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1 | INTRODUCTION

Abstract

Antiplatelet treatment is a potential therapeutic approach for sickle cell disease (SCD). Ticagrelor
inhibits platelet aggregation and is approved for adults with acute coronary syndrome and following
myocardial infarction. HESTIA1 (NCT02214121) was a 2-part, phase 2 dose-finding study generat-
ing ticagrelor exposure, platelet inhibition, and safety data in children with SCD (3-17 years). In part
A (n = 45), patients received 2 ticagrelor single doses, 0.125-2.25 mg/kg (washout =7 days), then
7 days of twice-daily (bid) dosing with 0.125, 0.563, or 0.75 mg/kg. In the 4-week blinded Part B
extension (optional), patients received ticagrelor (0.125, 0.563, or 0.75 mg/kg bid; n = 16) or placebo
(n = 7). Platelet reactivity decreased from baseline to 2 hours postdosing, and returned to near base-
line after 6 hours postdosing. Dose-dependent platelet inhibition was seen with ticagrelor; mean rel-
ative P2Y;, reaction unit inhibition 2 hours after a single dose ranged from 6% (0.125 mg/kg) to
73% (2.25 mg/kg). Ticagrelor plasma exposure increased approximately dose proportionally. No
patients experienced a hemorrhagic event during treatment. No differences were seen between
groups in pain ratings and analgesic use during Part B. Ticagrelor was well tolerated with no safety
concerns, no discontinuations due to adverse events (AEs), and reported AEs were mainly due to
SCD. In conclusion, a dose-exposure-response relationship for ticagrelor was demonstrated in chil-
dren with SCD for the first time. These data are important for future pediatric studies of the efficacy
and safety of ticagrelor in SCD.

events/person-year) and no increased bleeding risk with prasugrel.® In

addition, the reduction in VOC rate did not reach statistical signifi-

Current understanding of sickle cell disease (SCD) includes pathophys-
iology beyond the red blood cell, for example, inflammation, oxidant
stress, vasoregulation, endothelial dysfunction, and thrombosis.*™>
Platelet activation is at the cross-roads of most of these pathophysio-
logic pathways, both acute and chronic. In SCD, during the non-crisis
“steady state” platelets are activated, and during painful episodes,
platelets are further activated.® This process promotes adherence of
sickle cells to vessel walls thereby contributing to vaso-occlusion. Fur-
thermore, platelets have a pivotal role in adhesion of neutrophils dur-
ing vaso-occlusive crises (VOCs).” Based on these findings, inhibiting
platelet activation maybe a potential therapeutic option to reduce
VOC risk in SCD. However, a recent, phase 3 trial (DOVE) with the
antiplatelet agent prasugrel in 341 children and adolescents with SCD,
reported a small numerical reduction of VOC events with prasugrel

(328 events, 2.30 events/person-year) vs placebo (408 events, 2.77

cance in the DOVE trial.® A potential limitation of the DOVE trial was
that the observed level of platelet inhibition (P2Y4, reaction units
[PRU]) was only ~20% from baseline.” Thus, it is of interest to assess
the potential clinical consequences of a higher level of platelet inhibi-
tion in patients with SCD.

The direct-acting antiplatelet agent ticagrelor binds reversibly to
the P2Y, receptor and inhibits adenosine diphosphate-induced plate-
let aggregation.*®~2 Ticagrelor also reduces cellular uptake of adeno-

sine via inhibition of nucleoside transporter 1;12-14

this effect may
have vasodilatory or anti-inflammatory effects in ischemic tissues dur-
ing impending or ongoing VOC. Based on the results of 2 phase 3 trials
in adults with coronary artery disease (PLATO study, PEGASUS-TIMI
54 study),*>¢ ticagrelor with low-dose aspirin (75-100 mg/d) is cur-
rently indicated to reduce the rate of cardiovascular death, myocardial

infarction, and stroke in adult patients with acute coronary syndrome
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or a history of myocardial infarction.!” In adults, the pharmacokinetics
(PKs) and pharmacodynamics (PDs) of ticagrelor and its active metab-
olite (AR-C124910XX) have been extensively evaluated.’®-2* How-
ever, little is known about the dose to exposure relationship for
ticagrelor and AR-C124910XX, and the dose to platelet inhibition
response relationship in children. To further explore the use of tica-
grelor in other indications and for pediatric use (an unmet need), the
HESTIA clinical development program is investigating the potential
use of ticagrelor in patients with SCD, given the promising data on the
role of platelet inhibition in SCD.

