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Summary

Ticagrelor is an antiplatelet agent for adults with coronary
artery disease. The inhibition of platelet activation may
decrease the frequency of vaso-occlusion crisis (VOC) in sickle
cell disease (SCD). The HESTIA2 study (NCT02482298) ran-
domised 87 adults with SCD (aged 18-30 years) 1:1:1 to twice-
daily ticagrelor 10, 45 mg or placebo for 12 weeks. Numerical
decreases from baseline in mean proportion of days with
patient-reported pain (primary endpoint) were seen in all
three groups, as well as in pain intensity and analgesic use, with
no significant differences between placebo and ticagrelor treat-
ment groups. Plasma ticagrelor concentrations and platelet
inhibition increased with dose. Adverse events were distributed
evenly across groups and two non-major bleeding events
occurred per group. Ticagrelor was well tolerated with a low
bleeding risk, but no effect on diary-reported pain was
detected. Potential effects on frequency of VOCs will need to
be evaluated in a larger and longer study.

Keywords: pain, safety, sickle cell disease, ticagrelor,
vaso-occlusion crisis.

Sickle cell disease (SCD) is an autosomal recessive inher-
ited disorder resulting in an altered haemoglobin B-chain
(Ware et al, 2017). Sickled erythrocytes adhere to the vas-
cular endothelium and the subsequent obstruction leads
to painful ischaemia, i.e. vaso-occlusive crisis (VOC)
(Novelli & Gladwin, 2016). VOCs are associated with hos-
pitalisation (Raphael et al, 2012), reduced quality of life
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(Dampier et al, 2011) and increased mortality (Darbari
et al, 2013).

Platelets are activated during the non-crisis ‘steady state’
and are further activated during painful SCD episodes (Lee
et al, 2006). Evidence suggests an association between soluble
CD40 ligand (a marker of platelet activation) and frequency of
pain episodes in adults with SCD (Ataga et al, 2012). Thus,
inhibition of platelet activation may be a potential SCD thera-
peutic option. A study in SCD patients demonstrated that the
anti-platelet drug ticlopidine resulted in 66% fewer pain crises
versus placebo (Cabannes et al, 1984). The DOVE phase III
trial in 341 children and adolescents with SCD reported a
numerical reduction (not statistically significant) in VOCs
with the antiplatelet agent prasugrel (328 events, 2-30 events/
person-year) versus placebo (408 events, 2-77 events/person-
year) with a trend towards improvement in adolescents
(Heeney et al, 2016). Although there is some support for plate-
let inhibition having potential to reduce SCD-associated pain
crisis, the effect of platelet inhibition on daily, self-reported,
SCD-related pain is less clear. A smaller study with prasugrel
for 30 days showed a trend towards decreased self-reported
pain in adults with SCD (Wun et al, 2013).

Ticagrelor is an orally administered, direct-acting, reversi-
bly binding P2Y;, receptor antagonist that inhibits adenosine
diphosphate-induced platelet aggregation (van Giezen et al,
2009), and inhibits cellular uptake of adenosine by inhibiting
the equilibrative nucleoside transporter 1 (Armstrong et al,
2014). Based on two phase III trials (PLATO: Wallentin et al,
2009; PEGASUS-TIMI 54: Bonaca et al, 2015), ticagrelor is
currently indicated for the prevention of atherothrombotic
events in adult patients with acute coronary syndromes
(ACS) or a history of myocardial infarction and a high risk
of developing an atherothrombotic event (https://www.medic
ines.org.uk/emc/medicine/23935).

The phase IIb study, HESTIA2 (NCT02482298) was con-
ducted along with the ticagrelor paediatric programme in SCD
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and was the first study of ticagrelor in adult patients with SCD.
An extensive programme in healthy volunteers and adults with
cardiovascular disease established the clinical pharmacology pro-
file of ticagrelor (Teng, 2015). Therefore, HESTIA2 dose selection
was based on pharmacokinetic/pharmacodynamic modelling
and simulation, and ticagrelor doses of 10 and 45 mg twice daily
(bid) were predicted to provide mean reductions in P2Y,, reac-
tion units (PRU, a measure of platelet aggregation) at 2 h post-
dosing of 40-50% and 80-90%, respectively. These doses
provide a wide range of peak inhibition of the P2Y;, receptor.

The primary objective of HESTIA2 was to evaluate the
efficacy of ticagrelor versus placebo in reducing the number
of days with self-reported pain due to SCD in young adults.
Secondary efficacy objectives included assessing the reduction
of self-reported pain intensity due to SCD and the reduction
in analgesic use in patients with SCD. The safety and tolera-
bility of ticagrelor were also evaluated.

