by activating
guanylate cyclase and subsequent cyclic guanosine monophosphate-
dependent protein kinase G. It has been reported that patients with
PAH have increased expression of PDE-5, leading to reduced cyclic
guanosine monophosphate. Therefore, PDE-5 inhibitors provide
another treatment strategy for PAH. PDE-5 inhibitors preserve cyclic
guanosine monophosphate in the nitric oxide-cyclic guanosine
monophosphate-protein kinase G signaling pathway, resulting in
vasodilation. Both sildenafil and tadalafil have been approved for
the clinical treatment of PAH. However, the possible once-daily
dosing scheme because of its longer half-life of approximately 17–18h
makes tadalafil a more favorable option. On the basis of the
multifactorial pathophysiology that involves more than one signaling
pathway, using a combination of agents targeting different pathogenic
mechanisms may provide favorable clinical benefits.8

To date, a few trials of combination therapy have been completed
with mixed results.8–17 A recent clinical study in healthy volunteers
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showed that the combination of tadalafil and ambrisentan was
safe and well tolerated. In addition, no clinical pharmacokinetic
interactions or safety issues were reported.18 In this study, we assessed
the efficacy and safety of tadalafil or placebo in PAH patients receiving
ambrisentan therapy.

METHODS

Selection of patients
Between September 2011 and March 2013, 124 patients aged 18–70 years with

symptomatic PAH receiving ambrisentan for 4 months or more were enrolled.

All patients’ diagnoses were confirmed as either idiopathic/familial PAH or

PAH related to anorexigen use, connective tissue disease or repaired congenital

heart disease.

Study inclusion requirements included a resting mean pulmonary arterial

pressure (mPAP) X25mmHg, pulmonary wedge pressure p15mmHg and

PVR X3 Wood units. All enrolled patients had a 6-min walk distance

(6MWD) between 150 and 400m (6MWD stable for at least 1 month).

Patients with thromboembolic disease, untreated obstructive sleep apnea,

portal hypertension, chronic liver disease, renal insufficiency, left-sided or

unrepaired congenital heart disease, or substantial obstructive (forced expira-

tory volume in one second/forced vital capacityo50% predicted) or restrictive

(total lung capacity o60% predicted) lung disease were excluded. Enrolled

patients were also required to have a stable World Health Organization

(WHO) functional class (FC) for at least 1 month before study inclusion.

Patients were allowed to use concurrent anticoagulants, vasodilators, diuretics,

cardiac glycosides or supplemental oxygen. Patients taking prostanoids or

other PDE inhibitors were excluded. The protocol was approved by the ethics

committee of Shanghai Tenth People’s Hospital of Tongji University, and

written informed consent was obtained from all patients. This trial has been

registered with the Shanghai Municipal Public Health Bureau (‘tadalafil and

ambrisentan used in patients with PAH,’ no. SH2010-1065).

Study design
Eligible patients were allocated to add either tadalafil (40mg per day) or

placebo to existing therapy with oral ambrisentan (10mg per day) in this 16-

week double-blind study (Figure 1). The randomization was stratified for

baseline walking distance and type of PAH (idiopathic/familial and anorexigen

use vs. other types).

Outcome measures
Exercise capacity was evaluated by performing an unencouraged 6MWD at

baseline and repeating every 4 weeks until the last day of week 16. Symptom

improvements were also assessed by the WHO FC score at baseline and on the

last day of week 16. Clinical worsening (CW) was defined as the occurrence of

the following events: death, transplantation, arterial septostomy, hospitaliza-

tion due to worsening PAH, initiation of new therapy or worsening FC by

week 16. Hemodynamic parameters were measured by right heart catheteriza-

tion at baseline and study completion or exit.

Statistical analysis
All randomized patients receiving medications were analyzed for treatment

efficacy. The primary analysis for 6MWD was tested with a permutation test

on rank. For patients who died or had CW, the lowest rank was applied. For

patients who discontinued the study because of treatment-related adverse

events, no change in rank was assumed. For all other patients, the change from

baseline to the last observed valued was used to assign rank. The treatment

difference was also estimated using the analysis of covariance model with a

type II sum of squares including terms for randomization factors. Repeated-

measures analysis of variance was used to assess the change over time. The

hemodynamic parameters at baseline and at trial exit were compared using a

paired t-test. The frequency of patients who experienced CW, a change in FC

or adverse events was analyzed using Fisher’s exact test. A P-value o0.05 was

considered to be statistically significant.

