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Anticoagulation in children is problematic for multiple reasons. Currently used anticoagulants have significant disadvantages and may
negatively affect quality of life (QOL). This manuscript describes the design, rationale, and methods of a prospective, randomized, open
label phase Il multi-national clinical trial of a direct oral anticoagulant (DOAC), apixaban, in children and infants with congenital and
acquired heart disease. This frial is designed to gather preliminary safety and pharmacokinetics (PK) data, as well as generate data on
QOL of individuals taking apixaban compared to the standard of care (SOC) anticoagulants vitamin K antagonists (VKA) or low
molecular weight heparin (L(MWH). A key issue this trial seeks to address is the practice of using therapeutics tested in adult trials in the
pediatric population without robust pediatric safety or efficacy data. Pediatric heart diseases are not common, and specific diagnoses
often meet the criteria of a rare disease; thus, statistical efficacy may be difficult to achieve. This trial will provide valuable PK and safety
data intended to inform clinical practice for anticoagulation in pediatric heart diseases, a setting in which a fully powered phase lll
clinical trial is not feasible. A second consideration this trial addresses is that metrics besides efficacy, such as QOL, have not been
traditionally used as endpoints in regulated anticoagulation studies yet may add substantial weight o the clinical decision for use of a
DOAC in place of VKA or LMWH. This study examines QOL related to both heart disease and anticoagulation among children
randomized to either SOC or apixaban. There are considerable strengths and benefits to conducting a clinical trial in pediatric rare
disease populations via an industry-academic collaboration. The SAXOPHONE study represents a collaboration between Bristol-Myers
Squibb (BMS)/Pfizer Alliance, and the National Heart, Lung, and Blood Institute's (NHLBI) Pediatric Heart Network (PHN) and may be
an afractive model for future pediatric drug trials. (Am Heart J 2019;217:52-63.)

and pediatric specialists. " This is complicated by the fact
that thrombotic rates in this population are not well
characterized.® Based on two randomized studies in children
with congenital heart disease>* and one randomized study
in children with venous thromboembolism (VTE) events,’
thrombosis rates of 2-12% may be expected. In addition,
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quality of life (QOL) is of significant concern in this
population and can markedly affect compliance and
morbidity for those children on anticoagulation.(’ While it
has not been as extensively studied in children as it has in
adults, it is clear from the standpoint of clinical management
that QOL declines significantly with long term anticoagula-
tion in children, thus making this an important endpoint to
study in clinical trials.®”

A working group convened by NHLBI identified
thromboprophylaxis in both the single ventricle patient
(pre- and post-Fontan) and for central venous line-related
VTE as top priorities for research and interventional
studies.® They cited a retrospective study in which 25% to


http://crossmark.crossref.org/dialog/?doi=10.1016/j.ahj.2019.08.002&domain=pdf
mailto:rpayne@iu.edu
https://doi.org/10.1016/j.ahj.2019.08.002

American Heart Journal
Volume 217

40% of single ventricle patients had clinically evident
thrombosis prior to Fontan.” An earlier study had found
11% of all children undergoing surgery for congenital
heart disease (CHD) developed clinically evident throm-
bosis, 19 and in both scenarios, thrombosis was associated
with increased mortality and morbidity. Additionally, the
working group identified a dearth of pediatric-specific
data to support recommendations for treatment of
clinically significant thrombosis in children with cardiac
disease, and for children with asymptomatic thrombosis
on venous access lines.

There are currently no FDA-approved indications for
use of anticoagulants in children other than unfractio-
nated heparin and the very recently approved dalteparin
sodium (Pfizer)*, and there is very little specific research
in children for this problem. Guidelines for the use of
anticoagulants in pediatric settings are largely extrapolat-
ed from randomized controlled trials in adults, expert
opinion, and small observational studies in children. 11,12
VKA have been the mainstay of long-term anticoagulation
in children with heart disease, with LMWH being used as
an alternative to VKA in specific settings. The use of VKA
in children carries a significant burden including difficul-
ty in achieving and maintaining therapeutic anticoagula-
tion levels, difficulty of consistent oral dosing in small
children, frequent blood draws, reduced bone density, '
and interaction with diet and medications, 4 a1l of which
contribute to lowered QOL. LMWH (eg, enoxaparin and
sodium dalteparin) requires frequent parenteral injec-
tions. Hence, there exists an urgent need for new
anticoagulation strategies for children.'> Recommenda-
tions have been put forth for the strategies and essential
endpoints for anticoagulation trials in children, which
should help to harmonize prospective trials. 16

Currently, there are five direct oral anticoagulants
(DOACS) in clinical use including four factor Xa (FXa)
inhibitors (apixaban, edoxaban, betrixaban, and rivarox-
aban), and one direct thrombin inhibitor (dabigatran).
None of these has FDA approval for use in children.'”
BMS/Pfizer Alliance developed apixaban, which, like
other DOACs, has a number of features that make it
appealing for use in children: ease of administration with
oral formulations instead of injection, lack of dependency
on antithrombin, lack of dietary interaction, and the
possibility of requiring less monitoring of blood levels.
Apixaban has been shown to have low rates of bleeding
in adult populations, '® but no pediatric data are available
as of now.

