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1 Recommendations/Risk Benefit Assessment

The risk of using sildenafil (higher mortality rate seen with the higher doses) does not outweigh
the drug’s purported benefits.

1.1 Recommendation on Regulatory Action

This reviewer recommends that sildenafil not be approved for use in children with pulmonary
arterial hypertension. The oral suspension should not be made available because of its possible
off label use in children.

The safety findings in this NDA need to be reflected in the label for Revatio tablets. A
controlled, randomized, long term safety study in adults with pulmonary arterial hypertension is
recommended.

1.2 Risk Benefit Assessment

A higher mortality rate was observed with the higher doses of sildenafil compared to lower
doses. Any benefit of the drug was only seen at the higher doses not considered to be safe. The
safety of long term use of the lower dose compared to placebo is unknown.

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation Strategies

NA

1.4 Recommendations for Postmarket Requirements and Commitments

A controlled, randomized, long term safety study with the sildenafil tablet in adults with
pulmonary arterial hypertension is recommended.

2 Introduction and Regulatory Background

The original NDA for Revatio (sildenafil) was submitted to the FDA on December 3, 2004 and
approved for marketing on 03 June 3, 2005 (NDA 21-845). The approved indication is for the
treatment of adults with pulmonary arterial hypertension (PAH).

The current application is for the use of REVATIO for the treatment of pediatric patients with

PAH (WHO Group I) to improve exercise ability ©®® This application presents
data on the powder for oral suspension formulation for those children unable to take sildenafil
tablets.

The FDA issued the Sildenafil Pediatric Written Request on December 17, 2001. Since then, it
was revised over time following interactions between the FDA and Pfizer as data from the adult
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and pediatric development programs became available. Complete discussion of these interactions
is found in Section 2.5.1.4 of the NDA.

As part of these interactions and the recognition that there is no exercise capacity endpoint
available for demonstrating clinical benefit in children across the whole age range (1-17 years),
the Division of Cardio Renal Drug Products investigated the utility of alternative endpoints in
this population. Analyses conducted within the Agency indicated that drug-induced changes in
exercise capacity were associated with drug-induced changes in PVRI in adult patients with
PAH.

Though hemodynamic measures form the primary basis for diagnosing PAH and for assessing
the severity and rapidity of disease progression in children and adults, these endpoints had not
previously formed the primary basis of decision-making for assessing efficacy in adults with
PAH for regulatory purposes. Consequently an Advisory Committee (AC) meeting was held on
July29, 2010 to discuss the utility of hemodynamic parameters to assess treatment benefit in
pediatric patients with PAH. The AC concluded that, for a product with an approved indication
in adults with PAH, a treatment effect on PVRI can be used to demonstrate effectiveness and to
derive dosing information in the pediatric PAH population. Additionally, exercise, as a
secondary endpoint, should be measured in patients able to perform the test.

The current version of the Sildenafil Pediatric Written Request, finalized on June 7, 2011,
recognized that in addition to exercise capacity endpoints, PVRI was thought to be an important
measure of a treatment response in children with PAH, for a product with an approved indication
in adults with PAH. The FDA agreed on 11 July 11, 2011 that this approach met the efficacy
requirement of the Sildenafil Pediatric Written Request.

2.1 Product Information

Sildenafil citrate is an inhibitor of phosphodiesterase type 5 (PDES). It was originally approved
in 1998 for the treatment of male patients with erectile dysfunction, under the trade name Viagra,
in the United States, NDA 20-895.

Subsequent to the approval of VIAGRA, there was a growing understanding of the role of PDES
and the nitric oxide (NO)/cyclic guanosine monophosphate (cGMP) pathway in the pathology of
pulmonary arterial hypertension (PAH). This ultimately led to the approval of sildenafil citrate,
under the trade name Revatio, for the treatment of PAH in adults in 2005 (NDA 21-845). The
approved dosage regimen for oral Revatio consists of one 20 mg tablet administered 3 times
daily.

To date, oral Revatio has been approved for use in adults in more than 50 countries and has been
approved in the EU for pediatric use (May 2011). It is estimated that approximately o
patient-years of exposure to sildenafil (PAH patients) occurred from second quarter of 2005
through the fourth quarter of 2010.
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In addition, intravenous Revatio has been approved for use in PAH in over 30 countries
including the US.

This current NDA pertains to children aged 1 to 17 years who have been diagnosed with PAH.

2.2 Tables of Currently Available Treatments for Proposed Indications

None currently approved for the pediatric population in the United States.

2.3 Auvailability of Proposed Active Ingredient in the United States

Available

2.4 Important Safety Issues with Consideration to Approved Drug (sildenafil)

Contraindications include those needing organic nitrates and those with a history of
hypersensitivity reaction to sildenafil or any component of the tablet.

Warnings and precautions include the following:

* Cardiovascular effects: Carefully consider whether patients with certain underlying conditions
(e.g., resting hypotension, fluid depletion) could be adversely affected by vasodilatory effects of
REVATIO. Not recommended in patients with pulmonary veno-occlusive disease.

* Use with alpha-blockers: Note additive blood pressure-lowering effects.

* Bleeding: In patients with PAH secondary to connective tissue disease (CTD), higher rates of
epistaxis with REVATIO than placebo, including with concomitant oral vitamin K antagonists.
* Use with ritonavir and other potent CYP3A inhibitors: Coadministration not recommended.

» Effects on the eye: Consider discontinuing REVATIO if sudden loss of vision occurs, which
could be non-arteritic ischemic optic neuropathy (NAION).

* Hearing impairment: Discontinue REVATIO if sudden decrease or loss of hearing occurs.

* Use with PDES inhibitors: Avoid use with VIAGRA or other PDES inhibitors.

* Prolonged erection: Advise patients to seek emergency treatment if an erection lasts > 4 hours.
Use REVATIO with caution in patients predisposed to priapism.

* Pulmonary hypertension secondary to sickle cell disease: REVATIO may cause serious vaso! |
occlusive crises.

2.5 Summary of Presubmission Regulatory Activity Related to Submission

Pfizer initiated the pediatric program in parallel with the adult program. IND 63,175 was
submitted to FDA in August 2001. FDA issued a Pediatric Written Request (WR) on December
17,2001, in which the sponsor Pfizer was asked to perform “a controlled trial measuring either
clinical events or functional improvement in which oral sildenafil and placebo are each added to
standard therapy in pediatric patients aged birth to 16 years (infants to adolescents) with primary
or secondary pulmonary hypertension (identified as Study A1481131) followed by an open-label
safety extension study (identified as Study A1481156). Ongoing interactions between the FDA
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and Pfizer and submission of efficacy and safety data in the adult PAH population, resulted in
revisions to the sildenafil WR.

As part of these ongoing communications and a separate FDA initiative to review appropriate
endpoints in pediatric PAH, the FDA and Pfizer participated in an Advisory Committee (AC)
meeting on July 29, 2010, regarding the suitability of using hemodynamic endpoints to
demonstrate effectiveness and derive dosing information in the pediatric PAH population, for
drug products with an approved indication in adult PAH.

Based on the outcome of this advisory committee meeting, a revised WR was issued on June 7,
2011. Details of the extensive interactions between FDA and Pfizer are provided in Module 1.6.3

of this application (History of FDA Interactions).

2.6 Other Relevant Background Information

Cross references to other applications are shown below.
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IND# Submission Date Drug
63.175 31 Aueust 2001 REVATIO® (sildenafil citrate) tablets, UK-
(PE‘ diatric Pulmon ary ?2 480, 1 ‘[[3 '(6 ?-dﬂlydfO- 1 -1]1(’.‘.1'1]}[1—-?-0’){0—
Arterial 3-propyl-1Hpyrazolo[4.3-d] pyrimidin-5-
Hypertension) yl )-4-et]:!oxypllleuyl.] sulfonyl]-4-
methylpiperazine citrate
64.924 06 Tune 2002 REVATIO® (sildenafil citrate) tablets. UK-
(Pulmonary Arterial ?2.480. 1-[[3-(6.?-dﬂ1ydi‘0-1-1]1e.rhyl—.?-{3xo-
H : 3-propyl-1Hpyrazolo[4.3-d] pyrimidin-5-
ypertension)
yl)-4-ethoxyphenyl] sulfonyl]-4-
methylpiperazine citrate
NDA# Submission Date Drug
70-895 29 September 1997 VIAGRA® (Sildellatjil citrate) tablets, UK-
92,480, 1-[[3-(6.7-dihydro-1-methyl-7-o0xo0-
3-propyl-1H-pyrazolo[4.3-d]pyrimidin-5-
yl)-4-ethoxyphenyl]sulfonyl]-4-
methylpiperazine citrate
21-845 02 December 2004 REVATIO® (sildenafil citrate) tablets, UK-
92.480. 1-[[3-(6.7-dihydro-1-methyl-7-0xo0-
3-propyl-1Hpyrazolo[4.3-d] pyrimidin-5-
yl)-4-ethoxyphenyl] sulfonyl]-4-
methylpiperazine citrate
72473 21 January 2009 REVATIO® (sildenafil citrate) Injection,

3 Ethics and Good Clinical Practices

UK-92.480, 1-[[3-(6.7-dihydro-1-methyl-7-
ox0-3-propyl-1Hpyrazolo[4,3-d] pyrimidin-
5-yl)-4-ethoxyphenyl] sulfonyl]-4-
methylpiperazine citrate

According to the study reports, the studies were conducted in compliance with the ethical

principles originating in or derived from the Declaration of Helsinki and in compliance with all
International Conference on Harmonization (ICH) Good Clinical Practice (GCP) Guidelines. In
addition, all local regulatory
requirements were followed.
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3.1 Submission Quality and Integrity

The sponsor stated that they monitored the studies through routine center visits. At these visits,
study procedures were reviewed, CRF data compared to original clinical records, data queries
resolved, and protocol deviations discussed with the investigator. Telephone and e-mail contact
was maintained with the investigators between center visits. In addition, the overall study
conduct was subject to internal quality review by the sponsor. Quality assurance audits were
performed at selected centers by the sponsor’s own independent quality assurance group or by
CRO and/or individual contract personnel under the group’s direction. These audits were
conducted according to the sponsor’s procedures and GCP guidelines. Periodically some/all of
the facilities used in the study (e.g., laboratory) may have been reviewed or inspected by the
IRB/IEC and/or regulatory authorities.

3.2 Compliance with Good Clinical Practices

There is no reason known to this reviewer to question that the clinical trials were performed
under acceptable ethical standards and with Good Clinical Practice.

3.3 Financial Disclosures

There are two covered studies for this NDA. The financial disclosure data for A1481131
covers the time period from the start of the study through end of the study plus one year and
Pfizer continues to track financial disclosure data for A1481156 through April 2012.

Pfizer stated that it has examined its financial data regarding significant payments of other sorts
made to all investigators who participated in the study and equity information as provided by
those investigators, as defined in 21 CFR 54.2. With a total of 426 investigators listed in the two
covered studies, 10 investigators had significant payments of other sorts and no investigators
disclosed equity in the sponsor.

Pfizer stated that it was unable to obtain financial disclosure information specific to equity in
Pfizer for 2 sub-investigators in study A1481131. Pfizer has examined the financial data
regarding the other categories of financial arrangements including significant payments of other
sorts for all investigators who participated on the covered study. Additionally, all investigators
were contacted at the time of the submission to remind them of their obligation to disclose
financial information for Pfizer Inc and affiliated companies, including Wyeth and its affiliates,
which are wholly owned by Pfizer.

CERTIFICATION
Per US FDA Form 3454, certification is provided for 416 of the 426 investigators listed in the
study reports indicating:

e Certified investigators. A total of 409 of the investigators are certified as having no
Financial Arrangement as defined in 21 CFR 54.2.

¢ Due diligence in collecting the information on Equity. A total of 7 of the investigators did

10
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not respond or could not be reached by our due diligence effort.

Note that all investigators are assessed for equity, significant payments of other sorts, variable
compensation and propriety interest. With the exception of equity, all other financial
arrangements are checked via internal Pfizer procedures.

DISCLOSURE US FDA Form 3455, *10 of the 426 investigators listed on the study report had
significant payments of other sorts to disclose. All Investigator Initiated Research Grants
associated with the sponsors’ investigators were paid directly to the Institution rather than to the
individual investigator. Copies of the forms are found in Module 1, Section 1.3.4 of the NDA.

* This number represents the total number of 3455 forms and not by total unique investigators.

Due to a difference in time period of each study, separate 3455 forms were prepared for each
investigator who participated in both studies.

4 Significant Efficacy/Safety Issues Related to Other Review Disciplines

4.1 Chemistry Manufacturing and Controls

Pending

4.2 Clinical Microbiology

NA

4.3 Preclinical Pharmacology/Toxicology

Pending

4.4 Clinical Pharmacology

Pending

441 Mechanism of Action

Sildenatfil is an inhibitor of cGMP specific phosphodiesterase type-5 (PDES) in the smooth
muscle of the pulmonary vasculature, where PDES is responsible for degradation of cGMP.
Sildenatfil, therefore, increases cGMP within pulmonary vascular smooth muscle cells resulting
in relaxation. In patients with pulmonary arterial hypertension, this can lead to vasodilation of
the pulmonary vascular bed and, to a lesser degree, vasodilatation in the systemic circulation.
Studies in vitro have shown that sildenafil is selective for PDES. Its effect is more potent on
PDES than on other known phosphodiesterases (10-fold for PDE6, > 80-fold for PDEI1, > 7001
fold for PDE2, PDE3, PDE4, PDE7, PDES, PDE9, PDE10, and PDE11). The approximately

11
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4,000-fold selectivity for PDES versus PDE3 is important because PDE3 is involved in control
of cardiac contractility. Sildenafil is only about 10-fold as potent for PDES compared to PDE6,
an enzyme found in the retina and involved in the phototransduction pathway of the retina. This
lower selectivity is thought to be the basis for abnormalities related to color vision observed with
higher doses or plasma levels.

In addition to pulmonary vascular smooth muscle and the corpus cavernosum, PDES is also
found in other tissues including vascular and visceral smooth muscle and in platelets. The
inhibition of PDES in these tissues by sildenafil may be the basis for the enhanced platelet anti(]
aggregatory activity of nitric oxide observed in vitro, and the mild peripheral arterial-venous
dilatation in vivo.

4.42  Pharmacodynamics

Effects of REVATIO on Blood Pressure

Single oral doses of sildenafil 100 mg administered to healthy volunteers produced decreases in
supine blood pressure (mean maximum decrease in systolic/diastolic blood pressure of
8/5 mmHg). The decrease in blood pressure was most notable approximately 1-2 hours after
dosing, and was not different from placebo at 8 hours. Similar effects on blood pressure were
noted with 25 mg, 50 mg and 100 mg doses of sildenafil, therefore the effects are not related to
dose or plasma levels within this dosage range. Larger effects were recorded among patients
receiving concomitant nitrates.

Single oral doses of sildenafil up to 100 mg in healthy volunteers produced no clinically relevant
effects on ECG. After chronic dosing of 80 mg TID to patients with pulmonary arterial
hypertension, no clinically relevant effects on ECG were reported.

After chronic dosing of 80 mg TID sildenafil to healthy volunteers, the largest mean change from
baseline in supine systolic and supine diastolic blood pressures was a decrease of 9.0 mmHg and
8.4 mmHg, respectively.

After chronic dosing of 80 mg TID sildenafil to patients with systemic hypertension, the mean
change from baseline in systolic and diastolic blood pressures was a decrease of 9.4 mmHg and
9.1 mmHg, respectively.

After chronic dosing of 80 mg TID sildenafil to patients with pulmonary arterial hypertension,
lesser reductions than above in systolic and diastolic blood pressures were observed (a decrease
in both of 2 mmHg).

Effects of REVATIO on Vision

At single oral doses of 100 mg and 200 mg, transient dose-related impairment of color
discrimination (blue/green) was detected using the Farnsworth-Munsell 100-hue test, with peak
effects near the time of peak plasma levels. This finding is consistent with the inhibition of

12
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PDE®6, which is involved in phototransduction in the retina. An evaluation of visual function at
doses up to 200 mg revealed no effects of REVATIO on visual acuity, intraocular pressure, or
pupillometry.

443 Pharmacokinetics

Absorption and Distribution

REVATIO is rapidly absorbed after oral administration, with a mean absolute bioavailability of
41% (25-63%). Maximum observed plasma concentrations are reached within 30 to 120 minutes
(median 60 minutes) of oral dosing in the fasted state. When REVATIO is taken with a high-fat
meal, the rate of absorption is reduced, with a mean delay in Tmax of 60 minutes and a mean
reduction in Cmax of 29%. The mean steady state volume of distribution (Vss) for sildenafil is
105 L, indicating distribution into the tissues. Sildenafil and its major circulating N-desmethyl
metabolite are both approximately 96% bound to plasma proteins. Protein binding is independent
of total drug concentrations.

Bioequivalence was established between the 20 mg tablet and the 10 mg/ml oral suspension
when administered as a 20 mg single oral dose of sildenafil (as citrate).

Metabolism and Excretion

Sildenafil is cleared predominantly by the CYP3A (major route) and cytochrome P450 2C9
(CYP2C9, minor route) hepatic microsomal isoenzymes. The major circulating metabolite results
from N-desmethylation of sildenafil, and is, itself, further metabolized. This metabolite has a
phosphodiesterase selectivity profile similar to sildenafil and an in vitro potency for PDES5
approximately 50% of the parent drug. In healthy volunteers, plasma concentrations of this
metabolite are approximately 40% of those seen for sildenafil, so that the metabolite accounts for
about 20% of sildenafil’s pharmacologic effects. In patients with pulmonary arterial
hypertension, however, the ratio of the metabolite to sildenafil is higher. Both sildenafil and the
active metabolite have terminal half-lives of about 4 hours. After either oral or intravenous
administration, sildenafil is excreted as metabolites predominantly in the feces (approximately
80% of the administered oral dose) and to a lesser extent in the urine (approximately 13% of the
administered oral dose).

Population Pharmacokinetics

Age, gender, race, and renal and hepatic function were included as factors assessed in the
population pharmacokinetic model to evaluate sildenafil pharmacokinetics in patients with PAH.
The dataset available for the population pharmacokinetic evaluation contained a wide range of
demographic data and laboratory parameters associated with hepatic and renal function. None of
these factors had a significant impact on sildenafil pharmacokinetics in patients with PAH.

In patients with PAH, the average steady-state concentrations were 20-50% higher when
compared to those of healthy volunteers. There was also a doubling of Cmin levels compared to
healthy volunteers. Both findings suggest a lower clearance and/or a higher oral bioavailability
of sildenafil in patients with pulmonary arterial hypertension compared to healthy volunteers.
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5 Sources of Clinical Data

The clinical study reports, required case record forms, and data related to the relevant clinical
trials were submitted electronically.

5.1 Tables of Studies/Clinical Trials

See Table 2 in section 5.3

5.2 Review Strategy

This was a review written by a single medical reviewer.

5.3 Discussion of Individual Studies/Clinical Trials

Efficacy data for sildenafil with respect to pediatric PAH patients (1-17 years of age) were
obtained from study A1481131. Supportive data is included from an interim data cut of the long-
term extension study A148115. All studies contained in the sildenafil pediatric PAH program are
outlined in the table below.

14
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Table 2.  List of Clinical Studies in the REVATIO Pediatric Program

Study Title and Design

Dose or Study Treatments

Endpoints

Al481131: Phase 3 randomized,
double-blind, multi-centre, placebo
controlled parallel group, dose
ranging study. Subject’s aged 1 to
17 years with body weight =8 kg,
and with primary pulmonary
hypertension (PH)., PAH secondary
to congenital heart disease (PAH
associated with congenital
systemic-to-pulmonary shunts, d-
transposition of the great arteries
and PAH in subjects who had
undergone surgical repair of other
congenital heart lesions =6 months
prior to screening), or collagen
vascular disease.

10, 20, 40, or 30 mg TID depending
upon bodyweight to achieve steady

state concentrations of 47, 140, and
373 ng/ml in the low, medivm, and
high doses, respectively.

Placebo

Efficacy (16 week), safety.
tolerability, and PE.

Al481156: Long-term randomized
extension to Study A1481131

As for A1481131 above, excluding
placebo.

Leong-term safety, tolerability, and
I year efficacy.

Al481134: Phaze 3, Fandomized,
Double-blind, Multicentre Study to
Asszess [V Sildenafil Citrate as
Treatment of PH Post-Corrected
Heart Surgery for CHD (18
Patients; Terminated Prematurely
due to Lack of Recruitment)

Target Plasma Concentration of 40,
120, 360 ng/mL in the low, medizm
and high doses, respectively.
Loading Dose followed by 24-72 hr
Infusion (Concentration 1 mg/mL)

Efficacy, Safety, Tolerability and
PK

Al481157: (Part 1) Multicentre,
Eandomized, Placebo-controlled,
Dose-ranging Study, IV Sildenafil
Citrate for PPHN (36 Patients;
Terminated Prematurely due to
Lack of Recruitment)

Target Plasma Concentration up to
150 ng/ml.. Loading Dose
followed by Infusion for up to

T Days.

PK and Safety

Reference ID: 3118239
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Study Title and Design Dose or Study Treatments Endpoints
Al481261: A single-blind study in | - Sildenafil citrate in purified water | To assess the palatability of 4
healthy adult volunteers to at 10 me active/mL with flavorin prototype suspension formulations
investigate the palatability of containing 10 mg sildenafil
different oral suspension citrate, sweeteners and proprietary
formulations of sildenafil citrate flavor agents and a placebo
suspension formulation containing
a combination of flavor agents
- Sildenafil citrate in purified water | and sweeteners.

at 10 mg active/mL with flavoring

'

- Sildenafil citrate in purified water

- Sildenafil citrate in purified water

at 10 active/mL with flavorin|
33_. o

ormulation -

in solution

- Placebo (Control) f
L.

F

Reference ID: 3118239

with purified water.

Al481275: A randomized, open- -REVATIO 20 mg intact tablet. Bioavailability. safety and
label 3-way crossover study to -REVATIO 20 mg crushed tablet tolerability
imnvestigate the relative mixed with apple sauce.
bioavailability and bioequivalence’ | - REVATIO 20 mg
of the crushed REVATIO 20 mg extemporaneously prepared
tablet mixed with apple sauce. the suspension.
extemporaneously prepared
suspension (EP), and the intact
REVATIO 20 mg tablet in healthy
volunteers under fasting conditions

16




Clinical Review
Maryann Gordon, M.D.
NDA#203109

Revatio (sildenafil)
3/28/2012

Study Title and Design

Dase or Study Treatments

Endpoints

Al481293: A randomized, open-
label 3-way crossover study to
demenstrate bioequivalence of the
sildenafil citrate powder for oral
suspension (10 mg/ml) and the
Sildenafil Citrate 10 mg Immediate
Eelease (IR) Tablet Belative to the

-REVATIO 20 mg IF. oral tablet

- 2 x 10 mg sildenafil citrate IR cral
tablet

-2 ml of the sildenafil citrate 10
mgml POS (provided as a powder
in a bottle for constitution with
water).

Bicequivalence, safety and

tolerability

Fevatio 20 mg IR Tablet in Healthy
Volunteers Under Fasting
Conditions

CHD — Congenital heart disease; EP- Extemporanecusly Prepared; IR- Immediate Release; PH- Pulmenary
Hypertension; POS- Powder for Oral Suspension; PPHN — Pediatric Pelmonary Hypertension of the Newborn;
PD — Pharmacodynamics; PK- Pharmacokinetics.

T Please note that although the protocol title includes the term bioequivalence, the study was sample sized as a
bioavailability stody..

6 Review of Efficacy

Efficacy Summary

The determination of efficacy was derived from one study, A1481131. The study failed to show
a significant effect of sildenafil on the primary endpoint (percent change from baseline in peak
VO2 consumed at week 16) in children with PAH who were developmentally able to exercise
(n=115). The combined doses (low, medium and high) produced a statistically insignificant 7.71
% increase in the peak VO2 (combined doses) treatment effect (p=0.056). The low dose of
sildenafil improved peak VO2 by 3.81%, a clinically insignificant response.

17
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Figure 4. Treatment Difference in Percentage Change from Baseline in Study
Al48113]1 for VOipe.x at Week 16: Mean and 95% Confidence Intervals —
ITT population

Low (n=24)  « 381 .
Medium (n=28) .33
7.98
High (n=27) R : .
_ 7.71
Low/Med/High (n=77) s . = p=0.056
Med/High (n=53) . 353 -
10 5 ] 5 10 15 20 25

VO, pgg (% change) Comparison to Placebo (n=29) with 95% Cls

There was evidence of an effect of sildenafil on hemodynamic parameters, particularly PVRI.
However, the effect was limited to the high dose (-407.5 dyne.s.cm-5.m2); the effect of the lower
dose was negligible (8.0 dyne.s.cm-5.m2).

Table 20. Change from Baseline in PVEI (CERF Data) at Week 16 - ITT Population

Sildenafil
Treatment Group Low Aledinm Hish Combined Flacebo
Mumber of subjects 36 49 a7 152 50
Afean (SD¥) FVEL dyne scm”m’
Bazeline® 18777 1518.1 1659.9 1669.9 1286.4
(1214.5) (1102.6) {1518.1) (13246.3) (058.8)
Weak 16 1B85.6 12784 1262 .4 14142 1414.2
(1278.4) (878.9) {1078.7) (1004.6) (1102.6)
Change from baseline 8.0 -2317 -407.5 -255.7 1278
(B70.9) (01839 {1174.5) (1038.7) (735.1)
Mean difference versus 478 (2157 -350.6(191.8) -5753(183.8) -327.6(159.8) HNA
placebo (SE)
95% Confidence 4714, 3755 -7431,240 £348-2157 6302 -160 HNA
 imrerval®
P-value” NA HA HA 0041 HNA

Source: Study 41481131 CSE Tables 5.4.1 and 5.4.2.1 (Moduale 5.3.5.1)

ITT=intention-to-treat population; SE=standard error; 5D=>5tandard Deviation; NA=not applicable

* Baseline was the last PVEI assessment up to 21 davs before smdy weatment to the first day of study treatment
b Analyses were performed using analysis of covaniance with etology, weight and sbility to perform the
cardiopulmonary exercise test as covariates

Introduction

While most of the therapies developed for adults with PAH have been approved based on their
effectiveness in prolonging submaximal exercise (6-minute walk test), it is proving difficult to

evaluate exercise in children. The submaximal testing has been shown not to be appropriate for
children because 1) the majority of children have relatively preserved right heart function

18
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compared to adults and can have near normal submaximal exercise tolerance even in severe
disease; 2) cooperation and motivation for submaximal exercise testing may vary in children,
challenging consistency, reproducibility and interpretability.

Initially, the sponsor for this application chose to use cardiopulmonary exercise testing (CPET),
a comprehensive maximal exercise test as the primary endpoint.

As stated above, not all children are able to perform any exercise test. Children below the age of
7 years are routinely excluded as are children with medical conditions such as Down syndrome.
As a result of these limitations and in discussion with FDA, the efficacy endpoints that could be
assessed in all children, including those unable to reliably perform exercise testing, were the
effects of sildenafil on hemodynamic parameters (including PVRI and mPAP) and WHO
functional class. However, the meaningfulness of hemodynamic endpoints to evaluate patients
with PAH is controversial.

Analyses performed by the Agency using data obtained from adults indicate that drug-induced
changes in exercise capacity could be associated with drug-induced changes in PVRI in adult
patients with PAH. Though hemodynamic measures form the primary basis for making the
diagnosis of PAH and for assessing the severity and rapidity of disease progression in both
children and adults, these endpoints have not previously formed the primary basis of decision-
making for assessing efficacy for regulatory purposes. An Advisory Committee meeting was
held on July 29, 2010 to discuss the usefulness of changes in PVRi in specific populations. The
committee concluded that, for a product with an approved indication in adults with PAH, a
treatment effect on PVRI can be used to demonstrate effectiveness and to derive dosing
information in the pediatric PAH population.

For this application, it was decided that while exercise data were required from children who

could perform the testing, the change in PVRI could be used in this program as the measure of
effectiveness that covers the pediatric age range 1 to 17 years.

6.1 Indication
Pulmonary arterial hypertension (PAH) in pediatric patients (ages 1-17 years).

6.1.1 Methods

Study A1481131 was a randomized, double-blind, multi-center, placebo controlled parallel
group dose ranging study, in treatment naive subjects with body weight > 8 kg.

For each subject, the study consisted of an initial screening visit, a baseline visit, 16 weeks of
double-blind treatment, and a follow-up visit.
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Subjects received 1 of 3 sildenafil doses (low, medium or high), or placebo. Actual doses
administered were dependent on body weight. Subjects were stratified according to weight and
developmental ability to perform the CPX test.

The efficacy assessments included the CPX test (only those subjects who were developmentally
able to perform the test), hemodynamic monitoring, symptom assessment, WHO functional
class, change in background treatment, and quality of life measurements.

6.1.2  Demographics

The main criteria for study inclusion were: subjects with primary PAH and secondary PAH
associated with congenital systemic-to-pulmonary shunts with a baseline resting room air oxygen
saturation (Sa02) > 88 or with d-transposition of the great arteries repaired within the first 30
days of life; in subjects who had undergone surgical repair of other congenital heart lesions >6
months prior to screening and did not have clinically significant residual left-sided heart disease
consistent with the exclusion criteria, aged from 1 to 17 years (subject to country specific
protocols) and weighing >8 kg who had symptomatic PAH were included.

Subjects were excluded from the study if they had PH secondary to other diseases, left-sided
heart disease and other similar heart-related diseases, or had treatment with off-label sildenafil,
an endothelin-A receptor antagonists or prostacyclin/prostacyclin analogue within 30 days prior
to randomization, or who were taking prohibited medications.

There were 234 subjects randomized. The subjects’ demographics, by treatment group, are
shown below.
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Table 53. Demographic Characteristics.

Sildenafil
Dose Low Medium High Combined Placebo
Number of subjects 42 35 17 174 &0
Male, n (%a) 17 (40.5) 24 (43.6) 26 (33.8) 67 (38.3) 22 (36.7)
Female, n (%) 25(59.5) 31(564) 51 (66.2) 107 (61.3) 38 (63.3)
Ape (years), n (%)
1-4 0 9(le4d) 19247 28 {16.1) T(11.7)
5-12 25(59.5) 28 (50.9) 36 (46.8) 89511 37(61.7)
13-17 17 (40.5) 18(32.7) 12 (28.8) 37318 16(26.7)
=18 0 { a 0 0
Face, n (%)
White 19 (45.2) 26 (47.3) 18 (36.4) T3 {4209 24 (40,07
Black 1(24) 1(1.8) 1(1.3) X 2(3.3)
Asian 61(14.3) 13 (23.8) 15(19.5) 34(19.5) T(11.7
Other 18 (38.1) 15{27.3) 33429 64 (36.8) 27(45.0)
Begion n (%)
America’ 10(23.8) 11 (20.0) 16 (20.8) 3T(21.3) 17(28.3)
Asia 61(14.3) 13 (23.8) 15(19.5) 34(19.5) T(11.7
Euwrope 16 (38.1) 15(32.7 22(28.5) 36(32.2) 16 (26.7)
South America 10(23.8) 13 (23.8) 24312 47 (27.00 20(33.3)
Mean weight (range), kg 382 321 258 30.8 203 (9.1-60.0)
(20.0-105.0)  (B.6-106.00 (8.2-61.0) (8.2-106.0)
Mean height (range), cm 1418 130.5 120.8 1289 128 4
) (111.0-172.00  (77.0-192.5) (72.0-1B0.0) (72.0-1925) (78.0-173.0)
Mean BMI (5D, kg/m” 18.2 (4.8) 17.6(3.9) 163 (3.4 72400 169 (3.6)

BMI=body mass index
* America=includes USA. Canada and Mexico

Most subjects were female and between 5 and 17 years of age and most were white or Asian.
The majority of subjects were residing outside the United States.

The subjects’ diagnoses and duration of PAH are shown in the table below.

Table 2.2.1 Fage 1 of 1
Sildenafil Protcool Al481131
Frimary Ciagnoses and Durations

5ildenafil Low 2ild=nafil Zildanafil £ild=nafil

Cooe H=dium Coss High Doa= combin=d Coses Flaceba
Humber of Subjects 4z EE 77 174 €0
Frimary Diagnosis HedDRA (v1l.d) Lower Levsl T=rm
PRIMARY FULHCWARY HYFERETENEICHM
Humber of Zubj=cts 1z 13 26 ET 21
Duraticn Since First Diagmosis (vre)
Hzan l1.1z2 1.671 1.452 l1.a5%9 2.225
Range 0.O0E-7.042 0.002-7.280 0.O0E-8.Z280 0.003-8.280 0.027-12.422
Uncpecified (K] [ [ [ [ a
BECONDCAEY FULMONARY ARTERIAL HYFERTENEICH
Humber of Zubj=cts o g El 117 23
Duraticn Since First Diagmosis (yre)
H=an T.458 5,412 5.058 &.110 E.&583
Range Q. 0aE-18.258 @.08E-15.078 0. 033-15.638 0.003-15 . 258 0.038-16.958
Uncpecified (K] [ [ [ [ a
Curation i(vears! from first diaonosic to Dav 1 of study
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Approximately one third of subjects had primary PAH and the remaining subjects had secondary
PAH. Mean duration since first diagnosis was longer for the subjects with secondary
(approximately 6 years) compared to those with primary (approximately 1.5 years).