RESULTS

Demographic data
A total of 124 patients were enrolled in this study. Of the 124 patients,
60 patients were randomized to the tadalafil group and 64 were
randomized to the placebo group (Figure 1). Patient demographic
data are described in Table 1. There were no significant differences
between the tadalafil and placebo groups in any demographic or
baseline characteristics. Most patients showed typical hemodynamic
parameters for moderate to advanced PAH. Eleven patients withdrew
from the study prematurely: six in the tadalafil group and five in the
placebo group. The hemodynamic profiles of the patients before they
began taking tadalafil or placebo are also listed. Overall, the
hemodynamic parameters of the patients in the tadalafil group at
baseline were slightly better; the mPAP value was slightly higher in the

293 patients with PAH initially assessed for eligibiligy

119 patients did not meet inclusion criteria

50 patients were ineligible due to 
exclusion criteria

124 patients were randomed and treated

60 patients were allocated to tadalafil group 60 patients were allocated to placebo group

54 patients completed study 59 patients completed study

6 patients discontinued
3 patients for toxicity
1 for worsening PAH
2 for non-compliant

5 patients discontinued
4 for worsening PAH
1 for irrelevant accidental death

Figure 1 Patient disposition: 293 patients entered the present trial and 124 were randomized to receive the allocated treatment. PAH, pulmonary arterial

hypertension.
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placebo group, while the cardiac output (CO) and PVR values were
similar.

Measure of efficacy
The hemodynamic parameters of the patients were measured at the
exit of the study and compared with the parameters collected at
baseline (Table 2). With oral administration of tadalafil, the mean
value of the maximal rate of reduction in mPAP was 14.2 for all

patients. When the effect of tadalafil on the mPAP was analyzed in
terms of PVR and CO, the mean values of the reduction in PVR and
the maximal rate of increase in CO were 26.7% and 15.8%,
respectively, for all the patients. Next, the maximal effect was
compared between the tadalafil and placebo groups. Although no
significance was found in the statistical analysis, the mPAP dropped
slightly more in patients taking tadalafil than in those taking placebo.
When the PVR and CO values were compared, there was a smaller
reduction in PVR in the placebo group and the CO was less improved
in the placebo group, explaining the small reduction in the mPAP.
Figure 2 presents the mean change from baseline in the 6MWD at

each visit for both the placebo and tadalafil groups. Although patients
taking the placebo showed slightly improved exercise capacity from
week 8, no statistically significant difference was found between the
exercise capacity at baseline and at week 16. This finding can be
expected from the study design because all the enrolled patients had
been on ambrisentan for at least 4 months and had had a
stable 6MWD for at least 1 month. As for the tadalafil group, patients
showed absolute improvement in 6MWD from week 4 compared
with baseline (not statistically significant), whereas the 6MWD was
significantly improved at weeks 8, 12 and 16 (Po0.05). Next, the
exercise capacity was compared between the two treatment groups.
Better exercise capacity was observed at all visits compared with
patients in the control group. However, patients taking tadalafil only
showed a significant increase in 6MWD at the trial exit (P¼ 0.042)

Table 1 Baseline characteristics of patients in the placebo and

tadalafil groups

Characteristics

Ambrisentanþ
placebo

n¼64

Ambrisentanþ
tadalafil

n¼60 P-value

Age (years) 0.367

Mean±s.d. 51±14 52±12

Range 18–68 19–70

Gender (n, %) 0.660

Female 52, 81.3% 46, 76.7%

Male 12, 18.8% 14, 23.3%

Etiology (n, %)

Idiopathic/familial 37, 57.8% 41, 68.3% 0.266

Anorexigen use 7, 10.9% 4, 6.7% 0.532

Connective tissue disease 15, 23.4% 13, 21.7% 0.833

Associated with an atrial septal defect 5, 7.8% 2, 3.3% 0.441

Duration of PAH (n, %)

0–2 years 24, 40.0% 23, 35.9% 1.000

2–4 years 19, 31.7% 21, 32.8% 0.718

Over 4 years 17, 28.3% 20, 31.3% 0.438

6MWD (mean±s.d.) 343±71 356±87 0.532

Borg dyspnea score 4±2 4±2 0.829

WHO FC (n, %)

Class I 0, 0 0, 0 1.000

Class II 35, 57.7% 36, 60.0% 0.589

Class III 27, 42.2% 21, 35.0% 0.463

Class IV 2, 3.1% 3, 5.0% 0.672

Pulmonary hemodynamics (mean±s.d.)

mPAP, mmHg 53±9 50±12 0.731

PVR, dynes s cm�5 843±423 837±389 0.495

CO, l min–1 4.3±1.2 4.8±1.7 0.549

Abbreviations: CO, cardiac output; FC, functional class; mPAP, mean pulmonary arterial
pressure; 6MWD, 6-min walking distance; PAH, pulmonary arterial hypertension; PVR,
pulmonary vascular resistance; WHO, World Health Organization.