The purpose of this paper is to describe the rationale
and trial design of an industry-academic collaboration
involving the NHLBI-funded PHN and BMS/Pfizer Alliance
in conducting a randomized, multi-national clinical trial of
the DOAC, apixaban, 9 in children and infants with heart
disease, the SAXOPHONE study. This trial is designed to
provide preliminary safety and PK data on the prophy-
lactic use of apixaban versus SOC in the pediatric
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Table I. Objectives of SAXOPHONE

Study objectives

o Characterize the safety of apixaban in children with heart disease
(primary end-point).

© Measure Apixaban PK/PD (FX by chromogenic assay), and anti-FXa activity.

® Defermine the impact on QOL of apixaban vs VKA or LIMWH

e Gather data on the efficacy of apixaban for thromboprophylaxis
(Exploratory Aim).
o Determine biomarkers reflecting anticoagulant efficacy or thrombosis risk
o Determine the effects of apixaban on bone density vs VKA

FX, Factor X; FXa, Factor Xa; LMWH, low molecular weight heparin; PK/PD,
Pharmacokinetics/Pharmacodynamics; QOL, quality of life; VKA, vitamin K
antagonist.

cardiology population. In addition, the trial will compare
QOL for children on SOC anticoagulation versus apix-
aban. The trial results will be used to support apixaban
dosing recommendations in children with heart disease.

Materials and methods
Study overview, trial organization, and support

This study is a prospective, randomized, open-abel, phase II,
multi-center, multi-national clinical trial. The goal of the study is
to generate PK, QOL assessments, biomarker, and exploratory
safety and efficacy data to inform clinicians regarding apixaban
dosing and management in children with congenital or
acquired heart disease requiring chronic prophylactic antic-
oagulation (Table I). When compared with VKA or subcuta-
neous LMWH, apixaban is expected to be equivalently safe,
and may be associated with better patient and caregiver-
reported QOL measures while on therapy.

The study was conceptualized and designed by a panel
of world experts in the field and was led by the NHLBI-
funded PHN,*° in collaboration with investigators at BMS.
It is being conducted under the existing Investigational
New Drug (IND) Application for apixaban as part of the
European Medicines Agency-agreed apixaban pediatric
investigation plan (PIP). It will utilize both a centralized
Institutional Review Board (Cincinnati Children's Hospi-
tal Medical Center) (eight centers), and local IRB review
for those centers in the United States that do not rely on a
central IRB (eight centers). The use of a centralized IRB is
expected to simplify administration of a complex
protocol across multiple sites, decrease cost and time to
protocol initiation, and standardize procedures across all
sites. International sites will use their local ethics boards.
An independent Data and Safety Monitoring Board
(DSMB) advisory to the NHLBI will monitor the trial for
data quality and safety. An Events Adjudication Commit-
tee, whose members are blinded to treatment assign-
ment, will adjudicate all events involving thrombosis and
bleeding, as well as deaths of any cause, using criteria that
were established prior to the study and defined in an
adjudication charter.
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Figure 1
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Countries in which the SAXOPHONE trial has been approved or anticipated for initiation are in green. Countries (#sites) are: USA (16), Australia
(1), Austria (1), Brazil (6), Canada (1), Finland (1), Germany (3), Israel (2), ltaly (2), Mexico (3), Russia (4), Spain (1), United Kingdom (3).

The study will be overseen by NHLBI, BMS/Pfizer
Alliance, and a SAXOPHONE Study Committee consisting
of representatives from the United States, European
Union, and Australia, with co-chairs for the North
American and European sites. The function of the Study
Committee will be to provide expertise to BMS regarding
use of anticoagulation in children, conduct of pediatric
trials, and expertise in congenital heart disease, and to
participate in the writing of the study protocol. The
committee will provide oversight of the trial, provide
rapid communication and advice to the multiple recruit-
ing sites (via the principal investigators), and serve to
interface between BMS and trial investigators. The
committee will be composed of 5 members: 2 pediatric
cardiologists who are within the PHN, one of whom will
serve as study co-chair, 1 representative from NHLBI
(PHN), who is also a pediatric cardiologist, 1 European
pediatric cardiologist who will also serve as study co-
chair, and 1 Australian hematologist.

The study will be conducted in 16 North American
centers (10 core PHN sites and 6 auxiliary sites), and in 11
countries outside of North America (Figure 1). Enroll-
ment is not capped in US or ex-US sites. All centers will
follow the same protocol and study procedures, except
that QOL assessments will only be performed in English
speaking countries. A total of approximately 200
pediatric participants with congenital or acquired heart
disease requiring chronic prophylactic anticoagulation
will be randomized 2:1 to apixaban or SOC (VKA or

LMWH). Children requiring anticoagulation for treatment
of an active thrombotic event or those with mechanical
prosthetic valves will be excluded. The structure and
design of the SAXOPHONE study is shown in Figure 2.

