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1) A Randomized, Double-Blind, Placebo-Controlled, Dose-Ranging Study of Oral
Sildenafil Citrate in Treatment-Naive Children With Pulmonary Arterial Hypertension
(Circulation 2012; 125: 324-34)(F%* D

Background - Safe, effective therapy is needed for pediatric pulmonary arterial
hypertension.

Methods and Results - Children (n=235; weight >8 kg) were randomized to low-,
medium-, or high-dose sildenafil or placebo orally 3 times daily for 16 weeks in the
Sildenafil in Treatment-Naive Children, Aged 1-17 Years, With Pulmonary Arterial
Hypertension (STARTS-1) study. The primary comparison was percent change from
baseline in peak oxygen consumption (PVO,) for the 3 sildenafil doses combined versus
placebo. Exercise testing was performed in 115 children able to exercise reliably; the
study was powered for this population. Secondary end points (assessed in all patients)
included hemodynamics and functional class. The estimated mean_SE percent change in
PVO, for the 3 doses combined versus placebo was 7.7+4.0% (95% confidence interval,
0.2% to 15.6%; P=0.056). PVO,, functional class, and hemodynamics improved with
medium and high doses versus placebo; low-dose sildenafil was ineffective. Most adverse
events were mild to moderate in severity. STARTS-1 completers could enter the
STARTS-2 extension study; patients who received sildenafil in STARTS-1 continued the
same dose, whereas placebo-treated patients were randomized to low-, medium-, or
high-dose sildenafil. In STARTS-2 (ongoing), increased mortality was observed with
higher doses.

Conclusions - Sixteen-week sildenafil monotherapy is well tolerated in pediatric
pulmonary arterial hypertension. Percent change in PVO, for the 3 sildenafil doses
combined was only marginally significant; however, PVO,, functional class, and

hemodynamic improvements with medium and high doses suggest efficacy with these
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doses. Combined with STARTS-2 data, the overall profile favors the medium dose.

Further investigation is warranted to determine optimal dosing based on age and weight.
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2 ) STARTS-2: Long-Term Survival With Oral Sildenafil Monotherapy in
Treatment-Naive Pediatric Pulmonary Arterial Hypertension (Circulation. 2014; 129:
1914-23) (%2

Background - The double-blind, placebo-controlled Sildenafil in Treatment-Naive
Children, Aged 1 to 17 Years, With Pulmonary Arterial Hypertension (STARTS-1)
study assessed sildenafil in pediatric patients with pulmonary arterial hypertension;

improved hemodynamics and exercise capacity occurred in medium- and high-dose
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groups. STARTS-2 was the extension study.

Methods and Results - In STARTS-1, 234 children >8 kg were randomly assigned to
low-, medium-, or high-dose sildenafil or placebo orally thrice daily; within-group
dose depended on weight. In STARTS-2, sildenafil-treated patients continued
STARTS-1 dosing; placebo-treated patients were randomized to 1 of the 3 sildenafil
dose groups. Patients requiring additional pulmonary arterial hypertension—specific
therapy discontinued study treatment; survival follow-up was attempted. As of August
2011, all children received >3 years of treatment (unless discontinued) from
STARTS-1 baseline; 37 deaths were reported (26 on study treatment), 1 of which
occurred within the first year of treatment. Most patients who died (28/37) had
idiopathic/heritable pulmonary arterial hypertension (76% versus 33% overall) and
baseline functional class III/IV disease (38% versus 15% overall); patients who died
had worse baseline hemodynamics. Kaplan-Meier estimated 3-year survival rates
from start of sildenafil were 94%, 93%, and 88% for patients randomized to low-,
medium-, and high-dose sildenafil, respectively; 87%, 89%, and 80% were known to
be alive at 3 years. Hazard ratios for mortality were 3.95 (95% confidence interval,
1.46-10.65) for high versus low and 1.92 (95% confidence interval, 0.65-5.65) for
medium versus low dose; however, multiple analyses raised uncertainty about the
survival/dose relationship.

Conclusions - Although children randomized to higher compared with lower sildenafil
doses had an unexplained increased mortality, all sildenafil dose groups displayed
favorable survival for children with pulmonary arterial hypertension.
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1) Implications of the U.S. Food and Drug Administration Warning against the Use
of Sildenafil for the Treatment of Pediatric Pulmonary Hypertension. The Pediatric
Pulmonary Hypertension Network (PPHNet). Am J Respir Crit Care Med 2013; 187
(6): 572-5. (&%)