Table 7. Summary of Primary Diagnosis for Subjects in Study A1481131

Primary Diagnosis Sildenafil Placebo All Subjects
Combined Dose
All subjects (N=134)
Primary PAH 32.8% 35.0% 333%
Secondary PAH 65.5% 63.3% 65.0%
Congenital systemic-to-pulmeonary shunts 35.6% 38.3% 36.3%
Surgical repairs 20.9% 25.0% 28.6%

The most common underlying disease associated with secondary PAH was congenital systemic[
to-pulmonary shunt (85 subjects), followed by surgical repair of congenital heart defects
(ventricular septal defect: 31 subjects, atrial septal defect: 8 subjects, patent ductus arteriosus: 11
subjects). There were four subjects with D-transposition of the great arteries.

6.1.3  Subject Disposition

Of the 324 subjects screened, 235 subjects were randomized to 1 of 4 treatment groups. One
subject (10463, sildenafil medium dose) withdrew prior to taking any study treatment because
the hemodynamic entrance criteria were not met. A total of 228 subjects completed the study
and six subjects discontinued prematurely (mostly because of adverse events). See table below.
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Table T7. Disposition

Sildenafil
Dose Low Medium High Combined Placebo
Mumber (o) of subjects:
Fandomized 42 34 77 173 a0
Treated 42 55 77 174 a0
Completed 40(95.2 35(98.0) TI(98.T) 170(97.1) SB(95.T
Enterad Smdy A1481156 38 (90.3) 33(94.8) 74 (96.1) 165 (94.3) 550017
Had follow-up visit and did not 1(2.4) 1(1.8) 1(1.3) (LN 305
enter Study A1481136
Did not have follow-up visit and 1(2.4) 1(1.8) 0 2(1.1) 0
did not enter Stdy A14811354
Discontinued prior to reatment 1] 1(1.8 1] 1 (0.6) ]
Dhiscontined” 4B 0 2(2.60) 4(2.3) 2(3.3)
Had follow-up visit 1(2.4) 0 1(1.3) 2(1.1) 0
Did not have follow-up visit 1024 0 1(1.3) 2(1.1) (3.3
Reaszon for Discontmuation
Adwverse event 1(2.4) 0 1(1.3) 2(1.1) 0
Lost to follow-up 0 ] ] 0 1{1.T
Other 1{2.4) 0 1{1.3) 2(1.1) ]
No longer willing to participate 0 ] 0 0 1{1.7)
Analyzed for efficacy
ITT® 42 (100) 350980 TT(100) 174 (30 4) G0 (100}
Per Protocol 23 (54.8) 23410 27351 T3 (41T M 40,00
Aged =3 vears 42 (100) 46 (82.1) 3B{73%) 146 (83 .4) 53 (BR3)
{ZHQ PF2gd 3T(RE.1) 34(60.7) 48 (62.3) 119 (68.0) 46 (76.7)
Developmentally able 28 (66.T) 28 (30,00 20(37.1) 85 (48.6) 30 (50.00
Analyzed for safety
Adverse events 42 (100) 350980 77 (100) 174 (80 4) G0 (100}
Laberatory data 42 (100) 3509821 T6(98.T) 173 (93.9) G0 (100}
Wisual safety 42 {100) 55(98.) T5(974) 172983 60 (100)

Source: Table 1.1 and Table 4.1

CI—Q PE28=Child Health Questionnaire-Parent Feport

Subject 10463 was randomized but not Teated

Discontinuations occurring =7 days after the last dose of smdy treatment were attributed to the last study
freatment received

°  Subjects who were randomized to study treatment aud received =1 dose of study treatment
4 5ub ects who fulfilled the criteria for the ITT were - =3 years old a.ur_l had CHQ- PF22 assessments in their first

la.uguage

b

6.1.4  Analysis of Primary Endpoint(s)

The primary efficacy endpoint was the percent change in peak VO2 (normalized to body
weight) at trough plasma levels from baseline to Week 16 assessed by the cardiopulmonary
exercise (CPX) test (cycle ergometry). The baseline value was taken as the average of the
screening and baseline readings.

Cycle Ergometry

CPX was performed at screening, baseline, Week 8 (at peak plasma levels of sildenafil) and
Week 16/end-of-study (at trough plasma levels of sildenafil). The cycle ergometry protocol
imposed a progressively increasing workload on the subject until the limit of subject’s tolerance
was reached. The exercise test was conducted in a fasted condition.
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Subjects were encouraged to exercise for as long as they could, but could stop at any time. They
were instructed to maintain between 50-60 revolutions/minute. Subjects were instructed to alert
the study team if they felt chest pain or pre-syncopal symptoms. The actual exercise time was
approximately 8 to 12 minutes. The same workload increment was maintained throughout the
study where possible. Every effort was made to keep the coach and equipment consistent
between tests when possible.

Data were collected and sent to a core laboratory for interpretation. If the CPX test was deemed
inadequate by the core laboratory (e.g., primary endpoint could not be determined) the subject
was asked to repeat the test.

The measurements obtained during testing included peak volume of oxygen consumed (VO2),
exercise time to peak VO2, total ventilation (VE), respiratory exchange ratio (RER) (ratio of
carbon dioxide produced to oxygen consumed [VCO2/VO2]), end tidal O2 and CO2, percent
predicted peak VO2 and anaerobic threshold (AT). Respiratory gas exchange and minute
ventilation were determined on a breath-by-breath system throughout. Blood pressure, heart rate
and ECG were monitored continuously during the CPX test.

The number of subjects excluded from efficacy analyses by treatment group are shown in the
table below.
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Table T9. Subjects Excluded from Efficacy Analyses

Sildenafil
Duose Low Medium High Combined Placebo
Mumber (%a) of subjects:
Randomized 42 56 77 17 60
Treated 42 55° 7 174 60
Amnalyzed for efficacy
ITT pu:upulan-:mt' 42 (1007 55 (98.2) 77 (100) 174 (99.4) 60 (100
Developmentally able (peak VO3) 28 (66.7) 28 (30.0) 20377 85 (48.6) 30 (30.0)
Analyzed for primary analysis 24(57.1) 26 (46.4) 27(33.1) 77 (44) 19(48.3)
PP population 23 (54.8) 23 (41.1) 27(35.1) 73 (41.7) 24 (40.0)
Feason for exclusion from primary
analysis”
Discentinued 1{3.6) 0 1{3.4) 2(2.4) 0
MMachine failure/damage 1(3.6) 0 1(3.4) 224 1(3.3)
Teooll 1(3.6) 0 0 1(1.2) 0
Other® 1(3.6) 2{7.1) 0 335 0
Beason for exclusion from PP
population
Failed inclusion/exclusion criteria 1(3.6) 1(3.8) 134 I35 1(3.3)
Non compliance 0 0 0 0 0
FProhibited concomitant medication 0 0 0 0 0
No baseline or Week 16 VO3 3(17.9) 4(14.3) 2(6.9) 11 (12.9) 3{18.y
Feceived incorrect medication 0 1(3.8) 0 1{1.2) 0

Source: Tables 1.1, 3.1.1 and 5.1.2, and Appendiz A Item £

ITT=intention-to-treat; PP=per protocol

* Subject 10463 was randomized but not treated

° Subjects whe were randomized to study treatment and received =1 dose of study freatment

" All subjects were excluded from the primary analysis because they had a missing Week 16 assessment. The
dencminator used for percentages was the number of subjects developmentally able to perform the CPX test.
Feasons for exclusion from primary analysis are documented in various sources including CRFs

? Other category included inadequate CPX test result, no staff available at site to mun the CPX test or the test was
erronecusly not done

The reasons for the 119 subjects who were unable to perform the exercise tests are shown in the
table below.
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Table 12. Summary of Reasons for Subjects being Unable to Perform CPET in Study

Al481131
Sildenafil

Treatment Group Low Medinm High Combined Placebo
(N=421) (IN=55) N=1T) (N=174) (N=60)
Number of subjects unable to exercise 14 (33.3) 27{49.1) 48 (62.3) 89 (31.1) 30 (30.00
Number of subjects <7 vears of age® 2(4.8) 17 (30.9) 258 (364 47 (27.00 16 (26.7)
Without Down syndrome 2{4.8) 12(21.8) 24(31.2) 38(21.8) 10 (16.7)
With Down syndrome 0 5(9.1) 4(5.2) 9(5.2) 6 (10.0)
Number of subjects =7 vears of age” 12 (28.6) 10(18.2) 20 (26.00 42(24.1) 14 (23.3)
With Down syndrome 6 (14.3) 6 (10.9) 13(16.9) 25(14.4) 6 (10.0)

Other reasons 6 (14.3) 4(5.13 7T(9.1) 17(9.8) g(13.3

Source: Study A1481156 Interim CSE (May 2009) Table 5.2.12 (Module 5.3.53.2)

a: Age at time of screening

Note: There were also 2 Down syndrome subjects who were developmentally able to perform CPET (one eachin
the low and medmm dose groups)

Results
Of the 115 subjects deemed to be developmentally able to exercise, 106 were included in the
primary efficacy analyses. The results are shown below.

Table T14. Percentage Change from Baseline in Peak Volume of Oxygen Consumed (VO2)
at Week 16 (LOCF) -ITT

Sildenafil
Dose Low Medium High Combined Placeho
MNumber of subjects® 24 26 27 7 29
Mean (5D} VO, mL kg mimite
Baseline" 17.37(4.36) 1803 (470) 1743(3.70) 17.61(4.22) 2002 (3.80)
Week 16 1240 (3.61) 2039(6.16) 19.00(3.59) 1928(321) 2001 (444)
Change from baseline 1.03(341) 236(3.36) 157(256) 167(3.13) -0.01(3.34)
Percentage change from baseline 6.44 (20.16) 13.40(19.50) 1038 (15.51) 10.24 0.53(1591)
18.30
Mean difference versus placebo 3B1(500) 1133(484) 7T98(485 _{_1 (3.5?8] NA
(SEY°
95% Confidence mterval® -6.11,13.73  1.72,2094 -164. 1760 -0.19,15.60 NA
P_valus® NA NA NA 0.056 NA

Source: Tables 5.2.1.1 and 5.2.2

VO=volume of cxygen consumed; LOCF=last observation carried forward; [T T=intention-to-freat population;
SD=standard deviation; SE=standard error; NA=not applicable

® ITT subset of developmentally able subjects

Baseline was the average of all assessments on or before the first day of study treatment

Amnalyses were performed using analysis of covariance with etiology, weight and baseline peak VO3 as the
covariates

b
c

In the primary analysis of peak VO2 the sildenafil combined group displayed a 7.71 (95%
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CI: -0.19, 15.60) improvement in percentage change from baseline compared to placebo
(p=0.056). The medium dose had the best results (11.33). The low dose showed only 3.81 mean
difference versus placebo.

Figure F2. Treatment Difference in Percentage Change from Baseline in Peak VO, at
Week 16 (LOCEF): Mean and 95% Confidence Intervals - ITT

Sildenafil Low Dose

Sildenafil Medium Doze

Sildenafil High Dose

Sikdenafll Combined Doses

Treatment Difference in Percentage Peak VO3 (Sildenafil Minus Placebo)

Source: Figure 1.1.1
Baseline was the average of all assessments cn or before the first day of study treatment

ITT subset of developmentally able subjects

Time to peak VO2 was examined. The table below shows the means at baseline, at week 16, the
change from baseline, and the percentage change from baseline.
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Table 15. Percentage Change from Baseline in Study Al1481131 for Time to VO3, at

Week 16 -ITT

Sildenafil

Treatment Group Low Medium Hizh Combined Placebo

MNumber of subjects” 24 26 27 77 20

Mean (5I) I:i.n:_:e to ViDaypeq, seconds

Baseline® 41454 452.27 433381 434.04 466.43
(123.13) (141.88) (108.69) (124.44) (139.14)
Week 16 47938 516.69 465.13 486.99 475.28
(183.02) (185.73) (104.51) (160.34) (166.82)

Change from baseline 64.83 64.42 3133 5295 5.54
(103.69) (102.70) (107.04) (104.40) (96.09)

Percentage change from baseline 15.21 15.97 11.16 14.04 456
(26.28) (22.92) (28.62) (25.82) (34.85)

Mean difference vs. placebo (SE) 10.34 11.43 5.04 924 NA

(7.84) (7.67) (7.62) (6.20)
83% Confidence interval® -521,2500 378 2664 016 2108 -3035 2154 NA
P-value® NA NA NA 0.139 NA

Source: Study A1481131 CSE Tables 5.6.1.1a and 5.6.2a (Module 5.3.5.1)
VOr=veolume of cxygen consumed; [T T=intention-to-treat population; SD=standard deviation; SE=standard

error; NA=not applicable
* ITT subset of developmentally able subjects
o

4

The percentage change from baseline was greatest for low and medium dose sildenafil groups,

less for high dose sildenafil group and minimal for placebo group.

Comparing adult and pediatric dosing

baseline was the average of all assessments on or before to the first day of study treatment
Analyses were performed vsing analysis of covariance with etiology and weight as the covariates

The doses of sildenafil used in adult and pediatric studies were over a similar range. The
exposures of the medium and high sildenafil doses in Study A1481131 approximate to the

exposures of sildenafil 20 mg TID and 40 mg TID in the adult study A1481140, respectively. As
a result of higher than expected plasma clearance the low dose group in Study A1481131 did not

achieve pharmacologically relevant levels with respect to exercise capacity.
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Figure 6. Boxplot of Estimated Exposures for Adult Treatment groups in Study
Al1481140 (20 mg TID, 40 mg TID, 80 mg TID) and Pediatric Treatment
Groups in Study A1481131 (low, medium and high dose groups)
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Boxplot of distribution of Cav,ss across both population PE frials (A1481131 and A1481140) and across the
respective dose treatment groups, with the pediatric Cav,_ss, all subject (left panel), being split according to their
developmental statns (right panel). The boxes represent the median and inter quartile ranges (IQR), the
whiskers 1.5 times the IQR. The lower and upper ends of the blue shaded area correspond to the IC50 of PDES
and PDEG inhibition for sildenafil. respectively. (ePharm Artifact ID: 4676306 and 4676308).

6.1.4  Analysis of Secondary Endpoints(s)

Hemodynamic parameters

N.B. Cardiac output (and hence derivation of PVRI) was assessed by either the thermodilution or
Fick methods. When the Fick method was used oxygen consumption was either measured or
estimated. A large proportion of subjects had their hemodynamic assessment done by the Fick
method; 73% (147/202) of subjects who had a valid PVRI measurement at Baseline and Week
16 were assessed using the Fick method.

As the same formula for estimating oxygen consumption was not used by all investigators
throughout the study and it is recognized that direct measurement of oxygen consumption is
difficult in the clinical setting, post hoc analyses were conducted using a standardized approach
to estimating oxygen consumption for those subjects who had their cardiac output determined by
the Fick method. The results from the standardized data for PVRI were similar to those presented
in the original CSR, with similar improvements over placebo for the 3 dose groups.

The secondary endpoints included:
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- pulmonary vascular resistance index (PVRI), mean pulmonary artery pressure (mPAP
pulmonary vascular resistance (PVR), cardiac index and right atrial pressure (RAP) assessed by
the hemodynamic assessment;

-WHO PH functional class;

-respiratory exchange ratio (RER) and time to peak VO2, assessed by the CPX test;

-physical and psychosocial scales from the Child Health Questionnaire - Parent Form (CHQ[
PF28);

Only results from selected secondary endpoints are discussed here.
PVRi

There are 32 subjects excluded from the PVRI analyses. The mean PVRi at baseline, week 16,
and change from baseline are shown below.

Table T17. Change from Baseline in Pulmonary Vascular Resistance Index (PVRI) at
Week 16 (LOCF) - ITT

Sildenafil
Dose Low Medium Hizh Combined Placebo
MNumber of subjects 36 49 67 152 50
Mean (SD) PVEL Wood units/m®
Baseline* 235152 19.0(13.8) 2090190y  2009(16.6) 16.1(12.0)
Week 16 23.6(16.0) 16.0 (11.0% 138(13.5) 17.7(137) 17.7(13.8)
Change from baseline 0.1(10.9) 29115 51(147)  32(130)  16(2D)
LEEEE?E difference versus placebo 0627 -45(24) -1.2(2.3) -4.1(2.0) NA
(
95% Confidence interval® 5947 9303 117,27 -3.0,-0.2 NA
P-value® NA NA NA 0.041 NA

Source: Tables 3.4.1 and 3421

PVEI=pulmonary vascular resistance index; LOCF=last observation carried forward; [T T=intention-to-treat

population; SD=standard deviation; SE=standard ervor; SD=standard deviation; NA=not applicable

*  Baseline was the last PVRI assessment from 21 days before study treatment to the first day of study

treatment

o Analyses were performed vsing analysis of covariance with etiology, weight and ability to perform the
cardiopulmonary exercise test as the covariates

Of the 234 subjects randomized, 202 subjects were included in the analysis.

The highest mean PVRI at baseline was in the low dose sildenafil group (23.5 Wood units/m2)
and the lowest was in the placebo group (16.1 Wood units/m?2).

At endpoint, the sildenafil medium and high dose groups showed larger decreases from baseline
compared to placebo (-4.5 and -7.2 Wood units.m2, respectively) in a dose related manner. The
low dose group showed results similar to the placebo group (-0.6 Wood unit/m?2).
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With the exception of placebo and low dose sildenafil, there were clinically significant decreases
in mean PVRI from baseline at week 16 (231.7 and 407.5 dyne.s.cm-5.m2, medium dose and
high dose, respectively).

Similar results were shown with the standardized data'.

Figure 8. Treatment Comparisons for PVRI Changes from Baseline: Mean and 95%
Confidence Intervals

CRF Data
L L .
Standardized Data
L] L L]
-Il;lfllfl -1 E;-I}D -ﬂ;l‘.lﬂl -IS;Z‘.ID -41IZIEI -E:fllfl u] ZLI?ID 4[;0 Eléllfl

Comparizon to Placelo (dynes-cm-5m ) with 258% 'l

Dwpze groups: Fed — Low, Blue — Medim Green — High Black — Combined
Note: PVEI was analysed on the natural scale
Source: A1481131 CSF. Table 5.42.1 and A1481131_AddHzem Table 54.2 (Module 5.3.5.1)

In addition, there was an effect on mPAP with the medium and high dose groups showing
improvement compared to placebo ( decreases from baseline were 3.5 and 7.3 mmHg,
repectively). The difference between low dose and placebo was minimal.

! As the same formula for estimating oxygen consumption was not used by all investigators throughout the study and
it is recognized that direct measurement of oxygen consumption is difficult in the clinical setting, post hoc analyses
were conducted using a standardized approach to estimating oxygen consumption for those subjects who had their
cardiac output determined by the Fick method.
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Figure 10. Treatment Differences in Changes from Baseline in Studv A1451131 for
mPAFP at Week 16: Mean and 95% Confidence Intervals — ITT Population

Low (rn=38) 1€
Medium (n=55) 33
T3
High (n=T1) & o "y
=31
L/W/H [n=165) o - -
«A5 =10 =5 a & 10

(Change from baseline to week 16) comparison to placebo (n=56)
with 95% Cls (mmHg)

Source: Sudy A1481131 CSE. Table 5.3.2.1 (Module 5.3.5.1)
ITT- Intent-to-treat

Cardiac index showed improvement from baseline in sildenafil groups but not in the placebo
group.

Table 25. Change from Baseline in Study A1451131 for Cardiac Index at Week 16 -

ITT Population
Sildenafil

Treatment Group Low Medinm Hi=zh Combined Flacebo
Humhber of subjects 37 31 69 157 55
Mezan (50 Cardiac Indew, L'min/m*

Baseline 312 (1.099 335(14H) 3421467 3300147 386214

Week 16 3390129 I34(048)  373(L.73) 353134 335104

Chanze fram baseline 027(1.11) 008 (1.41) 03102100 023(1.69) -D.61(1.00)
Fatio Comparizon to Placebo 1.104 1.043 1.148 1.096 NA
05% Confidence Interval® 09431258 00251176 10261286 09541210 HA
Povale® HA NA HNA 0.066 NA

Source: Study A1481131_AddHaem Table 5.4 9 and Study A142113]1 Hemodynamic Supplemental Report
Table 11.7-28A (Module 5.3.5.1)

ITT=intention-to-mweat populadon; SD=standard deviation; MA=not applicable

* Analyses were performed using analysis of covariance with etiology, weight, ability to perform the
cardiopulmonary exercise test and log baseline Cardiac Index as covariates

Comparison to adult PVRi data

The following figure shows how close the % reduction from placebo in the adult study
(A1481140 using 20 mg three times daily) is to that found in the pediatric study (medium and
high doses combined) for PVRi.
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mPAP
The mean PAP at baseline, week 16, and change from baseline are shown below.

Table S5. Change from Baseline in Mean Pulmonary Artery Pressure (mPAP) at
Week 16 (LOCF) - ITT

Sildenafil
Dose Low Medium High Combined Placebo
Number of subjects 39 55 71 165 56
Mean (3D) mPAP, mmHg
Baseline” 66.3(222) 619(181) 61.6(239) 628(21.7) 594(21.6)
Week 16 67.1(244) 579(194) 542(206) 585(216) 590(203)
Change from baseline 09123} -39(120) -74(154) -43(139) -04(159)
Mean difference versus placebe” 1.6 (3.1) 3527 -73(246) 3122 NA
(SE)
95% Confidence interval® -45.7.6 -89.19 -12.4.-2.1 -7.5.1.3 NA
P-value’ NA NA NA 0.172 NA

LOCF=last observation carried forward; IT T=intention-to-treat population; SE=standard error;
SD=standard deviation; NA=not applicable

* Baseline was the last mPAP assessment from 21 days before study treatment to the first day of study
treatment

® Analyses were performed using analysis of covariance with eticlogy. weight and ability to perform the
cardiopulmonary exercise test as the covarnates

The sildenafil medium and high dose groups both showed improvements over placebo (mean
reductions compared to placebo for mPAP were -3.5 and -7.3 mmHg, respectively) in a dose
related manner. The low dose group showed similar results to the placebo group.

WHO Functional Class
The WHO PH Functional Classification was assessed at baseline, and Weeks 4, 8 and 16.

Overall 32.6%, 51.7%, 15.2% and 0.4% of subjects had WHO Class 1, II, III and IV, respectively
at baseline. The baseline values are shown in the table below.
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Table T18. World Health Organization (WHO) Functional Class at Baseline

Sildenafil
Low AMMedium High Combined Placebo
Class. n (%)
I 9(22.5) 20° (37.0) 21(27.6) 50(29.4) 25 (41.7)
I 22° (55.0) 25 (46.3) 43 (56.6) 90 (52.9) 29 (48.3)
m 9(22.5) 8 (14.8) 12 (15.8) 29(17.1) 6 (10.0)
v 0 1(L9) ] 1(0.6) 0
Missing 2 1 1 4 0
Source: Table 5.11.1
WHO=world health organization
*  The number of subjects with known WHO functional class has been used as the denomunator for the calculation of
percentages

*  Sulyects 11620 (sildenafil low dose) and 11221 (sildenafil medmm dose) recorded baseline functional class on
Day 2. The mvestigators confirmed that there was no significant change i functional class from pre-treatment and
therefore these records were used as the baseline value.

The number and percent of those who had no change in their functional class, those who
improved by 1 class, and those who improved by 2 classes at endpoint are shown below by
treatment group.

Table T19. Improvements from Baseline in World Health Organization (WHO) Functional
Class for Subjects with PAH Class II to IV at Baseline

Sildenafil
Low Aedium High Combined Placebo
Number of subjects 31 34 55 120 35
No change, n (%2) 25 (80.6) 24 (70.6) 38 (69.1) 84 (70.0) 31 (88.6)
Tmproved by 1 class. n (%) 6(19.4) 10 (29.4) 16 (29.1) 32(26.7) 4(114)
Improved by 2 classes. n (%) 0 0 1(1.8) 1{0.8) 0

Source: Table 5.11.2

The table below shows the odd ratio for improvement in WHO functional class compared to
placebo.
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Figure 13. Odds Ratio for Improvement in WHO Funetional Class Compared to
Placebo by Dose Group in Study A14581131
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Odds Ratio Comparison to Placebo (M=60) with 95% Cls

There is some indication of an effect of sildenafil on WHO functional class improvement but it is
limited to the high dose.

The table below shows the number of subjects who became worse by 1 functional class

Number of subjects

sildenafil placebo

Low Medium high
Number of 42 55 77 60
subjects
randomized
Number with 31 34 55 35
data
Worse by 1 3 2 1 4
class

There are too few subjects who became worse to draw a conclusion about the efficacy of
sildenafil.

6.1.6  Other Endpoints

Subject/Parent and Physician Global Assessments

With the subject/parent global assessment, improvements from baseline were observed with
all treatment groups, including placebo. However, greater proportions of sildenafil-treated
subjects had marked or moderate improvements compared to placebo-treated subjects
(35.7%, 34.6% and 45.5% for the low, medium and high dose groups, respectively, compared
to 21.6% in the placebo treatment group).

Similar results were observed with the physician global assessment, with most physicians
reporting mild or better improvement in disease severity from baseline in all treatment groups.
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Again greater proportions of sildenafil-treated subjects reported marked or moderate
improvements (26.2%, 27.2% and 28.6% for the low, medium and high dose groups,
respectively, compared to 10.0% in the placebo treatment group).

Quality of Life — CHQ-PF28 Questionnaire

Increases from baseline in the mean CHQ-PF28 physical and psychosocial scale scores were
observed in all treatment groups, including placebo. There was no apparent difference between
the sildenafil treatment groups and placebo.

6.1.7  Subpopulations

Subjects under 7 years of age had lower mean baseline values for mPAP and PVRI, and higher mean
cardiac index, than the older subjects.

Tahle S8. Baseline Mean (5D, n) PVEIL, mPAP and Cardiac Index Values and Functional
Class by Age

Parameter =7 years ald =7 vears old
N=63 N=171

PVRI (Wood unitsen1) 12.3 (8.0, 538) 20.7(14.7. 164)
mPAP (mmHg) 54.2(21.0.61) 64.7(21.5. 170)
Cardiac Index (L/min/m’) 4.2 (1.8, 58) 3.2(1.6.168)
Functional Class I 27 (43%) 48 (29%)
Functional Class II 30 (48%) 90 (54%)
Functional Class IILTV 6 (10%) 30 (18%)

Source: Tables 2951, 11.7.2354 and 11.7.236A
Note: percentages do not add to 100% due to rounding

The table below shows the results of the hemodynamic analyses by age.
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Table S9. Treatment Comparisons to Placebo for PVRI, Cardiac Index and mPAP by Age

Parameter

Treatment Group

Comparison to Placeho (95% CT)

=7 vears old

> 7 vears old

PVEI Low Dose

0.97 (0.47. 2.00)

0.97 (0.78. 1.21)

(ratio to placebo) (n=2) (n=33)
Medium Dose 0.77(0.53,1.10) 0.83 (0.67, 1.03)
(n=14) (n=37)
High Dose 0.74 (0.54,1.02) 0.72 (0.59, 0.89)
(n=23) (n=45)
Cardiac Index Low Dose 1.00 (063, 1.61) 1.11 (D.96, 1.28)
(ratio to placebo) (n=2) (n=33)
Medium Dose 1.06 (0.84,1.34) 1.04 (0.90, 1.20)
(n=14) (n=37)
High Dose 1.15(093,1.41) 1.15(1.01, 1.32)
(n=23) (n=46)
mPAP Low Dose -3.30(-26.26, 19.66) 0.34 (-5.73. 6.81)
(difference in mmHg (n=2) (n=3T)
from placebo) Medium Dose -1.65(-1249, 9200  -419(-1041,2.04)
(n=17) (n=38)
High Dose -0.76 (-10.72,920) 979 (-15.73,-3.83)
(n=23) (n=46)

Note: as no subjects were randomized to the low dose treatment group in the 8-20 kg weight group only 2 subjects
<7 years of age had evaluable hemodynanuc values in this treatment group.

Source: Tables 11.7.50A 11.7.60A and 11.7.61A

Placebo: PVEI <7 years old n=13; =7 years old =37

Cardiac Index <7 years old o=1 5; =7 vears old =40
mPAP <77 years old 0=15; =7 years old n=41

With the <7 year-old subjects there was an estimated 23% and 26% reduction in PVRI with the
sildenafil medium and high dose groups, respectively. There were corresponding estimated
increases in cardiac index of 6% and 15% for the medium and high dose groups respectively.
With the >7 year-old subjects there was an estimated 17% and 28% reduction in PVRI and a
corresponding 4% and 15% increase in cardiac index, indicating that the treatment effects on
PVRI and cardiac index were similar in the 2 populations. For mPAP the <7 year-old subjects
showed a smaller improvement over placebo for the medium and high dose groups compared to
the >7 year-old subjects. The low dose group for the <7 year old had only 2 subjects.

6.1.8  Analysis of Clinical Information Relevant to Dosing Recommendations

The low dose group did not demonstrate clinically relevant efficacy with either VO2peak or
hemodynamic endpoints and excess mortality was seen with the medium and high dose groups.
Therefore, there is no dosing recommendation as a result of no proof of efficacy with the low
dose and a higher than expected mortality rate with the medium and high doses.
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6.1.9  Discussion of Persistence of Efficacy and/or Tolerance Effects

Not applicable

6.1.10 Additional Efficacy Issues/Analyses

None

7 Review of Safety

Summary

Introduction

Safety information about the use of sildenafil in children with PAH was obtained primarily from
study A1481131, a placebo controlled study using three dose levels of sildenafil, and study
A1481156, an ongoing long-term extension study. Detailed reviews of these studies are located
in the appendices.

The NDA contained combined A1481131 and A1481156 safety data using April 4, 2011 as the
cut-off date for adverse events and June 20, 2011 for serious safety and survival analyses. The
cut-off date for the safety update was November 15, 2011.

An independent Data Monitoring Committee (DMC) had been reviewing safety data from the
two studies. It was disbanded following the completion of Study A1481131 and then re-instated
in January 2009 when a numerical imbalance in mortality was observed by the sponsor across
the treatment groups. The DMC was reconvened on July 26, 2011 to review the current safety
data, following 4 newly reported deaths since their last meeting in November 2010. At this time,
all subjects were at least 3 years post randomization with some as long as 7 years post
randomization.

At the time of the cut-off for survival data of June 20, 2011 used for the DMC, 35 deaths had
been reported. Of these 35 deaths, 26 had been reported as being on treatment or within 7 days of
the last dose. Upon review of the mortality results, the DMC unanimously concluded, that in the
context of this clinical trial, the high dose of sildenafil was associated with a harmful effect on
survival when compared to the low dose. The DMC also expressed concern as to the potential
dose-response relationship between increasing dose and mortality. Therefore, the DMC
recommended discontinuation of the 40 mg and 80 mg TID doses, as well as the 20 mg TID dose
in children with body weight <20 kg.

Both the study investigators and FDA were notified of the changes and recommendations. The
study A1481156 continues with only the use of the low dose.
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Safety Summary

There were no deaths reported in randomized subjects the 16-week controlled trial A1481131.
There were two deaths reported in the screening phase of the study, however, and both deaths
were associated with the right heart catheterization procedure.

There were 35 deaths reported in the ongoing, open label, uncontrolled trial A1481156. Of these
deaths, 26 occurred when the subject was either on treatment or within 7 days of the last dose
and 9 occurred for subjects who had been discontinued from study treatment for more than 7
days. The majority of deaths appear to be related to the underlying disease. However, there is a
randomized” dose response relationship:

The hazard ratio for mortality in the high dose group compared with the low dose group was
3.5(1.29 t0 9.51, 95% Confidence Interval).

The Data Monitoring Committee (DMC) that was following the studies unanimously concluded,
as do I, that the high dose of sildenafil is associated with a harmful effect on survival when
compared to the low dose.

The two month safety update reported 4 additional deaths (2 in the medium dose group and 2 in
the high dose groups), of which 1 (medium dose) died on drug and the other 3 (1 medium, 2 high
dose) died more than 7 days after their last dose of sildenafil.

My review of this application has found nothing to explain the imbalances in deaths in the high
dose group. My conclusion, based on the mortality findings as well as the lack of effect with the
low dose, is that there is no evidence of a dose of sildenafil that is both safe and effective for the
treatment of children with PAH.

7.1 Methods

The safety evaluation was reviewed as presented by the sponsor. Also, many case reports for
death and hospitalizations were examined by this reviewer.

7.1.1  Studies/Clinical Trials Used to Evaluate Safety

Sildenafil tablets were studied in children with PAH in Study A1481131, a placebo controlled,
double blind, randomized study and Study A1481156, an ongoing, uncontrolled long-term safety
extension study. Only children who completed study the base study were eligible for the
extension study.