Support of this trial will come from 2 sources. The
NHLBI will fund the infrastructure of the PHN sites via the
PHN grants. This includes support for PHN site research
coordinators and investigators, and administrative effort
and statistical support via the New England Research
Institute. BMS/Pfizer alliance will support participant
recruitment, drug and supplies, data management, and
laboratory measurements. For non-PHN sites, BMS/Pfizer
alliance will fund the trial completely. This study is not
required by the FDA under the pediatric research equity
act (PREA) and is being conducted under the existing IND
for apixaban. It is also part of the EMA-agreed apixaban
pediatric investigation plan (PIP). The authors are solely
responsible for the design and conduct of this study, all
study analyses, the drafting and editing of the paper and
its final contents.

Participant selection

Participant selection criteria will be designed to encourage
a heterogeneous group representative of children with heart
disease who require long-term anticoagulation for preven-
tion of thromboembolic events. Thus, children with both
structural (congenital) heart disease, as well as acquired
heart disease will be recruited for the study. The diagnoses of
interest will include (but are not limited to) single ventricle
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Figure 2

Child with Congenital or Acquired Heart Disease
on Anticoagulation
(n =200)

Screen for Eligibility
Stratify by Age:
Birth— 27 d; 28 d < 2yr;
2yr<12yr;12yr< 18 yr
Stratify by Diagnosis:
Single Ventricle; Acquired or all
other CHD

Randomize 2:1

Treatment Duration:
Birth< 1 yr:>1mo;
>1yr—<18yr:>6 mo

Apixaban [ Standard of Care ]
Dosed by weight

I

Endpoints:
Safety (1°)
PK/PD (2°)

QoL (2°)

Flow diagram for trial. Participants will be randomized to receive thromboprophylaxis with open label apixaban, or SOC (VKA or LMWH), for up
to 12 months or until the need for anticoagulation is resolved. CHD, congenital heart disease; LMWH, low-molecular-weight heparin; PK/PD,

pharmacokinetics/pharmacodynamics; QOL, qudlity of life; SOC, standard of care; VKA, vitamin K antagonist;

congenital heart disease at all stages of palliation, dilated
cardiomyopathy, Kawasaki disease with coronary artery
aneurysms, and pulmonary hypertension. Eligible partici-
pants include those who newly start anticoagulants and
those who are currently on VKA or LMWH or other
anticoagulants for thromboprophylaxis. Inclusion and ex-
clusion criteria are shown in Table II.

Participants eligible for the study include both males
and females, 34 weeks adjusted gestational age to <18
years of age, with congenital or acquired heart disease
who are at risk for clot formation which can result in
vascular, intracardiac or coronary artery thrombosis, or

embolization to other organs or tissue, and who require
chronic anticoagulation for thromboprophylaxis under
guidelines recommended by the American College of
Chest Physicians.?' To be eligible for the study,
participants under age 1 year are expected to require
anticoagulation for a minimum of 1 month; whereas
participants >1 year of age are expected to require
anticoagulation for a minimum of 6 months.

Sample size
The reported low incidence of thromboembolic and
bleeding events in children limits the feasibility for a
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Table Il. Inclusion/exclusion criteria

Inclusion

American Heart Journal
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Exclusion

Male and female, 34 weeks adjusted gestational age to <18 yr.
Congenital or acquired heart disease requiring anticoagulation
for thromboprophylaxis.

Subjects eligible if a thrombotic event occurred greater than
6 months prior to enrollment.

Able to tolerate enferal medications.

Aspirin <5 mg/kg/day.

Subjects already on anticoagulation for thromboprophylaxis
are eligible.

Thromboembolic event less than 6 months prior to enrollment.
Uncontrolled severe hypertension; Gastrointestinal ulcer; Known inherited
bleeding disorder or coagulopathy; Active bleeding at time of enrollment;
Known intracranial vascular malformation or tumor; Pregnancy.

Liver dysfunction; Renal function <30% of normal; Platelet count <50,000/pL.

Mechanical heart valve.
ECMO or LVAD at fime of enrollment.
Maijor bleeding event other than perioperative in prior 3 months.

Concurrent prophylactic or therapeutic treatment of thrombotic events.
Anti-platelet therapy, eg, aspirin >5 mg/kg/day.

Strong inducers / inhibitors of cytochrome P450 3A4 and P-gp.
Chronic daily use of NSAID's continuously >1 month.

Current participation in another trial.

