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Abstract

This study evaluated the efficacy and safety of tadalafil in pediatric patients with pulmonary arterial hypertension. This phase-3,
international, randomized, multicenter (24 weeks double-blind placebo-controlled period; two-year, open-labeled
extension period), add-on (patient’s current endothelin receptor antagonist therapy) study included pediatric patients aged
<18 years with pulmonary arterial hypertension. Patients received tadalafil 20mg or 40 mg based on their weight (heavy-
weight: >40 kg; middle-weight: >25 to <40kg) or placebo orally once daily for 24 weeks. Primary endpoint was change from
baseline in six-minute walk distance in patients aged >6 years at Week 24. Sample size was amended from 134 to >34 patients,
due to serious recruitment challenges. Therefore, statistical significance testing was not performed between treatment groups.
Results showed that patient demographics and baseline characteristics (N = 35; tadalafil = 1 7; placebo = 18) were comparable
between treatment groups; median age was 14.2 years (6.2—17.9 years) and majority (71.4%, n =25) of patients were in the heavy-
weight cohort. Least square mean (standard error) changes from baseline in six-minute walk distance at Week 24 was numerically
greater with tadalafil versus placebo (60.48 (20.41) vs 36.60 (20.78) meters; placebo-adjusted mean difference (standard deviation)
23.88 (29.11)). Safety of tadalafil treatment was as expected without any new safety concerns. During study Period |, two patients
(one in each group) discontinued due to investigator’s reported clinical worsening, and no deaths were reported. In conclusion,
the statistical significance testing was not performed between the treatment groups due to low sample size; however, the
study results show positive trend in improvement in non-invasive measurements, commonly utilized by clinicians to evaluate
the disease status for children with pulmonary arterial hypertension. Safety of tadalafil treatment was as expected without any new
safety signals.
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new therapies and off-label use of adult PAH-specific ther-

Introduction apies being administered to pediatric patients.’
Tadalafil 40 mg once daily (QD) is a potent and selective
phosphodiesterase-5 (PDES) inhibitor approved for the
treatment of PAH in adults.* In pediatric patients with

Pulmonary arterial hypertension (PAH) is a rare, chronic,
and progressive disease characterized by elevated pulmo-
nary artery pressure and pulmonary vascular resistance
(PVR), leading to right heart failure and death.'” PAH
does occur in children with a similar, if not worse, prognosis )
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without treatment compared with PAH in adult. The prog-  paohi Li, Eli Lilly and Company, Indianapolis, IN 46285, USA.
nosis of children with PAH has improved over time due to  Email: li_baohui@Iilly.com
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PAH, tadalafil has been shown to be well-tolerated.” In a
post-marketing surveillance study, Yamazaki et al. (2017)°
demonstrated tadalafil has an acceptable safety profile in
the pediatric PAH population. Furthermore, Small et al.
(2019)7 recently also reported tadalafil 40mg QD for
patients >40kg, and 20mg QD for patients <40kg and
>2 years old have an acceptable safety profile in pediatric
patients with PAH consistent with the safety profile in adult
patients with PAH.*

There is limited data, particularly from phase 3 clinical
studies, on efficacy and safety of tadalafil in pediatric
patients with PAH. Therefore, the current study was con-
ducted to evaluate the efficacy and safety of tadalafil,
administered orally QD in pediatric patients with PAH.
This is an ongoing study, and herein we present the results
of only the double-blind placebo-controlled period (study
Period 1; 24 weeks).

Methods

Study design and patient population

This is a phase-3, international, randomized, multicenter,
two-period (Period 1: 24 weeks double-blind placebo-
controlled period; and Period 2: 2-year, open-labeled
extension period), add-on (i.e. in addition to the patient’s
current endothelin receptor antagonist (ERA)) study
(ClinicalTrials.gov Identifier: NCTO01824290) (Fig. 1).
Pediatric patients aged >6 months to <18 years with
PAH (idiopathic/hereditary, related to connective tissue dis-
ease, anorexigen use, or associated with surgical repair of at
least six-month duration of congenital systemic to pulmo-
nary shunt), who had established PAH by a resting mean
pulmonary artery pressure >25mm Hg, pulmonary artery
wedge pressure <15mm Hg, and PVR >3 Wood units via
right-heart catheterization were planned in the study.
Patients enrolled had a World Health Organization
(WHO) functional class value of II or III and had been