% Survival analyses used the dose to which the subject was randomized to in the base study A1481131. Dose titration
was allowed in the open label extension study A1481156

39
Reference ID: 3118239



Clinical Review
Maryann Gordon, M.D.
NDA#203109

Revatio (sildenafil)
3/28/2012

The clinical safety also includes supportive data from 2 pediatric studies of intravenous (IV)
sildenafil in the treatment of pulmonary hypertension (A1481134 and A1481157). These studies
were conducted in children with pulmonary hypertension (PH) or persistent pulmonary
hypertension of the newborn (PPHN). Study A1481134° was terminated after 4 subjects because
of poor recruitment and study A1481157* was terminated after 36 subjects, also for poor
recruitment.

7.1.2  Pooling of Data across Studies/Clinical Trials to Estimate and Compare Incidence

Data were pooled for two studies (a controlled study and its long-term extension). The base study
A1481131 has been completed and the extension study A1481156 is still ongoing. Only subjects
who were enrolled in the base study were eligible for the extension study.

All deaths in randomized subjects were reported after the subjects completed the 16-week study
A1481131 and were either ongoing in study A1481156 or had been dropped from it.

7.2 Adequacy of Safety Assessments

The safety database for oral sildenafil in pediatric subjects includes 234 pediatric subjects in the
base study (A1481131; 174 who received sildenafil and 60 who received placebo). Most of these
subjects (220) entered the long term extension study A1481156 during which all were given
sildenafil. As of the April 4, 2011 data cut-off, 133 subjects were still ongoing in the study.

An additional 53 pediatric subjects, 48 of whom received IV sildenafil, are included in the safety
database: the 12 subjects who received sildenafil in Study A1481134, a study of IV sildenafil in
the treatment of pulmonary hypertension and the 36 subjects who received sildenafil in Study
A1481157, a study of IV sildenafil in the treatment of PPHN.

7.2.1  Overall Exposure at Appropriate Doses/Durations and Demographics of Target
Populations

The pediatric clinical development program includes 234 treated subjects in the placebo
controlled Study A1481131. The majority (228; 97%) completed 16 weeks of treatment in Study
A1481131, and 220 of these subjects continued into the extension Study A1481156.

The total number of children who received oral sildenafil in studies A1481131 and/or
A14891156 is 229.

3two of seventeen subjects reported serious adverse events (predominantly pulmonary hypertension). There was one
death (placebo) and two subjects discontinued.

4 . . . . .
there were six serious events, four of which occurred during treatment (severe hypotension, anomalous pulmonary

venous connection, two pneumothorax) one occurred prior to the start of treatment (pneumothorax) and one more
than seven days after treatment (cardiomyopathy).
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Of the 234 treated subjects in Study A1481131, 60 received placebo. Subjects who received
placebo in Study A1481131 were randomly assigned to a sildenafil dose level for the long-term
extension Study A1481156. Of the 60 placebo-treated subjects, 55 received sildenafil treatment
in Study A1481156.

As of the April 4, 2011, all subjects have been followed for a minimum of 3 years from the start

of A148113.
e 206/234 subjects (88%) were ongoing in the study for > 1 year (from the start of Study
A1481131),

o 184/234 (79%) for >2 years of therapy, and
o 166/234 (71%) for > 3 years of therapy.

Sildenafil doses were to be 10, 20, 40 and 80 mg TID with the exact dose based on subject body
weight.

Table T2. Sildenafil Doses (TID) to Achieve Target Sildenafil Steadv-State Maximum Concentrations of 47, 140 and
373 ng/mL at the Low, Medium and High doses, Respectively

Body Weight (kg) Diose {(mgz)
Low AMedium High
=8-20 HA* 10* 20
-20-45 10 20 40
43 10 40 80
Source: Appendiz A1

TID=3 times daily. WA=not applicable

*  Modeling of the plasma concentrations for each dose level showed that the low and medim doses were predicted to be smnilar for the 8 to
20 kg subjects (ie, subjects would receive the same dese becanse of the available tablet strengths); consegquently there was no low dese for this
weight group

Subjects enrolled into A1481156 received 1 of 3 doses (low, medium, or high) of sildenafil.
Study medication was taken 3 times daily, at least 6 hours apart. With the exception of the
subjects who were randomized to placebo in A1481131, subjects remained on the same treatment
group as in A1481131°. The subjects in the placebo group were randomized (stratified by
weight) to 1 of the 3 active study treatment dose groups used in A1481131. To prevent treatment
unblinding in A1481131, the treatment double-blind was maintained in A1481156 until the last
subject had completed A1481131 and the database was locked (August 2, 2008). Since then
A1481156 has continued as an open-label study. The number of subjects per dose is shown
below

° Subjects were stratified according to weight and developmental ability to perform the CPX test.
With the exception of the subjects weighing <20 kg, subjects were randomized 1:1:1:1 to
sildenafil low, medium and high doses, and placebo, respectively. Sildenafil low, medium, and
high doses were selected such that target maximum plasma concentrations (Cmax) of 47, 140 and
373 ng/mL, respectively, would be achieved at steady-state. In subjects weighing from 8 to 20 kg,
modeling of the plasma concentrations for each dose level showed that the low and medium
doses were similar (i.e., subjects would receive the same dose because of the available tablet
strengths), consequently, these subjects were randomized 1:2:1 to sildenafil medium and high
doses, and placebo, respectively.
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e Low dose = 42 sildenafil subjects plus 13 placebo subjects from A1481131 = 55 subjects

e Medium dose = 55 sildenafil subjects plus 19 placebo subjects from A1481131 =74
subjects

e High dose = 77 sildenafil subjects plus 23 placebo subjects from A1481131 = 100
subjects

7.2.2  Explorations for Dose Response

There is dose response associated with mortality. As of June 20, 2011, 35 deaths had been
reported. Of these 35 deaths, 26 had been reported as being on treatment or within 7 days of the
last dose.

The number of deaths in each of the treatment groups was
e 20/100 (20%) in the high dose treatment group (sildenafil high/high dose and
placebo/high dose),
e 10/74 (13.5%) in the medium dose treatment group (sildenafil medium/medium dose and
placebo/medium dose), and
e 5/55(9%) in the low dose treatment group (sildenafil low/low dose and placebo/low
dose), respectively.

In a proportional hazards model stratified by weight class assuming a linear relationship among
the doses, the estimated hazard ratio of mortality comparing middle dose to low dose is 1.89
[p=0.008; confidence interval = (1.18, 3.03)]. Because of the assumed linear relationship, this is
the same estimate of the hazard ratio for high dose compared to low dose. The estimated hazard
ratio of high dose compared to low dose is about 3.6.

7.2.3  Special Animal and/or In Vitro Testing

None

7.2.4  Routine Clinical Testing

The following safety data were collected:

adverse events, laboratory tests, parents or legal guardians of subjects who permanently
discontinued study drug were asked for their consent for their children to be followed up every 3
months for the evaluation of survival status, a physical examination, blood pressure and heart
rate measurements (sitting/resting), and ocular testing.

7.2.5  Metabolic, Clearance, and Interaction Workup

None
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7.2.6  Evaluation for Potential Adverse Events for Similar Drugs in Drug Class

Bleeding events

There were 20 sildenafil subjects (12%) in study A1481131 who reported a total of 23 bleeding
events compared to 6 placebo subjects who reported 6 events (10%). The incidence of bleeding
events did not increase with sildenafil dose. In the adult PAH study A1481140, the reported a
bleeding rate was 17% with sildenafil and 16% with placebo.

Ocular Events
Age appropriate ocular assessments including funduscopy, visual acuity, and color vision were
performed in studies A1481131 and A1481156. An ophthalmologist performed the following
ocular tests:
¢ C(linical examination of the eye including external examination of the eye;
e Visual acuity (Snellen Chart). For younger children, a suitable alternative to the Snellen
Chart, such as assessment of preferential looking using Teller cards, could be used.
Visual acuity was measured with the child’s current refractive corrections or a pinhole;
e Farnsworth-Munsell D15 Hue Test for color vision. For children <8 years old, a suitable
alternative, such as color plates, could be used. If the Ishihara test was performed, the
number of correctly identified plates and the number of plates tested were recorded as the
numerator and denominator, respectively, in the comments section of the CRF;
e Funduscopy (if any abnormalities were detected during the funduscopy examination a
photograph was taken);
e Slit Lamp Testing when appropriate (e.g. assessment of possible AE).

The majority of ocular adverse events (86/110) were mild in severity. Conjunctivitis (13/234)
and visual acuity reduced (12/234) were the only adverse events reported in more than 5% of
subjects.

There were two reported serious adverse events:
e Subject 11246 experienced corneal edema and keratoconus.
e Subject 11604 (AER number 2004053416) experienced vision blurred, gait disturbance,
cyanosis, dizziness, and dyspepsia. These events occurred in conjunction with right heart
catheterization.

Color vision monitoring in studies A1481131 and A1481156 combined (April 4, 2011 data-cut),
revealed 5 subjects (Subjects 10416, 10419, 11224, 11602, and 11603) who reported a
worsening from baseline.

Hypotension

There were four episodes (2 reported by the same subjects) of hypotension reported in 3 subjects
as of April 4, 2011. Subject 11611 (sildenafil low/low) who reported hypotension (study day 850
to 853 and then day 860 to 861), loss of consciousness, cardiac failure and respiratory failure.
The subject died and the cause of death was reported as pulmonary hypertension.
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Hearing loss
There was one report in a 10 year old female (Mfr #2011302331) who reported mild to moderate
neurosensory hearing loss in the right ear (40 mg TID, 2007-2011).

Major Safety Results

7.3.1 Deaths

Study A1481131 and A1481156 combined

At the time of the April 4, 2011 data cut-off, 57% of subjects treated in the base study A1481131
were still ongoing in the extension study A1481156 (133/234) and 43% of subjects had
discontinued (101/234).

Dosing information: subjects randomized to high, medium, or low dose sildenafil in the base
studyA1481131 continued the same dose regimen in the extension study A1481156. Subjects
randomized to placebo in the base study were re-randomized to either the medium or high dose
sildenafil groups according to weight.

Dose Titration was allowed in the extension study. Down titrations occurred in 8 subjects (3 in
the base study and 5 in the extension study). Only 1 of the 5 down titrations in the extension
study was the result of an adverse event (Subject 10844/high dose/headache). The other reasons
for down titration included 1) to maintain their dose level when weight increase triggered an
increase and 2) because of an error.

The majority of up titrations were in the low dose group with 28 subjects having at least 1 up
titration, whereas 11 and 13 subjects had at least 1 up titration in the medium and high dose

groups, respectively. The majority of up titrations occurred after the study was unblinded.

The mean subject year exposure by randomized sildenafil dose is shown below.

Table 5.  Mean Subject Year Exposure by Randomized A1481131/A1481156
Treatment Sequence

Treatment Sequence Total number of Total sildenafil Mean sildenafil

subjects exposure for all subjects exposure (vears)
(vears)

Sildenafil low/low dose 42 157 3.7

Sildenafil 35 215 39

medinm/medinm dose

Sildenafil high/high dose 77 285 3.7

Placebo/low dose 13 47 3.7

Placebo/medivm dose 19 69 3.7

Placebo/high dose 23 81 3

T Only duration of treatment on sildenafil 1s counted.
Source: Table 3.4, A1481156 Supplemental Safety Report, Module 3.3.5.3
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There were no reported deaths during the base study A1481131. However, 2 subjects® died
before randomization (1 subject during preparation for right heart catheterization and 1 subject
while undergoing right heart catheterization; both deaths were considered related to general
anesthesia).

There were 35 deaths reported in the extension study A1481156, of which 26 were reported as
being either on treatment or within 7 days of the last dose and 9 deaths were reported for subjects
who had been discontinued from study treatment. The majority of deaths appeared to be the
result of worsening pulmonary hypertension, cardiac failure, cardiogenic shock, and ventricular
fibrillation. I reviewed the narratives for the 26 deaths that occurred on study treatment and at
least part of the CRF for most. There is nothing that appears to be the cause of death other than
what was stated in the narratives. Tables of the individual deaths are shown in the review of
study A1481156.

Safety update
An additional 4 deaths have been reported between June 21, 2011 and the survival cut-off date of
November 15,2011
e 2 deaths were in the medium/medium dose group (Subjects 11243 worsening pulmonary
hypertension and 10852), and
e 2 deaths were in the high/high dose group (Subjects 10434 and 10806).

Subject 11243 was reported as being on treatment (within 7 days of the last dose) and the 3 other
deaths (10852, 10434 and 10806) occurred more than 7 days after their last study treatment.

The Kaplan-Meier survival estimates for the low, medium, and high dose groups at 3 years were
94%., 93%, and 88%.

® (#102658034 and #1029S8174)
" This includes subject 10852 who died on Nov. 17,2011
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Table 13 Page 1 of 3
Eildenafil Protocol Al481131 and AI4B11EE

Evmmary of Burviwval by Eildenafil Treatment Group {relative to start of Eildemafil) As of 04Auwg2011
Eubjects Randomized and Treated with Eildenafil in AR14B1131/115&

Eildenafil Eildenafil Eildenafil
Low Dose Medium Dose High Dose
{H= LG} (M= 74) (H=100)
1 Year Deaths (N (%)) o { 0.0} o{ 0.0 1§ 1.0}
Life Table Estimates of deaths (by year 1)
Proportion Di=d® O . 000 0.000 0. 010
89ttt CI for proportiom diedy { o.000, O.000) { O.OOO, O.OO0D)  O.001, D.OTO)
Eurvived (N (%)) EE {(100.0) T4 {100.0 9% { 599.0)
Eurvived 1 year of study 4% { 8O 1) &0 { 93.2) BT { 87.9)
Discontinued before 1 year of study & { 10.9) L { &£.8) 12 § 12.1)
Ongoing for less than 1 year of study 0 { D.0) D{ 0.0) 0 { D.0)
2 Years Deaths (N (%)) 2 { 3.8} 1 4.1) T i 7.0}
Life Table Estimates of deaths (by year 2Z)
Proportion Died® 0.037 0.042 0.074
89ttt CI for proportiom diedy { 0.00%, 0.140) { D0.014, O.124)  O.03&, D.149)
Eurvived (N (%)) B3 { 56.4) Tl { 95.9) 83 { 53.0)
Eurvived 2 years of study 43 { 81.1) &2 { BT7.3) T& ( BL.T)
Discontinued before 2 years of study 10 { 1B.9) o {12.7 17 { 1B.3)
Ongoing for less than 2 years of study 0 { D.0) D{ 0.0) 0 { D.0)
1 Years Deaths (N (%)) 1 { BLE.5) E{ &.8) 11 ¢ 11.0)
Life Table Estimates of deaths (by year 3)
Proportion Di=d® 0.05& o.o70 0.118
89ttt CI for proportiom diedy { 0.01%, 0.1&5) { D0.03D, O.160) ( O.067, D.203)
Eurvived (N (%]} E2 { S4.5) &8 { 83.2) BS ( B9.0)
Eurvived 3 years of study ig { 7Ti.1) EL { T9. 7] T TEB.T)
Discontinued before 1 years of study 14 { 26.9) 14 { 20.3) 18 { 20.2)
Ongoing for less than 3 years of study 0 { D.0) D{ 0.0 1§ 1.1}

Hote: time is relative to the start of Eildenafil treatment

* FEaplan-Meier estimate.

{1] P-value for comparison of three groups

Table 7.4 in submission Pediatric Data Cut, protocol M{Bll]l_ar.d_ﬁldﬂll!uﬁ_z

Date of snapshot: 1ENOW2011

PFIZER CONFIDENTIAL Date of Reporting Dataset Creatiom: ZENOWZ011 Oate of Table Generatiom: O0SDECZ011 {(0Z2:10)
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The figure below shows the Kaplan Meir survival plot by sildenafil dose group as of August 4,
2011.

Figure 1.2 Page 1 of 1
Sildenafil Protocol A1481131 and A1481156
Kaplan Meier Survival Plot by Sildenafil Treatment Group (Relative to start of Sildenafil) As of 044ug2011
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A1481131 Randomized Treatment Group

Deaths and weight groups
The table below shows the observed and expected number of deaths for each of the 3 sildenafil
groups.
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Table 8. Summary of Deaths (All) by Weight Group and Sildenafil Treatment

Group
Low Medinm High
Total 55 74 100
Observed 5 12 22
Expected 1 11.0 12.7 15.3
Expected 2 11.8 129 14.3
Bto 20 Eg
N 20 44
Observed 1 5
Expected 1 19 41
Expected 2 18 42
=) Kg
N 55 34 56
Observed 5 11 17
Expected 1 11.0 10.8 11.2
Expected 2 11.8 11.1 10.1

Source: Table 14, Appendix 1

1. Taking account of the number of subjects in each treatment group in the <20 kg

and >20kg weight groups (Expected 1).

2. As per (1), but also taking into account duration of observation. This has been achieved
through the use of a log rank survival analysis. This analysis excludes the 5 subjects who
received placebo and did not enter Study A1481156, as they never received sildenafil (Expected

2).

Overall, there were 22 observed deaths compared to 15 that were expected in the high dose
group. Most of the imbalance was seen in the high dose group who weighed over 20 kg.

The hazard ratio comparisons for survival from the start of sildenafil by sildenafil dose groups as
well as from the start of dosing (start of study A1481131) by the randomized groups are shown

below.

Table 9. Treatment Group Comparisons for Survival from the Start of A1481131 and
the Start of 5ildenafil

Stratified HR (25% CT)
Comparison Low Dose Group Medium Dose High Dose Group
roup
Start of A1451131
Companson with Placebo 1.38(0.37, 5.18) 293 (094, 5.26) 479(1.62,1415)
Companson with Low dose 213074, 6.16) 346 (126,947

Companson with Medium dose 1.63 (0.77,3.45)

Start of Sildenafil
Companson with Low dose - 2310081, 6.59) 402 (1.49, 10.83)

Companson with Medinm dose - 1.74 (0.85, 3.35)
Source: Table 14 and Table 17, Appendix 1
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The high dose group exhibits hazard ratios with 95% confidence intervals that exclude 1
(equivalence) for comparisons with low dose and placebo.

Subjects were grouped according to low, medium and high concentrations. The hazard ratio
comparisons for these 3 groups are shown in the table below.

Table 11. Concentration Group Comparisons for Survival from the Start of Sildenafil

Stratified HE (25% CT)

Comparison Medium Concentration Group High Concentration Group
Start of Sildenafil
Comparison with Tow
Concentration Group 1.48(0.62 357 2.37(1.06, 5300
Comparison with Medium
Concentration Group - 1.61 (0.77,3.34)

Concentration groups coverad the following concentration ranges:
Low Concentration Group: 17 to 44 ng/ml

Medium Concentration Group; 44 to 99 ng/ml

High Concentration Group: 100 to 227 ng/ml

Source: Table 20, Appendix 1

This supports the hypothesis that there is an increase in mortality with increasing sildenafil
exposure.

Baseline characteristics and mortality® (from Table 7 Safety Update)
Those subjects who died tended to have poor hemodynamic variables:
o 77% (30/39) of the subjects who died had baseline PVRI above or equal to the median
(15.1 Wood unitsm?2),
e 67% (26/39) had mPAP greater than or equal to the median (62 mmHg), and
o 72% (28/39) had RAP greater than or equal to the median (7.0 mmHg).

Those subjects who died tended to have been classified as WHO functional class IIT or IV at
baseline compared with of the overall study population (39% (15/39) and 17% (39/234),
respectively).

While the majority of subjects (67%) had secondary as opposed to primary pulmonary
hypertension (33%) as the etiology of their disease, the majority of deaths (77%, 30/39 were
reported in subjects with primary pulmonary arterial hypertension).

The country of origin showed an imbalance in mortality rate. The 3 countries with the highest
rates were India (44%, 12/27), Mexico (36%, 5/14), and Poland (21%, 7/33). The mortality rate
in the United States was 5% (2/39). (Table 7).

8 from Table 7 Safety Update
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In addition to the above, there were 2 deaths in subjects prior to randomization in study
A1481131. Both deaths were associated with the right heart catheterization procedure which
required general anesthesia.

7.3.2  Nonfatal Serious Adverse Events

Al481131
The non fatal serious events reported by eleven subjects in study A1481131 are shown in the
table below.

Table T29. Treatment-Emergent Serious Adverse Events

Subject Age/ Sex Sildenafil Adverse Event Severity Treamment Outcome
Dase Related

Sildenafil Low Dose

11604 12 years'F 10 mg Dry=pnea Severe No Eesolved
10 mg Cryanosis Severe No Eesolved
10 mg Syvocope Severe No Resolved
10 mg Haematochezia Mild Mo Resolved

Sildenafil Medinm Dose

10445 2 yearsF 10mg Poenmonia Severe No Resolved
10 mg Upper respiratory fract Severe No Eesolved

infection

Sildenafil High Daose

10415 6 years/M 20 mg Gastroenteritis Mild No Resolved
20 mg Pyrexia Mild No Resolved

10417 22 months™  20mg Upper respiratory tract Moderate No Resolved

mfection

10420 20 monthsM 10 mg Stridor* Severe Yes Eesolved

10427 3 years/M 20 mg Bronchospasm Moderate No Resolved
20 mg Bradycardia Moderate No Resolved

10446 5 years/M 20 mg Poenmonia Moderate No Resolved

10831 13 years™ 40 mg Poenmonia Severe No Resolved

) 40 mg Cardiac failwre congestive Severe No Eesolved

12001° 14 vears’'M 80 mg Ventricular arthythmia Mild ‘es Eesolved

Placebo

10426 31 monthsF Diarrhea Moderate No Resolved

11247 3 yvearsF Pneumonia Moderate No Resolved

Source: Table 6.4 and Appendix B, Table 3

*  Subject was discontinued for the adverse event; the treatment code was unblinded.

*  The sponsor’s internal Safety Surveillance and Reperting Group requested unblinded treatment details for
Subject 12001 en 25 August 04. The investigator and the study team were not provided with the enblinded
treatment data.

These events do not appear to be unexpected in this population.
A1481131 and A1481156 combined
As of the April 4, 2011 data cut-off, 92/229 subjects (40.2%) who received sildenafil at some

point had experienced at least one serious adverse event. The most commonly reported serious
adverse events (sae) are shown in the table below.
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No. and (percent) of subjects

Randomized to sildenafil in base Randomized to placebo in base study
study
Low Med high Low Med high Non-
randomized
No. 42 55 77 13 19 23 5
randomized
No. of 12 31 35 1 4 9 0
subjects
with sae
Cardiac 5(12) 7 (13) 12 (16) 0 1(5) 1(4) 0
Cardiac 3(7) 2(4) 6 (8) 0 0 0 0
failure
infections 4 (10) 11 (20) 19 (25) 0 3(16) 4 (17) 0
Respiratory 2 (5) 9 (16) 12 (16) 1(8) 1(5) 4 (17) 0

Table 4.25

Considering the underlying disease of the subject population, these are not unexpected serious

adverse events.

7.3.3  Dropouts and/or Discontinuations

Studies A1481131 and A1481156 combined:

Overall, 16 subjects permanently discontinued from Studies A1481131 and A1481156 combined

because of a non fatal adverse event.
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Table 29. Studies A1481131 and A1481156 Combined: Summary of Discontinuations’ due to Adverse Events by
AT481131/A1481156 Treatment Sequence

Subject Sex/Age Weight Doseat  Preferred Term Start Day/  Severity Outcome Causality
Number (kg) Onset of Stop Day
AE (mg)
Sildenafil Low/Low Dose
112017 F/7 years 265 10 Weight decreased 31127 Mild Unknown Study dmg
Post Weight decreased 1/=6" Mild Unknown Study drmg
11604 F/12 years 62 40 Cardiac failure 1968/1976 Moderate Resolved Disease under study
Sildenafil Medium/Medium Dose
10432 E/5 years 14.6 10 Comvulsion 338/370 Moderate Resolved Study drmg
Post Comvulsion 1/56 Moderate Resolved Study drmg
10442 M/4 years 14 10 Cardiac operation 476/483 Severe Resolved Disease under study
Post Cardiac operation 117 Severe Resolved Disease under study
10860 E/16 years 415 20 Dmg exposure during 607/=787  Muld Still present Other
pregnancy
11248 M/13 years 39 20 Bight ventrnicular failure 451/-462  Severs Still present Disease under study
116035 F/10 vears 60.3 40 Syncope 531/531 Moderate Resolved Other”
Sildenafil High/High Dose
10417 M/20 months  10.5 20 Cardiac failure congestive  201/~202  Severe Still present Disease under study
104207 N/20 months 10 10 Strdor 10710 Severe Resolved Study drmg
10434 E/5 years 14 20 Cardiac failure 282/293 Severe Resolved Disease under study
11202 E/9 years 25 40 Dyspnoea 495/515 Moderate Resolved Study drmg
Post Dyspnoea i Moderate Resolved Study drmg
40 Hypoxia 379/515 Severe Resolved Study drmg
Post Hypoxia 1/3¢° Severe Resolved Study dmg
Placebo/Low Dose
10807 M/12 years 419 10/0 Eash macular 1137114 Mild Resolved Study dmg
Placebo/Medium Dose
10857 F/13 years 32 20 Mitral valve stenosis 1114/ Moderate Still present Disease under study
1120
11210 F/16 years 315 1] Malaise 89/368 Moderate 5till present Disease under study
Post Malaise 1/4=29* Moderate Still present Disease under study
Placebo/High Dose
10402 F/6 years 142 40 Pulmonary hypertension 2060/ Severe 5till present Disease under study
2127
11203 F/9 years 26 40 Dyspnoea exertional 1566/1595 Moderate Resolved Disease under study

7.3.4  Significant Adverse Events

e There were two deaths in subjects prior to randomization associated with right heart
catheterization (1 subject during preparation for right heart catheterization and 1 subject
while undergoing right heart catheterization; both deaths were considered related to
general anesthesia) in study A1481131. There were several serious adverse events
association with the right heart catheterization in subjects prior to randomization in this
study.

e There were an addition 2 serious adverse events also associated with catheterization
(Subject 11604 (AER number 2004053416) experienced vision blurred, gait disturbance,
cyanosis, dizziness, and dyspepsia. These events occurred in conjunction with right heart
catheterization. Subject 0427 developed bronchospasm, respiratory arrest, bradycardia,
and 60% oxygen level during right heart catheterization. These were reported during
study A1481156.
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7.3.5  Submission Specific Primary Safety Concerns

There is an increased mortality with increasing sildenafil exposure. The hazard ratio for mortality
in the high dose group compared with the low dose group was 3.5 (95% CI: 1.29 to 9.51), while
the hazard ratio for mortality in the medium dose group compared with the low dose group was
1.85 (95% CI: 0.63 to 5.44).

7.4 Supportive Safety Results

7.4.1 Common Adverse Events

The table below shows the reported adverse events reported by at least 3% of subjects in any
treatment group in the placebo controlled study A1481131. The columns marked AC include all
reported events.
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Table 16. Study A1481131: Incidence of Treatment-Emergent Adverse Events
Reported in =3% of Subjects in Any Treatment Group

Sildenafil
Dose Low Medium High Combined Placebo
Subjects evaluable for 42 55 77 174 60
AFEs
AC TR AC TR AC TR AC TR AC TR
Number of AEs 77 23 129 31 142 48 348 102 114 39
Number (%) of subjects 20 11 44 13 54 22 127 46 40 14
with AEs® (69.0) (26.2) (800) (236 (701} (286) (73.00 (264) (66.7) (233
Number (%) of subjects
with MedDRA (v11.0)
preferred term™:
Headache 5(11.9) 495 6(109) 5(9.1) 12 8 (10.4) 23 17(9.8) 8(13.3) 7(1L7M
(15.6) (13.2)
URTI® 5(11.9) 0 9(16.4) 1] 7{9.1) 1] 21 0 4(6.7) 0
(12.1)
Pyrexia I 1(24) 8145 0 9{11.7)y 2(2.6) 20 3I(L)y 1(1.7N 0
(11.5)
Vomiting 30N 248 5001 353 11 4(52) 19 9(52) 4(67) 1(1.7M
(14.3) (10.9)
Spontaneous penile 0 0 3(12.5) 3(12.5) 3(11.5) 3(115) 6(%.0) 6(9.0) 0 0
erection or Erection
increased>?
Diarrhoea 2(4.8) 0 3(5.5) 0 701 226) 1269 2(1.1) 5(83 1171
Bronchitis® 2(4.8) 0 5(9.1) 0 3(3.9) 0 10(5.7) 0 1(1.7) 0
Cough 248 124 4073 1] 2{26) 2(26) 846 317 350 0
Nausea 0 0 4(73) 1(18 4(32) 1(13) 8¢46) 2(1.1 0 0
Nasopharyngitis 3(7.1) 0 3(5.5) 0 2(2.6) 0 8 (4.6) 0 4(6.7) 0
Pharyngitis 3(7.1) 0 3(5.5) 0 1(1.3) 0 7(4.0) 0 0 0
Dizziness 2(4.8) 0 2(3.6) 236 226 1(13) 634 317 233 10171
Epistaxis 124y 124 2(3.6) 1] 339 3(39) 6(34 4023 2(33 1(17m
Abdominal pain upper 0 0 3(5% 1] 339 2(26) 634 2011y 117 0
Rhinorrhoea 0 0 4(7.3) 1] 2{26) 1(13) 6(34 1086 0 0
Chest pain 248 124 1018 1] 2{2.6) 1] 5(29) 106 233 117
Fhinitis 1(24) 0 3(5.5) 0 1(1.3) 0 5(29) 0 1(1.7) 0
Pneumonia 0 0 3(5.5) 0 2(2.6) 0 5(29) 0 0 0
Fatigue 2(48) 124 0 0 2(2.6) 0 4(23)y 106 1(1.7y 1(1.7)
Abdominal pain lower 0 0 0 1] 339 2(26) 3(1.7y 2{11) 0 0
Abdominal pain 1(24) 0 0 1] 2{26) 2(26) 3(1.7) 2(1.1) 3500 350
Dyspnoea 2(4.8) 0 1(1.8) 1(1.8) 0 0 3(L.7y 1{(06) 1(1.7y 1(1.7)
Haemoptysis 1(24) 0 2(3.6) 0 0 0 3(1.7) 0 1(1.7) 0
Rash macular 0 0 2(3.6) 0 1(1.3) 0 3(1.7) 0 0 0
Dyspepsia 0 0 2(36) 1(1.8 0 0 2(1.1) 1{(06) 1(1.7) 0
Anaemia 0 0 2(3.6) 0 0 0 2(1.1) 0 1(1.7) 0
Conjunctivitis 0 0 0 1] 2{2.6) 1] 2(1.1) 0 2(3.3) 0
Influenza 0 0 2(3.6) 1] 0 1] 2(1.1) 0 0 0
Pain in extremity 2(48) 2(48) 0 0 0 0 2(1.1) 2{(1.1y 233 1(1.7
Flushing 124 124 1(18) 1(1.8 0 0 2(1.1) 2{(1.1) 3500 3(5.00
Enuresis 0 0 2(36) 1(1.8 0 0 2(1.1) 1(0.6) 0 0
Laryngitis 1(24) 0 0 1] 1(1.3) 1] 2(1.1) 0 2(3.3) 0
Nasal congestion 0 0 0 0 0 0 0 0 2(33) 2333
Pneumonia bacterial 0 0 0 0 0 0 0 0 2(3.3) 0

Of all these events, only pyrexia, vomiting, nausea, and erection increased/spontaneous penile
erection seem to be dose related.
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7.4.2  Laboratory Findings

The placebo controlled study A1481131 and the long term study A1481156 showed little change
from baseline at endpoint in median laboratory values. There were no discontinuations because of
laboratory abnormalities during the studies.

7.4.3  Vital Signs

There were small and inconsistent changes in heart rate, sitting diastolic and systolic blood
pressure regardless of treatment group in the placebo controlled study A1481131.

Table 35. Study A1481131: Vital Signs - Mean (SD) Baseline and Change from
Baseline at Week 16

Sildenafil
Dose Low Medium High Combined Placebo
N N N N N
Sitting heart rate, bpm
Baseline 41 86.2(123) 53 863(172) 76 91.7(147) 172 887(152) 60 87.1(169)
Change from 40 -29(142) 54 -08(159) 75 -24(144) 169 -20(148 58 -35(14.8)
baseline at Week 16
Sitting diastolic BP,
mmHg
Baseline 41 608(86) 55 637(108) 76 626(12.0) 172 625(109) 60 39.7(10.0)
Change from 40 -08(11.2) 54 -16(125) 75 -13(13.0) 169 -13(124) 58 3.7(136)
baseline at Week 16
Sitting systolic BP,
mmHg
Baseline 41 989(11.2) 55 103.0 76 99.6(125) 172 100.5 60 98.9(12.7)
(14.6) (13.0€)
Change from 40 38(113) 54 09121y 75 06(146) 169 14(13.1) 58 3.7(13.0)

baseline at Week 16
Source: A1481131 CSR Table 8.2
SD=standard deviation; bpm=beats per minute; BP=blood pressure

There were two subjects who reported serious heart rate/rhythm event:
e Subject 11218 (sildenafil medium/medium dose) reported paroxysmal tachycardia on
Days 406-422; this resolved following administration of treatment.

e Subject 11621 (sildenafil low/low dose) reported supraventricular tachycardia on Days
448-449, 471 and 564.