ECMO, Extracorporeal membrane oxygenation; LVAD, left ventricular assist device; NSAID, non-steroidal anti-inflammatory drug.

phase III trial, which would require an excessively high
sample size. However, there remains a need to under-
stand the PK profile of apixaban in children with heart
disease and gather preliminary data on safety and efficacy
that could be used to develop future studies. In this study,
PK is intended to serve as a surrogate for efficacy by
aiming to achieve apixaban exposure levels in children
comparable to those in adults.>* Due to the anticipated
low rates of thromboembolic and bleeding events in the
study population and other numerous barriers,>* a Phase
3 trial powered for efficacy or safety is impracticable.
Because there remains a need to understand the safety
and PK/PD profile of apixaban in children with heart
disease, the study is designed to obtain apixaban PK, PD,
safety information, and exploratory efficacy data. With a
treatment period up to 12 months, the sample size of
approximately 200 participants is a feasible sample size
that will provide a robust PK database and reasonable
preliminary safety data along with limited efficacy data in
children with heart disease who need chronic thrombo-
prophylaxis. This sample size can be obtained in a
reasonable period of time. The observed bleeding events
and efficacy data from this study will also provide insight
into the expected event rates for the pediatric population
on prophylactic apixaban or SOC to inform benefit-risk.

Randomization

Participants will be randomized to receive thrombo-
prophylaxis with open-label apixaban, or SOC (VKA or
LMWH), for up to 12 months or until the need for
anticoagulation is resolved, whichever occurs first. The
study will have a randomization ratio of 2 to 1 for
apixaban and comparators, respectively). To ensure even
distribution of age and disease types between the two
treatment groups, randomization will be stratified by four
age groups: birth to 27 days, 28 days to <2 years, 2 to <12
years, and 12 to <18 years. Randomization will also be

stratified by clinical diagnosis of single ventricle physiol-
ogy, and other types of congenital or acquired heart
disease. The rationale for the multiple study strata is to
ensure that patient groups with differing risks are
distributed evenly among the treatment groups. There
are no caps on enrollment by age or diagnoses. It is
anticipated that this randomization strategy will provide
PK and safety data for multiple ages and diagnoses.

Intermittent parenteral anti-coagulation (eg, unfractio-
nated heparin [UFH], IMWH) will be allowed in the
apixaban arm when participants cannot tolerate oral intake.
In the event of surgical or invasive procedures, apixaban
treatment will be held at least 24 hours prior to the
procedure and will be resumed no sooner than 24 hours and
no later than 10 days after the procedure. Bridging of VKA
and LMWH around procedures will be done via local SOC.
Participants who receive LMWH are allowed to switch to
VKA at any time during the study and conversely,
participants having difficulty with VKA may switch to
LMWH. Participants will be transitioned to SOC prophylactic
anticoagulation at the end of the study and followed for an
additional 2 months to capture any clinical events that occur
after discontinuation of study drug.

Dose selection

Apixaban doses for the SAXOPHONE study are targeted
to achieve a plasma exposure that is similar to the
exposure in the adult trial, ARISTOTLE. '® In this Phase 3
stroke prevention trial in adult patients with non-valvular
atrial fibrillation, apixaban achieved superiority for the
pre-specified primary endpoint of stroke and systemic
embolism with less major bleeding compared with
warfarin. It is expected that achieving a similar plasma
exposure will result in a favorable safety and efficacy
profile in this pediatric population.

The dose of apixaban in the SAXOPHONE study will be
determined by a model-based approach, using a
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Table Ill. Dosing based on weight
Apixaban Doses for Ages 3 Months to< 18 Years*
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Weight range Dose Apixaban Formulation

>35 kg 5 mg or 12.5 ml twice daily 5-mg tablets, or 0.4 mg/ml oral solution

<3510 25 kg 4 mg twice daily For children <5 years use 0.5-mg tablets only.
<2510 18 kg 3 mg twice daily For children >5 years use either the 0.5-mg tablets or
<1810 12kg 2 mg twice daily 0.4 mg/ml oral solution.

<1210 9 kg 1.5 mg twice daily

<9 o 6 kg 1 mg twice daily

*Note: these pediatric doses will be tested in clinical trials and should not be used in clinical practice.

Table IV. Study Assessments and Procedures

Procedure

-21 10 1D

1D 14D 3 mo 6 mo 9 mo* 12 mo 14 mo

Physical exam, Vital Signs, Weight, Height, BMI

PK sampling and Anti-Xa activity Apixaban only

Pregnancy test

CBC, ALT, AST, total and conjugated bilirubin, serum creatinine.
INR (VKA) or anti-Xa activity (LMWH) per SOC

Bone densitometry by DXA

Chromogenic FX Assay Apixaban only

Biomarkers all subjects >1 year of age

QOL assessment: PedsQL and KIDCLOT

Adverse Events and concomitant medications assessment

X X X X X X
X X
X X X

X X X X
X X
X X
X X X
X X X X
X X X X X X X

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CBC, complete blood count; DXA, dual-energy x-ray absorptiometry; FX, factor X; QOL,

qudlity of life; SOC, standard of care.

*Subjects <2 years of age have a mandatory in-person visit at 9 months. Subjects >2 years of age have the option of an in-person or a phone call visit at 9 mo.