CONCLUSIONS

Despite extensive clinical experience with sildenafil therapy in children and approval
by the EMA for its use in Europe, the negative FDA review challenges the pediatric
PAH community to further assess the efficacy and safety of sildenafil, especially with
chronic treatment. Although we believe that low doses of sildenafil are likely to be
safe in pediatric PAH, and we support the EMA findings, further studies should
carefully examine its role in the long-term therapy of children. Pediatric patients with
PAH require close surveillance and frequent monitoring, and persistent sildenafil
monotherapy is likely insufficient with disease progression. Furthermore, more work
is clearly needed to examine the potential safety and efficacy of sildenafil therapy in
other causes of pediatric PAH beyond IPAH and CHD alone. For example, early
observations supporting a role for sildenafil in the management of newborns, infants,
and children with such diseases as PPHN, bronchopulmonary dysplasia, congenital

diaphragmatic hernia, postoperative cardiac disease, and others warrants more
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comprehensive study.
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2 ) Sildenafil for the treatment of pulmonary hypertension in children
Expert Rev Cardiovasc Ther 2014; 12(10): 1157-84. (@3 4)

Key issues

* Similar to adult patients, pediatric patients with chronic pulmonary arterial
hypertension (PAH) have improved outcomes (including hemodynamic
parameters) with sildenafil treatment.

* Because of concerns about the use of high-dose sildenafil in pediatric patients
with PAH, doses higher than those approved by the EMA (10 mg three times daily
for children 8-20 kg and 20 mg three times daily for children >20 kg) should be
avoided.

* The US FDA did not approve sildenafil treatment in children and recommended
against its use in pediatric PAH patients aged 1-17 years; however, the FDA later
clarified the warning to note that there may be situations in which the benefit-risk
profile of sildenafil may be acceptable in individual children (e.g., when other
treatment options are limited and sildenafil can be used with close monitoring).

* In children, pharmacokinetic studies have assessed sildenafil monotherapy, while
an increasing number of children now receive combined therapy; further
pharmacokinetic investigation is warranted.

* Key limitations of the STARTS-2 study data (upon which the FDA decision was
based) were identified by PAH experts; these limitations highlight the need for
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further research in this population.

* Sildenafil is associated with improved oxygenation in newborns with persistent
pulmonary hypertension of the newborn, although it is not approved by any
regulatory agency for this indication.

* In exploratory studies in acute PAH, sildenafil can facilitate inhaled nitric oxide
withdrawal and prevent rebound pulmonary hypertension; however, effects on
systemic vasculature and ventilation/perfusion mismatch are possible.

e Sildenafil treatment is generally well tolerated in pediatric PAH patients.

e Although there are substantial barriers to designing and conducting trials in this
population, further research of sildenafil in children is necessary to identify
optimal therapeutic treatment.
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1) Nelson Textbook of Pediatrics, 19th ed. (2011). 427.1 Primary Pulmonary
Hypertension. ("%

Table 427-2 SUMMARY OF DRUGS USED TO TREAT PULMONARY
HYPERTENSION: Sildenafil (inhibitor of cGMP specific phosphodiesterase PDES)
Dose used in pediatric studies: 1.0 mg/kg/dose given 3-4 times daily. Initial dosing

should be 1/2 final target dose to evaluate for hypotension.
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Common side effects: Flushing, headache, diarrhea, myalgia, hypotension, priapism,
visual disturbance (blue coloration).
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Treatment

The STARTS-1 (Sildenafil in Treatment-Naive Children, Aged 1-17 Years, With
Pulmonary Arterial Hypertension) and STARTS-2 sildenafil trials have received
recent regulatory attention and were actively discussed at the WSPH meeting.
STARTS-1 and STARTS-2 were worldwide randomized (stratified by weight and
ability to exercise), double-blind, placebo-controlled studies of treatment-naive
children with PAH. In these 16-week studies, the effects of oral sildenafil
monotherapy in pediatric PAH were studied. Children with PAH (1 to 17 years of age;
> 8 kg) received low- (10 mg), medium- (10 to 40 mg), or high- (20 to 80 mg) dose
sildenafil or placebo orally 3 times daily. The estimated mean + standard error
percentage change in pVO?2 for the low-, medium- and high-doses combined versus
placebo was 7.7 + 4.0% (95% CI: -0.2% to 15.6%; p = 0.056). Thus, the pre-specified
primary outcome measure was not statistically significant. Peak VO2 only improved
with the medium dose. Functional capacity only improved with high dose sildenafil.
PVRI improved with medium- and high-dose sildenafil, but mean PAP was lower only
with medium-dose sildenafil. As of June 2011, 37 deaths had been reported in the
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STARTS-2 extension study (26 on study treatment). Most patients who died had
IPAH/HPAH and baseline functional class III/IV disease; patients who died had worse
baseline hemodynamics. Hazard ratios for mortality were 3.95 (95% CI: 1.46 to
10.65) for high versus low dose and 1.92 (95% CI: 0.65 to 5.65) for medium versus
low dose. Review of these data by the U.S. Food and Drug Administration (FDA) and
the European Medicines Agency (EMA) resulted in disparate recommendations.
Sildenafil was approved by the EMA in 2011 (10 mg 3 times daily for weight <20 kg
and 20 mg 3 times daily for weight >20 kg), with a later warning on avoidance of use
of higher doses. In August 2012, the FDA released a warning against the (chronic) use
of sildenafil for pediatric patients (ages 1 to 17 years) with PAH.
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