There were two subjects who reported serious hypotensive events.

e Subject 11611 (sildenafil low/low dose) reported a serious adverse event of severe
hypotension on Days 850-853 associated with right heart catheterization which resolved
following parenteral fluid intake, and an adverse event of moderate hypotension on Days
860-861.

e Subject 10427 (sildenafil high/high dose) experienced a serious adverse event of
moderate bradycardia on Day 115 in conjunction with right heart catheterization.
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7.4.4  Electrocardiograms (ECGs)

The ECG findings were similar regardless of treatment group and were expected considering the
underlying disease.

7.4.5  Special Safety Studies/Clinical Trials

7.4.6  Immunogenicity

Subject 10420 (US) reporting stridor was rechallenged before he was permanently discontinued
from sildenafil. On study day 2, the subject experienced stridor, which lasted for 2 to 3 hours.
The study treatment was stopped. On study day 10, sildenafil treatment was restarted, with 1/100
of the required dose without any event. Eight hours later, 1/10 of the dose was administered. The
subject developed stridor within 15 minutes, which lasted for 3 to 4 hours and required
treatment. Sildenafil treatment was permanently discontinued.

7.5 Other Safety Explorations

7.5.1  Dose Dependency for Adverse Events

See previous part of review for complete discussion of dose and mortality.

7.5.2  Time Dependency for Adverse Events

See previous part of review for complete discussion of time on drug and mortality. There were
no deaths reported in randomized subjects in the 16-week base study A1481131. In the
extension study, the subject whose death occurred earliest had started drug 471 days before
dying. Many subjects had been on drug 1000 days or more before dying.

7.5.3  Drug-Demographic Interactions

Those subjects who died tended to have been classified as WHO functional class III or I'V at
baseline compared with of the overall study population (39% (15/39) and 17% (39/234),
respectively).

56
Reference ID: 3118239



Clinical Review
Maryann Gordon, M.D.
NDA#203109

Revatio (sildenafil)
3/28/2012

While the majority of subjects (67%) had secondary as opposed to primary pulmonary
hypertension (33%) as the etiology of their disease, the majority of deaths (77%, 30/39 were
reported in subjects with primary pulmonary arterial hypertension).

The country of origin showed an imbalance in mortality rate. The 3 countries with the highest
rates were India (44%, 12/27), Mexico (36%, 5/14), and Poland it was 21% (7/33). The mortality
rate in the United States was 5% (2/39).

7.5.4  Drug-Disease Interactions

None investigated.

7.5.5  Drug-Drug Interactions

Drug-drug interaction studies have only been performed in adults.

7.6 Additional Safety Evaluations

7.6.1  Human Carcinogenicity

See package insert for Revatio.

7.6.2  Human Reproduction and Pregnancy Data

See package insert for Revatio.

7.6.3 Pediatrics and Assessment of Effects on Growth

Pediatric Cognitive and Motor Development Assessment

The majority of subjects for all treatment sequences were not limited in their cognitive or motor
development at baseline and Week 52. Few subjects had changes in cognitive or motor
development from baseline to Week 52.

7.6.4  Overdose, Drug Abuse Potential, Withdrawal and Rebound

There is no new information available for this submission. Please refer to the data included in the
original REVATIO submission (NDA 21-845).
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7.7 Additional Submissions / Safety Issues

None

8 Postmarket Experience

Post-marketing data from Pfizer’s safety database has been reviewed during 9 periods since
the approval of REVATIO. The results from these reviews are summarized below.
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Table 37. Summary of Post-Marketing Adverse Events Reported to the Pfizer from
03 June 2005 through 30 October 2009

_ All Ages Age 17 and under
Reporting Period” Number of Number Deaths Number of  Number Deaths
Cases (%) of (%) Cases (%) of (%)
(Number serious (Number serious
of events) cases of events) cases
03 June 2005 39 (140) 23 (59%) 9 (23%) 4(19) 3 (75%) 2 (50%)
through
30 November 2005
01 December 2005 88 (232) 47 (53%) 11 (12%) 8 (16) 6 (75%) 1 (12%)
through
31 May 2006
01 June 2006 63 (157) 39 (62%) 3+ (5%) 13 (22 10 (77%) 0
through
30 November 2006
01 December 2006 82 (194 65 (79%) 7 (9%) 8(13) 8 (88%) 1(12%)
through 31 May
2007
01 June 2007 76 (160) 53 (70%) 16 (21%) 6(9) 6 (100%) 0
through
31 October 2007
01 November 2007 127 (228) 75 (39%) 10 (8%) 17 (42) 6 (35%) 0
through
31 May 2008
01 Tune 2008 207 (333) 127 (61%) 49 (24%) 39 (54) 16 (42%) 3 (8%)
through
31 May 2009
01 Tane 2009 238(448) 201 (85%) 127 (33%) 19 (41) 14 (74%) 3 (26%)
through
27 February 2010
78 February 2010 451 (894) 340 (75%) 188 (42%) 45(97) 32 (71%) 9 (20%)
through .
31 May 20117

T Line listings for each post-marketing period are provided in Module 5.3.6.

*Follow-up for one of these cases later confirmed that the patient had recerved sildenafil for erectile
dysfunction. not PAH.

1 Please note that the overall number of cases and events for the period 28 February 2010 through 31 May 2011
represents PeniodicSafety Update Report (PSUR) medically confirmed events and non-serious histed medically
confirmed events to reflect the data as provided in the PSUR., wheeras the figures for all other reporting periods
reflect PSUR medically confirmed events.

Review of pediatric cases from the 9 periodic reviews of post-marketing data revealed nothing
unexpected in this patient population.
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9 Appendices

1) Listing of all studies

2) Review of study A1481131

3) Review of study A1481156

4) Review of study A1481134

5) Review of study A1481157

9.1 Literature Review/References

Articles which were pertinent to this indication were reviewed.

9.2 Labeling Recommendations

Approval for pediatric patients with PAH is not being recommended. The results of studies
A1481131 and A1481156 will be added to the package label for Revatio.

9.3 Advisory Committee Meeting

None
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Apendix 1

Section 5.1 Table 1. Listing of All Studies

Frotocol No. | Study Desizn Treatment No. of Subjects Demographics | Duration of Study Study Report
(Country) and Objective Groups (Mo of Subjects) Treatment Start/Stams Location
Efficacy Studies of Oral Sildenafil in the Treatment of PAH in Pediatric Subjects
; Al481131 Fandomized DB, | Al subjects Fandomized: 235 ATl Trested subjacts: Flarned I3 Angust 2003 Smdy Report
bl Brazil, 1 BC, PG 16-week Treated: 234 Sex: B89MII45F duration 16 | Complete Synopsis
: Canada, 1 dose ranging Completed: 228 Apge (min‘max): weeks Al481131
— Chile, 1 smdy of oral {1-17) years
ﬁ Colombia, 3 | sildenafil in the Race: W/B/O: 97/5/132
& Guatemsla, 1 | wreatment of
L% Hungary, 2 children, aged 1- | Low dose Planned 51° Sex: 1TM25F Median Supplamental
— India, 2 7T years with sildenayil Fandomized: 42 Mean Age (min‘max): (days): 113 Study Report
=] Traly, 1 PAH Target sildenafil | Treated: 42 11.6 (517} years Range A
= Japan, 1 steady-state Completed: 40 Face: W/BQ: 18122 (days): Al481131
i Malaysia, 1 Tneml 3-130
] Mesico, ~1 " L 2 : Supplamental
i Poland, 3 Medinm dose Planned 51 Sex: 24 MIGLF Median e
= Baussia, 1 sildengfil Fandomized: 56 Mean Age (min/max): (days). 113 Addendum
g Sweden_ 1 Target sildenafil | Treared: 55 9.9 (2/17) years Al481131
L Taiwan 3 steady-state 140 | Completed: 35 Face: W/B/O: 26/1/28 (days):
] United States, ng/ml 106-150
- o
3 Total: 32 High dose Sex: 26 M/SLF Median
od sildenag)fil Mean Age (min'max).8.5 (days): 113
® Tarzet sildenafil {1717 years Fange
@O steady-state 373 Face: W/B/Q: 28/1/48 (days):
Iy ng/ml 5-144
=]
& Placebo Planned 51* Sex: 22 M733F Median
= Fandomized: 6 Mean Age (min/max)®.4 (days): 113
Treated: 80 {2/16) years
Completed: 38 Face: W/BQ: 24234
PFIZER. CONFIDENTIAL
Paga 1
Section 5.1 Table 1. Listing of All Studies
Protocol No. | Study Desizn Treatment No. of Subjects Demographics Duration of Study Study Beport
(Country) and Objective Groups (No. of Subjects) Treatment Start/Status Location
Al481156 MUIC, long-term Al481131/ Accigmed: 235 ATl Treated subjacts: 13 Tanuary 2004 Smdy Report
Brazil, 1 extension study of | A1481156 Treated: 234 Sex: BOMII45F Cmgoing; Synopsis
; Chile, 1 subjects who Treatment Entered Study Age (min/max): CSE inclodes AT481156
- Colombia, 3 | completed Smdy | Sequence Al481156: 220 {1°17) years Interim cliniral
- Guatemala, 1 [Al481131 Inchudes all Dizcontinued as of Race: W/B/Q: 97/5/132 data as of
= Hungary, 2 subjects from interim data cutoff: 75 15 May 2009
8 Indis, 2 Smdy 41481131
& Imaly, 1
L% Japan, 1 Sildenaffl-mreared | Low dose’ Assigned: 42 Sex: 1TM25F
g Malaysia, 1 subjects from Low dose Treated: 42 MeanMedian 4ze (minmax):
o Mexico, 1 AJ48113] were stldengyil Dizcontinued as of 11.6 (517} years
= Paland, 3 assigned to the interim data cutoff: 13 (Race: W/B/Q: 191/22
o Puszia, 1 same dose group
| Sweden, 1 in A1481156
E Taiwan 3 Medinm dose’ Assigned: 56 Sex: 24 M3LF
% United Stares, Medinm dose Treated: §5 MeanMedian 4ze (minmax):
- o sildengffil Dizcontinued as of 9.9 (217) years
; Total: 31 interim data cutoff: 17 |Bace: W/B/O: 26/1/28
=2}
ﬁ High dose’ Aszigned: 77 Sex: 26 MIS1F
=] High dose Treated: 77 MeanMedian Age {min‘max):
@ sildena)fil Discontinued as of 8.5 (1/17) years
% interim data cutoff: 26 |Face: W/B/O: 28/1/48
-
2 Placebo-treated | Placebe’ Assigmed: 13 Sex: 4M/WOF
:: subjects from Low dose Treated: 13 MeanMedian 4ze (minmax):
g AI45113] were | sildengfil Discontinued as of 2.7 (4/16) years
= stratified by interim data cutoff: 4 |Bace: W/BOQ: 409
weight and
randomized to Placebo/ Accigmed: 19 Sex: EM/11F
receive sildenafil | Medinm dose Treated: 19 Mean Median Age (nunmax):
in Al481156 as | sildengfil Discontinued as of 9.3 (2/16) years

per 1 of the active

interim data cutoff: 4

Race: WEB/Q: TV10
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Section 5.2 Table 1. Listing of All Studies

Protocol No. | Study Desizn Treatment No. of Subjects Demographics Duration of Stady Study Report
{Country) and Objective Groups (Mo of Subjects) Treatment Start/Statos Location
Al481156 meatment groups | Placebo Assigned: 23 Sex: SMUISF
con't in 41481131 High dose Treated: 23 MeanMedian Aze (minimax):
; sildengyfil Discontinued as of 9.3 (2/15) years
-+ interim data cutef. 6 |Face: W/B/Q: 120011
—
- Placebo/ Assigned: 5 Sex: 2MA3F
g Non-Randomived | Treated: 3 MeanMedian Age (minmax):
& Discontinued as of 10.0 (3/16) years
L% interim data cutoff. 5 |Race: WB/OQ: 1/lv4
"D‘-' Studies of Intravenous Sildenafil in Pediatric Subjects
g A1481134 Fandomised, Low IV sildenqfil | Randomized: 4 Sex:2M2F Cme single |14 Seprembes Stdy Repon
o Denmark, 2 DE.PG, PC. Loading dose Treated: 4 Mean Age dose 2003 AT481134
E France, 3 mlti-cente smdy | mrgeting plasma | Completed: 4 (min/max):21.8 (3/77) followed by |/Terminated due | ¢rpss Reference
iL Netherlands, |assess IV concentration of months 4-T2hour  |to lack of WDA 12-473
‘—u; 2 sildenafil as 40 nz/ml followed Face: WB/O: 202 mfusion recrimient Sequence 0000
= Switzerland, | meamment of PH | by maintenance Saction 5.3.5.4
L 1 post-Comective infision for 24-72
o United surgery for hours.
— Eingdom, 2 |congenital heam
3 United States, | disease in Medium IV Bandomized: 5 Sex:2M2F Dharmacokinetic
o 18 children aged 0- | sildengf® Treated: 4 Mean Age (min'max):11.3 Results Study
EE Total: 28 17 years. Loading dose Completed: 3 (3125) Report
1] targeting plasma months
F: conceniration of Face: WB/O: 202 ALSLL
= 120 z'ml followed
g by maintenance
infusion for 24-72
hours
High IV Fandomized: 4 Sex:1M3F
sildengfil Treated: 4 Mean Age
Loading dose Completed. 4 {min/max):8 (3/17) months
PFIZER CONFIDENTIAL
Page 3
Section 5.2 Table 1. Listing of All Studies
Protocol Na. Study Desizn Treatment No. of Subjects Demographics Duration of Stody Study Beport
{Couniry) and Objective Groups (Mo of Subjects) Treatment Start/Stains Location
Al481134 targeting plasma Face: WEO: 3/1/0
con’t concentration of
; 360 g/ml followed
o by maintenance
- infusion for 24-72
p hours
=1
‘:{:_ Placebo Fandomized: 5 Sex:4M1F
L% Fooure: Treated: 5 Mean Age
o Intravenous Completed: 4 {min‘max):38 8 (3178) months
= Bace: WEB/O: 3012
5 Al481157 (Partl) Sildemayil Enrolled: 36 Sex: 1TM/I8 F Single dose. (02 MNov 2003 Smdy Beport
E Framce, I MIC, OL, BC Foue: Treaed: 36 Mesn Age (min‘max): Loading Temminatad due Al481157
= United dose ranging Intravenous Dose | Completed: 31 3453 (11/71) hours from birth | dose to lack of Cross Reference
] Eingdom 2 |smdytoevaluate |Regimen: Target to first dose followad by  |recruiment NDA 22-473
= United States, | the pharmaceo- plasma concen- Race: WB/O: 111715 miusion for Sequence 0000
L 6 kinetics of TV tration up to T days Saction 5.3.5.4
@ Total: 10 sildenafil inpesr | 150ngz/mL
2 term and term (Loading dose
o newborns with followed by
5 PPEN infusion for 43-
] 168 hours)
ey
L]
~
-
=]
&
(=]
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Section 5.2 Table 1. Listing of All Studies

Pratocol Na. Study Desizm Treatment No. of Subjects Demographics Duration of Study Study Report
{Country) and Objective Groups (Mo of Subjects) Treatment Start/Stats Laocation
Bivavailability (BA) and Bicequivalence (BE) Study Reports
; Al481175 3-way, 3-peried | Oral Revatio® Planned 18 Sex: 8MOF Subjects 14 Seprember Smdy Report
+ Belghmm, 1 XOPE Smdy to | inmeact tablet Randomized: 18 Mean Age: 374 received & 1009 Synopsis
: evaluate the Treated: 18 {min/max): single dose Completed Al481278
- relative bicequi- Completed: 13 15-51 of each of
ﬁ slence of pediamic Race: W/B/O: 16270 three
& use formulstions | Revatio® 20 mg formulations
] to Revatio® crushed tablet
~ 20 mg intact mixed with spple
= tablet sauce
=
(o]
= Revatio® 20 mg
i extemporansssly
= prepared
= fornmlation
L Al481261 | 5B smayin Sildenafil Planned & Sex IMIF Al 11 Angzust Shady Repor
% United States, | healthy adult 4 prototype Treated: 4 Mean Age: 455 formmlations |2008./Completed Synopsis
5 1 volunteers to sHspension Completed: 4 (min/max): $0-50 Were Al481261
@ investigate te fornmiations expectoratad
o palatability of containing Face: WB/O: 4000 not
SE different oral 10 mg sildenadl swallowed
" suspension citTate, SWeeteners
I: formmlations of and proprietary
(=] sildenafil citrate. | flavar agents
S
Placebo (conrol)
| formulardon
PFIZER CONFIDENTIAL
Page 5
Section 5.2 Table 1. Listing of All Studies
Protocol Na. Study Desizn Treatment No. of Subjects Demographics Duration of Stody Study Beport
{Couniry) and Objective Groups (Mo of Subjects) Treatment Start/Stains Location
Al481283 3-way, 3-peded |REVATIO® 20 Dlanped 42 Sex: 14 MR F Subjects 17 Tanuary Smdy Repont
Belgium, 1 XO PE Study mg IF. oral tablet | Treated: 42 Mean Age: 37.0 received a 2011/Completed Synopsis
; Smdy to Completed: 42 (min‘max): 20-54 simgle dose Al4812093
o Demonstrate 2x10mg of each of
s Bioequivalence of | sildenafil citrate Bace: W/B/O: 42/0/0 three
p the Sildenafil IF. oral tablet formulations
8 Citrate Powder
6_ for Oral 2 mL of the
L% Suspenszion (10 sildenafil citrate
n mz/ml)and the |10 mg/ml POS
=] Sildenafl] Cimmate | (provided as a
= 10 mg Immediate | powder in a bottle
=) Releass (TF) for constimiion
—| Tablet Relative to | with watez)
E the Fevatio 20 mg
% IF: Tahlet in
= Healthy
o Velumteers Under
&= Fasting
o Conditions
g
&
= Other Smdy Reports
= Al481140 A multi-national, | Tmt Grp Placebe: | Randomized: 70 Sex: 13MSTF 12 weaks October 2™ Smdy Repont
= M/C, randomised, | (Foute: Oral; Treated: 70 Mean Age (min'max): mmiltipla 2002/Completed ALIS1140
g DE, double- Dioze Ragimen: Completed: &8 491 (18/78) years doze Cros: Reference
dummy, BC, PG | mmltple doses Bace: W/B/O: 61/1/8 (sildenafil) DA 21-845
smidy to assess the | three times a day) Sacdon 5.3.5.1
efficacy and
safety of 20, 40 | Tour Grp 20mg Fandomized: 69 Sex: 20 M40 F
and 80mg sildenafil: Treated: 69 Mean Age (min'max):
sildenafil TID in | (Fowte: Oral Completed:. §7 472 (19/78) years
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Section 5.1 Table 1. Listing of All Studies

Protocol No. | Study Design Treatment No. of Subjects Demographics Duration of Study Study Report
(Country) and Objective Groups (Mo of Subjects) Treatment Start/Stams Location
treatment of Dioze Regimen: Bace: W/BQ: 580/10
pulmonary multiple doses
; arterial three tmes a day)
+ hypertension. X _
- Toe Grp 40mg Pandomized: &8 Sex: 20 MM4TF
= sildenafil: Treated: 67 Mean Age (min‘max):
ﬁ (Foute: Oral; Conpleted: §3 51.4(23/81) vears
& Dwose Regimen: Race: W/B/O: 5845
% multple doses
¥ three imes a day)
P~
o
= Tmt Grp 80mg Fandomized: 71 Sex: 15 M/56F
o sildenafil: Treated: 71 Mesn Age (min‘max):
= (Fuoute: Oral; Completed: &5 48.1 (20/81) years
E Dose Regimen: Face: W/B/O: 58/1/12
é multiple doses
| three fmes a day) _
I Al481141 A multi-national, | Tot Grp Placebo: | Fandomized: 133 Sex: 20 M/102F 16 weeks Tuly 37 Smdy Report
&= M/C, randomised, | (Rowte: Oral; Treated: 131 Mean Age (min/max): multipls 2003/ Complated Al481141
2 DE. PC, PG study | Dose Fegimen: Completed: 108 47.7 (18/75) years dose Cross Beference
o to assess the multiple doses Bace: W/BQ: 106718 (sildenafil) NDA 21-845
E safety and three fimes a day) Sequence 0013
© efficacy of a Section 5.3.5.1
E subject-optimised | Tot Grp Fandomized: 134 Sex: 24 M/LLOF
I_"‘: dose of sildenafil | Sildenafl: Treated: 134 Mean Age (min/‘max):
= based on (Fooute: Oral; Completed: 122 478 (20/75) years
% toleration, when | Dwose Fegimen: Race: W/BO: 1051019
= used in subject-optimisad
combination with |dose of 20,40 or
InTavenous 80meg tablets TIDV)
prostacyclin
(epoprostencl) in
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Appendix 2
Study review

Protocol number: A1481131

Title: A Randomized, Double-Blind, Placebo Controlled, Dose Ranging, Parallel Group
Study of Oral Sildenafil in the Treatment of Children, Aged 1-17 Years, With Pulmonary
Arterial Hypertension

Study start/completion dates: August 2003/June 2008

Study Center locations (total 32 centers): Brazil: 1 center; Canada: 1 center; Chile: 1
center; Colombia:3 centers, Guatemala: 1 center; Hungary: 2 centers; India: 2 centers,
Italy: 1 center; Japan:1 center; Malaysia: 1 center; Mexico: 1 center; Poland 3 centers;
Russia 1 center; Sweden:1 center; Taiwan: 3 centers; and United States: 9 centers.

Indication:
Pulmonary Arterial Hypertension

Amendments
There were 6 global, 3 country-specific and 3 center-specific amendments to the
protocol.

Objectives

The objective of this study is to assess the efficacy, safety and pharmacokinetics of 16

weeks of chronic treatment with oral sildenafil in pediatric subjects with pulmonary

hypertension.

Number of Subjects

A minimum of 200 subjects randomized including at least 90 subjects who were

developmentally able to exercise).

Study Population

Pediatric subjects aged 1 to 17 years with pulmonary arterial hypertension (PAH)

including primary pulmonary hypertension or pulmonary arterial hypertension

associated with congenital heart disease or collagen vascular disease.

Inclusions

-Male or female subjects aged from 1 to 17 years (for Russia only, aged from 3 to 17

years [country-specific Protocol Amendment No. 2]; for center 1017 (US) only, aged

from 5 to 17 years old [center-specific Protocol Amendment No. 2]). Females of child

bearing potential who were sexually active must have been practicing a suitable method

of birth control so tha,t in the opinion of the investigator, they would not become

pregnant during the study;

-Subjects weighing >8 kg;

-Subjects who had symptomatic PAH because of 1 of the following conditions:
-Primary PAH;
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-PAH in the presence of a small or hemodynamically insignificant congenital
systemic to pulmonary shunt lesion that in the opinion of the investigator was not the
cause of PH;

-PAH associated with collagen vascular disease (eg, scleroderma);

-PAH associated with congenital systemic-to-pulmonary shunts with a baseline
resting room air oxygen saturation (SaO2) >88%. If the defect was repaired, it should
have been repaired =26 months prior to screening (repairs could be either surgical or via
interventional cardiac catheterization (eg, atrial septal defect closure device or coil of
patent ductus arteriosus);

-PAH associated with d-transposition of the great arteries repaired within the first
30 days of life;

-PAH in subjects who had undergone surgical repair of other congenital heart
lesions =6 months prior to screening and did not have clinically significant residual left-
sided heart disease consistent with the exclusion criteria.

-Subjects with a mean pulmonary artery pressure > 25 mmHg® at rest, pulmonary
capillary wedge pressure (PCWP) <15 mmHg, and pulmonary vascular resistance index
(PVRI) >3 Wood units.m2. If PCWP was not available, then mean left atrial pressure
<15 mmHg or left ventricular end-diastolic pressure (LVEDP) <15 mmHg in the absence
of left atrial obstruction;

-Subjects, developmentally able to exercise, whose functional capacity measured by
CPX test was within the following parameters: Peak VO2 >10 mL/kg/minute and < 28
mL/kg/minute during the screening CPX test;

-The investigator must have obtained written informed consent and assent where
applicable before the subject was screened for the study. The inclusion of a subject
more than once in the same clinical study was not permissible;

-Subjects who would undergo a large shift'® in altitude in order to participate in the
study (eg, live at altitude and shift to sea level in order to participate) must have resided
at the “in study” altitude for 290 days prior to baseline and during the study period.

Exclusions summarized

Subjects were excluded from the study if they had PH secondary to other diseases, left-
sided heart disease and other similar heart-related diseases, or had treatment with off-
label sildenafil, an endothelin-A receptor antagonists or prostacyclin/prostacyclin
analogue within 30 days prior to randomization, or who were taking medications such as
parenteral inotropic medication, parenteral vasodilators within 3 months prior to
screening, alpha-blockers or cytochrome P450 (CYP) 3A4 inhibitors.

Study Design

o Hemodynamic measurements could be performed within 21 days prior to randomization for study
purposes.

'% A “large shift” was defined as approximately 5000 feet or 1524 m.
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This study is a 16-week, randomized, double-blind, placebo controlled, dose ranging,
parallel group study with subjects aged 1 to 17 years, receiving placebo or 1 of 3 doses
of sildenafil (low, medium or high doses). The study planned to randomize a minimum of
90 subjects who are developmentally able to perform the CPX test to evaluate the
primary objective. In addition, subjects who are not developmentally able to perform the
CPX test will be randomized into the study for an evaluation of safety and growth and
development.

All potential subjects were to have a diagnosis of increased pulmonary artery pressures
that had been confirmed by right heart catheterization. At the baseline visit, eligible
subjects were randomized according to weight and developmental ability to perform the
cardiopulmonary exercise (CPX) test.

Following the baseline visit, the treatment phase consisted of a telephone contact at 1
week and 3 additional clinic visits during which efficacy and safety data were collected.
Subjects were to be treated for 16 weeks. Blood samples for the determination of
pharmacokinetics were to be collected during the study. After completion of the study,
subjects were to have the option of enrolling in an extension study, A1481156. Subjects
electing not to participate in the extension study were to be followed up for safety
assessments 30-40 days after the end of the study treatment.

All subjects who have permanently withdrawn from study drug, regardless of the
duration of participation, were to perform all the Week 16/End of Treatment visit
scheduled assessments if the subject’s safety was not compromised.

Legal guardians or parents of all A1481131 subjects who do not enter A1481156 were
to be asked for permission for their children to be followed up on a yearly basis for the
evaluation of survival status.

Treatments

Subjects were randomized in a double-blind fashion to placebo or sildenafil (low,
medium or high dose) TID for a maximum of 16 weeks. Sildenafil doses were to be 10,
20, 40 and 80 mg TID with the exact dose based on subject body weight. See table
below.

Table T2. Sildenafil Doses (TID) to Achieve Target Sildenafil Steady-State Maximum Concentrations of 47, 140 and
373 ng/mL at the Low, Medium and High doses, Respectively

Body Weight (kg) Daze (mz)
Low Aedium High
=§-20 NAY 10* 20
2045 10 20 40
45 10 40 30
Source: Appendiz AL

TID=3 times daily; NA=not applicabls

*  Modeling of the plasma concentrations for each dose level showed that the low and medium doses were predicted to be similar for the 8 to
20kg subjects (ie, subjects would receive the same dose because of the available tblet strengths): consequently there was no low dose for this
weight group
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Dose was titrated up from low (10 mg TID) to the randomized dose at 1 week for the
medium and high dose groups.

Endpoints

Primary Endpoint

-Percent change in peak VO2 normalized to body weight from baseline to Week 16
assessed by CPX testing (bicycle ergometry) for those who perform the procedure.
Secondary Endpoint(s):

-Mean pulmonary artery pressure (mPAP); and

-Pulmonary Vascular Resistance Index (PVRI)

The following endpoints were also evaluated:
Percent change from baseline to Week 16 in:
-Respiratory Exchange Ratio (RER);

-Time to maximum VO2.

Change from baseline to Week 16 in:
-Pulmonary Vascular Resistance (PVR);
-Cardiac Index (Cl);

-Right atrial pressure (RAP);

-Child Health Questionnaire Parent Form (CHQ-PF28), physical and psychosocial
scales;

- WHO PH functional class

Evaluations

Efficacy: All endpoints, except hemodynamics, were evaluated at screening,

baseline, Week 8 (peak plasma levels) and Week 16/end-of-study. In addition, the
World Health Organization (WHO) PH functional class was evaluated at Week 4.
Hemodynamics were evaluated at baseline and Week16/end of study.

Pharmacokinetic: Blood samples for were collected predose at baseline, and

Weeks 4, 8 and 16, and additionally after the first dose of the day at Week 16 during the
following sampling windows: 15 minutes to 3 hours, 3 to 6 hours and >6 to 8 hours.
Safety: Adverse events (AEs) were monitored throughout the study.

Laboratory tests (hematology, chemistry and urinalysis) on blood and urine samples
were performed at screening, baseline, and Weeks 4, 8 and 16/end-of-treatment. Vital
sign measurements (blood pressure and pulse rate) were recorded at screening,
baseline, and Weeks 4, 8 and 16/end-of-treatment, end-of-study and follow-up (if the
subject did not enter the extension study). Electrocardiogram measurements (ECG) and
ocular safety tests were recorded at baseline and Week 16/end-of-treatment. Physical
examinations were performed at screening and Week 16/end-of-treatment.

RESULTS

Subject Disposition
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Of the 324 subjects screened, 235 subjects were randomized to 1 of 4 treatment
groups. The table below shows, by treatment group, the number of subjects
randomized, the number treated, the number who completed, and for those who did not
complete the reason for discontinuation. The table also shows the number of subjects
who were analyzed for safety and/or efficacy.

Table T7. Disposition

Sildenafil
Daze Low AMedinm High Combined Placebo
Mumber (%) of subjects:
Randomized 42 56 77 175 &0
Treated 42 55 77 174* &0
Complated 40 (25.2) 55(98.2) 75 (98.T) 170 (97.1) 58 (96.T)
Entered Study A1481156 38 (90.5) 53 (94.6) T4(96.1) 165 (94.3) 55(91.T)
Had follow-up visit and did not 124} 1(1.8) 1(1.3) 3I(LT 3(5.0)
enter Smdy A1481156
Did not have follow-up visit and 132.4) 1{1.8) 0 2(1.1) 0
did not enter Study 41481156
Dhscontinued prior to treatment 0 1{1.8) 0 1 {0.&) 0
Discontinned” 2{4.8) a 2 {2.60) 4{2.3) 2(3.3)
Had follow-up visit 124y 0 1({1.3) 2¢{1.1) 0
Did not have follow-up visit 1 (24} 0 1(1.3) 2¢1.1) 2(3.3)
Feazon for Discontinuation
Adverse event 1(24) 0 1(1.3) 2(1.1) 0
Lost to follow-up a il 0 0 1{1l 7
(Other 1(24) a 1¢1.3) 2(1L.1) 0
Mo longer willing to parficipate ] 0 0 0 1{1.7)
Analvzed for efficacy
ITT 42 (10007 55 (98.2) 77 (100) 174 {994y 60 (100}
Per Protocol 23 (34.8) 23 (41.1) 2T (35.1) T3 (417 24 (40,00
Aged =5 years 42 (10407 46 (82.1) 58 (75.3) 146 (83 4) 53 (BR.3)
CHOQ-FF25! 37(88.1) 34 (60.7) 48 (62.3) 119 (68.0) 46 (76.7)
Developmentally able 28 (66.T) 28 (50.0) 29(37.T) 35(43.6) 30 (50.0)
Analvzad for safety
Adverse events 42 (1000 55(98.2) 77 (L00) 174 (5943 60 (100)
Laboratory data 42 (1040 55 (08.2) 76 (98.T) 173 (98.9) &0 (100)
Vizsnal safety 42 (1000 55 (98.2) 15974 172 {98.3) &0 (100

Source: Table 1.1 and Table 4.1

CHQ-PF23=Child Health Questionnaire-Parent Feport

* Subject 10463 was randomized but not treated

Discontinuations occwrmg =7 days after the last dose of study treatment were attnbuted to the last study

treatment recerved

Subjects who were randomized to study treatment and received =1 dose of study freatmeant

¢ Subjects who fulfilled the criteria for the ITT were =5 years old and had CHQ-PF28 assessments in their first
language

]

Of the 235 subjects randomized, 228 subjects completed the trial and 6 subjects
discontinued early (2 sildenafil low dose, 2 sildenafil high dose and 2 placebo). The
majority of subjects (96%, 220/235) who completed the study entered the extension
study A14811565.