Methods

Patients

Key inclusion criteria were males and females (negative
serum/urine pregnancy tests at enrolment/randomisation and
using contraceptives if of child-bearing potential), aged 18—
30 years, confirmed medical history/diagnosis of homozygous
sickle cell (HbSS) or sickle beta-zero thalassemia (HbSp’, by
high-performance liquid chromatography), and >4 days of
pain during the 4-week single-blind placebo baseline period
(prior to randomisation). For patients on hydroxycarbamide,
a stable dose for 3 months prior to enrolment was required.
For patients on erythropoietin, the drug must have been pre-
scribed for the preceding 6 months and at a stable dose for
>3 months prior to randomisation.

Patients were excluded if they had a history of transient
ischaemic attack or clinically overt cerebrovascular accident,
severe head trauma, intracranial haemorrhage, intracranial
neoplasm, arteriovenous malformation or aneurysm. Patients
were not to be receiving chronic red blood cell transfusion
therapy or chronic treatment with anticoagulants or antipla-
telet drugs. Other exclusion criteria included current bleed-
ing, an increased risk of bleeding complications, moderate or
severe hepatic impairment, haemoglobin <40 g/l or platelet
count <100 x 10%/1.

Study design and treatments

HESTIA2 was a phase IIb, randomised, double-blind, dou-
ble-dummy, parallel-group, multicentre study (Fig 1). Partic-
ipants were randomised 1:1:1 to receive ticagrelor 10, 45 mg
or placebo bid, respectively. Randomisation was performed
using an interactive voice response system/interactive web
response system.

The study consisted of three periods over 18 weeks (Fig 1):
a 4-week, single-blind placebo run-in period for baseline
assessments of pain-related variables; then a 12-week, double-
blind treatment period; and a 2-week follow-up period after
treatment completion.

Randomised patients received one of three regimens, receiv-
ing one tablet bid (orally) from each bottle to preserve blinding
(double-dummy): ticagrelor 10 mg plus matching placebo for
ticagrelor 45 mg; ticagrelor 45 mg plus matching placebo for
ticagrelor 10 mg; matching placebo for ticagrelor 10 and 45 mg.

Study visits occurred at screening/enrolment, at randomi-
sation and thereafter at 1 week, 4 and 12 weeks (end of
treatment). A follow-up phone call was scheduled 2 weeks
after the last intake of study drug to collect adverse events
(AEs) and any changes in concomitant mediations.
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Fig 1. Study design. bid, twice daily; DB, double blind; R, randomisation; V, visit.
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All patients provided written, informed consent before any
study-specific procedures. At each site, the final study proto-
col, amendments, and informed consent documentation were
approved by an Ethics Committee and/or Institutional Review
Board, or national regulatory authorities. The study was con-
ducted in accordance with the Declaration of Helsinki and the
International Conference on Harmonization/Good Clinical
Practice Guidelines, and followed applicable regulatory
requirements and AstraZeneca’s policy on bioethics.

Assessments

The primary efficacy variable was the proportion of days with
diary-reported SCD pain during the 12-week treatment period.
Secondary efficacy variables included SCD pain intensity, and
the proportion of days with analgesic use. Pain was recorded
daily in an electronic diary using a handheld device from the
start of the baseline period until the end of the randomised
treatment period. Every evening, patients were to rate the
intensity of the worst pain in the previous 24 h using an
11-point scale; where 0 represented ‘no pain’ and 10 repre-
sented ‘pain as bad as you can imagine’. Patients recorded
analgesic use (yes/no); type of pain medication was not
recorded. Concomitant medications (including pain medica-
tion) were recorded by the investigator. Each time study drug
was returned, compliance was assessed based on patient inter-
view and tablet count. Days absent from school/work were
recorded in the electronic diary (exploratory assessment).

Blood samples for pharmacokinetic analyses were collected
at randomisation, 2 h after the first dose of study drug and
on day 7 (£3 days) at 0 h (pre-dose) and 2 h post-dose.
Ticagrelor and AR-C124910XX (active metabolite) plasma
concentrations were determined using a fully validated, lig-
uid chromatography tandem mass spectrometry assay; lower
limits of quantification were 5-0 and 2-5 ng/ml, respectively,
from 100 pl of human plasma (Sillén et al, 2010).

PRU (Verinyow®, Accumetrics, Inc., San Diego, CA,
USA) blood samples were obtained pre-dose at randomisa-
tion and then at the same time points as for the pharmacoki-
netic analysis.

Safety

Adverse events were recorded throughout the study and clas-
sified using the Medical Dictionary for Regulatory Activities
(MedDRA) version 19.0 (https://www.meddra.org/sites/defa
ult/files/guidance/file/intguide_19_0_english.pdf).