Population Pharmacokinetic (PPK) modeling method.
Briefly, a PPK model will be developed using available
data from a separate apixaban pediatric PK/PD study in
which data is available for children aged 3 months to
<18 vyears (Clinical Trials government identifier
NCT01707394, estimated enrollment 44 participants as
of April 12, 2016). Apixaban exposure from this earlier
study was adequately characterized by a two-
compartment disposition model, which incorporated
clearance (CL/F) of apixaban in children, as well as age
and body weight.

Based on this modeling approach, apixaban doses in
the trial will be selected using a fixed-dose, body weight-
tiered regimen (Table III). Simulations have predicted
that this proposed dosing regimen will achieve a similar
median steady-state area-under-the-curve (AUC) in chil-
dren to that observed in adults in the stroke prevention
trial who received apixaban. This same approach to dose
selection has been used to identify pediatric doses for
two other pediatric studies (both reviewed in': 1) a
study exploring the safety and efficacy of apixaban for
prevention of VTE during induction chemotherapy in
children with newly diagnosed acute lymphoblastic
leukemia or lymphoma treated with asparaginase,24 and
2) a study evaluating apixaban in children requiring

anticoagulation for the treatment of VTE events. Based on
PPK modeling of younger subjects in the Phase 3 non-
valvular atrial fibrillation stroke prevention population,
and patients in the VTE treatment population, the median
daily steady state exposure of apixaban is approximately
2400 ng*hr./mL in patients receiving the 5 mg BID dosing
regimen. Thus, the target exposure used to drive dose
selection for this protocol is half this value, which is equal
to the steady state exposure over one dosing interval,
AUC (TAU), of 1200 ng*hr./mL. The PK goal of the
SAXOPHONE study is to validate the selected dose and
the existing PPK model.

It is anticipated that as data accumulate in children from
the pediatric PK/PD component of this study, the PPK
model will be updated to inform dosing for the
population that is younger than three months.

Study measurements and follow-up

Baseline data. Basic demographics and safety labs will
be collected, and study activities performed as detailed in
Table IV. PK sampling and chromogenic Factor ten (FX)
assays will be performed on participants randomized to
apixaban only, and INR performed on VKA participants
randomized to SOC who are on VKA per SOC and FX
activity for those who are on LMWH. FX activity will also
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Table V. Definition of bleeding events

Maijor

American Heart Journal
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CRNM

Overt bleeding with a decrease in hemoglobin of at least
20 g/L (ie, 2 g/dL) in a 24-hour period.
Bleeding that requires surgical intervention in an OR suite or radiology.

Bleeding that is intracranial or involves the CNS, retroperitoneal space, or lungs.

Fatal bleeding.

Overt bleeding requiring blood products. Not related to primary diagnosis.

Requires medical or surgical intervention other than an OR suite.

CNS, Central nervous system; CRNM, clinically relevant non-maijor; OR, operating room.

be assayed in participants randomized to apixaban as a
PD biomarker. Safety laboratory tests will be performed at
routine intervals.

QOL instruments will be administered to English
speaking participants. QOL assessments will consist of
PedsQL and the Kids Informed Decrease Complications
Learning on Thrombosis (KIDCLOT®) and performed at
four intervals across the year including baseline and at the
end of the study. PedsQL is a modular instrument for
measuring health-related QOL in both healthy children
and in children with acute and chronic health conditions.
It contains both generic core scales and disease-specific
modules, has been validated for use in assessing QOL in
children with heart disease,*” and has been successfully
used in previous PHN studies of children with congenital
heart disease.?® KIDCLOT® is an inventory tool specifi-
cally developed to assess impact of long-term anticoagu-
lant use on health-related QOL in both children
(KIDCLOT-PAC Child-Tween QL) and their caretakers
(KIDCLOT-PAC Parent-proxy QL).*” It has been evaluated
and preliminarily validated in children requiring long-term
anticoagulation. 6.28

Bone density will be measured using a Dual Energy X-Ray
Absorptiometry (DXA) scan and will be performed in
participants =5 years of age unless it is contraindicated, or
country-specific requirements prohibit this as a research
question in children. The scan will be performed both at
baseline and at the end of study. However, DXA will not be
performed in participants who have not had a baseline DXA.

Multiple exploratory biomarkers which may reflect
anticoagulant efficacy or risk of thrombosis will be measured
in all participants =1 year of age in both apixaban and SOC
arms. The limits for volumes of blood drawn for this
pediatric study will be based on guidelines from the NIH
Clinical Center.” Participants <1 year of age will not have
blood drawn for exploratory biomarkers such as the
chromogenic FX assay and the anti-FX activity.

Adverse events and medications will be assessed at
every visit and for 2 months after the trial ends.