The allocation to treatment groups by weight is shown below.
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Table T8. Allocation to Treatment Groups by Weight

Sildenafil
Low Medium® High Placebo
Body weight, kg N (m) Dose N (m) Dasze N (m) Daze N {m) Daze
=8-20 NA NA 15 {0y 10 mgz 5 2 mg 18 (1) HA
=20-45 31(19) 1Wmg 300200 20mg 31(18) 40mg 32{21) NA
=45 11 (%) 10 mg 10{% Hmg 11 (%) Blmg 10(8) HA

Source: Appendix B, Tables 15.1 and 16

M=total number of subjects; n=number of developmentally able subjects; MA=not applicable

*  Subject 11612 (medium dose) was misallocated to high weight and should have received sildenafil dose
appropriate for medinum weight {actual weight 44.6 kz)

Subjects excluded from the analyses

Of the 235 randomized subjects, 234 were treated and included in the ITT population. A
total of 115 subjects (49%, 115/235) were developmentally able to perform the CPX
test.

Table T9. Subjects Excluded from Efficacy Analyses

Sildenafil
Dose Low Medinm High Combined Placebo
Mumber (%) of subjects:
Randomized 42 56 77 175 &0
Treated 42 55 77 174* 50
Analvzed for efficacy
ITT population” 42 {100y 55 (98.2) 7T (1000 174 (99.4) 60 (100}
Developmentally able (peak Vi) 28 (66.T) 28 (50.00 29 (371.7T) 35 (48.8) 30 (50.0)
Analyzed for primary analysis 24 (571) 26 (46.4) 27 (35.1) 7744y 294583
PP population 23 (54.8) 23 (41.1) 27 (35.1) T3 4L 24 (40,0}
Reason for excluzion from promary
analysis®
Discontinued 1(3.6) 0 1{3.4) 2024 0
Machine falhwre/damage 1(3.6) 0 1{3.4) 2{2.4) 1{3.3)
Tooill 1(3.6) 0 0 1{1.2} 0
Other” 1(38) 2(7.1) 0 3(3.5) 0
Feazon for exclusion from FP
population
Failed mnclusion/exchision enitena 1(3.5) 1(3.6) 1{3.4) 3(3.53) 1(3.3)
Mon compliance 0 0 0 0 0
Prohibited concomatant medication 0 0 0 0 0
Mo baseline or Week 16 VO, 5(17.%) 4(14.3) 2 (6.9 11 {12.9) 5(16.T)
Recerved mcomect medication 0 1(3.56) 0 1{1.2) 0

Source: Tables 1.1, 5.1.]1 and 5.1.2, and Appendrx A, Item 8

ITT=intention-to-treat; PP=per protocol

f' Subject 10463 was randomized but not treated

” Subjects who were randomized to stady treatment and received =1 dose of study treatment

¢ All subjacts ware excluded from the primary analysis because they had a missing Week 16 assessment. The
denominator used for percentages was the number of subjects developmentally able to perform the CPX test.
Feasons for exclusion from primary analysis are documented m vanous sowrces including CRF=

* Otther category included inadequate CPX test result, no staff available at site to run the CPX test or the test was
erroneously not done

Most subjects were part of the efficacy analyses.

Demographics
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Demographics of the subjects are shown in the table below.
Table T10. Demography — All Subjects

Sildenafil
Dose Low Medium High Combined Placebo
Number of subjects 42 55 77 174 60
Male. n (%) 17 (40.5) 24 (43.6) 26 (33.8) 67 (38.5) 22 (36.7)
Female. n (%) 25 (59.5) 31(56.4) 51(66.2) 107 (61.5) 38 (63.3)
Age (years), n (%)
1-4 0 9 (16.4) 19 (24.7) 28 (16.1) 7(11.7)
5-12 25(59.5) 28 (50.9) 36 (46.8) 89 (51.1) 37(61.7)
13-17 17 (40.5) 18 (32.7) 22 (28.6) 57(32.8) 16 (26.7)
=18 0 0 0 0 0
Race. n (%)
White 19(45.2) 26 (47.3) 28 (36.4) 73 (42.0) 24 (40.0)
Black 1{2.4) 1(1.8) 1(1.3) 3(1.7) 2(3.3)
Asian 6 (14.3) 13 (23.6) 15 (19.5) 34 (19.5) 7(11.7)
Other 18 (38.1) 15 (27.3) 33 (42.9) 64 (36.8) 27 (45.0)
Region, n (%):
America® 10(23.8) 11 (20.0) 16 (20.8) 37(21.3) 17 (28.3)
Asia 6(14.3) 13 (23.6) 15 (19.5) 34 (19.5) 7(11.7)
Europe 16 (38.1) 18(32.7) 22 (28.6) 56 (32.2) 16 (26.7)
South America 10 (23.8) 13 (23.6) 24 (31.2) 47 (27.0) 20 (33.3)
Mean weight (range), kg 382 321 258(8.2-61.0) 308 29.3 (9.1-60.0)
(20.0-105.0)  (8.6-106.0) (8.2-106.0)
Mean height (range), cm 141.6 130.5 120.8 128.9 128.4
(111.0-172.0) (77.0-192.5)  (72.0-180.0)  (72.0-192.5) (78.0-173.0)
Mean BMI (SD). ke/m’ 18.2 (4.8) 17.6 (3.9) 16.3 (3.4) 17.2 (4.0) 16.9 (3.6)

n=number of sulyects: BMI=body mass index; SD=standard deviation
*  America=includes USA. Canada and Mexico

Overall, there were more females (145/234, 62%) than males (89/234, 38%) and the
majority of subjects were between the ages of 5 and 12 years. Body weights were
greater than 8 kg. Considering the small number of subjects per group, the
demographics between groups were fairly similar.

PAH diagnoses
The number and percent of subjects with primary or secondary PAH are shown below.

Eildenafil Low Eildenafil £ildenafil Sildenafil
Dosa Mzdium Dose High Dose Combined Doses Placebo
NHumber of Subjects 4 55 T 174 60
Primary Diagnosis MedDRA (v11.0) Lower Level Term
PRIMARY PULMONARY HYPERTENSION
Number of Subjects 1z 19 26 57 21
Duration Since First Diagnosis (yrs)
Mean 1.122 1.671 1.4&0 1.450 2.235
Range 0.005-7.042 0.003-7.280 0.008-8.290 0.003-8.290 0.027-12.422
Unspecified (N) o L] o o 0
SECONDARY PULMONARY ARTERIAL HYPERTENSICN
Number of Subjects o 36 51 117 3
Duration Since First Diagnosis (yrs)
Mezan T.468 6.412 5.099 £.110 5.663
Range 0.005-16.255 0.085-16.079 0.003-15.699 0.003-16.255 0.038-16.958
Unspecified (N) o L] o o 0
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Most subjects were diagnosed with secondary PAH (67%, 156/234).

The diseases associated with secondary PAH are shown below.

Primary Diagnosis
Primary pulmonary hypertension

Number of Subjects 12 18 26 57 21
Duration Since First Diagnosis (yrs)

1.122 1.671 1.460 1.459 2.225
0.005-7.042 0.003-7.280 0.008-8.290 0.003-8.290 0.027-12.422
0 0 ] ] 0
Secondary pulmonary arte
Surgical Repair
Atrial Septal Defect
s 7 1
(yr
1.589 5.693 4.520 3.159
1.574-1.604 1.426-15.075 1.4 075 3.159-3.159
0 ] 0 0
10 21 10
(yr
9.178 4.521 4.388 5.805 4.863
0.005-16.175 1.079-10.716 0.022-10.924 0.005-16.175 0.038-12.734
0 0 o 0 0
) & 3 1
{yr
7.632 8.040 7.650 7.735
0.575-12.813 0.652-12.893 0.118-13.602 0.118-13.82
0 0 o ]

The secondary PAH etiologies included (number of subjects):
-surgical repair of

- atrial septal defect (8),

-ventricular septal defect (31),

-patent ductus arteriosis (11),

-aorto pulmonary window (1),

-other, not specified (16)
-congenital systemic to pulmonary shunt (85),
-D-transposition of the great arteries (4).

The means and ranges for the durations since first diagnosis for subjects with
secondary PAH were greater than those for subjects with primary PAH (6 to 7 years,
compared to 1 to 2 years, respectively).

World Health Organization (WHO) Functional Class
The WHO functional class at baseline is shown below.
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Table T18. World Health Organization (WHO) Functional Class at Baseline

Sildenafil
Low Medium High Combined Placebo
Class, m (%)"
I 9(22.5) 20" (37.0) 21(27.6) 3029.4) 25(41.7)
I 22°(55.0) 25 (46.3) 43 (56.6) 90 (52.9) 20(48.3)
I 9(22.5) 8148 12(15.8) 29(17.1) 6 (10.0)
v 0 1(1.9) 0 1(08) 0
Missing 2 1 1 4 0
Source: Table 5.11.1
WHO=world health orgamzation
*  The number of subjects with known WHO functional class has been used as the denominator for the caleunlation of
percentages

®  Subjects 11620 (sildenafil low dose) and 11221 (sildenafil medivm dose) recorded baseline fimctional class on
Day 2. The mvestizgators confirmed that there was no significant change in functional class from pre-treatment and
therefore these records were used as the baseline value.

At baseline, more than 80% of subjects were Class | or Il. There were 4 subjects (all
sildenafil) who did not report WHO class.

Concomitant Medication

The majority of concomitant medications were associated with non-specific
background therapy for PAH, and the right heart catheterization procedure. The most
commonly taken individual concomitant drugs were midazolam, fentanyl and heparin.
During the study, 39 subjects received calcium channel blockers, 54 subjects received
diuretics and 28 subjects received oral anticoagulants.

Efficacy

Changes in the Planned Analyses

The following changes were made to certain analyses:

1. Baseline peak VO2 was included as a covariate in the primary analysis, as it was
found to be correlated to percent change in peak VO2 from baseline. This would make
adjustments in the analyses for random baseline differences between the treatments
and account for some of the variability in the primary analysis.

2. The lowest weight category (28 to 20 kg) was combined with the middle weight
category for the primary analysis. It was not suitable to use the lowest weight category
alone as, at the time of the blinded review, there were only 3 developmentally able
subjects in the lowest weight category (=8 to 20 kg).

3. Baseline was defined as the average of the screening and baseline assessment data.
There was no consistent difference observed between the screening and baseline
assessment data and hence this was an appropriate approach to reduce the variability
in the baseline measurement.

Percentage Change from Baseline in Peak Volume of Oxygen Consumed (VO2) at
Week 16
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There were 115 subjects deemed to be developmentally able to perform the CPX test
(cycle ergometry). The baseline value was the average of the screening and baseline
readings. There were 8 subjects randomized to a sildenafil dose and 1 subject
randomized to placebo who were excluded from the primary analysis (missing week 16
assessment). The reasons given were the following: subject discontinued study (2
sildenafil), machine problems (2 sildenafil, 1 placebo), too ill to perform test (1
sildenafil), and other (3 sildenfail).

See the results in the table and figure.

Table T14. Percentage Change from Baseline in Pealk Volume of Oxygen Consumed (VO2)
at Week 16 (LOCF) - ITT

Sildenafil
Dose Low MMedinm High Combined Placebo
Number of subjects® 24 26 27 77 29
Mean (SD) VO, mL/kg/minute
Baseline’ 17.37(4.36) 18.03(4.70) 1743(3.70) 17.61(4.22) 20.02(3.80)
Week 16 1840(561) 2039(6.16) 19.00(3.59) 19.28(5.21) 20.01(444)
Change from baseline 103 (341) 236(336) 1.57(256) 167(3.13) -0.01(3.34)
Percentage change from baseline 6.44 (20.16) 13.40(19.50) 10.58 (15.51) 10.24 0.53(15.91)
(18.39)
)vé;a].cu difference versus placebo 381(500) 1133(484) 798(485 771(3.98) NA
(
95% Confidence interval® -6.11,13.73  1.72,2094 -1.64.17.60 -0.19.15.60 NA
P-value® NA NA NA 0.056 NA

Source: Tables 5.2.1.1and 522

VO,=volume of oxygen consumed; LOCF=last observation carnied forward; IT T=mtention-to-treat population;

SD=standard deviation; SE=standard error; NA=not applicable

#  ITT subset of developmentally able subjects

®  Baseline was the average of all assessments on or before the first day of study treatment

©  Analyses were performed using analysis of covaniance with eticlogy, weight and baseline peak VO, as the
covariates

Mean baseline peak VO2 values were somewhat higher for the placebo treatment
group. The mean percentage change from baseline for the sildenafil treatment groups
were 6.44% (low dose), 13.40% (medium dose), and 10.58% (high dose), and 0.53%
for placebo. The mean difference for the sildenafil combined group versus placebo was
not statistically significant.

75

Reference ID: 3118239



Clinical Review
Maryann Gordon, M.D.
NDA#203109

Revatio (sildenafil)

3/28/2012

Figure F2. Treatment Difference in Percentage Change from Baseline in Peak VO; at

Week 16 (LOCEF): Mean and 95% Confidence Intervals - ITT

Slidenafil Low Dose

Sildenafil Medium Dose

Sildenafil High Dose

Sildenafil Combined Doses

10

Treatment Difference in Percentage Peak VO, (Sildenafil Minus Placebo)

Other endpoints

Cardiac output (and hence derivation of PVRI) was assessed by either the
thermodilution or Fick methods. When the Fick method was used oxygen consumption
was either measured or estimated. A large proportion of subjects had their
hemodynamic assessment done by the Fick method; 73% (147/202) of subjects who
had a valid PVRI measurement at Baseline and Week 16 were assessed using the Fick
method. Post hoc analyses were conducted using a standardized approach to
estimating oxygen consumption for those subjects who had their cardiac output
determined by the Fick method.

Pulmonary vascular resistance index (PVRI).

Of the 234 subjects randomized, 202 subjects (152 sildenafil, 50 placebo) were
evaluated for this secondary endpoint. Therefore, 32 subjects are not included in the
analyses.

The subject number and reason for exclusion are shown below.

Subject | Reason

Number

10405 | Subject had shunt, but had cardiac output assessed by thermodilution at
Baseline

10412 Missing PCWP at Week 16

10415° | Subject had shunt, but had cardiac output assessed by thermodilution

10420 RHC not done at Week 16 (Discontinued due to AE)

10427 RHC not completed at Week 16 (Subject has SAE whilst having RHC)
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Subject | Reason

Number

10429 Different methods used for measuring cardiac output at Baseline and Week 16

10435 Different methods used for measuring cardiac output at Baseline and Week 16

10443 Baseline more than 21 days before start of study treatment

10453 RHC not done at Week 16 (Discontinued)

10459 Baseline more than 21 days before start of study treatment

10465"' | Missing Oxygen Consumption at Baseline and Week 16

10466' | Missing Oxygen Consumption at Baseline and Week 16

10813 RHC not done at Week 16 (Discontinued)

10840° | Missing PCWP at Baseline and Week 16

10854 RHC not done at Week 16 (Parent would not allow RHC assessment)

10858 Baseline more than 21 days before start of study treatment

10863 | Pulmonary Arterial Oxygen Saturation = Pulmonary Venous Oxygen
Saturation at Baseline; resulting in zero in denominator for calculating cardiac
output

10872"' | Missing Oxygen Consumption at Baseline and Week 16

10873 Missing Pulmonary Arterial Oxygen Saturation at Baseline
Missing Oxygen Consumption at Baseline and Week 16

10875 Missing Pulmonary Arterial Oxygen Saturation at Baseline

11201 RHC not done at Week 16 (Discontinued due to AE)

11208 | Week 16 RHC performed after start of A1481156

11213° | Subject had shunt, but had cardiac output assessed by thermodilution.

11240 RHC not done at Week 16 (Discontinued)

11246 | Week 16 RHC performed after start of A1481156

11247" | Missing Oxygen Consumption at Baseline and Week 16

11248" | Missing Oxygen Consumption at Baseline and Week 16

11606' | Missing Oxygen Consumption at Week 16

11620 RHC not done at Week 16 (Discontinued)

11621 Different methods used for measuring cardiac output at Baseline and Week 16

11624° | Missing Hb at Baseline and Week 16

11625 Different methods used for measuring cardiac output at Baseline and Week 16

' Subjects excluded from original analyses, but included in analyses with standardized data
2 Subjects excluded from sensitivity analyses using multiple imputation

AE — Adverse Event, SAE — Serious AE

Hb - Haemoglobin

PCWP — Pulmonary Capillary Wedge Pressure

The res

ults for the remaining subjects are shown in the table below.
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Tahle 20. Change from Baseline in PVRI (CRF Data) at Week 16 — ITT Paopulation

Sildenafil
Treatment Group Low Medinm High Combined Placebo
Number of subjects o 36 49 67 152 50
Mean (D) PVRL dynes.com™.m™
Baseline” 1877.7 15181 16699 1669.9 1286.4
(1214.5) (1102.6) (1518.1) (1326.3) (958.8)
Week 16 18856 12784 12624 14142 14142
(1278 4) (878.9) (1078.7) (1094.6) (1102.6)
Change from baseline 80 -231.7 -407.5 -255.7 127.8
(870.9) (918.9) (1174.5) (1038.7) (733.1)
Mean difference versus -47.9(215.7) -359.6(191.8) -575.3 (183.8) -327.6(159.8) NA
placebo (SE)
95% Confidence -471.4.3755  -743.1,240 9348-2157 -639.2.-160 NA
interval®
P-value” NA NA NA 0.041 NA

Source: Study A1481131 CSE Tables 5.4.1 and 5.4.2.1 (Module 5.3.5.1)

ITT=intention-to-treat population; SE=standard error; SD=Standard Deviation; NA=not applicable

* Baseline was the last PVRI assessment up to 21 days before study treatment to the first day of study treatment
® Analyses were performed using analysis of covariance with etiology, weight and ability to perform the
cardiopulmonary exercise test as covariates

Mean values at baseline were similar across treatment groups. At week 16, mean
difference versus placebo were minimal for the low dose group (-47.9 dynes.s.cm-5.m).
The medium and high dose groups showed greater effects (-359.6 and -575.3
dynes.s.cm-5.m, respectively) and showed a dose response.

Table 21. Change from Baseline in PVRI (Standardized Data) at Week 16 - ITT

Population
Sildenafil

Treatment Group Low Medinm Hizh Combined FPlacebo
Number of subjects i7 51 68 156 52
Mezan (5D) PVEL dynescm™ m”

Baseling” 17418 (1022.7) 15101 (1142.6) 16300 (1302.4) 1622.0(1182.3) 12225(775.0)

Weak 16 IT258 (113460 12454 (77000 123B5(9748) 13523 (PE28) 12944 (8150

Change from bassline 150 (7670 -2637(05RE)  -3Q1F(10TOT)  -311.609748)  TLO{5114)

Mean difference versus -240(191.8)  -32746(175.8) 4054(1308) -27A7(1438) NA

placeba (SE)

05% Confidence interval®  -300.5 350.6 5632, 160  -8230,-1758 -5593 80 NA
P-valus” HA HA HA 0.047 NA

Source: Smdy A1481131_AddHaem Table 541 and A148113]1 Hemodynamic Supplemental Feport Table
11.7.27A (Module 5.3.5.1)

ITT=intention-to-ireat population; SE=standard error; SD=5tandard Deviaton; KA=not applicable

* Baseline was the last PVEI assessment up to 21 days before stady weatment to the first day of smudy treamnent
b Analyses were performed nsing anatysis of covariance with etiology, weight and ability to perform the
cardiopulmonary exercise test as covariates

Mean baseline PVRI values ranged from 1510.1 to 1630.0 dyne.s.cm-s.m2 across the
sildenafil treatment groups; baseline value for the placebo group was 1222.5 dyne.s.cmn
5.m2. At week 16, the placebo group showed an increase from baseline (71.9 dyne.s.cm:
5.m2 ) while the 3 sildenafil groups showed decreases in a dose related manner (-16, [
263.7, -391.5 dyne.s.cm-5.m2, respectively).
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The figure below shows the results with the original data (CSR) as well as for the

standardized data.

Figure 8. Treatment Comparisons for PVRI Changes from Baseline: Mean and 95%
Confidence Intervals

CRF Data
i, i, ]
[ = u
Standardized Data
- 1 -
n [ | a
-1200 -1000 -800 -600 -400 -200 0 200 400 600

Comparison to Placebo (dyne-s-cm-5an ) with 95% CIs

Dose groups: Red — Low, Blue — Medium, Green — High, Black — Combined
Note: PVRI was analysed on the natural scale
Source: A1481131 CSE Table 5.4.2.1 and A1481131 AddHaem Table 5.4.2 (Module 5.3.5.1)

The results from the standardized data for PVRI were similar to those presented in the

original CSR, with similar improvements over placebo for the 3 dose groups.

Log Transformed Analysis

The table below shows the results of the analyses of the standardized PVRI data, using

a natural log transformation of the data.

Table 21. Treatment Comparisons to Placebo for PVRI

Parameter Treatment Group Comparizon to Placebo (950 CT)
PFVEI Low Dosa 0.98 (0.20, 1.20) (n=3T)
(ratio to placebao) Medinm Dosa 0.82 (0.68, 0.98) (p=51)
High Dase 0.73 (0.61, 0.86) (n=48)
Combined Doses 0.84 (0.72,0.87) (p=158)

Source: Smdy A148113]1 Hemodynamic Supplemental Feport Table 11.7.27A (Module 5.3.5.1)

Placebo: PVEI p=52

Amnalyses were performed using ANCOVA with etiology, weight, ability to perform an exercise test and log
ransformed baseline PVEI as covariates. Baseline is the last PVEI assessment in the period from 21 days
before treatment to the first day of treatment. Treatment comparisons are in the form of ratios as the snalyses
were conducted on log wransformed data.

The results are shown in the figure below.
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Figure 9. Proportonal Comparisons in Study A1481131 for PVEI at Week 16

Low (r=3T) 0.382 .
Medium {n=31}) 0.813
. 0.727
High {n=68) . . .
0.836
L/M/H (n=136) — = =
0.4 0.6 1] 1.0 1.2

Ratio Comparison to Placebo (n=52) with 95% Cls

14

Source: Study A148113]1 Hemodynamic Supplemental Report Table 11.7.274 (Module 5.3.5.1)

Pulmonary Artery pressure (mPAP)
The results are shown below.

Table T16. Change from Baseline in Mean Pulmonary Artery Pressure (mPAP) at Week 16

(LOCF)-ITT
Sildenafil
Dose Low Medium High Combined Placebo
Number of subjects 39 55 71 165 56
Mean (SD) mPAP. mmHg
Baseline® 66.3 (22.2) 61.9(18.1) 61.6 (23.9) 62.8 (21.7) 59.4(21.6)
Week 16 67.1(24.4) 57.9(19.4) 54.2 (20.6) 58.5(21.6) 59.0(20.3)
Change from baseline 09(12.3) -39(12.0) -74(154) -43(13.9) -04(159)
Mean difference versus placebo” 1.6 (3.1) 35027 -73(2.6) -3.1(2.2) NA
(SE
]95% Confidence interval® 45,76 -£9.19 -124. 21 -7.5,13 NA
P_value” NA NA NA 0.172 NA

Source: Tables 5.3.1and 5.3.2.1

mPAP=mean pulmonary artery pressure; LOCF=last observation carried forward; ITT=intention-to-treat
population; SD=standard deviation; SE=standard error; NA=not applicable

a
b

Baseline was the last mPAP assessment from 21 days before study treatment to the first day of study treatment
Analyses were performed using analysis of covariance with etiology, weight and ability to perform the
cardiopulmonary exercise test as the covariates

Mean baseline mPAP values were similar across treatment. Decreases from baseline in
mean mPAP were observed for the sildenafil medium and high groups and ranged from

-3.9 to -7.4 mmHg. The placebo group showed a small (0.4 mmHg) decrease.

Cardiac Index

The table below shows the means at baseline, week 16 and change from baseline at

week 16 for cardiac index by treatment group.
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Table T22. Change from Baseline in Cardiac Index at Week 16 (LOCF) - ITT

Sildenafil
Dose Low Medium High Combined Placebo
Number of subjects 37 49 68 154 52
Mean (SD) cardiac index, T/minute/m"
Baseline” 295(1.16) 340(1.85) 373(209) 344(184) 408(231)
Week 16 3.15(1.37) 342(1.94) 397(223) 360(1.98) 343(141)
Change from baseline 020(1.17) 002(144) 024(219) 016(1.76) -0.60(2.12)
Mea% difference versus placebo 0.71(041) 061(037) 089(035) 0.74(0.30) NA
SE
( 2)5% Confidence interval” -0.10, 1.52 -0.12,1.35 0.21.1.58 0.14, 1.34 NA
P-value” NA NA NA 0.015 NA

Source: Tables 581 and 582

VO=volume of consumed oxygen LOCF=last observation carned forward; ITT=mtention-to-treat population;
SD=standard deviation; SE=standard error; NA=not applicable

*  Baseline was the last cardiac index assessment from 21 days before study treatment to the first day of study
treatment

Analyses were performed using analysis of covanance with etiology, weight and ability to perform the
cardiopulmonary exercise test as the covanates

The sildenafil treatment groups had mean increases from baseline in cardiac index
compared to placebo which had a mean decrease.

World Health Organization (WHO) Functional Class At Week 16 (LOCF) Class.
The table below shows the WHO functional class at baseline by treatment group.

Table T18. World Health Organization (WHO) Functional Class at Baseline

Sildenafil
Low Medinm High Combined Placebo
Class, o (%a)"
9(22.5) 20° (37.00 21 (27.6) 30(29.4) 25(41.7)
I 7" (55.0) 25 (46.3) 43 (56.6) a0 (52.9) 20 (48.3)
I 9(22.5) 8(14.8) 12{15.8) 29(17.1) 6 (10.0)
v 0 1(1.9) 0 1(0.6) 0
Missing 2 1 1 4 0

Source: Table 5.11.1
WHO=world health organization
*  The mumber of subjects with known WHO functional class has been used as the denominator for the calenlation of
percentages
*  Subjects 11620 (sildenafil low dose) and 11221 (sildenafil medinm dose) recorded baseline functional class on
Day 2. The mvestigators confirmed that there was no significant change in functional class from pre-treatment and
therefore these records were used as the baseline value.
Most subjects were in class Il or Il with only one rated as class IV. The placebo

treatment group had the highest proportion of subjects with PAH Class |I.
The table below shows the functional class at baseline and week 16 by treatment class.

Functional class worsened from Class | to Class Il (7.1%, 3.6% and 1.3%, for sildenafil
low, medium, high dose, respectively, compared to 6.7% in the placebo).
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Functional class improved from Class Il to Class | (4.8%, 3.6%, 10.4% for sildenafil low,
medium, and high doses, respectively, and 3.3% for placebo.

Functional class improved from Class Ill to Class Il (9.5%, 12.7% and
10.4%, sildenafil low, medium, and high doses, respectively, compared to 3.3% in the
placebo treatment group).

One subject (1.3%) in the sildenafil high group functional class improved from Class Il
to Class I. The subject with Class IV at baseline, in the sildenafil medium group,
improved to Class Il

The table below summarizes the changes in WHO class from baseline at week 16 by
treatment group.

Table 5.11.2 Fage 3 of 4
fil Frotocol AL481131

The table below shows the number and percent of subjects who had no change or
improved in their functional class. Subjects with PAH Class | at baseline are not
included.
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Table T19. Improvements from Baseline in World Health Organization (WHO) Functional
Class for Subjects with PAH Class II to IV at Baseline

Sildenafil
Low AMedium High Combined Placebo
Number of subyects 31 34 55 120 35
No change. n (%) 25 (80.6) 24 (70.6) 38(69.1) 84 (70.0) 31(88.6)
Improved by 1 class, n (%) 6(19.4) 10 {29.4) 16 (29.1) 32(26.7) 4(11.4)
Improved by 2 classes. n (%) 0 0 1(1.8) 1(0.8) 0

Source: Table 5.11.2

According to these data, the sildenafil groups were more likely to show improvement in
their functional class compared to the placebo group.

Worsening in functional class

There were 10 subjects who had a worse WHO functional class at endpoint compared
to baseline. All had started in class | and had slipped to class Il, either at week 4, 8, or

16.
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Number of subjects

sildenafil placebo

Low Medium high
Number of 42 55 77 60
subjects
randomized
Number 31 34 55 35
with data
Worse by 1 3 2 1 4
class

The table below shows the 10 individual subjects.

Table 1 Subjects Whose WHO Functional Class Worsened during A1481131

Subject Baseline Week 4 Week 8 Week 16 Last known
(Study Day)

Status’
Placebo”
10438 I I I I | (1752)
10441 [ I I Il [ (1708)
10466 I I I Il | (1224)
10856 I I I [l | (785)
Died (815)"
Sildenafil Low Dose
10810 I I I Il Il (449)
Discontinued
10825 I Il Il Il I (2214)
10842 [ I I [l | (1477)
Sildenafil Medium Dose
10405 [ [l Il [l | (2420)
10410 I I I Il 1(113)
Did not enter
A1481156

Sildenafil High Dose
10853 I I I Il | (1456)

Source: Section 13 Table 2.3 A1481131 CSR, Table 4.2 and Section 13 Table 5, A1481156
Supplemental Safety Report, Module 5.3.5.3

'Date of data cut-off: April 2011 (June 2011 for deaths), ie same as NDA submission

% Subjects 10438, 10441, 10466 and 10856 were randomized to high, medium, high and high dose
sildenafil respectively in Study A1481156.

Aprobable penicillin reaction resulting in death.

Pulmonary Vascular Resistance (PVR)
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The table below shows the mean PVR at baseline and week 16, as well as change from
baseline at week 16.

Table 5.7.1 Page 1 of 1
gildenafil Frotocol Al481131

sildenafil Low Dose ] a0 EE a8 6 ED as as
Mman 0.4 20.3 z0.2 0.3 0.2 a
5% CI of Mean (16.5,24.4 16.1,24.5) 5.4,25.0 (-3.6,3.4 (16.1,24. 5 (15.4,25.0 5 )
Std. Dev 12.3 2.5 1 10.4 2.5 1.3 0.4
Median B} 1 4 1
Min, Max 53 4,53 4,88 26,3 4,53 &4 28,32
sildenafil Medium Dose ] 50 as as as a5 as a5
Mman 17.6 7.3 14.5 -1.3 175 125 -3.3
55¢ CI of Mean (14.1,21.3) (14.3,21.4) {12.2,16.8) (-€.4,-0.3) (14.3,21.4) (12.2,16.8} {-5.4,-0.3)
Std. Dev 12.4 12.4 7.8 10.5 12.4 7.3 10.5
Media 16 16 1 16 14 -2
Min, Max B0 4,80 5,38 54 4,80 .26 54,15
sildenafil High Dose ] T2 &7 57 &7 &7
Mean 1.8 22.3 2z2.3 17, -5.
55¢ CI of Mean (17.8,25.6) (18.0,26.6) {18.0,26.8) [} .20 .0,-1.4)
Std. Dev 172 17.5 17.5 13.3 15.7
Median 7 17 17 12 -2
Min, Max 2,78 3,78 8 1,82 -85,48
sildenafil Combined Doses & 182 1s2 5! 152 1s2
Mean 20.1 20.4 2 17.0 3.4
55¢ CI of Mean (17.8,22.4} (1e.0,22.8) 8.0,22.8) (15.0,19.0 5.5,-1.3)
Std. Dev 1a. 14.9 14.5 12.2 13
Median 17 17 13 -2
Min, Max 2,80 3,80 E 1,84 -85,48
Flaceba 5 55 50 5 50 E

from 21 days before treatment to

11, Table 3.3 Date of Reporting 28}

The sildenafil groups showed a decrease in PVR compared to an increase for the
placebo group.

Right Atrial Pressure (RAP)
Mean baseline RAP values were similar across treatment groups.
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Table 5.5.1
8ildenafil

Frotocol Al481131

Baseline
Treatment All subjects
gildenafil Low Dose N az
Mzan 7.83 -€3
55% CI of Mean (6.56,5.30 (§.31,5.07)
std. Dev 4.39 4.26
Median 7.5 7.0
Min, Max 2.0,22.0 2.0,22.0
gildenafil Medium Dose N 55 55
Mzan 7.88 7.88
55t CI of Mean (6.61,5.36 [6.61,5.38)
std. Dev 5.09 5.
M=dian 7.0 7.0
Min, Max 1.0,32.0 1.0,32.0
8ildenafil High Dose N 71
M=an 8.70
55t CI of Mean (7.54,5.87)
std. Dev 4.51
M=dian 7.0
Min, Max 1.0,35.0
gildenafil Combined Domes ® 185 165
Mzan B.22 7.88
55t CI of Mean [7.48,8.55) 7.28,8.50)
std. Dev 4.82 3.35
M=dian 7.0 7.0
Min, Max 1.0,32.0 1.0,25.0
Flacebo N 56 56
Mzan 7.88 B.11
55t CI of Mean [6.61,5.14) {7.14,8.07)
std. Dev .71 3.61
M=dian 7.8 B.0
Min, Max 1.0,28.0 3.0,20.0

atrial pre
Data: Section 11,

Ttem 11,

t in the period from 21 dx
Table 3.3

before treatment to t!
Date of Reporting Dataset Creation:

Page 1 of 1

week 16 LOCF

Change from

Baseline Value Baseline
as as as
7.69 7.9z 0.23
(-1.05,1.51) 6.31,5.07) (7.00,8.85} 1.05,1.51)
3.85 4.26 2.85 R
1.0 7.0
-12.0,7.0 2.0,22.0
55 55
0.07 7.58
(-1.04,1.18) {6.61,5.36)
509
7.0
1.0,32.0
71
B.70
{7.54,5.87)
a.81
7.0
1.0,35.0
185 165 185
B.22 7.83 -0.33
T.4B,8.95) (7.28,8.50 0.35,0.28)
a.82 335 4.04
7.0 7.0 0.0
1.0,33.0 1.0,35.0
58 56
7.88 .11
6.61,5.14) (7.14,9.07
am 3.8
7.5 a.0
1.0,28.0 3.0,20.0

first day of treatment
o2aDAz008 Date of Table Gensration: 04ADGE2008 |

The table below shows small decreases from baseline in mean RAP in the sildenafil groups

compared to placebo.

