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CONCLUSIONS: Initial combination therapy with ambrisentan and tadalafil was found to reduce the risk
of PAH-related hospitalization by 63% compared with pooled monotherapy.
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Pulmonary arterial hypertension (PAH) is a severe con-
dition associated with high rates of mortality and hospitali-
zation.'” Management strategies for PAH have evolved,
moving from monotherapy to sequential combination ther-
apy in case of inadequate clinical response.”” More
recently, clinical experience showed favorable trends for
initial combination therapy over monotherapy in uncon-
trolled or small controlled studies.”” ® Such a strategy is
supported by the potential benefit of targeting multiple
pathways at the same time.”'”

Initial combination therapy, compared with initial
monotherapy, was studied with ambrisentan, an endothe-
lin type A receptor antagonist, and tadalafil, a phospho-
diesterase-5 inhibitor, in the phase 3/4, randomized,
double-blind, multicenter, active-controlled, event-driven
AMBITION study (NCT01178073)."" As reported in the
primary publication,' initial combination therapy was
associated with a 50% reduction in the risk of clinical
failure (first occurrence of all-cause death, hospitaliza-
tion for worsening PAH, disease progression, or unsatis-
factory long-term clinical response) vs monotherapy
(hazard ratio [HR] 0.502, 95% confidence interval [CI]
0.348 to 0.724, p=0.0002). These results were driven
by a reduction in PAH-related hospitalization as a first
event in the combination arm. A post-hoc analysis
included in the primary publication showed no statisti-
cally significant difference between the treatment groups
in rates of first all-cause hospitalization; this analysis
included hospitalizations for worsening PAH and serious
adverse events (SAEs) leading to hospitalizations (not
necessarily related to PAH)."'

Hospitalizations are recognized as important end-
points in chronic heart failure and PAH trials.'””'*
Therefore, the objective of this exploratory analysis of
the AMBITION study was to further assess both the
PAH-related hospitalization component of the pre-spec-
ified primary end-point and SAEs leading to hospitali-
zation. Specifically, the effect of initial combination
therapy with ambrisentan and tadalafil on PAH-related
hospitalization was further explored, including post-hoc
analysis within patient subgroups and post-hoc covari-
ate analysis of factors potentially associated with an
increased risk of PAH-related hospitalization. To
expand on the data reported in the primary publication,
we also present the incidence rates of all SAEs leading
to hospitalization, irrespective of cause, as well as the
most common investigator-reported causes (post-hoc
summaries).

Methods
Study design

The design of the AMBITION study has been described previ-
ously.'' Patients were stratified by PAH etiology (idiopathic or
heritable vs non-idiopathic) and World Health Organization func-
tional class (WHO FC II vs III) and randomized 2:1:1 to receive
combination therapy with ambrisentan and tadalafil, monotherapy
with ambrisentan, or monotherapy with tadalafil. Ambrisentan
was up-titrated from 5 to 10 mg at Week 8, and tadalafil was
up-titrated from 20 to 40 mg at Week 4. All doses were adminis-
tered once daily. Efficacy and safety were assessed at screening;
randomization; Weeks 4, 8, 16, and 24, then subsequently every
12 weeks; and at the final assessment and end-of-study visits. At
the investigator’s discretion, patients who had a clinical failure
event and remained in the study could (in a blinded fashion) dis-
continue their assigned monotherapy and start combination ther-
apy (ambrisentan and tadalafil) or they could discontinue their
assigned treatment (monotherapy or combination therapy) and
start prostanoid or any other locally available therapy.

Patients

Eligible patients were PAH treatment-naive adults (18 to 75 years
old) with WHO FC II or III symptoms; a diagnosis of idiopathic,
heritable, or non-idiopathic PAH; and mean pulmonary arterial
pressure >25 mm Hg.'' All patients provided written informed
consent to participate in thw atusy.