The primary objective of this 2-part, multicenter dose-finding
study (HESTIA1; NCT02214121) of ticagrelor in children with SCD
was to demonstrate the relationship between ticagrelor dose and inhi-
bition of platelet aggregation in children with SCD. Secondary objec-
tives included assessments of ticagrelor plasma exposure, safety and
tolerability. An exploratory efficacy analysis was to assess the poten-
tial impact of ticagrelor on pain-related measures, and investigation of
ticagrelor palatability in the pediatric population.

2 | METHODS

2.1 | Patients

Key eligibility criteria included patients with a diagnosis of homozy-
gous sickle cell (hemoglobin SS) or sickle beta-zero (hemoglobin S°)
thalassemia, aged 22 to <18 years, and body weight >16 kg. Patients
receiving hydroxyurea were required to have a stable dose for
1 month before enrollment. Patients on chronic red blood cell transfu-
sion therapy were excluded. The major exclusion criteria were factors
that would elevate risk of bleeding: history of transient ischemic
attack or cerebrovascular accident; severe head trauma; intracranial
hemorrhage; intracranial neoplasm; arteriovenous malformation or
aneurysm; abnormal transcranial Doppler (TCD) flow velocities (mid-
dle cerebral artery and the internal carotid artery); use of nonsteroidal
antiinflammatory drugs for >3 d/wk; treatment with anticoagulants or
antiplatelet drugs that could not be discontinued; moderate or severe
hepatic impairment; active pathological bleeding or increased risk of
bleeding complications. Patients were required to have had a normal
TCD (if aged <16 years) and an ophthalmological examination (if aged
>6 years) within the previous 12 months. Females of child-bearing
potential had to use a highly effective contraception method or sexual
abstinence, be nonpregnant, not breast feeding, and not planning a
pregnancy during the study.

Patients were randomized at 17 centers across North America,
Europe, Africa, and the Middle East, chosen to reflect the global ethnic
diversity of SCD. Signed, informed consent was obtained from the
parent(s)/legal guardian, and assent/consent was obtained from each
child/adolescent prior to any study-specific procedures according to
local requirements. The final study protocol, amendments, and informed
consent documentation were approved by an Ethics Committee and/or
Institutional Review Board. The study was conducted in accordance
with the Declaration of Helsinki and the International Conference on
Harmonization/Good Clinical Practice Guidelines, and followed applica-

ble regulatory requirements and the AstraZeneca policy on bioethics.

2.2 | Study design and treatments

HESTIA1 was a phase 2 multicenter study consisting of 2 parts
(Supporting information Figure S1).

Part A was an open-label, dose-ranging phase. Eligible patients
were randomized (using an Interactive Voice Response System/Inter-
active Web Response System) 1:1 to receive 1 of 2 dosing schedules;
an initial single ticagrelor dose of 0.125 mg/kg followed at least 7 days
later by a second single dose at either 0.375 or 0.563 mg/kg. Single
doses were followed by repeated dosing with open-label ticagrelor
0.125 mg/kg b.i.d. for 1 week. Doses were increased after a prespeci-
fied interim analysis conducted after 12 patients had completed dos-
ing in part A. In the second dosing schedule in part A, patients
received an initial ticagrelor dose of 0.75 mg/kg followed 7 days later
by a single dose of ticagrelor at 1.125 or 2.25 mg/kg then followed by
open-label ticagrelor at 0.563 or 0.75 mg/kg b.i.d. for 1 week. Ticagre-
lor treatment was discontinued in patients who had a repeated pro-
nounced PD response despite a reduced dose.

Part B was an optional, double-blind, placebo-controlled exten-
sion phase for patients who completed part A. Eligible patients were
randomized 2:1 to ticagrelor or matching placebo for 4 weeks.
Patients randomized to ticagrelor received 0.125, 0.563, or 0.75
mg/kg b.i.d.