Study Period 1 i
Double-Blind Treatment (N=35)
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receiving an ERA (such as bosentan or ambrisentan) and
were on a maintenance dose with no change in dose (other
than weight-based adjustments) for at least 12 weeks prior
to the study. Patients with clinically significant (pulmonary
artery occlusion pressure 15-18 mm Hg) aortic or mitral
valve disease (i.e. aortic stenosis, aortic insufficiency,
mitral stenosis, moderate or greater mitral regurgitation),
unrepaired congenital heart disease, severe hepatic impair-
ment, Child-Pugh Grade C, those who had severe hypoten-
sion or uncontrolled hypertension as determined by the
investigator, and those diagnosed with Down syndrome
were excluded from the study.

Study treatment

Patients randomly (1:1) received tadalafil 20 mg or 40 mg
based on their weight (heavy-weight (HW): >40kg;
middle-weight (MW): >25 to <40kg) or placebo orally
QD for 24 weeks in Period 1. The HW cohort received a
40mg tadalafil dose, while MW cohort received a 20 mg
tadalafil dose. The selected dose for each weight cohort
was intended to reflect exposures comparable to the
approved 40 mg dose of tadalafil in adults, and was con-
firmed from another tadalafil pharmacokinetic and safety
study.” In the current study, due to recruiting challenges and
study modifications, there were no patients enrolled in light-
weight (LW) cohort (<25kg).

Study assessments

The primary endpoint of the study was change from base-
line in six-minute walk distance (6MWD) (meters; m) in
patients aged >6 years at Week 24 (end of Period 1).
Additionally, a supportive (sensitivity) analysis using a
Bayesian mixed effects model for repeated measures
(MMRM) model that leverages data from the tadalafil
adult PAH study was performed to increase precision in
confirming the 6MWD efficacy endpoint from this study.
Secondary endpoints through Week 24 were the changes in
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2tadalafil dose (20 mg and 40 mg) based on the weight cohorts. The HW cohort received 40 mg tadalafil dose, while MW
cohort received 20 mg tadalafil dose. Placebo was received orally once daily for 24 weeks.

bScreening period is Days-28 to 0.
“Weeks = +7days.

9Months = #10 days. Month 3 is 3 months from Visit 9; all other months (6, 9, 12, 15, 18, 21, and 24) are in relation to Visit 10

D=Day; R=Randomization; S=Screening period.

Fig. 1. Study design.
MW: middle-weight; HW: heavy-weight.
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echocardiography (tricuspid annular plane systolic excur-
sion (TAPSE), eccentricity index (EI), pericardial effusion,
maximal tricuspid regurgitant velocity), changes in N-termi-
nal prohormone brain natriuretic peptide (NT-Pro-BNP)
concentrations, Clinical Global  Impression of
Improvement (CGI-I), and Child Health Questionnaire
Parent Form 28 (CHQ-PF28) in patients >5 years old and
the incidence of clinical worsening (CW) and time to CW.

Patients meeting any of the following major criteria were
considered to have met the definition of CW: all-cause mor-
tality, lung or heart lung transplantation, atrial septostomy
or Potts shunt, hospitalization for PAH progression, or
worsening of PAH (new-onset syncope, addition of new
PAH-specific concomitant therapy). Those incidences
from Period 1 were adjudicated by an independent, blinded,
study-specific Clinical Endpoint Committee.

Safety was evaluated in all patients who received at least
one dose of study medication and safety evaluations includ-
ed the recording of reported treatment-emergent adverse
events (TEAESs), vital signs, and laboratory tests.

Statistical analysis

The study was initially designed to enroll 134 patients.
However, due to serious challenges with patient recruit-
ment, the study sample size was amended to recruit at
least 34 patients. Moreover, the initial primary endpoint
of time to CW was also changed to 6MWD. The study
statistical analysis plan was amended accordingly for
6MWD and multiple analyses were switched to more
descriptive versions (along with confidence intervals (CIs))
based on this smaller sample size.

As the current study had a limited number of subjects
enrolled, an inspection of the numerical mean change in
corresponding Cls was used instead of formal significance
testing to decipher whether values were trending in a posi-
tive direction.