Assessments

All reported clinical failure events were adjudicated by an indepen-
dent clinical end-point committee that was blinded to treatment
assignment and investigator. Hospitalization for worsening PAH
(i.e., PAH-related hospitalization) was a component of the compos-
ite primary end-point of time from randomization to first clinical
failure event. PAH-related hospitalization was defined as any hospi-
talization for worsening PAH, lung or heart/lung transplant, atrial
septostomy, or initiation of parenteral prostanoid therapy. Worsen-
ing PAH was defined as worsening breathlessness, fluid retention,
angina, or syncope supported by evidence from physical examina-
tion, routine blood tests, electrocardiogram, and chest radiography;
deterioration in exercise performance requiring urgent investigation
and treatment; or disease progression (>15% decrease from baseline
in 6-minute walk distance combined with WHO FC III or IV symp-
toms at 2 consecutive post-baseline clinic visits separated by >14
days). Time to first hospitalization for worsening PAH was a pre-
specified supportive analysis of the primary end-point. Data for
length of hospital stay were not collected.
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Herein we report SAEs requiring hospitalization or prolonga-
tion of existing hospitalization, summarized by system organ class
and preferred term. SAEs that occurred >30 days after the last
dose of study drug and, for this analysis, those that occurred after
a clinical failure event and while the patient was on blinded com-
bination therapy, were not included. SAEs were reviewed by the
chair of the clinical end-point committee and, if there was suspi-
cion of a hospitalization being PAH-related, a dossier was pre-
pared and adjudicated by the full clinical end-point committee.

As PAH-related hospitalizations constituting a primary end-
point event were reported independently of SAE hospitalizations,
there may be overlap in the numbers reported between the two. A
PAH-related hospitalization, as a component of the composite pri-
mary end-point, was not necessarily an SAE hospitalization. Simi-
larly, an SAE hospitalization was not necessarily a primary end-
point event (e.g., due to adjudication); also, multiple SAEs may
have contributed to a single hospitalization.

Statistical analyses

The primary efficacy comparison was between combination therapy
and pooled monotherapy. Comparisons between combination ther-
apy and individual monotherapies were performed only if the pri-
mary comparison was statistically significant. The analyses herein
were performed on the primary analysis data set, which is the same
as that used in the primary publication. Results for the modified
intention-to-treat population are summarized in the Supplementary
Material (available online at www jhltonline.org/). The pre-speci-
fied time to first hospitalization for worsening PAH treatment differ-
ence was tested using the stratified log-rank test, adjusted for
etiology of PAH (idiopathic/heritable PAH vs non-idiopathic PAH)
and WHO FC (II vs III). A Cox proportional hazards regression
model was used to calculate the HR and 95% CI. Treatment differ-
ences over time were analyzed using the Kaplan—Meier method.
Post-hoc analyses were conducted by patient subgroups based on
etiology of PAH (idiopathic/heritable vs non-idiopathic), baseline
WHO FC (II vs III), median baseline 6-minute walk distance
(<363.7 vs >363.7 m), geographic region (North America vs rest of
world), sex, and median baseline age (<57 vs >57 years).

A post-hoc Cox proportional hazards covariate analysis of time
to first hospitalization for worsening PAH considered the follow-
ing variables for inclusion in the final model: treatment (combina-
tion vs pooled monotherapy); region (North America vs rest of
world); sex; age; baseline 6-minute walk distance; baseline car-
diac output; baseline right atrial pressure; baseline pulmonary
vascular resistance; and log-transformed baseline N-terminal
pro-brain natriuretic peptide (NT-proBNP)—all either below or
above the median, using a backward elimination procedure. The
stratification variables (PAH etiology and WHO FC, as just
defined) were also included as covariates to investigate the signifi-
cance of the (2-way) interactions effect between treatment and the
2 stratification variables, using a significance level of 10%. HRs
and 95% ClIs were calculated from the Cox proportional-hazards
model. For censored patients, time was calculated as number of
days from randomization to the final assessment visit.

Results

Patients

Of 500 patients in the primary analysis set, 253 received
combination therapy with ambrisentan and tadalafil, and 247

received monotherapy with either drug. Of note, approxi-
mately twice as many patients were subsequently treated
with combination therapy in the pooled monotherapy arm
compared with the combination therapy arm (60 [24%] vs
28 [11%]). Baseline characteristics were similar between
groups.'’