In both parts, ticagrelor (or matching placebo) was administered
as an oral suspension. All patients were followed up 30-35 days after
the last dose of study drug.

2.3 | Platelet inhibition and plasma exposure
assessments

In part A, 4 mL blood samples for PRU assessments were collected
predose and 2 hours postdosing and at 6 hours (patients >21 kg), after
single ticagrelor doses. At the end of 7 days of repeated dosing, PRU
samples were collected predose and 2 hours postdose. In the optional
part B, sampling for PRU assessments could be collected after 4 weeks
pre and postdose. PRU assessments were measured in each study
center following blood collection, using the VerifyNow system that
has been validated for direct clinical use and is a commercially avail-
able point-of-care assay, according to the manufacturer’s instructions
(Accumetrics, Inc., San Diego, California).

Blood samples for quantification of plasma concentrations of tica-
grelor and AR-C124910XX were collected up to 6 or 8 hours post-
dose after a single ticagrelor dose, and predose and 2 hours postdose
after 7 days repeated dosing of ticagrelor in part A. In the optional
part B, only limited blood samples could be collected after 4 weeks for
assessment of exposure. Plasma samples were stored at —20°C in an
upright position within 30 minutes of preparation and kept frozen
until shipment. The frozen samples were shipped (on dry ice) to and
analyzed by the central analytical laboratory (Indianapolis, Indiana).

Ticagrelor and the active metabolite were quantified in plasma
using a fully validated liquid chromatography tandem mass spectrome-
try method.?? Ranges of the calibration curves were 1-2000 ng/mL
(ticagrelor) and 2.5-1000 ng/mL (AR-C124910XX) with a 100 pL sam-

ple volume.
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2.4 | Safety TABLE1 Patient baseline characteristics of ticagrelor-dosed patients
in part A
Safety was assessed throughout both parts of the study by monitoring
. . . Characteristic Ticagrelor (n = 45)
adverse events (AEs) and serious adverse events (SAEs), including A
. . . .. ge
bleeding events. AEs were coded according to the Medical Dictionary
. . . . Mean (range) (years) 11.2 (3-17)
for Regulatory Activities version 19.0. Patients underwent physical
. | 4 fol ol s hecked 2-11 years, n (%) 24 (53.3)
examination at enrollment and follow-up. Vital signs were checked at 12-18 years, n (%) 21(467)
each study visit. 12-lead electrocardiograms (ECGs) were collected at Sex, n (%)
, 0
enrollment and after 7 days of dosing in part A. Standard clinical labo- Male 21 (46.7)
ratory testing (hematology, clinical chemistry, and urinalysis) was con- Fernale 24 (53.3)
ducted at enrollment, after 7 days of dosing in part A and at the end Race, n (%)
of treatment in part B. White 10(22.2)
Black or African American 35 (77.8)

2.5 | Exploratory efficacy analyses and palatability
assessments

In both parts of the study, patients 24-years old completed an elec-
tronic diary on a handheld device (with the help of a parent/guardian
as appropriate) daily to record pain (including intensity), analgesic
use (including opioids), and days absent from school/work (ages
>6 years only). From these diaries, the following efficacy variables
were derived: days with pain, intensity of pain, days of analgesic use,
days of opioid analgesic use, and days of absence from school
or work.

Investigational product palatability was assessed qualitatively in a
standardized way by a nurse at the study site based on observation of
willingness to swallow the study drug and negative response behavior
in children <é-years old, and was patient-reported using the Hedonic
Faces Scale (5-point scale ranging from “dislike very much” to “like

very much”) in patients 26 years.

2.6 | Descriptive data analyses

No formal sample size calculation was performed. The sample size
was selected to generate sufficient data for a population PK-PD
modeling- and simulation-based dose selection in subsequent efficacy
studies, whilst exposing a minimum number of pediatric patients to
ticagrelor.