Due to the small sample size in each cohort, results are
presented between treatment groups (tadalafil vs placebo)
and not by weight cohort. The 6MWD analysis was per-
formed in 6MWD population which was defined, as per the
study protocol/statistical analysis plan, as patients >6 to
<18 years of age who had taken at least one dose of
study medication and could perform a 6MWD test. The
change in 6 MWD from baseline through 24 weeks was ana-
lyzed wusing a restricted maximum likelihood-based
MMRM. Factors in the model included visit, baseline
6MWD, and treatment group. A treatment-by-visit interac-
tion term was also included. ERA therapy and PAH etiol-
ogy were not included in the model since neither had at least
three patients in the respective subgroup per treatment arm.

The supportive (sensitivity) analysis for a Bayesian
MMRM model which leverages data from the adult PAH
study* was conducted to increase precision in confirming
efficacy. The Bayesian MMRM model included the same
factors as the primary analysis. The model used a mixture

prior approach with a pre-specified weight of 0.8 on the
adult prior distribution.

The secondary efficacy endpoint of time to first occur-
rence of CW was analyzed using a Cox proportional hazard
model. Changes in echocardiography parameters, NT-Pro
BNP, and CHQ-PF28 from baseline to endpoint were ana-
lyzed using an analysis of covariance model. Proportion of
patients in each of the seven response categories of CGI-I
were summarized by treatment group. Descriptive summary
statistics for continuous measurements included the number
of nonmissing observations, mean, standard deviation (SD)
or standard error (SE), median, and minimum and maxi-
mum values by each treatment group for Period 1.

Results

A total of 35 pediatric patients with PAH were enrolled in
this study (tadalafil=17; placebo=18), of which 30
patients (15 in each group) completed Period 1. Five
patients discontinued during Period 1, and the reasons for
study discontinuation were parent’s decision (7 = 2), inclu-
sion criteria not met (n=1), and CW reported by the prin-
ciple investigator (n=2) (Fig. 2). Per study protocol,
patients who experienced CW (reported by the principle
investigator) during Period 1 had to be discontinued from
study Period 1; however, they entered study Period 2 based
upon the investigator’s discretion. In total, 32 patients
entered study Period 2. At the time of data cut-off (18
March 2019), a total of 20 patients had completed study
Period 2 (10 patients in each group) and 8 patients were
continuing the tadalafil treatment.

Opverall, the patient demographics and baseline charac-
teristics were comparable between the treatment groups. At
baseline, the median age of the study population was
14.2 years (6.2-17.9 years). The majority of patients were
in the HW cohort (71.4%, n=25) and 28.6% (n=10) were
in the MW cohort (Table 1), while none were enrolled in the
LW cohort.

Of the 35 patients enrolled in current study, 33 patients
(placebo n=16; tadalafil »=17) were included in the pri-
mary analysis. Two enrolled patients who were >6 years of
age were excluded from the primary analysis due to either
unmet study entry criteria or lack of post baseline 6MWD
data. The least square (LS) mean (SE) changes from base-
line in 6MWD at Week 24 was numerically greater with
tadalafil versus placebo (60.48 (20.41) m vs 36.60 (20.78)
m; placebo-adjusted mean difference (SD) 23.88 (29.11))
(Fig. 3). The posterior of mean (SD) changes from baseline
in 6OMWD (extrapolation data; sensitivity analysis, n=33)
at Week 24 was numerically greater with tadalafil versus
placebo (58.80 (15.35) m vs 31.67 (15.14) m; placebo-
adjusted mean difference (SD) 27.13 (11.09)) (Fig. 3).
During Period 1 (through Week 24), two incidences of
potential CW (one in each group) were reported by inves-
tigators, however, they were not confirmed by the Clinical
Endpoint Committee. One CW case from placebo group
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Screened
N=39

l

Screen failure, n=4

Enrolled / Randomized

N=35
v
Placebo
N=18
Discontinuations
Inclusion criteria not met. n=1
Parent’s decision, n=1
Clinical Waorsening, n=1*
Completed
n=15

Discontinuations
—| Parent’s decision, n=1
Clinical Worsening, n=1*

*patients who experienced CW (reported by the principle investigator) during Period 1 discontinued from study period 1, however, they entered

study period 2 based upon the investigator’s discretion

Fig. 2. Patient disposition (Period | only).