Table 5.5.2

8ildenafil Protocol Al481131

Treatment Comparisons of Change from Baseline in Right Atrial Pressurs (mmHg) at Wemk 16 [LOCF)

Treatment

difference (8ildenafil - Placebo)

Fage 1 of 1
- ITT Population

ifference (SE}
H (sildenafil)
N (Flacebo)
p-valus

35% Confidence Interval

(-1.51,1.57)

atrial pressure as

Data: Bectiom 11, Item 11,

Sildenafil

V0z are performed using ANCOVA with etioclogy, weight,

Bildenafil

Dos High Dos Coab.

Table 2.7

Respiratory Exchange Ratio (RER)
Mean baseline RER values were similar across treatment groups. Changes from
baseline in mean RER compared to placebo are shown below.

Reference ID: 3118239
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Table 5.5.2 Fage 1 of 1
Bildenafil PFrotocol A1481131
Trzatment Comparisons of Percent Change from Bapeline in Respiratory Exchange Ratic at Week 15 (LOCF) - ITT Fopulation®

Treatmant differsnce (8ildenafil - Flacebo)

sildenafil sildenafil 8ildenafil Sildenafil
High Dose

N (Placsha) 29
p-value 0.755
95t Confidence Int
who are developmentally able.
treatment .

ovarial

cance tests are per .
ZER CONFIDENTIAL Source Data: Sectiom 11, Item 11, Table 2.3 Date of Reporting Dataset Creation: DZADG2O0E Date of Table Gensration: 12AUG2008 (05:28)

Time to Peak Volume of Oxygen Consumed (VO2)
The table below shows mean time to peak VO2 values at baseline, week 16 and
change from baseline at week 16 by treatment group.

Table T21. Percentage Change from Baseline in Time to Peak Volume of Oxygen
Consumed (VO,) at Week 16 (LOCF) -ITT

Sildenafil
Dose Low Medium High Combined Placebo
Number of subjects” 24 26 27 77 29
Mean (SD) time to peak VO,, seconds
Baseline” 414.54 452.27 433.81 434.04 466.43
(123.13) (141.88) (108.69) (124.44) (139.14)
Week 16 479.38 516.69 465.15 486.99 47528
(183.02) (185.73) (104.51) (160.34) (166.82)
Change from baseline 64.83 64.42 3133 5295 8.84
(103.69) (102.70) (107.04) (104.40) (96.09)
Percentage change from baseline 1521 (26.28) 15.97(22.92) 11.16(28.62) 14.04 (25.82) 4.56(34.85)
Mean difference versus placebo 10.34(7.84) 1143(7.67) 596(7.62) 9.24(6.20) NA
(SE)°
95% Confidence interval® -5.21.2590 -378,26.64 9.16.2108 -3.05 2154 NA
P-value® NA NA NA 0.139 NA

Source: Tables 5.6.1.1aand 5.6.2a

VO,=volume of oxygen consumed; IT T=intention-to-treat population; SD=standard deviation; SE=standard
error; SD=standard deviation; NA=not applicable

* ITT subset of developmentally able subjects

baseline was the average of all assessments on or before to the first day of study treatment

Analyses were performed using analysis of covariance with etiology and weight as the covanates

b

C

The sildenfil groups had a larger increase from baseline at week 16 in the time to peak
VO, compared to the placebo group.

Quiality of Life (QoL)
Mean baseline CHQ-PF28 physical scale and psychosocial scale scores were similar
across treatment groups. Changes were similar for sildenafil and placebo groups.
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Subject (Parent) and Physician Global Assessments

At Week 16 (LOCF), most subjects/parents reported mild or better improvement in
disease severity from baseline in all treatment. At Week 16 (LOCF), most physicians
reported mild or better improvement in disease severity from baseline in all treatment.

Background Therapy

Approximately half the subjects in any treatment group were not receiving any
background therapy (including anticoagulants, oxygen, diuretics, calcium channel
blockers or digoxin) at baseline. Very few subjects had additions or discontinuations of
medications to their background therapy during the trial.

Clinical Worsening

There were 3 subjects who met the criteria for clinical worsening (lung transplantation,
hospitalization because of PAH, initiation of prostacyclin or bosentan therapy): 1 subject
in the sildenafil low treatment group (hospitalization/11604) and 2 subjects in the
sildenafil high treatment group (hospitalization/10831 and initiation of bosentan/10420).
The latter subject started treatment with bosentan after discontinuation from the study
one month before because of a reported allergic reaction (stridor).

Subpopulations

Hemodynamic parameters

Age

The table below shows the baseline PVRi, mPAP, cardiac index, and functional class
for two age groups (< 7 years and > 7 years).

Table S8. Baseline Mean (SD, n) PVRI, mPAP and Cardiac Index Values and Functional
Class by Age

Parameter =T years old =7 vears old
N=63 N=171

PVRI (Wood units*m’) 12.3 (8.0, 58) 20.7(14.7, 164)
mPAP (mmHg) 54.2(21.0.61) 64.7 (21.5, 170)
Cardiac Index (L/'min/m’) 4.2 (1.8 58) 3.2 (1.6, 168)
Functional Class T 27 (43%) 48 (29%)
Functional Class IT 30 (48%) 90 (54%)
Functional Class ITIVTV 6 (10%) 30(18%)

Source: Tables 2951, 11.7.235A and 11.7.2364A
Note: percentages do not add to 100%: due to rounding

The younger children had lower PVRI, mPAP, and higher cardiac index as well as more likely to
have functional class | at baseline than their older colleagues.
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Overall, with the <7 year-old subjects there was an estimated 23% and 26% reduction in PVRI
with the sildenafil medium and high dose groups, respectively. There were corresponding
estimated increases in cardiac index of 6% and 15% for the medium and high dose groups
respectively. With the =7 year-old subjects there was an estimated 17% and 28% reduction in
PVRI and a corresponding 4% and 15% increase in cardiac index. For mPAP the <7 year-old
subjects showed a smaller improvement over placebo for the medium and high dose groups
compared to the =7 year-old subjects.

Weight

The table below shows the baseline functional class and hemodynamic characteristics
for the 3 weight groups .

Table 510. Baseline Aean (SD. n) PVREIL, mPAP and Cardiac Index Values and Functional
Class by Weight

Parameter 8-20kg =20-45kg =45kg
N=68 N=125 N=41
PVRI (Wood units+m") 13.3(8.2, 64) 205(154,119) 21.1(13.9.39)
mPAP (mmHg) 56.8 (21.0, 66) 65.2(22.3,124) 60.2 (203, 41)
Cardiac Index (L/min/m’) 4119 64 3.3(1.5,123) 3.1(14 39)
Functional Class T 28 (42%) 37(30%) 10 (25%4)
Functional Class T 33 (49%) 63 (51%) 24 (60%)
Functional Class ITLTV 6 (9%) 24(19%) 6 (15%)

Source: Tables 2951, 11.7.238A, 11.7.23%9A and 11.7.240A

Baseline characteristics split by treatment group are presentad in Tables 551, 651 and 751 for
the 3 weight groups.

There was a higher proportion of subjects in the 8-20kg weight group who had
functional class | at baseline and mean PVRI and mPAP baseline values were lower for
the 8-20kg weight group than the 2 heavier weight groups and mean cardiac index
values were correspondingly higher.

The table below shows the treatment comparisons to placebo for the selected
hemodynamic variables.
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Table 511. Treatment Comparisons to Placebo for PVRI, Cardiac Index and mPAP by

Weight
Parameter Treatment Comparison to Placebo (95% CI)
Group 5-20kg =20-45kg =45kg
PVRI Low Dose - 0.99(0.79, 1.25) 0.86 (0.55, 1.35)
(ratio to placebo) (n=28) (n=9)
Medum Dose  0.81(0.55,1.19)  0.84(0.67.1.06)  0.79(0.50. 1.24)
(=13) (n=30) (n=8)
High Dose 0.81(0.59,1.11)  0.81(0.64.1.03)  0.42 (0.27. 0.64)
{n=30) (n=27) {n=11)
Carchac Index Low Dose - 1.16(097,138) 0.91(0.71.1.16)
(ratio to placebo) (n=29) (n=8)
Medium Dose  1.17(0.94,1.46) 1.02(0.85,1.21) 0.96 (0.75.1.23)
(p=13) (n=30) (0=8)
High Dose 1.11(0.92,1.33) 1.19(1.00.142)  1.09 (0.87. 1.38)
{n=30) (n=28) {n=11)
mPAP Low Dose - 04(-7.2.8.0) 4.8(-16.7.7.0)
(difference in (n=29) (n=10)
mmHg from Medium Dose 3.3 (-6.8.13.5)  4.7(-12.1.28)  -89(-21.1.3.3)
placeba) (n=15) (n=31) (n=9)
High Dose 28(-57.114) -116(-193.-40) -16.5(-28.0.-4.9)
{n=32) (n=28) {n=11)

Note: no subjects were randomized to the low dose freatment group m the 8-20 kg weight group.
Source: Tables 11.7.2A, 11.7.19A and 11.7.294
Placebo: PVRI 8-20kg n=15; =2043kg n=28; =43kg n=9

Cardiac Index 3-20kg n=16; =20-45kg n=30; =45kgz n=0

mPAP 8-20kg n=16; =20-43kg ©=30; =45kg n=10

Etiology
The table below shows the baseline functional class and hemodynamic characteristics
for 3 etiology groups.

Table 514. Baseline Mean (SD. n) PVRL, mPAP and Cardiac Index Values and Functional
Class by Etiology

Parameter Secondary PAH Secondary PAH
Primarv PAH Surgical Repair Unrepaired CHD
N=T8 N=T1 N=85
PVRI (Wood unitsem-) 20.3(14.7, 75) 16.7(13.3, 67) 184(13.2, 80)
mPAP (mmHg) 59.7(23.1,77) 55.3(23.9,70) 694 (16.0, 84)
Cardiac Index (L/min/m’) 34(1.5.77) 3.5(1.8,67) 3.5(1.7,82)
Functional Class I 20 (26%) 27 (38%) 28 (34%)
Functional Class IT 38 (49%) 37 (52%) 45 (54%)
Functional Class ITITV 19 (25%) 7 (10%) 10 (12%)

Note: surgical repair group also includes the 3 subjects with D-transposition of the great artenes
Source: Tables 2051,11.7.72A, 9.1.4640 and 9.1 4650
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Baseline mPAP was higher with the unrepaired CHD subijects. This could be the result

of

the subjects having a systemic-to-pulmonary shunt.

The table below shows the results of the hemodynamic analyses by etiology.

Table 515. Treatment Comparisons to Placebo for PVRI, Cardiac Index and mPAP by

Etiology
Parameter Treatment Comparison to Placebo (95% CT)
Group Secondary PAH  Secondary PAH
Primary PAH Surgical Repair  Unrepaired CHD
PVERI Low Dose 0.95(0.67136) 1.12(0.73,1.72) 0.81(0.61, 1.07)
(ratio to placebo) (n=11) (n=12) (n=14)
Medum Dose  0.75(0.55,1.02)  0.95 (0.64. 1.40) 0.82 (0.64. 1.07)
(n=18) (n=15) (n=18)
High Dose 0.69(0.52,092) 059(041,084) 0.90(0.70, 1.16)
(n=24) (n=22) (n=22
Cardiac Index Low Dose 1.10(0.90,1.35) 1.12(0.83,1.51) 1.12(0.89, 1.41)
(ratio to placebo) (n=12) (n=11) (n=14)
Medum Dose  1.26 (1.05,1.53)  0.98 (0.75, 1.28) 0.95(0.77. 1.17)
(n=18) (n=15) (n=18)
High Dose 1.37(1.14,1.65) 1.04(0.81,1.33) 1.11 (0.91. 1.36)
(n=24) (n=22) (n=23)
mPAP Low Dose 0.7(99 113) 75(-6.0,21.0) -36(-11.9,46)
(difference m (n=12) (n=13) (n=14)
mmHg from Medum Dose  -1.2(-10.3,8.0) -23(-149 10.2) -5.2(-12.6,22)
placebo) (n=19) (n=16) (n=20)
High Dose -51(-13.8.35) -141(-257.-24) -29(-10.0.43)
(n=25) (n=23) (n=23)

Source: Tables 3.4, 11.7.21A and 11.7.31A.

Placebo: PVEI Primary PAH n=1%; Surgical Eepair n=13; Unrepaired CHD n=21

Cardiac Index Prmary PAH »=1%; Surgical Repair »=13; Unrepaired CHD n=23

mPAP Primary PAH n=20; Surgical Repair n=13; Unrepaired CHD n=23

Functional Class
The table below shows the baseline hemodynamic characteristics for the 3 functional

class groups.

Table 516. Baseline Mean (SD, n) PVEL mPAP and Cardiac Index Values by Functional

Class

Parameter I II LIV

N=T5 N=12X0 N=306
PVERI (Wood unita-m"} 133(8.1.72) 195(148 114) 268(158. 34)
mPAP (mmHg) 546(21.4.74) 63.1(214 118) 73.0(19.4 36)
Cardiac Index {L"nﬁn-’mzj 36(1.5.72) 34(16.117) 3302034
Source: Tables 1651, 1751, 1851 and 2951
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As expected, baseline hemodynamics are worse with increasing functional class.

The table below shows the results of the hemodynamic analyses by functional class.

Table 517. Treatment Comparisons to Placebo for PVRI, Cardiac Index and mPAP by
Functional Class

Parameter Treatment Comparison to Placebo (95%0 CT)
Group I v
PVRI Low Dose 114(0.78.167) 089 (0.66.121)  1.03 (0.55, 1.92)
(ratio to placebo) (n=9) (n=19) (n=9)
Medium 0.82(0.61, 1.10) 0.83 (0.62. 1.09) 0.93 (0.50, 1.74)
Dose (n=19) (n=23) (n=8)
HighDose  0.67(0.50,091) 0.72(0.56.093)  0.74(0.39, 1.40)
(n=19) (n=38) (n=10)
Cardiac Index Low Dose 0.94(0.70, 1.25) 1.26 (1.07, 1.49) 1.13(0.75, 1.72)
(ratio to placebo) (n=9) (n=19) (n=8)
Medium 1.04 (084, 130) 1.08 (093, 126) 1.07{0.71, 1.62)
Dose (n=19) (n=23) (n=8)
HighDose  128(103.160) 111(097.128)  122(0.81.1.84)
(n=19) (n=39) (n=10)
mPAP Low Dose 0.96 (-10.72, 12.63) 035(-2.65,034) TE5(-341,19.1)
(difference in (@=9) (0=20) (=9)
comHe from Medium 0.05 (-8.76.8.86) 5.74(-14.03,255) 059 (-11.82, 10.63)
g Dose (n=20) (n=25) (=0)
placebo) _ . . . -
High Dose 144(-1018.729)  -1121(-1877, 365  -9.58 (-20.76. 1.60)
(n=21) (n=30) (n=10)

Source: Tables 11.7.56A,11.757A and 11.7 384

Placebo: PVEI FC In=21; FC I n=26; FC IOLTV n=>5
Cardiac Index FC In=22; FC Il n=27; FC IILIV n=6
mPAPFCI p=22; FCII n=2§; FC IILTV n=6

Reductions in PVRI compared with placebo were observed in the medium and high
doses (but not the low dose) groups across all baseline functional classes. There were
no obvious effects with the other parameters.

SAFETY
Serious safety
No randomized subject was reported to have died during the trial.

There were 2 subjects who died during screening (one during the preparation for
catheterization and one while being catheterized) and there other subjects who reported
serious adverse events that were associated with catheterization".

Discontinuations for safety reasons

" Subjects 8072, 8191, 8034 (died), 8174 (died)
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There were 2 subjects who were permanently discontinued from study medication

because of adverse events. Details regarding these 2 subjects are shown in the tables
below.

Table 4.2.1
Bildenafil Protocol A1481131
Discontinuations Due to Adverse Events

Page 1 of 2

Treatm=nt Oroup: Sild=nafil Low Doss

Rdverse
Event
wedders 0 eemeeee-
Freferred Start
Tern/ Day++/
Body INVESTIGATOR Trk Treatment Etop SEVERITY/ ACTION/
System ENTRY Fhasz At Cmoct Day++ Cutcome Causality AE
11201 (F/ 7(YEARS)/ OTHER (MIDDLE EASTERN)/ 26.5 (kg))
INVEETIGATIONS Weight decreaseds/ hctive gildenafil 37/ 121 MILDS ETUDY DRUG ACTION: WO
WEIGHT LOSS Low Dose Unkncwn | FERMANENTLY DISCONTINUED

1

SUBJECT ACTION:
{ofc STUDY)
Study drug

Age and weight are at scresning

* Treatment-emergent

s+ Day relative to first day of each treatment period. First day of each treatment period = day 1
[} walues in brackets are imputed from incomplete dates and times.

EAE = Eerious Adverse Event (according to Investigators assessment).

Treatment (Trt} column gives study treatment at time of adwerse ewent.

PFIZER CONFIDENTIAL Source Data: Bection 13, Table 3 Date of Reporting Dataset Creation: BRADGRO0E Date of Table Generation: 02AMEZ008 (0%:04)

Table 4.2.1
EBildenafil PFroktocol AL481131
Discontinuations Dus to RAdwerse Events

Page 2 of 2

Trmatment Groups Sildenafil High Dose

Adverse
Event
meddra e
Freferred Start
Tern/ Day++/
Body INVESTIGATCR TrE Treatment srep BEVERITY/ ACTION/
System ENTRY Fhase AL Omzat Day++ Cutcoms= Causality SAE
[HISEMNIC)
RESFIRATORY, / Rotiwe Sildenafil 10/ 10 EEVERE, ETUDY DRUG ACTION: YES
THORACIC AND ETRIDOR High Dose Resalved ( PERMANENTLY DISCONTINUED
MEDTIASTINAL (aSFEBZ005) )
DISCRODERE

EUBJECT ACTION:
{TREATMENT GIVEN,D/C STUD
"/

study drug

Age and weight are at screening

+ Treatment-emergent

+4+ Day relative to first day of each treatment period. First day of each treatment pariod = day 1
[1 values in brackets are imputed from incomplete dates and times.

SAE - Bericus Adverse Event |according to Investigators assessmeat).

Treatment (Trt} column gives study treatment at time of adverse event.
FFIZER CONFIDENTIAL Source Data: Sectiom 13, Table 3 Date of Reporting Datasct Creation: OZADGZO0E Date of Table Gensration: 02AUGI008 [09:04)
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Table T27. Discontinuations Due to Adverse Events

Subject Age/Sex Sildenafil Adverse Event Severity Treatment Outcome
Dose Related

Sildenafil low dose
11201 7 vears/F 10 mg Weight loss (from 26.5 kg to Wald Yes Unknown
25.0 kg after 70 days of treatment)

Sildenafil high dose .

10420° 20 months/™ 10 mg Stndor” Severe  Yes Resolved
Source: Table 4 2.1 and Appendix B, Table 3

M=male; F=female

*  Subject was receiving sildenafil 10 mg during the up-titration period

Adverse event was a sertous adverse event

b

Subject 11201 (US) reported vomiting and weight loss. She was discontinued on day
114.

Subject 10420 (US) reporting stridor was rechallenged before he was permanently
discontinued from sildenafil. On study day 2, the subject experienced stridor, which
lasted for 2 to 3 hours. The study treatment was stopped. On study day 10, sildenafil
treatment was restarted, with 1/100 of the required dose without any event. Eight hours
later, 1/10 of the dose was administered. The subject developed stridor within 15
minutes, which lasted for 3 to 4 hours and required treatment. Sildenafil treatment was
permanently discontinued.

Serious adverse events
There were eleven subjects reporting serious events. These are shown below.
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Table T29. Treatment-Emergent Serious Adverse Events

Subject Agel Sex Sildenafil Adverse Event Severity Treamment Outcome
Dose Related

Sildenafil Low Dose

11604 12 yvears/F 10mg Dry=pnea Severe No Resolved
10mg Cyanosis Severe No Resolved
10mg Syncope Severe No Resolved
10 mg Haematochezia Mild No Resolved

Sildenafil Medium Dose

10445 2 vears/F 10 mg Pneumonia Severe No Resolved
10mg Upper respiratory tract Severe No Resolved

infection

Sildenafil High Daose

10415 6 years™M 20 mg Gastroenteritis Mild No Resolved
20 mg Pyrexia Mild No Eesolved

10417 22 months/M 20 mg Upper respiratory tract Moderate No Resolved

mnfection

10420 20 monthsM 10mg Stridor® Severe = Resolved

10427 3 years™ 20 mg Bronchospasm Moderate No Resolved
20 mg Bradycardia Moderate No Eesolved

10446 5 years/M 20 mg Pneumonia Moderate No Besolved

10831 13 years'M 40 mg Pneumonia Severe No Resolved

) 40 mg Cardiac failure congestive Severe Io Resolved

12001° 14 years™ S0 mg Ventricular arrhythmia Mild = Besolved

Placebo

10426 31 monthsF Diarrhea Moderate No Besolved

11247 5 years/F Pneumonia Moderate No Eesolved

Source: Table 6.4 and Appendix B, Table 3

*  Subject was discontinued for the adverse event; the treatment code was unblinded.

*  The sponsor’s internal Safety Surveillance and Feporting Group requested unblinded treatment details for
Subject 12001 cn 25 August 04. The investigator and the stody team were not provided with the unblinded
treatment data.

More subjects in the sildenafil high dose group reported serious events compared to the
other groups. All events were reported to have resolved with one discontinuation.

There was one report of syncope, 2 reports of breathing difficulties, 1 report of stridor
(see study discontinuations), 4 reports of pneumonia (one with congestive heart
failure), bronchospasm and bradycardia, 1 ventricular arrhythmia (reported as a change
from class Lown 4 to Lown 4B, with salvos of ventricular contractions. The subject
remained asymptomatic and in the study).

Subject 10427 was hospitalized for right heart catheterization as part of Week 16
assessments in accordance with the study protocol. For the right heart catheterization,
the subject was sedated with ketamine and midazolam, after which the subject
desaturated with 60% oxygen level. The subject developed bronchospasm, respiratory
distress and bradycardia, and was treated with oxygen, hydrocortisone injection,
Asthalin® (salbutamol) nebulization, and bag and mask ventilation. The subject
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recovered within 20 minutes and oxygen saturation reached 100%. The right heart
catheterization was postponed. The study treatment continued unchanged.

Dose Reductions or Temporary Discontinuations Due to Adverse Events
The following 11 subjects had either dose reductions or were temporarily discontinued
from study drug.

Table T28. Temporary Discontinuations (or Dose Reductions) Due to Adverse Events

Subject Age/Sex Sildenafil Adverse Event Severity Treatment Outcome
Dose Related
Sildenafil Low Dose
11631 10 years/F 10 mg Upper respiratory tract Mild No Resolved
mfection
Sildenafil
Aledium
Daose
11238 9 years/M 20 mg Upper respiratory tract Mild No Resolved
mfection
11603 12 years/F 10 mg Dizziness® Mld Yes Resolved
40 mg Headache® Severe Yes Resolved
40 mg Dvspnea’ Moderate Yes Resolved
11605 10 years/F 10 mg Gastroenteritis viral Moderate No Resolved
Sildenafil High Dose
10415 6 years/M 20 mg Nausea Mild No Resolved
20 mg Pyrexia’ Moderate No Resolved
20 mg Gastroenteritis” Moderate No Resolved
10420 20 months™ 10 mg Stridor Moderate Yes Resolved
10443 18 months™ 20 mg Lethargy Mild Yes Resolved
10448 30 months/F 20 mg Raght ventricular failure Moderate No Resolved
20 mg Ecchymosis Mild No Resolved
10451 32 months/F 20 mg Diarrhea Mild Yes Resolved
20 mg Vomuting Moderate Yes Resolved
20 mg Vonuting Mld No Resolved
Placebo
10418 3 yearsF NA Irritabality® Moderate Yes Ongoing
NA Weight loss” Moderate Yes Ongoing
NA Decreased appetite® Moderate Yes Resolved
NA Disturbance in social Moderate Yes Ongoing
behavior’
NA Insommnia® Moderate Yes Resolved
10815 13 years™ NA Cyanosis Mild No Resolved
NA Dizziness Mild No Resolved
NA Headache Mild No Resolved
NA Hypotension Mild No Resolved
11240 7 vears/F NA Headache™© Severe Yes Resolved

Source: Table 4.2.2 and Appendix B, Table 3

M=male; F=female; NA=not applicable

Dose reduction rather than temporary discontinuation

Adverse event was a serious adverse event

¢ The AFE 1s recorded in the database with no action taken (see Appendix A13)

b
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The most temporary discontinuations (or reductions) occurred in the high dose group.
Many of these adverse reactions can be attributed to minor childhood infections. All but

a few resolved.

All reported adverse events
The adverse events reported by at least 3% of subjects are shown in the table below.
Table T25. Incidence of Treatment-Emergent Adverse Events Reported in =3% of Subjects

in Any Treatment Group

Sildenafil
Dose Low Medium High Combined Placebo
Subjects evaluable for 42 77 174
AEs
AC TR AC TR AC TR AC TR AC TR
Number of AEs 77 23 129 3 142 48 348 102 114 39
Number (%) of subjects 28 11 44 13 34 22 126 46 40(66.7) 14
with AEs (66.7) (26.2) (B00) (23.6) (70.1) (286) (724) (264) (23.3)
Number (%0) of subjects
with MedDRA (v11.0)
preferred term™
Headache 5(11.9) 4(9.35) 6(109) 5(9.1) 12 8 (10.4) 23 17 8(133) T(11.T)
(15.6) (13.2)  (9.8)
URTI 4(9.5) 0 9(16.4) 0 7(9.1) 0 20 0 4(6.7) 0
(11.5)
Pyrexia (7.1 1(24) 8(145) 0 O(1LT)y 2(2.6) 20 I(LTy 1(1L7) 0
(11.5)
Vomiting 3(7.1) 2(48) 3(9.1) 3(53) 11 4(52) 19 9(5.2)y 467y 1(1.7)
(14.3) (10.9)
Diarrhea 2(4.8) 0 3(5.5) 0 T(9.1) 2(26) 12(69) 2(1.1) 5(83) 1(1.7)
Cough 2(48) 1(24) 4(7.3) 0 2(2.6) 2(26) 86 3(LT) 3(50) 0
Napsea 0 0 4(73) 1(1.8) 432 1(13) 8(e 2(LI) 0 0
Bronchitis” 1(2.4) 0 5(9.1) 0 2(2.6) 0 8(4.6) 0 1(1.T) 0
Nasopharyngitis 3(7.1) 0 3(5.5) 0 2(2.6) 0 8(4.6) 0 4(6.7) 0
Pharyngitis 3(7.1) 0 3(5.5) 0 1(1.3) 0 T(4.0) 0 0 0
Dizziness 2(4.8) 0 2(3.6) 2(36) 2(26 1(13) 634 3(1.7) 2(33 1(L.7
Epistaxis 124y 1Q24) 2(3.6) 0 3(39) 3(39) o34 423 233 117
Abdominal pain upper 0 0 3(5.5) 0 3(3.9) 2(26) 6(34) 2(L1) 1(1.7) 0
Chest pain 2(48) 1(24) 1(18) 0 2(2.6) 0 5(29) 1(0e6) 2(33) 1(1.7)
Rhinitis 1(2.4) 0 3(5.5) 0 1(1.3) 0 5(2.9) 0 1(1.7) 0
Pasumonia 0 0 3(5.5) 0 2(2.6) 0 5(2.9) 0 0 0
Fatigue 248 124 0 0 2(2.6) 0 423 16 1(L.7y 1(1.7)
Spontaneous penile 0 0 2(3.6) 236 1(13) 1(13) 3(1.7) 3(L7 0 0
erection” )
Erection increased™ 0 0 1(1.8) 1(1.8) 226 2¢6) 3(1.7) 3(1L.7) 0 0

Source: Tables 6.1.1. 6.2.1, 6.1.3 and 6.2.3
AF=Adverse event; AC=all causality: TR=treatment-related NA=not available; URTI=upper respiratory tract

infection

*  AFEs that occurred in =3% of subjects in any treatment group. including the sildenafil combined group, listed
n descending order according to incidence in the sildenafil combined group
Subjects 10853 and 11245 had bronchitis but the AFs were not recorded i the database (see Appendix A13)
Percentages calculated from total number of subyects (12, male and female) in each treatment group

Duoes not occur m 3% of subjects 1n any treatment group, but considered 1n combination with

penile erection increased

Upper respiratory tract infection, pyrexia and vomiting were reported by more subjects
in the sildenafil combined group than the placebo treatment group (11.5%, 11.5% and

sponfaneous

10.9% compared to 6.7%, 1.7% and 6.7%, respectively). Additionally, nausea,

bronchitis, pharyngitis were reported by more subjects in the sildenafil combined group

than the
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placebo treatment group.

Erection increased and spontaneous penile erection combined were reported by 9.0%
of male subjects in the sildenafil combined group and none by the placebo treatment
group. Pyrexia, vomiting and nausea were observed with increased incidence at
increased sildenafil dose.

Clinical laboratory tests

There were no observed clinically significant median changes from baseline to last
observation in laboratory test data, and no clinically significant variation in median
changes from baseline between the treatment groups.