Trial outcomes

Primary endpoint. This will be a preliminary safety
and PK study. There is no primary efficacy endpoint in this
study. The primary safety endpoint, confirmed by
independent adjudication, will be a composite of adjudi-

cated major or clinically relevant non-major (CRNM)
bleeding events per the Perinatal and Pediatric Hemostasis
Subcommittee of International Society on Thrombosis
and Hemostasis (ISTH) criteria®® (Table V). Major
bleeding is defined as bleeding which satisfies one or
more of the following criteria: (i) fatal bleeding; (ii)
clinically overt bleeding associated with a decrease in
hemoglobin of at least 20 g/L (ie, 2 g/dL) in a 24-hour
period; (iii) bleeding that is retroperitoneal, pulmonary,
intracranial, or otherwise involves the central nervous
system; and/or (iv) bleeding that requires surgical
intervention in an operating suite, including intervention-
al radiology. In contrast, CRNM bleeding is defined as
bleeding which satisfies one or both of the following
criteria: (i) overt bleeding for which blood product is
administered and that is not directly attributable to the
participant's underlying medical condition; and/or (ii)
bleeding that requires medical or surgical intervention to
restore hemostasis, other than in an operating suite. If
bleeding events occur, they will be treated using local
treatment protocols for bleeding, as there is no reversal
agent approved for apixaban in pediatrics.

Secondary endpoints. Apixaban PK will be charac-
terized using a population PK approach (Table VI for
schedule). A chromogenic FX assay that measures
(apparent) FX levels will be used to assess the endoge-
nous FX level at baseline and inhibition of FXa by
apixaban. In addition, anti-FX activity, which uses
exogenous FX and apixaban calibrators, will be measured
in participants receiving apixaban to assess their plasma
apixaban levels. Nonlinear mixed effects modeling will
be used to estimate population and individual PK
parameters (eg, CL/F, Vc/F, Ka) and to explore relation-
ships between these parameters and participant demo-
graphics (eg, age, body weight, gender), as well as
estimate Cy,ax, Cnin, and AUC (TAU) in each participant.
Data from this study may be combined with data from
other apixaban pediatric trials. PK/PD (measuring FX
using chromogenic assay), anti-FXa activity, as well as
exposure-response (E-R) relationships, may be explored.

Safety - will include all minor bleeding, drug discon-
tinuation due to adverse events, intolerability, or bleed-
ing, and all-cause death.

Efficacy. The following will be used to generate
exploratory information on efficacy.
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Table VI. Sampling schedule for PK, PD, and biomarkers
Screening
Day -21 to Week 2° Month 3 Monthé + Whole Blood
Procedure Subjects Day 1 Day 1° + 3 days + 2 wk 2 wke Volume
Serial PK and Subjects taking 4h Predose 2+1h Predose 1 mL<1y/o
Anti-FXa Apixaban (3-8 h)® post dose 2mL>1y/o
activity® Sample for PK and
anti-FXa combined
Chromogenic FX° Subjects taking Prior fo 1st dose® 2+1h Predose 1 mL/sample
Apixaban and 4 h (3-8 h)® post dose
Biomarkers™< All subjects X Predose Predose Minimum of
>1y/o 2.7 mL /sample

FX, Factor 10; PD, pharmacodynamics; PK, pharmacokineics.

aThe Day 1 post dose 4 hours sample will be taken 4 hours after the first apixaban dose.

b Biomarker samples will not be obtained from children <1 years of age.

cFor subjects who discontinue before the month 6 visit, blood samples will be taken at the end of the treatment discontinuation.

d Sample can be taken any time prior fo the first dose of study drug at randomization.

eBiomarkers may include but are not limited to thrombin generation, factor VIII, d-dimer, proteins C and S, and fibrinogen.

1. Any thrombotic event detected by imaging or
clinical diagnosis. It is anticipated that participants
on apixaban will have fewer thrombotic events or
bleeding events requiring a significant change in
management when compared with participants on
SOC.

2. Impact on QOL for participants and caregivers at
four points across the study, including baseline and
at the end of the study. It is anticipated that those
randomized to apixaban will have higher QOL
scores from both participants and care-givers, when
compared with those randomized to SOC.

3. Data on bone density across 1 year of therapy will be
compared between SOC and apixaban participants >5
years of age. This represents a clinically meaningful
endpoint that may add additional information other
than bleeding. It is anticipated that participants on
apixaban will have no decrease in bone density during
the trial whereas participants on SOC may have a
significant decrease in bone density across 1 year of
time.

4. Exploratory biomarkers that may reflect anticoagu-
lant efficacy or risk of thrombosis (eg, thrombin
generation, factor VIII, d-dimer, proteins C and §,
and fibrinogen) will be measured in all participants
=>1 year of age in both apixaban and SOC arms.

Adjudication

All bleeding events (including major and CRNM and any
other bleeding) and thromboembolic events will be
adjudicated by an independent Event Adjudication
Committee (EAC). Adjudicated thrombotic events will
include intra-cardiac thrombosis, shunt thrombosis,
coronary artery thrombus in children with aneurysms
from Kawasaki disease, stroke, myocardial infarction,

pulmonary embolism, cerebral venous sinus thrombosis,
arterial thromboembolism, and deep vein thrombosis.
Thromboembolic or bleeding events requiring treatment
change, medical intervention, hospitalization or prolon-
gation of hospitalization, and thromboembolic event-
related death will be confirmed by independent review of
imaging results and event adjudication.