Absolute values and relative change from baseline of PRU by
dose group were evaluated graphically (box plots) and with
descriptive statistics (mean and SD) at 2 hours postdose. Ticagrelor
and AR-C124910XX plasma concentrations (geometric mean) were
evaluated graphically over time after dosing and by dose group
(box plots) at 2 hours postdose. AEs were summarized by number
and percent of patients. Efficacy analyses were based on random-
ized treatment, and safety analyses were based on actual treat-

ment received.

3 | RESULTS

Data underlying the findings described in this article may be obtained
in accordance with AstraZeneca's data sharing policy available at
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/

Disclosure.

Data shown for randomized patients taking at least 1 dose of ticagrelor.

3.1 | Patient disposition and demographics

A total of 18 centers screened patients (see acknowledgments), and
17 sites randomized patients in the USA (6), UK (4), Kenya (2), Leba-
non (2), South Africa (2), and Canada (1) between September 11, 2014
(first patient randomized) and February 27, 2017 (last patient com-
pleted the study).

In part A, 46 patients were randomized, 45 received at least 1 tica-
grelor dose, and 39 patients completed this part (Supporting Informa-
tion Figure S2). The discontinuation reasons were: patient decision
(n = 2; 1 of these patients had insufficient venous access to obtain a
predose blood sample and was not dosed; neither withdrawal was due
to AEs); development of study-specific withdrawal criteria (ie,
repeated low PRU values; n = 4). A total of 25 patients were random-
ized, 23 received the relevant study treatment, and 21 patients com-
pleted part B (Supporting Information Figure S2). The discontinuation
reasons were: patient decision (n = 1; ticagrelor); development of
study-specific withdrawal criteria (ie, repeated low PRU values; n = 2;
ticagrelor); and lost to follow-up (n = 1; placebo).

Key demographic/baseline characteristics for patients dosed with
ticagrelor in part A are shown in Table 1. Mean patient age was
11.2 years, and most patients (77.8%) were Black or African American.
Twenty-four patients (53.3%) were female, and about two-thirds
(66.7%) of patients had experienced a prior SCD complication
(Supporting Information Table S1). Approximately 80% of patients
were being treated with hydroxyurea.

Treatment compliance was high; median compliance with dosing
was 100% in part A and 97.4% (ticagrelor) and 98.3% (placebo) in part
B. In the 4-week long part B, patients took the study drug for a mean
(SD) of 27.4 (6.4) and 29.4 (3.4) days in the ticagrelor and placebo
groups, respectively.

3.2 | Platelet inhibition response

A clear dose-response relationship was seen, and the effect on both
absolute and relative PRU is shown in Figure 1. As expected, due to the
reversible mode of action of ticagrelor, PRU values returned towards
baseline levels with the decline in ticagrelor plasma exposure at 6-8 post-

dose (data not shown). In part A, PRUs measured prior to dosing were
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Boxplots of absolute (A) and relative (B) PRU at 2 hours postdose after single ticagrelor doses in part A. A, the observed PRU values at

2 hours post a single dose at both visits 2 and 3. PRU % inhibition was calculated by the dividing the observed PRU value at 2 hours by the
individual baseline PRU value (1—[observed PRU/baseline PRU]) x 100, values above 100% and below 0% were imputed to 100% and 0%,
respectively (Figure B only). For patients missing a visit 2 baseline PRU, the visit 3 predose value (following a 1-week wash-out) was used. The
boxplot whiskers display the 5th and 95th percentile of the data, values beyond this (outliers) are excluded from the graphs. Abbreviation: PRU,

P2Y, reactivity unit

similar for each ticagrelor dose group (Supporting Information Table S2).
PRU inhibition at 2 hours after single ticagrelor doses ranged from 6%
(0.125 mg/kg) to 73% (2.25 mg/kg) (Supporting Information Table S2).
With twice-daily ticagrelor doses in part A, mean (SD) PRU inhibition at
2 hours postdose relative to baseline were —11.1% (21.8), —58.0% (29.8),
and —45.2% (27.2) for ticagrelor 0.125, 0.536, and 0.75 mg/kg bid,
respectively (Supporting Information Table S2).