Table 7.4 Fage 1 of 2
8ildenafil Protocol Al1481131
Laboratory Test Data: Median Changes from Baseline to Last Obssrvation

fil Low Dose Sildenafil Medium Dose fil High Dose
EASELINE MEDIAN CHANGE BEASELINE MEDIAN CHANGE BEASELINE MEDIAN CHANGE
N MEDIAN FROM BASELINE N MEDIAN FROM BASELINE N MEDIAN FROM BASELINE
ao 17.3 .2 53 16.5 0.3 75 16.4 4
a0 51.% 0.1 53 50.4 1.1 74 51.3 1
ao 5.4B -0.0z 53 5.3 0.0 T4 5.25 o5
ao 157 2z 53 159 -7 T3 153 -3
ao 7.5 -3 53 7.4 0.2 T4 7.2 -9
ags 1.79 o 51 2 -0.01 T2 2.24 16
ags 4.41 .2 51 4.15 -0.11 72 4.05 13
9 a.a7 o 51 0.0E o T2 o0.o07 o
is 0.08 0.01 51 0.11 0.0l 72 0.1 .01
9 0.35 -0.0z 51 0.32 o T2 0.34 .07
4 0. o0 =4 0.5 -0.1 75 0.8 a
a 29 o 52 29 -1 75 13 1
a 36 o 52 aa z T8 a7 -1
a 53 -1 53 54 1 78 a3 1
in a 7.3 -1 54 7.1 .1 T8 7.2 -
Albumin G@/DL 4 4.4 .1 53 4.4 10078 4.4 -1
BUN MG /DL a 34.5 o 54 36.5 0.5 78 36.3 1.4
4 1 o 53 0.5 a 78 .9 a
a 135 1 54 141 -1 78 140 1
a 4.2 o 52 4.2 0.2 78 .2 -1
o o 4 o 1 5 1 o
1 o 3 1 o 4 1 o
Sildenafil Combined Doscs Flacebo
BEASELINE MEDIAN CHANGE BASELINE MEDIAN CHANGE
N MEDIAN FROM BASELINE u MEDIAN FROM BASELINE
1leB 16.6 -0.2 &0 16.9 0.3
167 51.3 o &0 50.9 1.3
LK ] 167 5.3% o &0 5.31 .17
LK ] 166 137 -4 &0 150 16
b | 167 7.4 -0.3 &0 7.4 .2
b | 162 z -0.0E 13 1.8 .2
&3 162 4.1 -0.2 149 4. 0.08
*3 162 0.07 o 149 o.o [:]
3 162 0.09 0.0L 149 o. o
3 162 0.35 -0.03 149 o. -0.01
170 0.6 o &0 0.5 o
18 29 o &0 ao o
1659 EL- o &0 6 z
170 53 1 &0 59 1
TL 7.z a.1 &0 7.3 a.z
17o 4.4 a.1 &0 4.4 a.1
171 35.6 o &0 33.5 [:]
170 a.9 o &0 a.9 o
171 140 o &0 140 1
1e9 4.2 -0.1 &0 4.3 o
1z o o & o o
o 1 o & 1 1
ired as last chasrvaticn while on study drog or during the lag.
n used in the computations.
R CONFIDENTIAL Source Dats: Sactiom 13. Table 17 Date of Reporting Datasst Creation: 0ZADEZO0E Date of Table Gansration: 0ZAUGZ008 (10:181

Individual Subject Changes

The tables below show the number and percent of subjects with reported laboratory
abnormalities by treatment group. The first table includes subjects who had a normal
baseline and the second table includes subjects who had an abnormal baseline.
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Table T30. Incidence of Laboratory Test Abnormalities (Normal Baseline)

Sildenafil
Dose Laow Medinm Hich Combined Placebo
N N N N N
Number (%) of subjects with 18 (43) 31 (56) 31 (41) 80 (46) 22 (37)
abnormalities
Number (%) of subjects with:
Basophuls (10°7/mmr’) <12xULN 35 9(26) 47 11(23) 58 15(26) 140 35(25) 47 12(26)
Total Neutrophils (10°/mm?®) 33 2(6) 48  4(8) 65 6(9) 146 12(8) 48 3 (6)
=1.2xULN
Monocytes (10°/mm’) 37 5(14) 49 3(6 70 2(3) 156 10(6) 55 2(4
=1.2xULN
Urine Blood/Hgb (Qual) =1 41 2(5) 55 4 73 3@ 169 9(5) 56  1(2)
Lymphocytes (10°/mm’) 34 1(3) 41 5(12) 59 3(5) 134 9(7) 46  3(7)
=1.2xULN
Total Neutrophils (10°/mm’) 330 48 5(10) 65 3(5) 146 8(5) 48 0
<0.8xLIN
Eosinophils (10°/mm®) 41 1(2) 50 3(6) 68 3(4) 159 79 57 0
=1.2xULN
Lymphocytes (10°/mnr’) 34 2(6) 41 2(5) 59 0 134 4(3) 46 0
<0.8xLLN
Hemoglobin (g/dL) 20 1(5) 38 2(5 s1 0 109 3(3) 37 0
<) 8xbaseline
Potassium (MEQ/L) =1.1xULN 40 1(3) 53 1(2) 71 1(1) 164 3(2) 57 3(5)

Source: Table 7.1

Abs=absolute; Qual=qualitative; ULN=upper limit of normal; LT N=lower linut of normal; N=total number of
subjects with abnormal baseline with =1 observation of the given laboratory test while on study

a

Reference ID: 3118239
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Table T31. Incidence of Laboratory Test Abnormalities (Abnormal Baseline)

Sildenafil
Dose Low Medium High Combined Placebo
N N N N N
Number of subjects with 9 13 11 33 12
abnormalities
Number of subjects with™
Hemoglobin (g/dL) 21 1 16 0 25 1 62 2 23 1
<. 8xbaseline
Hematrocit (%) <0.8xbaseline 16 0 17 1 23 1 56 2 22 2
RBC {10"‘.3111{11"} <0 8xbaseline 8 1 9 1 19 1 36 3 16 1
Platelets (10°/mm’) 9 1 15 2 23 1 47 4 16 2
<. Bxbaseline
Lymphocytes (10°/mm’) 7 2 12 6 15 2 34 10 13 0
=0.8xLLN
Lymphocytes (10°/mm®) 7 0 12 1 15 2 34 3 13 ]
>1.2xULN . X
Total Neutrophals (10 /mm™) 8 1 5 0 9 1 22 2 11 2
>1.2xULN
Basophuls (10°/mmnr’) 6 2 6 2 16 3 28 7 12 3
=1.2xULN
Monocytes (10°/mnr’) 4 1 4 1 4 0 12 2 4 1
>1.2xULN
Total Bilirubin (mg/dL) 5 3 4 1 4 0 13 4 3 0

>1.5xbaseline
Source: Table 7.2
Abs=absolute; Qual=qualitative; LLN=lower limit of normal; ULN=upper limit of normal; N=total number of
subjects with abnormal baseline with =1 observation of the given laboratory test while on study
*  Abnormalities that occurred in =2 of subjects i any treatment group

Individual Clinically Significant Abnormalities

-Subject 11628 (sildenafil medium) reported bilirubin increased which was reported as
an adverse event on Day 112. The subject had an elevated bilirubin value of 1.7 mg/dL
at screening. During the study, bilirubin values of 2.0 mg/dL, 2.1 mg/dL and 2.7 mg/dL
were reported on Days 29, 57 and 112, respectively. ALT, AST and AP remained within
normal limits throughout the study. No action was taken with respect to the study
treatment.

-Subject 10417 (sildenafil high) reported decreased platelet count on Days 55 to 63
although the counts were within normal range (lowest reported was 204x10%/mms.

Vital signs
Mean baseline and change from baseline at week 16 for blood pressure and heart rate
are shown in the table below.
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Table T32. Vital Signs - Mean (SD) Baseline and Change from Baseline at Week 16

Sildenafil
Dose Low Medium High Combined Placebo
N N N N N
Sitting heart rate, bpm
Baszeline 23 879(140) 26 3881(226) 40 924(153) 89 900(174) 26 854209
Change from 40 -29(142) 34 0D8(159) 75 -24(144) 169 -20(148) 58 -35(148)
baseline at Week 16
Sitting diastolic BP,
mmHg
Baszeline 23 598(81) 26 625(11.2) 40 628(137) 89 620(11.7) 26 3593(10.3)
Change from -08(11.2) 3534 -1.6(125) 75 -13(13.0) 169 -13(124) 58 3.7(13.6)
baseline at Week 16
Sitting diastolic BP,
mmHg
Baseline 23 100.8 26 938(140) 40 1002(15.1) 89 999(13.46) 26 97.2(11.3)
(10.3)
Change from 40 38(113) 354 09(121) 75 06(148) 169 14(131) 58 37(13.0)

baseline at Week 16

Somrce: Table 8.2

SD=standard deviation; bpm=beats per minute; BP=blood pressure

Overall, there were small changes in all treatment groups.

influence of sildenafil on vital signs.

Electrocardiogram

There seems to be no

Ten subjects had abnormal ECG findings that were labeled as clinically significantly at
Week 16. Of these ten subjects, two (10428, sildenafil medium and 10423 (sildenafil
high) had an abnormality that was reported as an adverse event.

Reference ID: 3118239
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Table T33. Electrocardiogram — Changes from Screening

Subject Age/Sex Significantly Change from screening
maore/less abnormal

Sildenafil Medinm Dose

10428 3 yearsFemale  More abnormal® Electrocardicgram was more abnormal with widening
of QRS-mnterval to right bundle branch block.

10434 9 yearsMale Mere abnormal Fight ventricle hypertrophy, right axis deviation,
right auricle enlargement, left deviation axes.

10845 10 vears/Male Mere abnommal Eight ventnicle hypertrophoy.

Sildenafil High Dose

10423 4 yearsFemale  More abnormal® Bight atrial overload. right axis deviation

10451 32 months/ More abnormal Increased right ventricle hypertrophy, left axs

Female deviation

10819 10 yearsFemale Less abnormal Precordial leads QF.S-interval voltage decreased.

11212 5 years/Female — Less abmormal Improved repolarization, signs of right ventricular
hypertrophy, ST-T-changes in myocardinm.

11618 13 yearsFemale ILess abnommal Slight improvement 1o right ventricular hypertrophy.

Placebo

10408 4 yearsMale More abnormal EFight atrium and ventricular enlarged with right
systolic pressure overloaded.

10811 10 years/Male More abnormal Incomplete right bundle branch block.

10843 T years/ Male Mere abnormal Bight ventricle hypertrophy.

11247 5 yearsFemale  Mere abnormal Same findings as baseline plus PR-interval of 0.18
seconds.

11623 10 years/Male Mere abnormal Fight axis deviation. bianricular and right ventricular
growth.

10830 10 vears/Male Less abnormal Sinus rhythm complete right ventricular blockage.

Source: Appendix B, Table 19.1 and Appendix B, Table 6

* Reported as an adverse event

Development assessments

Pediatric Cognitive Development Assessment
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The table below shows the cognitive development assessment at baseline and week

Table 11.1 Fage 1 of 1
gildenafil Frotocol A1431131
Fasdiatrie Cognitive Development Asssmsment - ITT Population
Faediatric Cognitiwe
Davelopment Fasdiatric Cognitive Developmsnt at
Assessment
seversly Limited Moderately Limited HMildly L
visit Treatment H (&) H t) 3 (L]
Week 18 8ildenafil Low Dose v 1 (2.4 1 2.4} o.
o { 0.0) H .8} 2 4.3)
o ( 0.0) 1 2.4} 3 7.1)
o ( 0.0) o .0} 1 )
gildenafil Medium Severely Limited 2 { 3.8) 2 (3.8 o 0.0} o oo
Dose
Moderately Limited o ( 0.0) 4 .3} 2 &) o 0.0
Mildly Limited o { 0.01 o .a} 3 a 5
o o.01 1.8) 1 a ECIT
8ildenafil High Dose 2 [ 2.8) o .0} o.a) o (0.0
o ( 0.0) 3 7.8} 2 &) o {00
o o.01 5 7.8) 5 £.5 1 {1
o ( 0.0) o o.0} 2) o (64.5
8ildenafil Combined ESeversly Limited s [ 2.3) 3 1.7} o.a) o (0.0}
Doses
Moderately Limited o ( o.0} 12 { 6.9} L3 1 { 0.6}
Mildly Limited o {0.0) 70 2.0) 12 £.5) € {3.4)
Not Limited o ( 0.0) 1 (0.8} [ ) 112 (54.4)
Flacebo Severely Limited 1 (1.7 1 (1.7} 0.0 o { o.o}
Moderately Limited 2 [ 3.3) & (10.0) 1 -7 o (0.0}
i imi 0 0.0} 1 (1.7 2 -3 o {o0.0}
o 0.0} o .a} 2 .3) {68.3}
Cognitive Development As jects randomized
ed at least one dose of
or in the calculation o by treatment.
16 FFIZER CONFIDENTIAL Source Data: Sectiom 13, Table 2.7 Date of Reporting Dataset Creation: 02ADG2008 Date of Table Generation: 19ADG2O08 (11:17)

Most of the subjects were not deemed to be limited in their cognitive assessment at
either baseline or endpoint. There were 16 reports of deterioration and 19 reports of
improvement in the sildenafil groups. There were 2 reports of deterioration and 5 reports
of improvement in the placebo treatment group.

Pediatric Motor Development Assessment
The table below shows the motor development assessment at baseline and week 16.
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Table 11.2 Fage 1 of 1
Bildenafil Frotocol A1481131
Fasdiatric Motor Development Asssssment - ITT Population

Paedistric Mator
Development
Assessment

Week 15 gildenafil Low Dose Severcly Limited o a.a) a { 0.0 o io.al ¢ {9.0)
Moderataly Limited o 0.0) 2 (4.8 2 (a8 1 (2.4}
Mildly Limited T [ z.4) 2z | 4.8} 4 (5.5 3 (7.1}
Mot Limited 0.0) o { 0.0} 3 (7.1) 2z (52.4)
gildenafil Medium Seversly Limited o { 0.0) o { 0.0} o { o.0) o | 0.0}
Dons
Moderately Limited o (0.0} 4 7.31 1 @18 ¢ {9.0)
Mildly Limited o 0.0) o (0.0 2 (14.5) 3 { 5.5}
Mot Limited 2 (2.8 1 {18 2 i.s) 34 (81.8)
8ildenafil High Dose Severely Limited [+ 0.0} o 0.0} [ ool o { 0.0}
Moderataly Limited o ( o.0) 3 (3.9 ( 5.2) o | 0.0}
Mildly Limited o ( @.0) [ 7.8} 1 (12.0) 4« (5.2}
Mot Limited o 0.0} L] o.a} 2 i 2.8l T {s1.o)
Bildenafil Combined Sewverely Limited o 0.0} a o.o} o) ¢ e.o
Doses
Moderately Limited o ( @.0) Ll 5.2} 7 a.0) 0.6}
Mildly Limited 1 0.5) (] .8l 22 (12.8) 1o 5.7}
Hot Limited z {1.1) &} 7 a.a] 1p3  [5%.2)
Flacebo Seversly Limited o ( 0.0) [ 0.0} 1 (17 o (0.0
Moderately Limited o (0.0} 4 {87 2 i 2.3 o (oo
Mildly Limited o 0.0) o (0.0 7 LT 1 (1.7
Mot Limited o 0.0} L] o.a} 5 i B.3) 3T (1.7
ts randomized
ment.
t Creation: 0IADG2D08 Date of Table Generation: 19ADGZ00E (11:18)

Most subjects in all treatment groups were not deemed to be limited in their motor
development at baseline and Week 16. There were 22 reports of deterioration and 24
reports of improvement in the sildenafil groups. There were 4 reports of deterioration
and 5 reports of improvement subjects in the placebo group.

Ocular Measurements
There was one subject (10419, sildenafil medium) who reported color vision tests
abnormal (Week 16).
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Appendix 3
CLINICAL STUDY REVIEW
A1481156

Study Design

A1481156 is a multicenter, long-term extension study enrolling all subjects with PAH
who completed a 16-week, placebo-controlled study (Study A1481131) and consented
to participate in this extension study. A1481131 was to recruit a minimum of 200
subjects (including a minimum of 104 subjects who were developmentally able to
exercise; an increase from the 90 subjects stated in the protocol for A1481156, as a
consequence of a sample size re-estimation performed during A1481131). All subjects,
including those who were not developmentally able to exercise in A1481131, could
enter A1481156; these subjects were not expected to perform exercise tests in the
extension study.

Dosing

Subjects enrolled into A1481156 received 1 of 3 doses (low, medium, or high) of
sildenafil. Study medication was taken 3 times daily, at least 6 hours apart. With the
exception of the subjects who were randomized to placebo in A1481131, subjects
remained on the same treatment group as in A1481131. The subjects in the placebo
group were randomized (stratified by weight) to 1 of the 3 active study treatment dose
groups used in A1481131. To prevent treatment unblinding in A1481131, the treatment
double-blind was maintained in A1481156 until the last subject had completed
A1481131 and the database was locked (August 2, 2008). Since then A1481156 has
continued as an open-label study.

The study design is shown in the figure below.
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- 1131 Flacebo
Tieit " Group
Placebo 1131 Final Vigit P e
Active Dose®
S EI, Week 12 Week24  Week 36 Week 48
- ."'l'r D_| | | | -
I I | | |
|||
Sildenafil Medium || '.I
Dose v MD | l l l d
— II | | | | >
|
Sildenafil High | )
Diosze |« '# HD | I = = .,_G
Forced |
b [ - 3 Sign 1156 - b
Studv A1481131 fmm Titration! T - I -
(T,) Baselme Visit - —-
(same as 1131 Week 1 p,
Week 16 Vizit)

Source: Appendix Al

a Subjects in placebo group in A1431131 were randomized to 1 of 3 doses of sildenafil in A1481156 in a blinded
TIANIET.

b Placebo subjects randomized into medinm or high dosage groups started on 10 mg (as in A1481131) and were

force-titrated to final dose after 1 week. Other subjects underwent a dummy up titration to maintain the blind.

Cardiopulmonary exercise test in subjects developmentally able to perform test.

d Repeat visits every 12 weeks until registration of sildenafil in study indication, oral sildenafil was proven
ineffective or unsafe in pulmenary arterial hypertension (PAH), or the spensor decided to discontinune
development for PAH.

Lr]

Dose adjustments

It was possible for subjects to receive different doses to those initially assigned, based
on their randomized group and weight, on the basis of weight change, up titration or
down titration. Subjects experiencing weight change could have had their dose adjusted
according to the 3 weight groups used to assign doses within each treatment group.

If in the investigator’s opinion, the subject would have benefited from an increase in
drug dose due to loss of efficacy or a worsening of their disease, the dose could have
been adjusted after Week 36 of A1481156 (Week 52). However, if the subject’s status
deteriorated because of disease progression or evidence of clinical worsening at any
time prior to Week 36 in A1481156 (Week 52 from the start of A1481131), but after Day
7, and in the investigator’s opinion the subject would benefit from an increase in study
drug dose, this was possible following consultation with a sponsor representative.

If in the investigator’s opinion, the subject had been experiencing drug-related
intolerance, and they were not down-titrated in A1481131, the subject’s dose could
have been reduced by 50% after at least 1 week of treatment. This dose reduction could
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only have occurred once. If, after a subject was down-titrated, the subject continued to
appear intolerant, he/she should have been discontinued from study treatment.

Results

Dose adjustments

As of April 4, 2011, a total of 52/234 subjects (22.2%) had at least 1 up-titration in the
extension study A1481156, most commonly from the low dose groups or placebo
groups (22/42 (52.4%) in the Low/Low and 6/13 (46.2%) in the Placebo/Low dose
treatment sequence groups).

The tables below show the number and percent of subjects with increased dose before
(first table) and after the unblinding (second table) of the base study when the
investigators found out the dose group to which subjects had been randomized.

[ Fage 1 of 2
il Protocol A1481131 and A1481156
itrations by Treatment Fhase (Blinded/Unblinded) and A1481131/1156 Treatment Ssquence

eation: Z1TUNZO11 Date of Table Generation: 22JUM2011 (23:32)

There were 22 (9%, 22/234) subjects who had at least one up titration while the
investigators were blinded to dose.

Fage 2 of 2

131 and Ald81158
uiring Op/Down Dose- Titrations by Treatment Phase (Blinded/unblinded) and A1481131/1156 Treatment Sequence
A14B1131/1

Bildenafil Placebo/Low Flacebo /Medium PFlacebo/High

Low/Low Dose Dose pose
{H=30) (H=11
n (W) EL
Down aticnms (Al481156 3 4 1 1 &
Up Titrations (Al4
At least cne tration 15 (s50.0) 7 (15.3) 3 (s.4) 5 (45.5)
1 up titration 1z {ac.0) 7 {15.3) 2 3.8l 4 (3
2 up titrations 3 (1000 1 i1.8} 1 3
=5 [Al481156)
one weight —h.:.'-e i13.3) (28.8)} 1 3 F 3
= - dose increass 13.3) (238} 1 ] (28 £l
change - doss —
Subject ight decrease 10§ to move intoc a lower weight stratum.
Date of
PFIZER CONPIDENTIAL Scurce Data: Table 3.3 Date of Reporting Dataset Creation: 21JTH2011 Date of Table Generation: 22JUN2011 (23:33)

There were 30 (17%, 30/174) subjects who had at least one up titration after the
investigators were unblinded to dose.

Subject Disposition

Of the 234 subjects treated in A1481131, 220 subjects entered A1481156. There were
6 subjects who had discontinued treatment during A1481131 and 8 subjects who did not
consent to continue. Overall, 199 subjects were aged =5 years, 115 subjects were
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developmentally able, and 165 subjects completed the CHQ-PF28 assessment (were
25 years and had questionnaire available in native language).

Demographics

Overall, 38% of subjects were male and 62% were female. The majority was white.
Mean ages were around 10 years and mean weight was around 30 kg. The
demographics are summarized in the table below.

Table T9. Demographic Characteristics by A1481131/A1481156 Treatment Sequence

Sildenafil Sildenafil Sildenafil Placebo
Low/ Medium/ High/ Placebo/ Placebo/ Placebo/ Non-
Low Dose Medium Dose  High Dose Low Dose Aedium Dose  High Dose Randomized
N=42) N=55) =TT N=13) =19) &=23) =5)
Sex. number of subjects
Male 17 24 26 4 8 8 2
Female 25 31 51 9 11 15 3
Apge. years
Mean (SD) 11.6(3.1) 9.9 (4.6) 85(4.7) 9.7(2.9) 9.3 (4.5) 9.3(3.9) 10.0 (5.2)
Range 5-17 2-17 1-17 4-16 2-16 2-15 3-16
Race, number (%) of subjects
White 19 (45.2) 26 (47.3) 28 (36.4) 4(30.8) 7(36.8) 12 (52.2) 1(20.0)
Black 1(24) 1(18) 1(13) 0 2(10.5) 0 0
Asian 6(14.3) 13(23.6) 15 (19.5) 0 1(53) 5(21.7) 1(20.0)
Other 16 (38.1) 15(273) 33 (42.9) 9(69.2) 9(474) 6(26.1) 3 (60.0)
Weight, kg
Mean (SD) 382(174 321(174) 258(143) 328(13.8) 29.7(13.2) 279(13.9) 253(13.6)
Range 20.0-105.0 8.6-106.0 8.2-61.0 19.5-60.0 10.6-54.0 9.1-58.5 12.042.0
Height. cm
Mean (SD) 141.6(15.6) 130.5 (24.7) 120.8(26.1) 1331 (15.3) 127.1(224) 128.4(26.6) 120.5(29.1)
Range 111.0-172.0 77.0-192.5 72.0-180.0 110.0-162.0 86.0-155.0 78.0-173.0 89.0-158.5
Body mass index. kg/m’
Mean (SD) 18.2(4.8) 17.6(3.9) 163034 17.8(4.1) 17.7(44) 15.8(2.5) 164(3.3)
Range 11.7-36.8 11.8-28.6 10.6-30.0 13.1-275 13.3-295 11.1-19.7 12.5-21.1
Region. number (%) of subjects
America 10 (23.8) 11 (20.0) 16 (20.8) 6(46.2) 5(26.3) 4(174) 2 (40.0)
Asia 6(14.3) 13 (23.6) 15 (19.5) 0 1(5.3) 5(21.7) 1(20.0)
Europe 16 (38.1) 18 (32.7) 22 (28.6) 4(308) 5(26.3) 7(304) 0
South America 10 (23.8) 13 (23.6) 24(31.2) 3(23.1) 8 (42.1) 7(304) 2 (40.0)

Source: Table 2.1.1
N = number of subjects; SD = standard deviation
Note: America includes Canada. America and Mexico

Concomitant medication

The most common medications used other than study drug included midazolam,
paracetamol and fentanyl. Most of the concomitant medications were used as non']
specific background therapy for PAH and for the

Dose changes

The number of subjects who experienced an increase or decrease in dose are shown in
the table below by dose group. Subjects with weight changes and dose changes are
also included.
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Interim Full Clinical Study Report
Protocol A1481156

Table T13. Summary of Changes in Treatment Group due to Titrations

Sildenafil Sildenafil Sildenafil Placebo
Number of Subjects in Low/ Medium/ High/ Placebo/ Placebo/ Placebo/ Non-
Treatment Group Low Dose Medium Dose  High Dose Low Dose Medium Dose  High Dose Randomized Overall
Following Titrations (IN=42) (N=55) N=TD) (N=13) (N=19) (N=23) (N=5) (N=234)
Low 29 1® 0 9 0 0 0 39
Medinm 8 52 1 4 17 1 0 83
High 5 2 76 0 2 22 0 107
Placebo 0 0 0 0 0 0 5 5

Source: Table 5.2.10.3 and Section 13, Table 15

* Subject 11603 (high weight group) recerved 20 mg following down titration from 40 mg. This 1s not strictly equivalent to low dose high weight dosage (10 mg).
Efficacy
Peak VO2
Most subjects showed no change from baseline for peak VO2 at year one.

Table T14. Summary of Peak VO2 (mL/kg/min) at Year 1 by A1481156 Treatment Group -
ITT Population

Sildenafil Low Sildenafil Medinm Sildenafil High
Dase Dosze Dose
(N=33) (N=31) (N=35)
Baseline
Mean (SD} 1830 (4.54) 18.11(4.44) 17.78(3.63)
Yearl
Mean (SD} 1997 (3.17) 18.69 (5.92) 17.93(4.02)
Mean (5D} Change from Baseline 1.67 (3.64) 0.58 (5.22) 0.15(3.44)
Mean (5D} % Change from Baseline 11.19(22.98) 5.37 (31.62) 2.56 (21.46)
Comparisen with Low Dose:
Mean Difference (SE) -7.02 (6.10) -984(591)
03% Confidence Interval -19.13, 3.09 -21.60,1.93
p-value 0253 0.100
Comparisen with Medium Dose:
Mean Difference (SE) -2.82(6.01)
93% Confidence Interval -14.75.9.11
p-value 0.640

Source: Tables 3.2.1.3 and 5.2.1.13

V0, =volume of oxygen consumed; ITT = infent-to-treat; N = number of subjects in analysis; 5D = standard
deviation; SE = standard error

ITT poepulation for this table refers only to the subset of the ITT population who were developmentally able.
Baseline was the average of all assessments on or before the first day of study treatment.

Amnalyses were performed using analysis of covanance with etiology, weight, day of assessment and baseline peak
W0, as the covanates

WHO functional class
WHO functional class was | or Il for most subjects at A1481131 baseline and remained
unchanged for the majority of subjects at each visit.
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Table T17. Summary of Changes from Baseline in WHO Pulmonary Hyvpertension
Functional Class by Al1481156 Treatment Group - ITT Population

Sildenafil Sildenafil Medium Sildenafil High

Low Dose Dase Dase
Year 1l
Number of subjects 33 74 100
Improved by 2 Classes, number (%) subjects 1(1.8) 1] a
Improved by 1 Class, number (%) subjects 3(53) o122 6(6.00
No change, number (%) subjects 33 (e0.0) 47 (63.3) 05 (65.0)
Worsened by 1 Class, mumber (%) subjects 12(21.8) 12 (16.2) 15(15.00
Worsened by 2 Classes, number (%) subjects 0 1(14) 1(1.0)
Discontinued 3 4 10
Died 0 0 1
Missing 1 1 2
Year 2
Number of subjects 43 54 73
Improved by 2 Classes, number (%) subjects ] 0 1(14)
Improved by 1 Class, number (o) subjects 300 3(5.6) 5(6.8)
No change, number (%) subjects 12(51.1) 30 (535.6) 41 (56.2)
Worsened by 1 Class, number (%2) subjects 3(11.6) 10 (18.5) 10(13.7)
Discontinued 10 10 12
Died 1 1 4
Missing 2 0 0
Year 3
Number of subjects | 41 58
Improved by 2 Classes, number (%) subjects 1] 0 0
Improved by 1 Class, number (%) subjects 3(16.1) 124) 5(8.4)
No change, number (%2) subjects 10{32.3) 18(43.9) 24 (41.4)
Worsened by 1 Class, number (%2) subjects 5(16.1) Q{2200 Q(15.5)
Discontinued 10 8 13
Died 1 4 5
Missing 1] 1 2

Source: Tables 3238
WHO = World Health Organization; ITT = intent-to-treat

Mean CHQ-PF28 physical and psychosocial scale scores were similar for all
A1481131/A1481156 treatment sequences at Year 1.

Safety

This section contains combined A1481131 and A1481156 safety data using the cut-off
date of April 4, 2011 for adverse events and 20 June 20, 2011 for Serious Adverse
Events and survival data.

Deaths

There were 35 reported deaths. Of these, 26 occurred when the subject was either on
treatment or within 7 days of the last dose and 9 occurred for subjects who had been
discontinued from study treatment for more than 7 days.
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Sildenafil low/low dose

ID/ Sex/

country age
a

Weight
(kg) b

Doses
received
(mg, tid)

Cause of
death

Study
day
from
start of
drug

comments

10849/
India

m/11

21-23

10, 20, 40

Cardiac
failure

651

4 days before death
reported progressive
dyspnea and
syncope.
Concomitant drugs
include digoxin,
acenocoumarol,
spironolactone,
furosemide

11611/
Hungary

m/18

58-53

10-40

Cardiac
failure
Respiratory
failure

861

11 days before death
was hospitalized for
hypotension and loss
of consciousness;
concomitant drugs
before hospitalization
include captopril,
enalapril, furosemide,
digoxin

10814/Poland 17

37-49

10-40

Cardiac
arrest

2002

No narrative. Subject
reported chest pain
one day prior to
death. Cause of
death was reported
as worsening PAH

Sildenafil medium/medium dose

10805/Poland

m/13

43-50

20-10-40

Pulmonary
hemorrhage

430

Hospitalized one day
before death for
severe cyanosis,
dyspnea, pulmonary
hemorrhage.
Concomitant meds
include
acenocourmarol,
oxygen, magnesium
hydrogen aspartate.

10829/India

m/18

32-38

20

PAH

861

Prior to death subject
called physician
complaining of fever
and mild dry cough.
Next morning subject
was found dead.
Concomitant meds
include
acenocourmarol,
digitalis,
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amiloride/furosemide,
paracetamol

11612/Mexico f19 | 45-47

40-20-40

Pulmonary

hypertension.

Sudden
death

1407

Complained of
dyspnea,
diaphoresis,
palpitations about
one week before
death. Died suddenly
at home.
Concomitant meds
include omeprazole

10828/India f14 | 23-39

20-40

Cardiogenic
shock

1693

No narrative.
Suffered worsening
PAH and cardiac
shock. Concomitnat
meds included
amifru, digoxin,
diltiazem

10841/India f18 | 42-31

20-40

PAH

1308

No narrative.
Reported fever,
vomiting, chest pain,
gastroenteritis,
abdominal pain,
anorexia, and
worsening of PAH.
Concomitant meds
include
spironolactone,
torsemide ,
acenocoumarol ,
pantoprazole ,shelcal
ondansetrone,
digoxin doxycycline,
ofloxacin

Sildenafil high/high dose

10411/Malaysia | f/7 16-17

20

PAH

324

Died during sleep. No
adverse events
reported.
Concomitant meds
include salbutamol,
glucocorticoid

steroid, folic acid,
vitamins

10423/India fr7 16-20

20-40

Sudden
death

1101

Died suddenly after
complaining of chest
pain. Concomitant
meds include digoxin,
amiloride/furosemide
and acenocoumarol

10437/Mexico f/9 16-14

20

Cardiogenic
shock

1112

Previous
hospitalizations for
worsening PAH. Had
experienced
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cardiogenic shock,
was intubated,
developed severe
bradycardia, was
eventually
unresponsive to
CPR. Concomitant
meds prior to last
hospitalization
include
spironolactone,
furosemide, digoxin

10462/Columbia | f/3 9-11 20 Pulmonary 370 Had been
hypertension hospitalized for
worsening pulmonary
hypertension.
Concomitant meds
prior to last
hospitalization
include captopril,
nifedipine,
spironolactone,
furosemide

10819/India f12 | 27-31 40 Cardiac 471 Had reported

failure worsening dyspnea.
One week before
death reported
gastroenteritis with
worsening dyspnea
and vomiting.
Concomitant meds
include amiloride/
furosemide, digoxin,
acetylsalicyclic acid,
antibiotics

10823/Russia f[14 | 27-34 | 40 Ventricular 604 Prior to death,
fibrillation subject reported
gastroenteritis with
vomiting and
diarrhea. The next
morning, she was
reported to have
experienced
tachycardia, chest
pain followed by
syncope and sudden
death. Concomitant
meds include
amiodarone, digoxin,
acetylsalicylic acid,
furosemide,
spironolactone,
aspartate potassium
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/magnesium
aspartate,
pentoxifylline,
enalapril, amoxicillin
trihnydrate/clavulanate
potassium,
acetylcysteine,
paracetamol, bacillus
subtilis

10831/Poland m/16

35-64

40-80

Pulmonary
hypertension

1191

Previous
hospitalization for
serious hypoxemia,
dyspnea, weakness.
Re hospitalized one
day before death with
dyspnea, tachypnea.
Died at home.
Concomitant meds
include magnesium,
metildigoxin,
acetylsalicylic

acid, tianeptine,
spironolactone,
inhaled oxygen

11237/Poland m/14

29-35

40

Cardiac
failure

469

Hospitalized 3 days
before death for
cyanosis and
dyspnea. Suffered a
cardiac arrest after
draining fluid from the
pericardial sac. The
subject did not
recover and died 2
days later. No
concomitant meds
reported

11622/India /19

50-48

80

Cardiac
failure

1093

Subject reported
worsening symptoms
of shortness of
breath

and nausea for about
10 days. She was
hypotensive and died
while being
transported to the
hospital.

11613/India /20

49-58

80

Pulmonary
hypertension

1933

No narrative.
Reported adverse
events include
vomiting, toothache,
amenorrhoea, dental
caries, ruptured
Baker's cyst,
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filariasis,

worsening pulmonary
arterial hypertension,
respiratory tract
infection, cellulitis,
hypokalemia, lower
respiratory tract
infection

10867/Columbia | f/16

28-37

40

Cardiac
failure

995

No narrative.
Reported adverse
events include leg
edema, acute right
heart failure

11234/Hungary | f/16

44-57

40-80

Pulmonary
embolism

1470

No death narrative.
Subject had
developed secondary
polycythemia.
Concomitant meds
include captopril,
acetylsalicylic acid,
potassium,
butamirate, cefprozil.

10838/Mexico /15

26-43

40

Cardiogenic
shock

1602

No death narrative.
Serious adverse
events included
syncope pneumonia,
cardiogenic shock

11212/Hungary | f/11

23-49

40-80

Pulmonary
hypertension

2351

No death narrative.
Serious adverse
events included
worsening pulmonary
hypertension about 2
weeks prior to death

11217 m/11

21-45

40

Pneumonia

2178

No narrative. Serious
adverse events
reported included
worsening of PAH,
pneumonia

Placebo/medium dose

10832/Mexico /13

22-26

0-20-40

Right
ventricular
failure

1921

No narrative. Serious
adverse events
reported prior to
death included right
heart failure,
electrolyte imbalance

Placebo/high dose

10856/Columbia | f/12

32-45

0-40

Respiratory
arrest
(probable
allergic
reaction to
penicillin)

815

Subject had a history
of rheumatic fever
since 2006 and
received benzathine
benzylpenicillin
every 21 days.. On
Study Day 703 the
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subject experienced
respiratory arrest and
died at another
institution after the
administration of
benzathine
benzylpenicillin
11214/Russia m/14 | 25-46 | 0-40-80 Ventricular 1874 No death narrative.
fibrillation Reported adverse
events include
various viral diseases
including bronchitis
as well as “vegetative
dystonia” and
deterioration of visual
acuity and ventricular
fibrillation

a age at time of death,
b weight at baseline/last recorded weight

There is no indication that these deaths are not related to expected deaths in this
patient population (the worsening of underlying disease, pneumonia, pulmonary
hemorrhage or, in one case, an allergic reaction to penicillin).