was reported as worsening of PAH due to a WHO func-
tional class increase and a 6MWD decrease, but the site did
not perform a confirmative 6 MWD test in 5-10 days as
described in the Protocol and another CW case from the
tadalafil group was reported as new-onset syncope, but this
event was revised later as presyncope, which did not meet
CW definition per the study protocol. Therefore, there were
no confirmed CW events during study Period 1. From base-
line to Week 24, 60.0% of patients on tadalafil had no
change in WHO functional class, 40.0% improved, and
0.0% worsened. Similarly, of those on placebo, 80.0% of
patients had no change in WHO functional class, 20.0%
improved, and 0.0% worsened. At Week 24, the LS mean
(SE) change in NT-Pro-BNP concentrations were 68.26
(49.41) for placebo and -59.16 (59.64) for tadalafil
(Fig. 4); the placebo-adjusted LS mean (SE) difference
(95% CI) was —127.4 (56.70), (—247.05, —7.80)). The LS
mean (SE) changes from baseline to Week 24 for each echo-
cardiography parameter between tadalafil and placebo are
shown in Table 2.

At Week 24, the overall CGI-I was numerically greater
with tadalafil versus placebo (64.3% vs 46.7%). The LS
mean changes (SE) from baseline to Week 24 for all subtest
and summary score on physical and psychological dimen-
sions in CHQ-PF28 were similar between treatment groups
(Table 2). During Period 1, tadalafil doses for each weight
cohort were fixed (40 mg for HW and 20 mg for MW). The
mean number of days of drug exposure was 158.4 (39.49) in
the placebo group and 170.4 (16.00) in the tadalafil group.
The mean cumulative number of doses taken during Period
1 was 153.4 for placebo and 151.0 for tadalafil.

In Period 1, 23 patients reported >1 TEAE (placebo,
n=3_; tadalafil, n=15) and treatment-related adverse
events (AEs) were reported in nine patients (placebo,
n=1; tadalafil, n=8). The most commonly reported

TEAESs (occurring in >2 patients in tadalafil-treated sub-
jects) were headache (29.4%, tadalafil; 11.1%, placebo),
upper respiratory tract infection (17.6%, tadalafil; 5.6%,
placebo), influenza (17.6%, tadalafil; 0.0%, placebo),
arthralgia (11.8%, tadalafil; 5.6%, placebo), and epistaxis
(11.8%, tadalafil; 5.6%, placebo). Two patients (one in each
treatment group) discontinued the study due to CW based
on investigator’s report. There were no serious adverse
events (SAEs) or deaths reported in Period 1. There were
two AEs of special interest that occurred in tadalafil-treated
subjects: one event of spontaneous intermittent penile erec-
tion and one event of uterine bleeding.

Discussion

The present study evaluated the efficacy and safety of tada-
lafil in pediatric patients with PAH who were on a mainte-
nance dose of an ERA drug treatment (bosentan or
macitentan) prior to study screening and during double-
blinded period. The study was initially designed to enroll
134 patients; however, there were serious challenges in
recruiting study patients due to multiple forums, such as
disease rarity and complexity, widespread off-label use of
PAH therapies and aggressive use of combination treat-
ments, concerns to randomize to placebo during study
(parents/investigators), and multiple competing clinical
trials. At the end of five years, the study enrolment was
completed with 35 patients, none below 6 years old; there-
fore, no patient was randomized to the LW cohort. Given
the small sample size, no statistical comparisons were to be
made between the treatment groups.

The primary analysis evaluated the numerical mean
change (with corresponding CIs) in 6MWD instead of sta-
tistical significance to determine if the data were trending in
the direction for improving the 6MWD. The LS mean
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Table I. Patient demographics and baseline characteristics.

Placebo Tadalafil Total
(N=18) (N=17) (N=35)

Age (years)?