Total exposure to therapy was 408 patient-years for
those who received combination therapy and 382 patient-
years for those who received monotherapy.

PAH-related hospitalization

Pre-specified analysis. As reported previously,'' initial
combination therapy was associated with a statistically
significant 63% reduction in the risk of hospitalization
for worsening PAH, compared with pooled monotherapy,
from randomization to the final assessment visit
(Figure 1). PAH-related hospitalizations from randomi-
zation through final assessment visit were reported in 19
(8%) patients in the combination therapy arm and 44
(18%) patients in the pooled monotherapy arm (HR
0.372, 95% CI1 0.217 to 0.639, p =0.0002). The compari-
sons with the ambrisentan monotherapy group (HR
0.323, 95% CI 0.179 to 0.583, log rank p < 0.0001) and
the tadalafil monotherapy group (HR 0.442, 95% CI
0.229 to 0.853, log rank p=0.0124) were also statisti-
cally significant. Pre-specified analysis of PAH-related
hospitalization from randomization through end of study
showed similar findings (Table 1).

The pre-specified Kaplan—Meier probabilities of a
patient having a PAH hospitalization by 1 year were
2.1% for combination therapy and 14.3% for pooled
monotherapy. Therefore, for every 9 patients (1/[0.143 to
0.021] = 8.2 patients, rounded up to 9) treated with com-
bination therapy vs monotherapy, 1 PAH-related hospi-
talization could be prevented over the course of 1 year.

Post-hoc summary. Nineteen (8%) patients had a PAH-
related hospitalization in the combination therapy group, and
5 (2%) had >1 PAH-related hospitalization (Table 2). Forty-
four (18%) patients had a PAH-related hospitalization in the
pooled monotherapy group, and 9 (4%) had >1 PAH-related
hospitalization. Hospitalization for initiation of parenteral
prostanoids and other hospitalization for worsening PAH
were the most common reasons for PAH-related hospitaliza-
tion. The rate of hospitalizations for worsening PAH per 100
patient-years was 4.7 with combination therapy and 11.5 in
the pooled monotherapy group (Table 2). The corresponding
rates of all-cause hospitalization, which were calculated post
hoc using information from both the SAE and adjudicated
event databases and included in the primary publication’s
supplementary appendix,’' were numerically lower on com-
bination therapy (30 events per 100 patient-years) compared
with pooled monotherapy (37 events per 100 patient-years),
although this was not significantly different.

Post-hoc analysis revealed that 5 of 253 (2%) patients in
the combination group had hospitalizations for PAH wors-
ening during the first year of treatment, compared with 31
of 247 (13%) in the pooled monotherapy group (Figure 2).
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Figure 1

Kaplan—Meier plot of time to first hospitalization for worsening PAH with combination therapy vs pooled monotherapy (from

randomization to the final assessment visit). CI, confidence interval; HR, hazard ratio; PAH, pulmonary arterial hypertension.

Post-hoc subgroup and covariate analyses

The risk of hospitalization for worsening PAH was lower
with combination therapy vs pooled monotherapy in all
subgroups analyzed (Figure 3). Among patients with WHO
FC II symptoms at baseline, no PAH-related hospitalization
occurred with combination therapy, whereas 11 (14%)
patients in the pooled monotherapy group had a PAH-
related hospitalization.

Factors associated with an increased risk of hospitali-
zation for worsening PAH were: being in the pooled
monotherapy group; a lower baseline 6-minute walk dis-
tance (< median=363.7 meters); and higher baseline
NT-proBNP level (log-transformed value > median
value of 6.912 ng/liter) (Table 3).

Post-hoc serious adverse events leading to
hospitalization

The most common (>3%) SAEs leading to hospitalization,
regardless of cause, are summarized by treatment group in

Table 1

Table 4. The leading causes were pneumonia and worsening
of PAH (each reported by 4% of patients) in the combination
therapy arm, worsening of PAH (8%) and pneumonia (6%)
in the ambrisentan monotherapy arm, and worsening of PAH
(7%) and syncope (4%) in the tadalafil monotherapy arm.