3.3 | Ticagrelor and AR-C124910XX plasma
exposure

Exposure to ticagrelor and AR-C124910XX increased approximately
linearly with ticagrelor dose (Figure 2). Mean plasma concentration

and time profiles for each of the single ticagrelor doses are shown in

(A) Ticagrelor concentration 2 hours postdose
1000+

8004
6004
4004

2004
1o ®

0.125 0375 0563 0.750 1.125 2250
n=14 n=7 n=18 n=31 n=10 n=9

Ticagrelor dose (mg/kg)

Plasma concentration (ng/mL)

Supporting Information Figure S3. Mean 2-hour ticagrelor plasma con-
centrations after a single ticagrelor dose were 13.6, 45.2, 86.9,
132, 216, and 478 ng/mL for the 0.125, 0.375, 0.563, 0.75, 1.125,
and 2.25 mg/kg doses, respectively. At each dose level, plasma con-
centrations of AR-C124910XX were approximately one-third of tica-
grelor concentrations (Figure 2).

At steady-state in part A, mean ticagrelor plasma concentrations
2 hours postdosing (on day 7) were 18.1, 123, and 121 ng/mL for the
0.125, 0.563, and 0.75 mg/kg bid doses, respectively.

3.4 | Safety and tolerability

No deaths or AEs leading to discontinuation of the study drug or to

patient withdrawal occurred during either part of the study. The

(B) AR-C124910XX concentration 2 hours postdose

1000+

800+
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400+
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Plasma concentration (ng/mL)

_Eégﬁi

0.125 0.375 0563 0.750 1.125 2.250
n=9 n=6 n=17 n=30 n=10 n=9

Ticagrelor dose (mg/kg)

0

FIGURE 2 Boxplots of observed plasma concentrations at 2 hours postdose of (A) ticagrelor and (B) AR-C124910XX following a single ticagrelor
dose. The boxplot whiskers display the 5th and 95th percentile of the data, values beyond this (outliers) are excluded from the graphs. Values

below the limit of quantification of the bioanalysis method are not included
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TABLE2 AEs regardless of causality

Part A
AEs, n (%)? Ticagrelor (n = 45)
Any AE 30 (66.7)
Any SAE 5(11.1)
Any AE leading to dose interruption 1(2.2)
AEs considered related to study drug 2(4.4)
AEs occurring in 22 patients in any arm
Sickle cell anemia with crisis? 9 (20.0)
Abdominal pain 6(13.3)
Arthralgia 5(11.1)
Pain in extremity 5(11.1)
Back pain 3(6.7)
Headache 4(8.9)
Facial pain 2(4.4)
Noncardiac chest pain 2(4.4)
Vomiting 0
Oropharyngeal pain 1(2.2)
Upper abdominal pain 0
Pyrexia 1(2.2)
Musculoskeletal pain 1(2.2)
Cough 1(2.2)
SAEs
Sickle cell anemia with crisis® 3(6.7)
Gastroenteritis viral 1(2.2)
Acute chest syndrome 1(2.2)
Hemorrhagic events 0

Events occurring during follow-up are not shown.

BE WiLE Yy

Part B

Ticagrelor (n = 16) Placebo (n=7)
13(81.3) 6(85.7)
4(25.0) 1(14.3)
1(6.3) 1(14.3)
0 0
4(25.0) 2(28.6)
3(18.8) 2(28.6)
4(25.0) 2(28.6)
3(18.8) 2(28.6)
2(12.5) 1(14.3)
0 2(28.6)
1(6.3) 1(14.3)
1(6.3) 1(14.3)
3(18.8) 0
3(18.8) 0
2(12.5) 0
2(12.5) 0
2(12.5) 1(14.3)
2(12.5) 0
3(18.8) 1(14.3)
0 0
1(6.3) 0

0 0

Abbreviations: AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event.

2 Safety analysis is based on the actual treatment received.
b Preferred term according to MedDRA version 19.1.

proportion of patients experiencing at least one AE during treatment
was similar across all tested ticagrelor doses. SAEs developed in
5 patients in each of parts A and B of the study (Table 2). The most
commonly reported AEs in part A were sickle cell anemia with crisis
(ie, vaso-occlusive pain), abdominal pain, arthralgia, and pain in
extremity (Table 2). Similarly, these AEs were also the most common
in part B in both the ticagrelor and placebo groups (Table 2). No
patients experienced a hemorrhagic event during treatment, although
1 patient in the ticagrelor group in part B reported a mild spontaneous
epistaxis on day 29 after the last ticagrelor dose during the follow-up
period, which was considered to be a minor bleed.