The nine subjects who died after being off study drug for more than 7 days are shown
below.
Table 23. Studies A1481131 and A1481156 Combined: Deaths Reported More Than 7 Days After Last Study Treatment

Subject # AER# Sex/ Weight Treatment Duration of treatment Reasom for Diay of Death  Camse of death/cansality
Age (kg)® in relative to start of discontinming Relative to kast
(vears)” Al481131/ Al451131 prior to treatment day of dosing
Al481156° discontinnation
Sildenafil Low/Low Dose
11604 2000264931 FAT 62-52 1040mg 1976 days AE - Cardiac failure 28 Pulmonary
TID hasmorrhage Other -
unknown
10834 N/A Fil3 32-30 10mz TID' 128 days Orther — did not enter 406 Mot available
Smdy A1481154
Sildenafil MedMed Dose
11248 2008161373 M5 3940 20mz TIDY 462 days Subject died 9 Right ventricular
failure Disease nndsr stady
10432 MN/A Fi 15-17 10mz TID' 363 days AE - Convulsion 124 ot available
11417 N/A 20 106-87 40 mg TIDD 1253 days Protocel vielation 287 ot available
11605 N/A Fil3 60-58 40 m=TID 531 days AE- Syncope 280 ot available
Sildenafil High/Hizh Dose
10824 N/A F/16 41-46 40-80mg 1254 days Due to poor G0 Mot available
TID condition of subject
itwas decided to
start reatment with
bosentan and stop
smdy reatment to
avoid protocol
violation
11232 N/A F/9 26-12 40 mz TIDV 704 days Progress of diseaze 147 Mot available
Placebo/High Dose
10834 N/A Fil5 35-36 040 mg 440 days Insufficient clinical 387 ot available
TID TespoLss

Source: Tables 4.2, 4.5, 427, and 4.28 A1481156 Supplemental Safery Feport, Moduole 5.3.5.3

W =male; F = female; M/A = not applicable

a: At ame of death

b Baseline weight and Last recorded weight

c: Sildenafil doses received excluding the | wesk titration dosing (10 mg) that subjects on medium and high doses received at the start of therapy.
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Subject 11248 (center 1058) had been discontinued because of the adverse event
congestive heart failure. He then was given approved sildenafil at a dose of 80 mg TID
and died 9 days later.

Survival analysis

The safety population included 234 subjects who received at least 1 dose of sildenafil in
A1481131. The analysis included post-treatment data from subjects who discontinued
study treatment.

At the time of the cut-off for survival data'?, 35 deaths had been reported. Of these 35
deaths, 26 had been reported as being on treatment or within 7 days of the last dose.
The additional 9 deaths were reported more than 7 days after their last study treatment.

The table below shows the deaths by randomized dose and weight groups.

Table 5.  Summary of Deaths by Weight Group and Sildenafil Dose Group

Body Weight (kg)- Low Dose Medinm Dose High Dose Group Total
Group Group
=8-20 NA N=210 N=44 N=64
n=1 {5%) n=4 {9%) n=5 (8%)
=20-45 N=40 N=40 N=41 N=121
n=3 (8%) n=>6 (13%) n=14 (34%) n=23 (19%)
=45 N=15 N=14- N=15 N=44
n=2 (13%) =3 (21%) n=2 (13%) =T (16%)

* Subject 11612 had a baseline weight of 44 6kg. but was incorrectly assigned to the =45kg weight zroup.
NA: not applicable
Source: Table 9.7.660N, A1481156 Supplemental Safety Report, Module 5.3.5.3.

As of May 15, 2009 the percentages of subjects ongoing in the A1481156 treatment groups
was comparable (69.1%, 71.6%, and 68.0% for low, medium, and high dose groups
respectively). The number of subjects who died either on-treatment (or within 7 days of the
last dose) or post-treatment (greater in the high dose group (12/100 subjects, 12.0%)
compared to the low (2/55 subjects, 3.6%) and medium (6/74 subjects, 8.1%) dose groups.

Kaplan-Meier survival estimates by A1481156 randomized treatment group are
summarized in the table below.

2 June 20, 2011

117
Reference ID: 3118239



Clinical Review
Maryann Gordon, M.D.
NDA#203109

Revatio (sildenafil)

3/28/2012

Table T22, Summary of Kaplan-Meier Survival Estimates by A1481156 Treatment Group
(Time of Death Relative to Day 1 of Active Therapy) — ITT Population

Sildenafil Low Sildenafil Sildenafil High
Survival Dose Medium Dose Dose
Period  Summary (N=55) (N=T4) (IN=100)
1Year  Deaths. number (%5) subjects 0 0 1(1.0)
Life Table Estimates of Deaths
Proportion died’ 0 0 0.010
95% confidence nterval® 0,0 0.0 0,0.031
Survived, number (%) subjects 55(100) 74 (100} 99 (99.0)
Survived 1 year of study 49 (89.1) 69 (93.2) 36(86.9)
Discontinued before 1 vear of study 6(10.9) 5(6.8) 12(12.1)
Ongoing for <1 year of study 0 0 1(1.0)
2 Years Deaths, number (%) subjects 1(1.8) 2(2.7) 7(7.0)
Life Table Estimates of Deaths
Proportion died” 0.023 0.028 0.087
95% confidence interval® 0. 0.067 0. 0.067 0.024, 0.149
Survived, number (%) subjects 54 (98.2) 72(97.3) 93 (93.0)
Survived 2 years of study 31(574) 41 (56.9) 54 (58.1)
Discontinued before 2 vears of study 10 (18.5) 10(13.9) 16(17.2)
Ongoing for <2 years of study 13 (24.1) 21(29.2) 23(24.7)
3 Years Deaths, number (%) subjects 2(3.6) 5(6.8) 9(9.0)
Life Table Estimates of Deaths
Proportion died’ 0.052 0.093 0.126
95% confidence mnterval® 0.0.124 0.014 0173 0.046, 0.206
Survived, number (%) subjects 53 (96.4) 69 (93.2) 91(91.0)
Survived 3 years of study 20(37.7) 28 (40.6) 38(41.8)
Discontinued before 3 vears of study 14 (26.4) 11 (15.9) 18(19.8)
Ongoing for =3 vears of study 19 (35.8) 30(43.5) 35(38.5)

Source: Table 5.2.9.7

N = number of subjects; ITT = intent-to-treat
The number of deaths was too small to estimate median time to death.
* Kaplan-Meier esttmates

The probability of survival at 3 years was 94.8%, 90.7%, and 87.4% for the low,
medium, and high dose groups, respectively. This analysis includes 21 deaths and
excludes subject 11604.

The 1, 3 and 5 year survival rates of pediatric PAH patients prior to the availability of
therapy approved for adults with PAH have been reported as 37-66%, 29-52%, and 29[
35%, respectively .

13 Barst, R, Ertel Sl, Beghettii M, et al. Pulmonary arterial hypertension: a comparison between children

and adults. Eur Respir J 2011; 37:655-677.
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Figure F3. Kaplan-Meier Survival Curve by A1481156 Treatment Group (Time of Death
Relative to Day 1 of Active Therapy) — ITT Population
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The number of deaths in each of the treatment groups 20/100 (20%) in the high dose
treatment group (sildenafil high/high dose and placebo/high dose),10/74 (13.5%) in the
medium dose treatment group (sildenafil medium/medium dose and placebo/medium
dose) and 5/55 (9%) in the low dose treatment group (sildenafil low/low dose and
placebo/low dose), respectively. The table below shows the number and percent of
deaths by weight and dose groups.

Table 5. Summary of Deaths by Weight Group and Sildenafil Dose Group

Body Weight (kg)- Low Dose Medinm Daose High Dase Group Tuotal
Group Group
=8-20 NA N=20 N=44 N=64
n=1 (5%) n=4 (9%4) =3 (8%)
>20-45 N=40 N=40 N=41 N=121
n=3 (8%) =6 {15%) =14 (34%) n=23 (19%)
=45 N=15 N=14- N=15 N=44
n=2 (13%) =3 (21%) n=2 (13%) =7 (16%)

* Subject 11612 had a baseline weight of 44 6kg. but was mcorrectly assigned to the =45kg weight group.
NA: not applicable
Source: Table 9.7.660N, A1481156 Supplemental Safety Report, Module 3.3.53.
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The hazard ratio comparisons for survival from the start of sildenafil by sildenafil dose
groups and also from the start of Study A1481131 by Study A1481131 randomized
groups are shown below.

Table 10. Treatment Group Comparisons for Survival from the Start of A148113]1 and
the Start of Sildenafil

Stratified HR (95% CT)
Comparisen Low Dose Group Medinm Dose High Dose Group
Group
Start of A1481131
Comparisen with Placebo 1.45 (0.39, 5.42) 2.44(0.75.7.93) 4.33(1.45.12.93)
Comparison with Low dose - 1.68 (0.56, 5.05) 209 (1.08, 8.28)
Comparison with Medmm dose - - 1.77(0.78,4.01)
Start of Sildenafil
Comparison with Low dose - 1.85(0.63 to0 5.44) 3.50(1.29 t0 9.51)
Comparison with Medinm dose - 1.89 (0.88 to 4.07)

Source: Table 7.5 and Table 7.8, A1481156 Supplemental Safety Report, Module 53.53

The high dose group exhibits hazard ratios with 95% confidence intervals that exclude 1
(equivalence).

Up and down titrations in dose were permitted during the trial. (N.B. Dose increases
resulting from changes in body weight were not considered up-titrations). The table
below shows the titrations and dose adjustments with respect to weight changes
allowed in the extension study.

Table 11. Summary of Dose Increases by Sildenafil Dose Groups

Low Daose Group (N=55) Medium Dose Group High Dose Group’
(N=T4) (=100}
At least one up titration 28 (51%) 11 (15%) 13 (13%)
1 up titration 20 (36%) 8(11%) g (8%)
2 up titrations 8 (15%) 3 (4%) 5 (3%)
Dose Increases Due to 18 (33%) 36 (49%) 39 (39%)

Weight Increases®

T Dummy up-titrations would have been used for subjects who were already receiving the highest dose within their
weight zroup.

*An increase in weight to a new weight category would result in a subject receiving the dose of the new weight
category within that treatment group (this not regarded as an up-titration).

The table below shows the proportions of deaths by concentration groups.
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Tahble 12. Proportions of Deaths by Concentration Groups

Predicted Average Steady State Concentration (ng/ml)
50 - <75 75 - =100 100 - <125 125 < 150

<25 25-<50 150 +

4/43 (9.3%) 6/53(11.3%) 224 (8.3%) 8/34 (23.5%) 833 (24.1%) 424 (16.7%)  3/18(16.7%)

Source: Table 2. 7.668N A1481156 Supplemental Safety Report, Module 5353,
There is no obvious concentration-effect response.

The table below shows the baseline characteristics for the subjects who died and those
who were alive at last contact.

Tabla 9.1.EE9N
Summary of Basalina Charactaristics including ENP and Pro-ENP in tha Owvarall Population and Aliwe/Daad
Eildanafil Protocol Pediabtric_Rasponsas

Paga 1 of 2

Owvarall ar Aftar Withdrawzl Last Contact
{n=Z3a) [O=35} In=155%)

Etiology

Frimary pulmonary hypertansion TE [ 33.3% 26 ([ T4_3%) 52 | 2&6.1W)

Becondary FH - conganital shunt BS [ 36.3W 4 11 . 4%} B1 | 40.TW)

Becondary FH - surgical repair T1 [ 30.3% E { 14_3%) &6 | 33_2W)
Gandar

Femala 145 [ &2.0%) 25 | T1.4%} 130 { &O.3%)

Mzla ES [ 36.0%) 10 | ZE.E%} 78 | IF_TH)
Wailght

=m0k 6 [ 2H.ZW) & { 14.3%} E1 { 3I0_TH)

2200y 168 [ 71.3w) 30 [ 85.7%} 138 { 63.3%)
Down Syndrons

Ho 1BE [ 79.5% 33 { 24.3%) 153 TE.5%)

Yas a8 [ 20.5% z 5.7k} 46 | 23.1W)
Raglon

America ap [ 17.1%) z 5.7k} 3B 15.1W)

Amia 41 [ 17.5%) 11 { 31.4%}) o { 15.1%)

Bu T2 [ 30.8%) 13 { 37.1%} 59 | 29.6W)

Bouth Amarica Bl [ 34.8W) 5 { ZE.TW} 72 | 36.2W)
Countrias with -2 Deaths

Colombdz 34 [ 14.5%) 3 B.E%} 31 | 15.6%)

Hungary Z1 [ 9.0W) 3 { E.&% 18 { 9.0W)

India 2T [ 11.5%) 10 { 2B.6%) 17 { &8.5W)

Mool oo 14 [ &.0W) E [ 1a.3%}) £ 4.5%)

Poland 33 [ 14.1%) T { Z0.0%}) 26 | 13.1W)

Rumsia 13 [ 5.6%) 3 [ E.&%} 10 { S.0W)
Countriss with -20 Bubjects

Colombdz 34 [ 14.5%) 3 B.E%} 31 | 15.6%)

Cuatanzla Z5 [ 10.7%) 25 | 1Z.E%)

Hungary 21 [ 9.0W) 3 [ E.&%} 18 | S.0W)

India Z7 [ 11.5%) 10§ ZE.EN} 17 B.5%)

Polana 33 [ 14.1%) T { 20.0%} 26 | 13.1%)

Unitad Etatom 38 [ 1&.7%) 2 { E.TW 37 | 18.6%)
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Daath on Traztmant

Ovarall or Aftar Withdrawzl
{n=234) [a=35}
WHO ification of Pulmonary Hypartonsion
1 [ 32.1%) E { 1T.1%
1 [ 51.3%) 15 | 4Z.9%
c1 6 [ 15.4%) a 40 . 0%
Missing I 0 1.3W)
Paak WOz
«median 3s 13.6%)
madian 3 2E.EW)
Nissing 53 _BW)
1k
«median 08 [ AE.EW 100
madizn 08 [ 46.2% B3
Mimsing [ ¥ 16
mPRP
<median 113 [ 4B.3%) 11 | 31.4%} 102 { 51.3%W)
s=madian 118 [ 50.4%) 24 ( &E.GW} 94 | 4
Himsing a0 1.3w 3

as
madizn [ o% 3 27
Mimsing [ &.0% 13 |
END
=medlan E [ 34.2%) o ZE.6% 3 %
madizn E [ 34.2%) 1% B 3 %
MiEsing [ 31.&%) 4.3% &. 3 %
Pro-ENP
nedian 54 [ 40.2%) E [ 17.1% B8 |
semadizn 53 [ I5.TH) Za | EE.6%} &9 |
MiEsing a7 [ 20.1%) g (1 % a2
RAT
=median 53 [ I9.TH) 10 { ZE.6%} B3 | 41.7%)
semadizn 138 [ 59.0%) 25 | T1.4%} 113 | &
Missing I 0 1.3W) 3

* Includas subjects reporting D-transposition of tha great artarias.
Medlan Paak WOZ = 18.2 ml/kgimin

Medlan TVRI = 14.3 wood onits¥mz

Hedlan mPAR = &2 mmEQg

Median Cardiac Index = 3.7 litras/min/mZ

Reglon: Meaxico was changed from Rmaerica bto South Amarica.

Median ENF 13 pg/ml Median Pro-BENF = 23Z2.6 pa/m
Medilan RAT = 7.0 mmEHg

Data of data cut-off: 04AFRIOIL

The majority of deaths (74%, 26/35) were associated with primary pulmonary arterial
hypertension etiology. The majority of subjects who died (74%, 25/34) had baseline
PVRI above the median (14.3 Wood units*m2), 24/35 had mPAP greater than the
median (62 mmHg), 71% (25/35) had RAP greater than the median (7mmHg), and 40%
(14/35) were in subjects who were classified as WHO functional class Il or IV at
baseline. Not unexpectedly, sicker subjects (those with worse hemodynamic
parameters) are more likely to die.

Other serious adverse events
Cut off date for safety was October 22, 2009.

Discontinuations for serious adverse events

There were 12 subjects who were permanently discontinued from the study because of
an adverse event and the event did not become lethal. These subjects are shown in the
table below.
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Table T27. Summary of Discontinuations due to Adverse Events by A1481131/A1481156 Treatment Sequence

Subject Sex/Age Weight Doseat  Preferred Term Start Day/  Severity Outcome Causality
Number (kg) Onset of Stop Day
AE (mg)
Sildenafil Low/Low Dose
11201 F/7 years 26.5 10 Weight decreased 37121 Mild Unknown Study drug
Post Weight decreased 1/=6" Mild Unknown Study drug
Sildenafil Medium/Medium Dose
10432 F/5 years 146 10 Convulsion 358/370 Moderate Resolved Other
Post Convulsion 1/56° Moderate Resolved Other
10442*  M/4 years 14 10 Cardiac operation 476/483 Severe Resolved Disease under study
Post Cardiac operation nr Severe Resolved Disease under study
11248*  M/13 wears 39 20 Right ventricular failure 230/-463  Severe Still present Disease under study
11605 F/10 years 60.3 40 Syncope 531/531 Moderate Resolved Other®
Sildenafil High/High Dose
10417 M/20 months 105 20 Cardiac failure congestive  201/=202  Severe Still present Disease under study
10420 M/20 months 10 10 Stridor 10/10 Severe Resolved Study drug
10434 F/5 years 14 20 Cardiac failure 282/203 Severe Resolved Disease under study
20 Dryspnea 284/203 Severe Resolved Disease under study
11202 F/O years 25 40 Dryspnea 405/517 Moderate Resolved Study drug
40 Hypoxia 379/517 Severe Resolved Study drug
Post Hypoxia 137 Severe Resolved Study drug
Placebo/Low Dose
10807 M/12 years 42090 10/0 Rash macular 113/114 Mild Resolved Study drug
Placebo/Medium Dose
11210 F/16 years 375 0 Malaise 1/368 Moderate Still present Disease under study
Post Malaise 17207 Moderate Still present Disease under study
Placebo/High Dose
11203 F/Q years 26 40 Dyspnea exertional 1566/1595 Moderate Resolved Disease under study

Source: Table 4.2.1.1 (*Source: Section 13, Table 3 [recorded as discontinuing due to an adverse event on the adverse event log page of the case report form
but not on the subject summary page])

Post = post-treatment phase (later than within 7 days of last dose)

Age and weight are at screening,

Start and stop days are relative to Day 1 of A1481131, except * Post-treatment phase, relative to 7 days after final dose.

® Worsening of pulmonary hypertension

In addition to the 12 subjects discussed above, there were 2 additional discontinuations
not originally reported as adverse events. Subject 10862 (sildenafil high/high dose) had
worsening underlying disease so the study drug was stopped and bosentan (a drug
prohibited by the study) was started. Subject 11232 (sildenafil high/high dose) was
discontinued for disease progression).

Although the reasons for the discontinuations are not unexpected in this subject
population, there were more discontinuations in the high dose sildenafil (6) compared to
mid dose (4) and low dose (1).

Serious adverse events
Nearly one third of subjects (31%, 71/229)who received sildenafil at some point in the study
reported at least 1 serious adverse event.
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Table T23. Overall Summary of Incidence of Adverse Events by A1481131/A1481156 Treatment Sequence

Sildenafil Sildenafil Placebo
Sildenafil Low/ Medium/ High/ Placebo/ Placebo/ Placebo/ Non-

Number (%) of Subjects Low Dose Medium Dose High Dose Low Dose Medium Dose High Dose Randomized
All Causalities
Evaluable for AFs 42 35 77 13 19 23 5
Number of AEs 225 47 471 77 101 a2 12
With AEs 30 (92.9) 52(94.5) 66 (85.7) 13 (100) 19 (100) 19 (82.6) 3 (60.0)
With SAEs 9(214) 22 (40.00 30(39.0) 1(7.7) 3(15.8) 6(26.1) 0
With Severe AEs 6(14.3) 18 (32.7) 25(32.5) 2(154) 1(5.3) 3(13.0) 1(20.0)
Discontinued due to AEs 124 4(7.3) 4(3.2) 1(7.7) 1(5.3) 1{4.3) 0
With Dose Reduced or 6(14.3) 7(12.7) 13 (16.9) 1(7.7) 3(15.8) 0 1(20.0)
Temporary Discontinuation due
to AEs

The subjects randomized to medium and high dose sildenafil reported more serious
adverse events compared to those who were randomized to low dose sildenafil.

Two subjects reported serious adverse events that were the result of right heart
catheterization:

Subject 02711604, after undergoing cardiac catheterization on study day 2, the
subject was discharged from the hospital later he experienced wavering gait “as if
she were drunk,” followed by an episode of faintness, cyanosis, dyspnea and blurred
vision. The symptoms resolved spontaneously 30 minutes later. The subject was
readmitted after being transported back to the hospital by ambulance. At the time of
admission, the subject was asymptomatic, with an oxygen saturation of 95% by
oxymetry. On the following day the subject was sleepy and had bradycardia and
wavering gait. The subject also experienced one episode of enuresis at noon. The
subject recovered from the events and was discharged from the hospital on study
day 6. In response to the events of faintness, cyanosis, dyspnea, blurred vision, and
wavering gait, treatment with sildenafil continued unchanged.

Subject 102910427 from the base study was undergoing a right heart
catheterization, was sedated with ketamine and midazolam, after which the subject
desaturated with 60% oxygen level. The subject developed bronchospasm,
respiratory distress and bradycardia. The subject recovered within 20 minutes and
oxygen saturation reached 100%. The right heart catheterization was postponed.

Clinical laboratory abnormalities

Of the 228 subjects participating in the extended study, 167 (73%) had at least one
abnormality (baseline values were normal). The most frequent abnormalities are shown
in the table below by treatment group.
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Interim Full Climecal Study Report
Protocol AL481156

Table T31. Summary of Most Frequent Laboratory Abnormalities (Normal Baseline) by A1481131/A1481156 Treatment

Sequence
Sildenafil
Sildenafil Medinm Sildenafil Placeho
Lo Medium High Placebo Medium Placebo Placebo
Low Dose Dosze High Dose  Low Dose Dose High Dose Nom-
N=41) (N=£8) (N=T6) (=13 N=19) N=13) Random.
Parameter Criteria n'N (%) wN (%) uwN (%) whN (%) N (%) /N (%) N (%)
Hemoglobin 0.8 x baseline 120 (5) 3741 (7) 3152 (6) 179 (11) 0111 (0) 0/16 (0) 0
Flatelets 75 x 10°fmm® 032(0) 243 (5) 1/54(2) 1/8 (13) 013 () 022 (0) 0
Lymphocytes (abs) 08xLLN 334 (15 6/43 (14) 7/59 (12) 1/9 (11) 1117 (&) [NE ()] 0
-12x ULN 234(6) 6/43 (14) 5159 (8) 1/9 (11} 017 (o) 217 (12) 0
Total neutrophils (abs) 0.8 xLLN 133 (3) 5/49 (10) 36T (4) 011 (0) 017 (M [NR ()] 0
-12x ULN 533 (15 12/49 24y 11/67 (16) 3127 1117 (6) 417 24y 0
Basophils (abs) 12x ULN 15/35(43) 20149 (41) 25/60(42) 31127y  T1TEL) 918 (50) 0
Eosinophils (abs) 12x ULN 241(5)  S/51Q10) 5168 (T) 0/13 (0) 0118 (0) 0121 (0) 0
Monocytes (abs) 1.2 x ULN 3T (19 10/50 (200 870 (11) 313 (23 218 (11) 3720 (15) 0
Blood wrea nitrogen 13z ULN 1/40 (3} 4/50 (8) TiT1 (10} 0/11 (0) 317(18) 1722 (5} 0
Sodium 1.05 = ULN 1139 (3) 6/33 (11) 373(T) 1/13 (8) 2119 (11) 223 (5) 0
Potassnum 1.1xULN 3I4L(T) 3/53 (6) 10071 (14) 1/13 (8) 017 () 322 (14) 1/50 (20)

Source: Table 7.1.1

Abnormalities present m =10% of subjects on | or more treatment sequence are presented.

abs = absolute; LLN = lower limit of normal; ULN = upper limit of normal

n/'N = number of subjects with a laboratory abnormality meeting specified crteria’total mumber of subjects with normal or mussing baseline with at least
1 ohservation of the siven laboratory test while on studv treatment or during laz ime.

The most common abnormality was basophils (absolute) >1.2 x ULN Overall there is
little difference between treatment groups for the percent of subjects reporting any
abnormality.

¢ Alanine aminotransferase (ALT) increased — 2/77 subjects (2.6%; Subjects
10409 and 10416) on the sequence sildenafil high/high dose.)The event was
reported on Days 1021-1126 for Subject 10409 and on Days 1039-1221 for
Subject 10416. In both cases ALT increase did not exceed 2 x ULN and was not
accompanied by elevation in bilirubin levels.

e Bilirubin increased — 1/55 subjects (1.8%, Subject 11628) on the sequence
sildenafil medium/medium dose. The event was reported from Day 1 onwards.

e Hemoglobin increased — 1/77 subjects (1.3%, Subject 11234) on the sequence
sildenafil high/high dose (the subject had elevated hemoglobin prior to study
entry).

e Liver function test abnormal — 1/42 subjects (2.4%, Subject 10801) on the
sequence sildenafil low/low dose, considered to be treatment-related. The
subject had elevated aspartate aminotransferase (AST) of 130 U/L (ULN 41 U/L)
and ALT of 198 U/L (ULN 30 U/L) on Day 1203 with normal bilirubin and alkaline
phosphatase levels. ALT and AST had returned to normal by Day 1287.

e Transaminases increased — 1/19 subjects (5.3%, Subject 11219) on the
sequenceplacebo/medium dose, ALT and AST were elevated on Day 1, with ALT
40 U/L (ULN 30 U/L) and AST 47 U/L (ULN 41 U/L). Transaminases remained
elevated during the study with highest ALT value of 87 U/L reported on Day 1036
and highest AST value of 51 U/L reported on Day 616. Increases were
considered to be treatment-related. Bilirubin remained within normal limits
throughout the study.
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Appendix 4

Study A1481134

Study Title: A randomized, multicenter, double-blind, placebo-controlled, dose-ranging,
parallel group study of intravenous sildenafil in the treatment of children, aged 0 to 17
years, with pulmonary hypertension after corrective cardiac surgery.

Primary Objective: to assess the efficacy of intravenous (IV) sildenafil, over 24 hours of
treatment, on pulmonary hypertension during the post-operative period in children aged
0 (=34 weeks gestational age) to 17 years with congenital heart disease who have
undergone corrective cardiac surgery.

Secondary Objectives: to assess the safety and tolerability of IV sildenafil in children
with corrected congenital heart disease and pulmonary hypertension (as assessed by
clinical laboratory parameters, physical examination, vital signs and frequency and
severity of adverse events), to establish an effective dose range of IV sildenafil in the
treatment of pulmonary hypertension in children following corrective cardiac surgery, to
investigate the PK-effect relationship, to determine the population PK parameters, and
to evaluate the healthcare resource utilization associated with the use of sildenafil
compared to alternate therapies.

Study Design: A randomized, multi-center, double-blind, placebo-controlled, dose-
ranging, parallel group study conducted in subjects aged 0 (=34 weeks gestational age)
to 17 years, receiving one of three doses of IV sildenafil or placebo for a minimum of 24
hours. Randomization of subjects was to be stratified by age (neonate or non-neonate)
and by study center. No more than 25% of subjects were to be greater than one year
old. Three intravenous sildenafil dosage regimens were selected to achieve target
sildenafil plasma concentrations of approximately 40, 120, and 360 ng/mL. Each
regimen consisted of a bolus loading dose infused over five minutes, followed by a
maintenance infusion for 24 to 72 hours, the infusion of study drug continued for a
minimum of 24 and maximum of 72 hours.

Results and Conclusions:

Enrollment into Study A1481134 was exceptionally slow resulting in only recruiting
18/252 patients after 18 months. Of the 87 subjects that were screened, 18 were
randomized and 17 received treatment. Four

(4) of these 17 treated subjects, two each on sildenafil (17%) and placebo (40%),
received additional therapy for treatment of post-operative pulmonary hypertension
within 24 hours of start of study drug infusion. Eight (8) of the 17 subjects, 5 on sildenafil
(42%) and 3 on placebo (60%), received additional therapy for pulmonary hypertension
to Day 28 follow-up. The principal explanation for the slow recruitment was that severe
acute postoperative pulmonary hypertension occurs at a lower rate than was originally
thought to be the case in pediatric cardiac intensive care. Recruitment was also
impaired by the availability of inhaled nitric oxide (NO). In February 2005, the FDA
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agreed that due to these challenges, it would not be possible to complete the study and
that it was acceptable to terminate this study. The planned population pharmacokinetic
analyses were not conducted because of insufficient pharmacokinetic data (only 12
subjects having PK data, each subject with 4 concentrations).

Of the 17 treated subjects, 15 (88.2%) reported adverse events. The most commonly
reported adverse event was pulmonary hypertension. Two of the treated subjects
discontinued; one subject (placebo) died due to pulmonary hypertension related to the
disease under study, and one subject (medium dose) was withdrawn during active
treatment due to a lack of efficacy.

2 subjects reported serious treatment-emergent AEs. Ten (10) subjects reported non(
treatment-emergent SAEs (events that occurred more than 7 days after the end of
treatment). One (1) subject reported temporary discontinuation of study drug due to
severe pulmonary hypertension aggravated by the disease under study. Four (4) deaths
were reported, 2 occurred pre-randomization and 2 occurred in subjects receiving
placebo (causes of death: pulmonary hypertension [as described in discontinuations
above] and fungal sepsis [post-treatment]).
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Appendix 5

Study A1481157

Study Title: A 7-Day, open-label, multicenter, pharmacokinetic study (part 1) followed by
a 7-Day, randomized, multicenter, double-blind, placebo-controlled, dose-ranging,
parallel group study (part 2) of IV sildenafil in the treatment of neonates with persistent
pulmonary hypertension of the newborn (PPHN) or hypoxic respiratory failure and at
risk of developing PPHN.

Primary Objective: for Part 1 of this study was to evaluate the pharmacokinetics of
intravenous (1V) sildenafil in near term and term newborns (>34 weeks gestational age
and <72 hours of age) with PPHN or with hypoxic respiratory failure and at risk for
PPHN.

Secondary Objectives: for Part 1 of the study were to assess the safety and tolerability
of IV sildenafil as measured by clinical laboratory parameters, physical examination,
vital signs [blood pressure, heart rate, respiratory rate and oxygen (Oz2) saturation],
oxygenation index (Ol), and the frequency and severity of adverse events.

Study Design: The study was planned as a two part study. The first part (Part 1) was a
PK study conducted at only a few sites. The PK results of Part 1 were to be used to
determine doses and infusion rates for the second part (Part 2) of the study. However,
Part 2 of the study was not performed due to recruitment difficulties resulting from the
widespread use of inhaled NO to treat PPHN.

Results and Conclusions:

During the conduct of part 1 of Study A1481157 it became apparent that the objectives
of the second part (which required 256 patients) could not be met, since there was a
reluctance amongst investigators to treat subjects with placebo or a new chemical
entity. This reluctance occurred because the use of inhaled NO had become a standard
of immediate care in the majority of major neonatal intensive care units. Following
discussion with FDA in February 2005, it was agreed that this study in PPHN was not
feasible and the study was terminated.

A total of 36 subjects were recruited in eight treatment groups, where ‘step up’ was
dependent on the tolerability in successive groups. The target plasma concentrations
ranged from 18.5 to 150 ng/mL.

One subject died during the study. This child died two hours after the start of the study
drug infusion from a combination of her underlying illnesses of meconium aspiration,
birth asphyxia and pulmonary hypertension, which was further complicated by tension
pneumothorax. Four subjects reported treatment-emergent SAEs; one had hypotension,
one had anomalous pulmonary venous connection, and two had a pneumothorax. In
addition, 2 other SAEs were reported: cardiomyopathy was reported for 1 subject more
than 7 days after the end of sildenafil treatment, and 1 subject had pneumothorax
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present at the start of treatment. Four subjects discontinued study treatment due to
treatment-emergent AEs; 1 due to hypotension, 2 due to labile blood pressure, and 1
due to anomalous pulmonary venous connection, also reported as a SAE. One (1) case
of labile blood pressure and the hypotension were considered to be caused by the study
drug. No subjects had dose reductions or temporary discontinuations due to treatment-
emergent AEs. One (1) subject had her loading dose rate of administration reduced but
still received the scheduled total loading dose by increasing the duration.
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