Modified intention-to-treat population

Results for the modified intention-to-treat population were
similar to those of the primary analysis set (see Tables S1
to S4 in the Supplementary Material online).

Discussion

This exploratory analysis of the AMBITION study has
shown that initial combination therapy with ambrisentan
and tadalafil reduced the risk of PAH-related hospitaliza-
tion compared with monotherapy with either drug. From
post-hoc analyses, the benefit of combination therapy in
reducing the risk of PAH-related hospitalization vs pooled
monotherapy was observed across all subgroups analyzed,

Summary of First PAH-related Hospitalization from Randomization to End of Study

Combination therapy (N =253)

Pooled monotherapy (N=247)

Number (%) of patients with first PAH-related hospitalization
KM probability of event at 1 year (% [95% CI])

Hazard ratio (95% CI)

p-value

20 (8%)
2.07 (0.86 to 4.91)

48 (19%)
14.54 (10.55 to 19.86)
0.363 (0.215 t0 0.611)
<0.0001

(I, confidence interval; KM, Kaplan—Meier; PAH, pulmonary arterial hypertension.
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Table 2  Summary of Hospitalizations for Worsening PAH by Type (from Randomization to Final Assessment Visit), and Hospitalization
Rate Adjusted for Exposure

Combination therapy (N =253) Pooled monotherapy (N =247)

Patients with >1 hospitalization for worsening PAH 19 (8%) 44 (18%)
Reason for first hospitalization for worsening PAH

Initiation of parenteral prostanoids 10 15

Atrial septostomy 0 1

Other hospitalization for worsening PAH 9 28

Post-hoc summaries
Number (%) of patients with:

0 hospitalization for worsening PAH 234 (92%) 203 (82%)
1 hospitalization for worsening PAH 14 (6%) 35 (14%)
>1 hospitalization for worsening PAH 5 (2%) 9 (4%)
Total exposure (patient-years) 408 382
Rate of hospitalization for worsening PAH per 100 patient-years 4.7 11.5

Data expressed as number (%) or as number. PAH, pulmonary arterial hypertension.

A Time to First PAH Hospitalization
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A Pooled monotherapy (n=247)
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Figure 2 Scatterplot of time to occurrence of first PAH hospitalization during (A) the entire study period (A) and the first year (B).
IP, investigational product; PAH, pulmonary arterial hypertension; PVOD, pulmonary veno-occlusive disease.
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Subarou No_. of Combination Pooled Hazard Ratio (95% CI)
SUDAIOUR - otients  therapy  monotherapy
Patients with events/total patients (%)

Overall 500 19/253 (8%) 44/247 (18%) ———i 0.372 (0.217, 0.639)
Etiology

IPAH/HPAH 279 11/134 (8%) 26/145 (18%) ——— 0.426 (0.210, 0.862)

APAH 221 8/119 (7%) 18/102 (18%) ® : 0.316 (0.137, 0.729)
Baseline WHO FC !

WHO FC Il 155 0/76 11/79 (14%) : N/A

WHO FC Il 345 19/177 (11%) 33/168 (20%) —_— 0.484 (0.275, 0.852)
Baseline 6MWD :

<363.7 m 250 14/129 (11%) 32/121 (26%) e E 0.348 (0.185, 0.652)

>363.7 m 250 5/124 (4%) 12/126 (10%) ° E 0.395 (0.139, 1.123)
Region '

North America 228 9/116 (8%) 22/112 (20%) g ' 0.317 (0.146, 0.691)

Rest of World 272 10/137 (7%) 22/135 (16%) ® : 0.442 (0.209, 0.935)
Sex :

Female 388 13/188 (7%) 36/200 (18%) —— : 0.337 (0.179, 0.636)

Male 112 6/65 (9%) 8/47 (17%) ° : 0.531 (0.183, 1.537)
Age :

<57 years 244 9/124 (7%) 20/120 (17%) o : 0.404 (0.184, 0.890)

>57 years 256 10/129 (8%) 24/127 (19%) ° ; 0.355 (0.170, 0.743)