Mean (SD) 12.8 (3.4) 14.1 (3.5) 13.5 (3.5)

Median (min—max) 134 (7.3-17.7) 15.8 (6.2-17.9) 14.2 (6.2-17.9)
Weight category,® n (%)

Heavy-weight 12 (66.7) 13 (76.5) 25 (71.4)

Middle-weight 6 (33.3) 4 (23.5) 10 (28.6)
Gender, n (%)

Male 9 (50.0) 7 (41.2) 16 (45.7)

Female 9 (50.0) 10 (58.8) 19 (54.3)
Ethnicity, n (%)

Hispanic or Latino 7 (38.9) 8 (47.1) 15 (42.9)

Not Hispanic or Latino 6 (33.3) 4 (23.5) 10 (28.6)

Not reported 5 (27.8) 5 (29.4) 10 (28.6)
Race, n (%)

American Indian or Alaska Native I (5.6) 3 (17.6) 4 (11.4)

Asian I (5.6) 1 (5.9) 2 (5.7)

Black or African American 2 (11.1) 1 (5.9) 3 (8.6)

White 14 (77.8) 12 (70.6) 26 (74.3)
Region, n (%)

America 10 (55.6) 10 (58.8) 20 (57.1)

Asia 3 (16.7) 5(29.4) 8 (22.9)

Europe 5 (27.8) 2 (11.8) 7 (20.0)
Height (cm), mean (SD) 152.2 (16.8) 153.8 (15.7) 153.0 (16.1)
Weight (Kg), mean (SD) 50.50 (15.9) 53.27 (15.8) 51.85 (15.7)
BMI (kg/m?), mean (SD) 21.33 (44) 22.00 (3.7) 21.66 (4.0)
Supine systolic blood pressure (mm Hg), mean (SD) 108.3 (12.9) 105.6 (15.9) 107.0 (14.3)
PAH etiology
Idiopathic I (6l.1) 15 (88.2) 26 (74.3)
Associated to surgical repair, of at 7 (38.9) 2 (11.8) 9 (25.7)

least six-month duration of a

congenital systemic to pulmonary shunt
PAH duration, years, mean (SD) 2.65 (3.2) 4.64 (5.5) 3.61 (4.5)
WHO functional class

Class Il 14 (77.8) 14 (82.4) 28 (80.0)

Class Il 4 (22.2) 3 (17.6) 7 (20.0)
6MWND, mean (SD) 476.7 (105.1) 485.8 (160.2) 481.1 (132.8)
CGI-S, n (%) 18 16 34

Normal, not at all ill 3 (16.7) 1 (6.3) 4(11.8)

Mildly ill 7 (38.9) 8 (50.0) 15 (44.1)

Moderately ill 8 (44.4) 7 (43.8) 15 (44.1)
Concomitant ERA therapy, N 17 17 34

Bosentan 16 (94.1) 16 (94.1) 32 (94.1)

Macitentan 1 (5.9) 1 (5.9) 2 (5.9)
Duration of use concomitant ERA therapy (days) mean (SD)

Bosentan 310.2 (352.3) 649.8 (687.9) 480.0 (564.6)

Macitentan 103.0 (0.0) 103.0 (0.0) 103.0 (0.0)

?Age is calculated based on the birth date and informed consent date.
®Middle-weight: >25 kg to <40kg; heavy-weight: >40kg.

6MWD: six minute walk distance; BMI: body mass index; CGI-S: clinical global impression of severity; ERA: endothelin receptor antagonist; PAH: pulmonary arterial

hypertension; SD: standard deviation; WHO: World Health Organization.

change from baseline in 6 MWD to Week 24 was numerical-
ly higher with tadalafil than placebo (60.48 vs 36.60 m), with
a placebo-adjusted LS mean treatment difference of 23.88 m
(80% CI: —14.25 to 62.00). The trend of positive treatment

difference at Week 24 demonstrated by the primary analysis
was consistent with the Bayesian MMRM using a pre-
specified weight of 0.8. The model resulted in the posterior
mean difference of 27.13 m and 80% credible interval
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Fig. 3. Least squares means (SE) change in 6MWD from baseline to
Week 24 (Period 1).

LS: least square; SE: standard error; MMRM: mixed effects model for
repeated measures.
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Fig. 4. Least Squares means (SE) change in NT-Pro-BNP from baseline
to Week 24 (Period ).

LS: least square; SE: standard error; NT-Pro-BNP: N-terminal pro-
hormone brain natriuretic peptide.

(4.94-42.73) which supports the positive trend suggested by
the primary analysis and indicates tadalafil treatment
improves the 6 MWD compared to placebo at Week 24 in
this pediatric patient population.