Two patients in part A developed AEs that were considered to be
treatment related as judged by the investigator: 1 patient had abdomi-
nal pain, and the other patient had headache and jaundice. No
treatment-related AEs were reported in part B.

Most AEs were mild-to-moderate in intensity. Three patients in
each part of the study had severe AEs as judged by the investigator,
none of which were considered related to ticagrelor: sickle cell anemia
with crisis (n = 2) and acute chest syndrome (n = 1) in part A, and sickle
cell anemia with crisis (n = 2; ticagrelor group) and acute chest syn-
drome (n = 1; ticagrelor group) in part B.

There were no clinically meaningful differences across the groups

in the physical examinations, vital signs, ECGs, or changes from

baseline in laboratory parameters (hematology, clinical chemistry, and

urinalysis).

3.5 | Exploratory efficacy analyses and palatability

During part A, 43 of 44 children 24-years old reported in the electronic
diary. The mean (SD) proportion of self-reported days with pain was
25.1% (31.1). In part B, the mean (SD) proportion of self-reported days
with pain was similar between ticagrelor (n = 14) and placebo (n = 8), that
is, 27.0% (24.1) and 31.8% (23.7), respectively. There were no clinically
relevant findings or differences between ticagrelor and placebo in any of
the other exploratory efficacy variables assessed (data not shown).

Palatability was generally good. Children <é6-years old swallowed
the ticagrelor suspension without problem and did not exhibit any
negative response behavior. For children 26 years, the number self-
reporting “dislike very much”, “dislike a little”, “not sure”, “like a little”,
and “like very much” was 1 (2.3%), 12 (27.9%), 10 (23.3%), 11 (25.6%),
and 6 (14.0%), respectively.

4 | DISCUSSION

HESTIA1 is the first pediatric study to demonstrate the relationship

between ticagrelor dose, exposure and inhibition of platelet
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aggregation in children with SCD. PRU values decreased after ticagre-
lor dosing (predose to 2 hours postdosing). Mean PRU decreased in a
dose-dependent manner, ranging from a mean PRU reduction at
2 hours of 73% after a single dose of 2.25 mg/kg to 6% after a single
ticagrelor dose of 0.125 mg/kg. As expected, ticagrelor plasma expo-
sure appeared to increase approximately proportionally with increas-
ing ticagrelor doses and was predictable. It is encouraging to note that
ticagrelor was well tolerated in this cohort of children with SCD, and
few patients withdrew from the study. Importantly, ticagrelor did not
increase the risk of bleeding in this study population, and no safety
concerns were raised from the evaluated dose range given as single
doses and repeated doses. Treatment compliance was in excess of
90%. The ticagrelor oral suspension used in this study appeared to be
palatable to the patients in this study.

Time-matched plasma concentration and PRU measurements
were collected to enable evaluation of ticagrelor exposure to the
observed effect on PRU. The ticagrelor:metabolite ratio of 3:1 was
also similar in children with SCD compared with adult healthy volun-
teers.2® Limited accumulation of plasma concentrations was observed
when comparing the 2-hour plasma exposure after a single ticagrelor
dose and at steady state following twice-daily dosing. The relationship
between ticagrelor exposure and PD effect in this population is in line
with that observed in young adult (18-30 years) SCD patients
(AstraZeneca data on file), and in other adults (healthy volunteers and
patients with acute coronary syndromes).?*

A similar platelet inhibition response in different age groups is
consistent with the results of an in-vitro investigation comparing the
anti-platelet potency of ticagrelor in children and adults.?* In this
in vitro assessment, ticagrelor (0.01-10 pmol/L) was added to platelet-
rich plasma from infants and children (0-2, 2-6 months, 6 months-2
years, 2-6, and 6-12 years) and adults (>18 years), and platelet inhibi-
tion was evaluated. For all infant and child age groups, the potency of
ticagrelor was comparable with that seen in adults. These findings
suggest that at equivalent levels of drug exposure, children and adults
would have a comparable antiplatelet response to ticagrelor, and that
platelets in children do not react differently to ticagrelor,?* which are
supported by our current findings in pediatric patients with SCD.