0.1 025 0.5 1 2 4
favors combination favors monotherapy
G ——
Figure 3 Forest plot of time to first hospitalization for worsening PAH with combination therapy vs pooled monotherapy by pre-defined

subgroup (from randomization to the final assessment visit). 6 MWD, 6-minute walk distance; APAH, associated pulmonary arterial hyper-
tension; CI, confidence interval; FC, functional class; IPAH/HPAH, idiopathic pulmonary arterial hypertension/heritable pulmonary arterial

hypertension; WHO, World Health Organization.

including those based on PAH etiology, baseline WHO
FC, baseline 6-minute walk distance, geographic region,
sex, and baseline age. Repeated PAH-related hospitaliza-
tion was uncommon, possibly due to escalation of therapy
after the first hospitalization. Factors identified in post-
hoc analysis as conferring an increased risk of PAH-
related hospitalization, in addition to pooled monotherapy,
were lower baseline 6-minute walk distance and higher
baseline NT-proBNP level, consistent with previous anal-
yses showing similar associations between these parame-
ters and survival.'>'® A summary of SAEs leading
to hospitalization showed lower rates in the initial combi-
nation therapy and ambrisentan monotherapy groups

Table 3
Visit)

(34% and 33%, respectively) compared with the tadalafil
monotherapy group (40%).

The current analysis adds to a limited number of
event-driven, randomized, controlled trials providing
data on hospitalization in patients with PAH. Our find-
ings are consistent with those of the SERAPHIN and
GRIPHON studies, which showed a benefit of sequen-
tial combination therapy.”'’ In contrast, the COM-
PASS 2 study did not show a benefit of sequential
combination therapy'®; this may be explained, in part,
by the study design, which included a long recruitment
time and likely a low power to detect a difference
between groups.'’

Post-hoc Covariate® Analysis of Time to First Hospitalization for Worsening PAH (from Randomization to Final Assessment

Variable included in final model

Hazard ratio 95% (I

Treatment (combination vs pooled monotherapy)
Baseline 6MWD > vs < median (363.7 m)

Baseline NT-proBNP (log-transformed) > vs < median (6.912 ng/liter)

0.323 0.183 t0 0.568
0.385 0.209 to 0.711
3.216 1.701 to 6.079

6MWD, 6-minute walk distance; CI, confidence interval; NT-proBNP, N-terminal pro-brain natriuretic peptide; PAH, pulmonary arterial hypertension.

“Covariate dichotomized by median.
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Table 4
ment) (from Randomization to Final Assessment Visit)

Post-hoc Summary of Serious Adverse Events Leading to Hospitalization Regardless of Cause (>3% on Any Randomized Treat-

Combination therapy Ambrisentan monotherapy Tadalafil monotherapy
SAE by system organ class preferred term (n=253) (n=126) (n=121)
Patients with any SAE leading to hospitalization 87 (34%) 41 (33%) 48 (40%)
Respiratory, thoracic, or mediastinal disorders 34 (13%) 18 (14%) 17 (14%)
Pulmonary hypertension® 11 (4%) 10 (8%) 9 (7%)
Dyspnea 8 (3%) 2 (2%) 3 (2%)
Infections and infestations 28 (11%) 14 (11%) 16 (13%)
Pneumonia 11 (4%) 7 (6%) 4 (3%)
Cardiac disorders 13 (5%) 7 (6%) 9 (7%)
Cardiac failure 2 (<1%) 4 (3%) 1 (<1%)
Nervous system disorders 7 (3%) 8 (6%) 9 (7%)
Syncope 6 (2%) 3 (2%) 5 (4%)
Blood and lymphatic system disorders 7 (3%) 1 (<1%) 5 (4%)
Anemia 4 (2%) 1 (<1%) 4 (3%)

Data expressed as number (%). SAE, serious adverse event.

“In each case, the investigator reported the events using additional text not captured in the preferred term, describing this as worsening of pulmonary
hypertension. However, an adverse event report of worsening pulmonary hypertension does not necessarily become a primary end-point event,

which had specific criteria (see text for details).