Table 2 Change in hemodynamic parameters at study exit from baseline in the placebo and tadalafil groups

Ambrisentanþ placebo Ambrisentanþ tadalafil P-value (placebo vs. tadalafil)

Hemodynamic parameters (mean±s.d.) Baseline Exit Change (%) P-value Baseline Exit Change (%) P-value Baseline Exit

mPAP, mmHg 53±9 50±10 �5.7 0.153 50±12 43±8 �14.2 0.295 0.731 0.685

PVR, dynes s cm�5 843±423 735±375 �12.8 0.237 837±389 623±365 �26.7 0.332 0.495 0.229

CO, l min–1 4.3±1.2 4.6±1.6 þ7.0 0.201 4.8±1.7 5.4±2.1 þ12.51 0.368 0.549 0.427

Abbreviations: CO, cardiac output; mPAP, mean pulmonary arterial pressure; PVR, pulmonary vascular resistance.

Figure 2 The 6-min walk distance (6MWD) by visit (tadalafil 40mg and

placebo). Patients took the oral study drug once daily for 16 weeks and a

6-min walk test was performed at baseline and weeks 4, 8, 12 and 16.

Values are placebo-adjusted mean values and 95% confidence intervals are

presented. The values for each point are presented with variability in

brackets. *Po0.05 vs. baseline of tadalafil group, #Po0.05 vs. placebo

group at the same time point.
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when compared with the placebo group; these results may indicate
that patients in need of dual therapy may benefit from prolonged
tadalafil treatment in addition to background ambrisentan.
To obtain more information on the therapeutic effect of add-on

tadalafil, the changes in the 6MWD of the subgroups were separated
by predefined baseline characteristics. As shown in Table 3, no
significant differences were found in the demographic characteristics
of the patients. In patients with a baseline 6MWD o325m,
combination therapy with tadalafil and ambrisentan showed greater
efficacy compared with ambrisentan monotherapy, whereas no
significant difference was found between the tadalafil group and the
placebo group. The changes in 6MWD in patients in different FCs
were also investigated. Patients in FC I–II received greater therapeutic
benefit when tadalafil was administered as an add-on to background
ambrisentan therapy (not statistically significant). Although improve-
ments in exercise capacity were also found in patients in FC III–IV,
the improvement was not statistically significant compared with the
placebo group. Next, the change in exercise capacity was analyzed in
subgroups with different durations of PAH; the results indicated that
significant improvement was only observed in patients who had PAH
for o2 years.

The changes in FC are presented in Table 4, and the results were
analyzed using Fisher’s exact test. Although the results suggested a
greater numeric improvement in FC in the tadalafil group compared
with the placebo group, this improvement had no clinical significance
(P¼ 0.195).
The results of another clinical marker of efficacy, CW, are presented

in Table 5. Across the two treatment groups, the placebo and tadalafil
groups, numeric differences were found in the number of patients
who worsened during the trial. CW was found in 14 patients in the
placebo group and 5 patients in the tadalafil group, suggesting that
tadalafil add-on led to a significant delay in CW (P¼ 0.046).

Safety
There were no clinically significant changes in pulmonary function
tests, chest radiography or clinical laboratory parameters, including
blood chemistries, hematology and coagulation times, between
treatment groups. Tadalafil was generally well tolerated by patients,
with the most common adverse events being mild-to-moderate
headache, flushing and blurred vision. All reported adverse events
are listed in Table 6. No significant differences in treatment emergent

Table 3 Change in 6MWD at week 16 from baseline in different

subgroups separated by characteristics at trial entry

Subgroup

Ambrisentanþ
placebo, n¼64

Ambrisentanþ
tadalafil, n¼60 P-value

Baseline 6MWD p325m n¼21 n¼25

Median (95% CI) 16.0 (�3.2 to 42.5) 65.3 (32.3 to 99.7) 0.202

Baseline 6MWD 4325m n¼43 n¼35

Median (95% CI) 19.2 (�10.9 to 55.2) 23.5 (10.2 to 39.8) 0.325

Baseline WHO FC I–II n¼35 n¼36

Median (95% CI) 13.9 (�4.7 to 43.9) 45.4 (22.3 to 69.8) 0.338

Baseline WHO FC III–IV n¼29 n¼24

Median (95% CI) 13.7 (�8.7 to 47.3) 33.8 (10.9 to 57.5) 0.136

Duration of PAH

0–2 years n¼24 n¼23 0.535

Median (95% CI) 13.2 (�9.3 to 53.6) 45.9 (26.3 to 87.2)

2–4 years n¼19 n¼21 0.330

Median (95% CI) 12.9 (�11.4 to 56.7) 31.2 (3.2 to 64.9)

Over 4 years n¼17 n¼20 0.265

Median (95% CI) 28.3 (�3.9 to 72.7) 25.7 (�4.9 to 49.5)

Abbreviations: CI, confidence interval; FC, functional class; 6MWD, 6-min walking distance;
PAH, pulmonary arterial hypertension.