There was also a positive trend of potential efficacy in the
majority of the measurements from this study, such as
NT-Pro-BNP, WHO functional class for Period 1, echocar-
diographic parameters (such as TAPSE, left ventricular

El-systolic, left ventricular El-diastolic), and CGI-1. All
subtest domains and summary scores on physical and psy-
chological dimensions in CHQ-PF28 were similar between
tadalafil and placebo treatment group. Two patients (one in
each treatment group) reported potential CWs by investiga-
tors; however, neither case was confirmed by the Clinical
Endpoint Committee.

Various therapies have been used to treat PAH in chil-
dren.® Most of these are based on prior studies in adults and
evidence-based trials in adults.®'" In the Tracking-
Outcomes-and-Practice-in-Pediatric-Pulmonary-
Hypertension registry, the most common initial therapy
in PAH was a PDES5 inhibitor.'””> Similar studies have
suggested this class of therapy is commonly used
initially or in combination with an ERA.'? Recent
pharmacokinetic studies have shown adult exposure levels
can be obtained in children and tadalafil levels are lower in
combination with bosentan, but remain in the expected
range.’

The overall safety profile of tadalafil, including most
common TEAEs, observed in the current study was consis-
tent with previous knowledge. The overall incidence of AEs
was higher in the tadalafil group compared with placebo.
All TEAEs in Period 1 (24 weeks of treatment) were mild or
moderate in severity. The TEAEs considered by the inves-
tigator to be related to study medication were reported in
eight subjects in the tadalafil group during Period 1.
Headache was the most commonly reported TEAE consid-
ered by the investigator to be related to the study medica-
tion. There were no clinically meaningful trends or changes
from baseline in laboratory parameters or vital signs, there
were no SAEs, deaths, or discontinuations due to AEs
during Period 1.

One limitation of the current study was small sample size
due to significant challenges in the study recruitment.
Primary and other additional efficacy analyses showed a
positive trend supporting the efficacy of tadalafil versus pla-
cebo in the study population; however, due to the small
sample size of 35 participants in Period 1, no clear conclu-
sions can be derived from this analysis.

This study was primarily descriptive in a small number of
children with PAH. Although statistical significance testing
was not performed between the two treatment groups due to
the low sample size, the results show a positive trend in
improvement in non-invasive measurements commonly uti-
lized by clinicians to evaluate the disease status for children
with PAH. Analyses of the efficacy in the different sub-
groups of PAH could not be conducted, and there was no
subject in the LW cohort. Tadalafil had an acceptable
safety profile in this pediatric population with PAH. The
overall safety profile of the study population was generally
consistent with the known safety profile of tadalafil and
events associated with the underlying disease state. No
new safety signals were identified in the pediatric PAH
population.
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Table 2. Least squares means change secondary endpoints from baseline to Week 24 (Period |).

Placebo
LS mean (SE)

Tadalafil
LS mean (SE)

Placebo-adjusted differences
LS mean (SE); 95% ClI

Echocardiography:

TAPSE —0.10 (0.111)
Left ventricular El-systolic 0.11 (0.194)
Left ventricular El-diastolic 0.08 (0.106)
TRVmax 17.01 (28.472)

Pericardial effusion
WHO functional class
CGl-I (over symptoms)
CHQ-PF28 (summary score)
Physical
Psychosocial

Two patients in Period |
20% improved
46.7% improved

9.28 (3.78)
2.56 (1.06)

0.33 (0.130) 0.43 (0.136); 0.14 to 0.71
—0.29 (0.218) -0.40 (0.225); —0.87 to 0.07
—0.08 (0.122) —0.17 (0.124); —0.43 to 0.09

1.68 (31.066) —15.33 (29.443); —78.48 to 47.82
0 patient in Period |
40% improved NA
64.3% improved NA

8.34 (4.52) —0.94 (4.26); —9.75 to 7.86

0.86 (1.28) —1.70 (1.19); —4.16 to 0.76

CGl-I: Clinical Global Impression of Improvement; CHQ-PF28: Child Health Questionnaire Parent Form 28; ClI: confidence interval; El: eccentricity index; NA: not
applicable; SE: standard error; TAPSE: tricuspid annular plane systolic excursion; TRVmax: maximal tricuspid regurgitant velocity; WHO: World Health

Organization; LS: least square.
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