HESTIA1 did include limited secondary/exploratory efficacy
assessments. Due to the small number of patients analyzed for these
efficacy variables and the fact that most patients randomized to tica-
grelor received a dose providing only minor platelet inhibition, the
ability to draw conclusions was limited with regard to clinical efficacy.
A further constraint of this analysis was the short study duration. A
longer study with a larger group of patients would be required to eval-
uate the potential effects of ticagrelor on VOCs in SCD.

There is a clear physiological rationale for studying antiplatelet
agents in SCD. Interactions between sickle cells, endothelial cells, and
plasma constituents initiate and sustain vaso-occlusion.? Platelet acti-
vation is increased in SCD patients even in the basal state, and
increases further during VOC.® Not only does platelet activation
directly increase blood coagulability, it also potentiates or activates
other clotting pathways that contribute to intravascular thrombosis
and vasculopathy.® Thus, inhibition of platelet activation has potential

as a therapeutic option in SCD, and may result in decreased incidence

and severity of vaso-occlusion and modification of other disease man-
ifestations related to microvascular occlusion.

To date, there is some clinical support for the potential use of
agents inhibiting platelet activation or agents affecting down-stream
effects of activated platelets in SCD, such as a ticlopidine study show-
ing a reduction in VOC rate of >60%2° and the recent study with
crizanlizumab,?® a monoclonal antibody against P-selectin, which is
expressed on the surface of activated platelets and promotes cell
aggregation during sickling,?” demonstrating >50% reduction in pain
crises compared with placebo. In the recent phase 3 trial DOVE evalu-
ating prasugrel in children and adolescents (2-17 years), numerical
reductions were seen for prasugrel compared with placebo in VOC
event rate® at a modest platelet inhibition.” The present HESTIA1
study evaluated a broad range of platelet inhibition which was well
tolerated with no safety concerns raised for the ticagrelor dose range
evaluated. These findings, therefore, pave the way for future studies
with ticagrelor to evaluate the efficacy and safety of a higher degree
of platelet inhibition than in previous outcome studies in SCD with
platelet inhibitors.

No safety concerns were raised in pediatric patients receiving sin-
gle and multiple doses of ticagrelor in the present study, and ticagrelor
had an acceptable tolerability profile in this age group. No bleeding
events were seen during treatment with ticagrelor. Indeed, most of
the reported AEs in HESTIA1 are consistent with common medical
issues in children with SCD.28-3! However, the safety profile of tica-
grelor in this population will need further investigation in subsequent
studies to establish the efficacy-safety profile.

Our study is not without limitations. A small number of patients
were randomized, although it is not appropriate to use large num-
bers of children at the early dose-ranging phase of clinical research.
The observed PRU values were variable, as seen in the baseline
samples and following placebo treatment. The observed higher
platelet inhibition with 0.563 mg/kg bid compared with 0.75 mg/kg
bid ticagrelor may be attributed to the relatively small number of
patients and the observed variability in the PRU assay. The study
also had a short duration, and was not statistically powered to
detect differences in clinical outcomes (ie, endpoints evaluated in
the exploratory analyses reported herein) and safety vs placebo.
However, this study was conducted at multiple centers around the
world and ticagrelor was evaluated on a background of hydroxyurea
in most patients, capturing data from a population representative of
the global SCD population.

In conclusion, HESTIA1 is the first study to assess the dose to
ticagrelor and AR-C124910XX exposure, and dose to platelet inhibi-
tion response profile in children with SCD. The sensitivity to ticagre-
lor on platelet inhibition in these children appeared to be similar to
that observed in healthy adults and adult patients with acute coro-
nary syndrome/coronary artery disease. Overall, no safety concerns
were raised from treating pediatric patients with a broad range of
single and repeated doses of ticagrelor during the study. The poten-
tial of ticagrelor to impact SCD-related pain crises warrants further
evaluation in this population, and a phase 3 study (HESTIA3) is

planned.3?
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