Table 4 Change from baseline to week 16 in WHO FC in the placebo

and tadalafil groups

WHO FC status

Ambrisentanþ
placebo, n¼64

Ambrisentanþ
tadalafil, n¼60 P-value

Worsened (n, %) 12, 18.8% 5, 8.3% 0.119

No change (n, %) 32, 50.0% 29, 48.3% 0.498

Improved (n, %) 20, 31.3% 26, 43.3% 0.195

1 Class 18, 28.1% 23, 38.3% 0.256

2 Class 2, 3.1% 3, 5.0% 0.673

Abbreviations: FC, functional class; WHO, World Health Organization.

Table 5 Incidence of clinical worsening in the placebo and tadalafil

groups

Ambrisentanþ
placebo, n¼64

Ambrisentanþ
tadalafil, n¼60 P-value

Clinical worsening (n, %) 14, 21.9% 5, 8.3% 0.046

WHO FC worsening 12, 18.8% 5, 8.3% 0.119

Hospitalization 2, 3.1% 0, 0 0.497

Initiation of new therapy 2, 3.1% 0, 0 0.497

Death 1, 1.6% 0, 0 1.000

Abbreviations: FC, functional class; WHO, World Health Organization.

Table 6 Incidence of treatment emergent adverse events in the

placebo and tadalafil groups

Ambrisentanþplacebo Ambrisentanþ tadalafil

n¼64 n¼60 P-value

Headache, n 13 36 0.631

Dizziness, n 3 3 1.000

Dyspepsia, n 4 5 0.738

Diarrhea, n 6 4 0.745

Flushing, n 2 5 0.262

Nausea, n 2 3 0.673

Myalgia, n 3 6 0.313

Papitations, n 5 1 0.209

Back pain, n 4 2 0.681

Pain in extremity, n 4 4 1.000

Chest pain, n 1 5 0.106

Arthralgia, n 3 2 1.000

Cough, n 2 4 0.429

Dyspnea, n 3 2 1.000

Epitaxis, n 1 2 1.610

Fatigue, n 2 1 1.000

Nasal congestion, n 4 1 0.366
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adverse events or the overall incidence of adverse events were
observed. Headache was the most common adverse event in both
groups and the majority of headaches were tolerated. Three patients
in the tadalafil group dropped out due to toxicity; two patients with
migraine histories dropped out due to headache and one patient
withdrew due to hypotension and a syncopal episode. In total, there
was a similar proportion of adverse events reported, although slightly
fewer serious adverse events were reported in the placebo group than
in the tadalafil group, which could be the expected result for a more
complex therapeutic strategy.

DISCUSSION

Evidence-based guidelines recommend starting treatment in patients
with newly diagnosed PAH with monotherapy.19,20 The American
College of Cardiology, the American Heart Association and the
European Society of Cardiology recommend using sildenafil,
ambrisentan or bosentan as first-line treatments for patients with
WHO FC III.21 Combination therapy is recommended as second-line
treatment for those patients who do not respond to the initial
treatment or those who improve initially with monotherapy without
sustained long-term therapeutic success. In addition, patients with a
6MWD of o380m, signs of right-sided heart failure and persistent
FC III or IV symptoms unresponsive to single-agent therapy can also
benefit from combination therapy.22,23

Currently, combination therapy with bosentan and a PDE-5
inhibitor (sildenafil or tadalafil) is the most widely used combination
therapy.24,25 The co-administration of bosentan and tadalafil was well
tolerated. However, prolonged use of bosentan reportedly induces the
expression of CYP3A4 and CYP2C9, while tadalafil is metabolized by
CYP3A4.26 Therefore, possible pharmacokinetic interactions between
the two agents may compromise the therapeutic benefit. Wrishiko’s
study showed that tadalafil exposure was reduced by 41.5% after 10
days of the co-administration of bosentan, whereas no clinically
relevant difference (o20%) in bosentan exposure was found.
Ambrisentan is a selective ET-A antagonist with clinical effects
similar to those of bosentan and without any influence on CYP3A4
(ambrisentan itself is a substrate of CYP3A4 and CYP2C9).27 This has
led to interest in the clinical application of ambrisentan and tadalafil
as combination therapy.
In addition, a recent study by Liang et al.25 showed that