An independent DSMB constituted by the NHLBI will
have the responsibility to review safety events and will
report back to the Steering Committee which oversees
the trial. The Chair of the DSMB, along with the PHN
leadership and the Sponsor, will be provided with reports
of serious adverse events (SAEs) on a regular basis per
regulatory reporting requirements. The DSMB may
recommend to NHLBI and BMS/Pfizer Alliance modifica-
tion or suspension of the trial for safety reasons. In
addition, the BMS/Pfizer Alliance safety review commit-
tee, which oversees their entire pediatric program, will
also review safety events in this trial.

The EAC will be an independent chartered committee
constituted by experienced clinicians independent of the
Investigators and the Sponsor. The responsibilities of the
EAC will be to validate all study endpoints that are central
to the accuracy of results and conclusions of the trial.
Specifically, the EAC will classify endpoints according to
documentation provided by investigators. Adjudicated
results will be the basis for the final analyses.

Statistical analysis plan

For the primary safety endpoints, descriptive statistics
including event rates, difference of event rates and 95%
confidence intervals (CI) will be provided, and relative
risk and 95% CI for relative risk will be calculated based
on the stratified Mantel-Haenszel method, if applicable.
Safety analyses will be based on grouping the participants
according to the treatment they actually received (the
safety population). Exploratory efficacy analyses will be
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based on an intention to treat population. For QOL, it is
anticipated there will be a return of approximately 75
QOL surveys from participants with approximately 50 on
apixaban and 25 on SOC. This would give 85% power at a
level of 0.05 to detect an effect size of 0.7 using a 2-sided ¢
test. This is generally considered a large effect size and
will be able to detect clear changes in QOL but may not
be able to detect subtle differences between populations.

Discussion

The primary outcome from this trial will be preliminary
data on safety and to provide PK data for at least 133
children with heart disease on prophylactic apixaban.
The trial is not expected to be sufficiently powered to
detect differences in either efficacy or safety due to the
low incidence of thromboembolic and bleeding events in
children. As noted above, thrombotic event rates of
2-12% may be expected. At a power of 85%, alpha of
0.05, and expected event rates of 8% (VKA) and 4%
(assuming apixaban is better), this would require 1262
randomized participants to show efficacy, which is not
feasible. Prospective trials in pediatric anticoagulation
have been difficult to accomplish due to such low event
rates, as shown by the REVIVE trial, a primary treatment
trial, which closed early due to low patient accrual,®' and
smaller enrollment cohorts such as the ProTekt trial,
which was a primary prophylaxis trial.” Thus, a phase III
efficacy trial in pediatrics is unlikely to be feasible due to
the required large sample sizes.

Prophylactic anticoagulation is used in multiple settings
for children with heart disease, (eg, Kawasaki disease versus
Fontan surgery for single ventricle) and with a wide range in
age of the child. By themselves, the numbers of children in
any one setting are too small to generate adequate safety
information in a reasonable length of time. By including a
heterogeneous group of pediatric heart disease lesions,
safety data will be obtained for multiple diagnoses and ages,
and the larger group will inform on safety events for children
with heart disease who require anticoagulation. The ‘risk’
with this approach is that the numbers of children with
specific diagnoses, eg, Kawasaki, may be so small that safety
events are not detected. This risk is mitigated in part because
all subjects will have blood drawn for PK and thus, drug
exposure data will be clearly tracked relative to type of heart
disease, which will provide additional safety information.

The pragmatic approach of the SAXOPHONE trial has
strong justification. First, few prospective trials of antic-
oagulation have been performed in children when com-
pared with the robust data in adult populations.®* The
THROMBOTECT trial in children is the largest to date with
an enrollment of 949 participants and compared LMWH,
antithrombin, and unfractionated heparin in children with
acute lymphoblastic leukemia at induction.® No previous
trial of primary prophylaxis in children with congenital or
acquired heart disease has enrolled more than 150
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participants.” As a result, indications for, and dosing of,
anticoagulation are often extrapolated from adult data with
little consideration for the different physiology and metab-
olism in children. Second, management of VKA is difficult in
children and requires considerable institutional infrastruc-
ture to achieve safe and effective anticoagulation, which may
not be available in many centers. Indeed, the consistency of
anticoagulation in children on VKA is notoriously difficult.
The observed differences in clinical practice are corre-
spondingly large with widely ranging target INR values
employed.’54 In addition, diet and higher activity levels in
children modulate VKA dosing in unpredictable ways. Use
of apixaban in children may resolve some of these
difficulties. Thus, it is anticipated that the results of this
study will have an impact on the practice of pediatric
cardiology through the systematic data provided.