Hospitalization for worsening PAH is common in clini-
cal practice® and associated with poor survival. In the
REVEAL registry, in-hospital mortality among newly diag-
nosed PAH patients was almost 4-fold greater than non—
PAH-related hospitalizations”' and 3-year post-discharge
survival after first hospitalization was significantly lower
for PAH-related vs non-PAH-related hospitalizations. The
economic burden is substantial, with initial hospitalizations
among commercially insured patients costing $46,070 and
average re-admissions costing $73,066 when PAH was the
principal diagnosis.”’ The observed incidence of PAH-
related hospitalization, and its associated costs and mortal-
ity, together with the lack of correlation between changes
in other parameters (e.g., 6-minute walk distance, cardio-
pulmonary hemodynamics) and clinical events,”**” under-
scores the importance of this end-point in clinical trial
designs. The cost associated with hospitalization is lower,
albeit still considerable, when the principal diagnosis is
something other than PAH ($43,569 for initial hospitaliza-
tions, $41,438 for average re-admissions).zo

The fact that rates of all-cause hospitalizations in the
AMBITION study were approximately 2- to 4-fold greater
than rates of PAH-related hospitalization is an important
finding. In addition, there was no statistically significant
difference between initial combination therapy and com-
bined monotherapy in this post-hoc analysis. As AMBI-
TION is the first study to assess the effects of initial oral
combination therapy on outcome, there are no data avail-
able to put this observation into perspective. In the predom-
inantly sequential approach assessed in the SERAPHIN
study, the rate of all-cause hospitalizations was significantly
reduced in the group receiving macitentan 10 mg.” How-
ever, this effect was mainly achieved by a reduction in
PAH-related hospitalizations. These findings illustrate that
patients with PAH present a high rate of non—PAH-related
hospitalizations that have not been fully -elucidated.

It remains unknown whether treatment strategies for PAH
have an impact on all-cause hospitalization and this could
be addressed specifically in future studies.

An interesting finding in the current analysis is that 13% of
patients in the pooled monotherapy group had PAH-related
hospitalizations during the first year of treatment, compared
with 2% of patients in the combination group. This finding,
combined with FC II patients on combination therapy not
experiencing a single hospitalization for worsening PAH dur-
ing the study, suggests that the earlier a patient receives com-
bination therapy in the disease process, the lower the risk of
PAH-related hospitalization. According to the number needed
to treat analysis, it is estimated that, for every 9 patients
treated with combination vs monotherapy, 1 PAH-related hos-
pitalization could be prevented over the course of 1 year.

European Union treatment guidelines for PAH (2015) rec-
ommend the use of initial monotherapy or initial combina-
tion therapy with equal weight for patients who are FC II or
I1I.° The rationale for initial combination therapy to improve
long-term outcomes is based on the fact that PAH is a multi-
pathway disease. Previous studies using this approach were
limited by their small samples sizes” ® and/or lack of a pro-
spective control group.”” In this study, among patients who
had a PAH-related hospitalization, about one third (9 combi-
nation therapy, 14 monotherapy) did not experience this as
the first clinical failure event. Thus, these patients may have
been receiving a treatment different from their randomized
therapy at the time of the PAH-related hospitalization. Coun-
try and center variations in terms of the threshold for hospital
admission and the use of parenteral therapy may also have
influenced the results. Whether any of the PAH-related hos-
pitalizations due to initiation of parenteral prostanoid therapy
were elective rather than emergent is unknown as data were
not collected to address this in the AMBITION study.

In conclusion, in the AMBITION study, initial combina-
tion therapy with ambrisentan and tadalafil reduced the risk
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of hospitalization for worsening PAH by 63% compared with
pooled monotherapy, although the differences observed were
not statistically significant in the post-hoc analysis of the rate
of all-cause hospitalization between groups. Hospitalizations
were mainly due to initiation of prostacyclin therapy and
worsening of PAH. Post-hoc subgroup analysis suggested
that the benefit was similar across the spectrum of PAH, irre-
spective of etiology of PAH, baseline WHO FC, baseline 6-
minute walk distance, geographic region, sex, and baseline
age. Post-hoc analysis also showed that pooled monotherapy,
lower baseline 6-minute walk distance, and higher baseline
NT-proBNP level were associated with an overall greater
risk of hospitalization for worsening PAH.
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