ambrisentan and tadalafil synergistically relaxed the ET-constricted
pulmonary arteries. However, no clinical data regarding the use of the
combination therapy of ambrisentan and tadalafil have been reported.
To date, this study is the largest randomized, double-blind, placebo-
controlled trial where the safety and efficacy of tadalafil as an add-on
to background ambrisentan were evaluated. This study contributed to
a better understanding of the combination therapy of these two drugs.
Moreover, efficacy analyses of patients in the subgroups separated by
baseline parameters may help characterize the best candidates for
combination therapy with ambrisentan and tadalafil.
In the one other placebo-controlled combined therapy trial that

reported the use of tadalafil as an add-on to another ET-1 antagonist,
bosentan, Barst et al.20 randomized PAH patients treated with
background bosentan to receive tadalafil (20 or 40mg) or placebo.
Improvements in exercise capacity, FC and CW were observed in the
tadalafil 40-mg group. However, the improvements were not
supported by statistical analyses. No significant increase in adverse
events was found, confirming the safety of the combination therapy.
As the first placebo-controlled study to evaluate the efficacy and safety
of tadalafil as an add-on therapy to a background ET-1 antagonist,

their data were not sufficient to conclude the presence of additional
therapeutic benefit.
In this study, 124 patients with confirmed PAH who had received

background ambrisentan for at least 4 months were randomized to
receive oral tadalafil (40mg) or placebo. The patients who received
the dual therapy showed improvement in the 6MWD and fewer cases
of CW (Po0.05 vs. placebo). FC was improved in 43.3% of patients
in the tadalafil group and 31.3% of placebo patients; however, this
difference was not statistically significant (Po0.05). Consistent with
these clinical benefits, patients taking oral tadalafil also showed
improved cardiopulmonary hemodynamics including PAP, PVR and
CO, although these parameters were not significantly improved
compared with the placebo group. A previous study demonstrated
that tadalafil and ambrisentan were well tolerated and safe. No
concerns about pharmacokinetic interactions have been raised.18

Consistent with previous studies, this study also showed that the
combination therapy appeared safe and well tolerated; most adverse
events were mild to moderate. Overall, patients may benefit from
add-on tadalafil for improving exercise capacity and delaying disease
progression.
In this study, all patients had been on ambrisentan for at least 4

months and had a stable 6MWD and FC for at least 1 month before
enrollment. Therefore, by comparing the data from the combined
therapy group with the placebo group, the additional efficacy benefit
of tadalafil could be found. However, whether 1 month of
stable 6MWD and FC is sufficient to define the stability of the
patient remains unresolved.
Although ambrisentan and tadalafil showed synergistic effects in

relaxing ET-contracted pulmonary rings in an animal experiment,25

our present study could not determine whether tadalafil offers additive
or synergistic effects to background ambrisentan because of the lack of
the third arm in which tadalafil replaces ambrisentan rather than is
added to it. Owing to the chronic inhibitory effect of ambrisentan on
disease activity (for example, through pulmonary artery remodeling),
ambrisentan therapy itself may lead to improvements in efficacy,
which will interfere with the data interpretation. In current clinical
practice, tadalafil tends to be added in patients who have failed or did
not receive sufficient therapeutic benefit from standard therapy, rather
than as a replacement. Nevertheless, the formal evaluation of the
withdrawal of ambrisentan at the time of the initiation of tadalafil may
have important clinical implications and will help to further evaluate
the necessity of combination therapy, which should be considered in
designing further studies.
In addition to the limitations imposed by the selection of study

patients and the study design, a number of questions remain unclear:
it is unknown whether combination therapy could provide long-term
therapeutic benefits, and it is unknown whether similar benefits could
be achieved in the case of the concurrent initiation of the two drugs in
treatment-naive subjects because the findings of this study are related
to the ‘sequential’ addition of tadalafil to patients who were already
being treated with ambrisentan.
On the basis of our results overall, tadalafil 40mg daily appears to

be well tolerated and safe when added to background ambrisentan.
Combined therapy significantly improved the exercise capacity and
CW, although no significant differences in hemodynamic parameters
were observed. However, owing to limitations of this study, the data
from this study are insufficient to conclude the superiority of
combination therapy over monotherapy. Large-scale and long-term
studies with more strict patient selection criteria are needed to fully
evaluate the therapeutic efficacy of the combination of tadalafil and
ambrisentan.
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