Several key exploratory findings are anticipated from this
trial. First, important data on PK will allow estimation of
apixaban dose across different age groups in a broad
pediatric heart disease population. By aiming to achieve
apixaban exposure/plasma levels in children comparable to
those in adults, PK data will be used as surrogate for apixaban
efficacy in children where only limited clinical outcome data
can be generated. The FDA recently published a series of
potential surrogate endpoint tables with the intended goal of
facilitating drug development.? > This clinical trial in children,
although of relatively small scale, will provide important
complementary data since indications for anticoagulant
prophylaxis in adults, such as atrial fibrillation, cannot be
safely translated to the various indications in children with
heart disease. Indeed, prospective clinical trials of medica-
tion use in children with heart disease are generally lacking
and, as a result, there is wide variation in management of
complex patients, such as the Fontan patient.56

Secondly, we will compare the impact of apixaban
prophylaxis with SOC on bone density across 1 year.
Although not expected to provide definitive answers, the
findings may lend weight to the discussion of adverse
effects of SOC versus apixaban.

Finally, this trial will shed light on one of the most
important aspects of anticoagulation from the patient and
family viewpoint, QOL, which may impact compliance
with the medical regimen. For example, studies have
suggested that QOL is substantially lower in children with
congenital heart disease®”>® and impacts key areas of life
such as school performance. In addition, the FDA has
become more interested in assessing QOL in pediatric
clinical trials. A primary tool that will be used in this study
to assess QOL is KIDCLOT. Although KIDCLOT is not yet
validated by the FDA as a surrogate endpoint, which will
be a limitation of this trial, its use in this trial is expected
to provide information on the QOL of apixaban versus
the SOC in children on anticoagulation. Thus, a strong
rationale for examining QOL in this study is that even if
safety and efficacy were equal between treatment arms,
differences in QOL may favor one treatment.
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There are multiple advantages to academic-industry
collaborations for clinical trials, especially in pediatrics
where many diseases meet criteria for rare or Orphan
Disease designation. For example, development of an
innovative therapeutic for cystic fibrosis was accelerated
by the partnership between academic medical institu-
tions, the pharmaceutical industry, and disease-focused
foundations. As noted by Ramsey et al, in the develop-
ment and approval of ivacaftor for cystic fibrosis,*” the
academic medical institutions provided basic and trans-
lational expertise, expertise in clinical disease and trial
design, and trial network sites for recruitment; industry
provided access to new medications, regulatory support,
preclinical and PK studies, funding, and faster trial
enrollment via national and international trial develop-
ment; and disease focused foundations provided funding,
clinical trial network support and longitudinal patient
registries.

Trials from academic - industry collaborations have
resulted in high impact publications with both industry
employees and academic investigators involved in trial
design and authorship. This reflects the higher level of
expertise and rigor in study design and execution.
Concerns by academic investigators about these partner-
ships have included loss of academic freedom and data
analysis is often conducted without academic involve-
ment. However, most academic investigators have
found the collaborations to be beneficial, with a high
percentage of publications having a first author academ-
ic. Concerns about intellectual property and ownership
of data have not been a significant impediment to
collaborative research. !

Thromboembolic events in children are rare when
compared with those in adults, yet the morbidity of
thromboembolism and anticoagulation therapy in chil-
dren has even greater impact because of their longer
lifespan and hence, greater societal and personal cost. In
addition, pediatric heart disease is rare when considered
by individual diagnoses, such as single ventricle or
Kawasaki disease. This makes it difficult to accrue
adequate participant numbers to power a prospective
trial in a reasonable length of time, especially when only a
few centers are involved. For example, similar studies in
pediatric anticoagulation in heart disease previously
conducted by academic institutions have been stopped
early due to slow accrual.®® Thus, a key advantage of
multi-national trials in pediatric anticoagulation regimens
include shorter time to completion of enrollment and
larger cohorts.

The academic-industry partnership between the
NHLBI-sponsored PHN and BMS/Pfizer Alliance brings
the power of collaboration between academic investiga-
tors with expertise in pediatric heart disease and clinical
trial design in pediatrics, together with the pharmaceu-
tical industry with its expertise in organizing international
randomized therapeutic trials. This pediatric academic-
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industry partnership leverages the existing clinical
network and scientific experience of the PHN in
conducting clinical trials in rare pediatric diseases to
efficiently complete a study on an industry-driven
timeline. In turn, BMS/Pfizer brings significant value by
having international experience to include centers in
many countries allowing faster enrollment and increased
generalizability of the clinical findings. It is hoped that
with completion of this, and other trials of DOAC use in
the pediatric population, follow-on prospective studies
will be quickly designed to address additional antic-
oagulation needs in children.

In summary, this trial will generate dosing and
preliminary safety data on prophylactic use of apixaban
in children with heart disease and provide information on
clinically relevant endpoints. It is expected that the
SAXOPHONE study will advance our knowledge and
understanding of dosing and indications for use of the
DOAC, apixaban, in the pediatric cardiology population
and inform clinical care.

*Note: After submission of this manuscript, the FDA
approved the subcutaneously administered LMWH, dalte-
parin sodium (Pfizer's Fragmin) on May 16, 2019, to
reduce the recurrence of symptomatic VIE in pediatric
patients 1 month of age and older.
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