Bleeding events were categorised as major, clinically rele-
vant non-major, or minor by the investigators (Mitchell
et al, 2011). Major bleeding was any fatal bleeding, clinically
overt bleeding (with a haemoglobin decrease >20 g/1), bleed-
ing that was retroperitoneal, pulmonary, intracranial or
otherwise involved the central nervous system, or bleeding
requiring surgical intervention (operating suite). Clinically
relevant, non-major bleeding was overt bleeding for which a

Ticagrelor in Sickle Cell Disease

blood product was administered and not directly attributable
to the underlying medical condition, or bleeding that
required medical or surgical intervention (not an operating
suite). Minor bleeding was any overt or macroscopic evi-
dence of bleeding not fulfilling criteria for either major
bleeding or clinically relevant, non-major bleeding.

Patients underwent a physical examination at enrolment
and at the end of treatment. Vital signs were assessed at
every visit (except follow-up). Clinical laboratory safety
assessments (standard haematology, clinical chemistry, uri-
nalysis and pregnancy testing) were conducted at enrolment,
during week 4 and at the end of treatment. A pregnancy test
was also conducted at randomisation before start of tica-
grelor or matching placebo dosing.

Sample size and data analyses

Assuming the proportion of days with pain with placebo was
0-56 and the common standard deviation (SD) was 0-4,
based on published data (Smith et al, 2008; Wun et al,
2013), 30 patients/group were expected to detect a difference
in the proportion of days with pain of 0-17 (17 percentage
points) by use of a 90% confidence interval (CI).

The proportion of days with pain due to SCD was calcu-
lated as the number of days in the treatment period with any
reported SCD pain (i.e. worst pain score >0) divided by the
total number of days reported in the electronic diary during
the treatment period.

SCD pain intensity was based on the average of the daily
worst pain values (electronic diary) during the treatment per-
iod, including days with a pain intensity of 0. A post-hoc
analysis investigated pain intensity during days with pain
(i.e. worst pain score >0).

The proportion of days with analgesic use was calculated
as the number of days with analgesic use in the treatment
period divided by the number of days reported in the elec-
tronic diary during the treatment period.

Baseline values for efficacy variables were calculated as the
average reported during the 4 weeks of single-blind placebo
baseline period before randomisation.

A post-hoc visual exploration of the baseline proportion of
days with pain versus haemoglobin and leucocytes baseline
levels investigated the potential relationship between daily
pain and levels of these laboratory parameters.

Statistical analyses were conducted using SAS® version 9.4
(SAS Institute, Inc., Cary, NC, USA). Continuous variables
were presented as descriptive statistics (n, mean and SD), and
categorical variables were summarised as number of patients
and percentage by group. The proportion of days with SCD
pain from baseline to week 12 was analysed using a mixed
model analysis of covariance (MMANCOVA) adjusting for
treatment, country, baseline proportion of days of pain and
baseline hydroxycarbamide use. Treatment, hydroxycarbamide
and baseline proportion of pain were fixed effects, and country
was a random effect. A sensitivity analysis was performed using
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the ssme MMANCOVA model excluding country and baseline
hydroxycarbamide use. Two additional sensitivity analyses
were conducted to assess possible implications of missing elec-
tronic diary data for days of pain, using the primary MMAN-
COVA model and including only those patients with <10% or
<20% of daily electronic diary pain data missing during treat-
ment. For each analysis, least squares (LS) mean differences
and 90% CIs were calculated between ticagrelor 45 mg and
placebo, and ticagrelor 10 mg and placebo. The MMANCOVA
model was applied to the proportion of days with analgesic
use, based on the same methodology as for the primary vari-
able and including a sensitivity analysis which excluded coun-
try and baseline hydroxycarbamide use. Handling of
multiplicity was not pre-specified. Hence, no formal hypothe-
sis test were performed for the secondary variables.

Results

Data underlying the findings described in this article may be
obtained in accordance with AstraZeneca’s data sharing pol-
icy, available at https://astrazenecagrouptrials.pharmacm.com/
ST/Submission/Disclosure.

Patients and treatment

This study was conducted at 26 centres in eight countries.
The countries (number of centres) were Lebanon (two),

Patients enrolled®
n=194

Egypt, France, Italy, Kenya, Turkey (three in each), UK
(four) and the USA (five). The first patient was enrolled on
09 July 2015, and the study was completed on 16 November
2016.

Of 194 enrolled patients, 87 were randomised (Fig 2). Key
reasons for non-randomisation were failure to meet inclu-
sion/exclusion criteria, with 29 patients having <4 days of
pain during the 4-week, single-blind, placebo run-in period
and 71 patients failing other criteria. Most patients (n = 78;
90%) completed randomised treatment, and three patients/
group discontinued treatment (Fig 2). Reasons for discontin-
uation were: withdrew consent (n =5, in one patient an
exertional dyspnoea AE at the end of the 12-week period
contributed to the decision); due to an AE (n = 1, hepatic
ischaemia); met study-specific withdrawal criteria (n = 1;
emerging indication for surgery); lost to follow-up (n = 1);
and other reason (n = 1; incorrectly randomised despite not
fulfilling pain inclusion criterion).

Baseline characteristics were generally comparable between
groups (Table I). Overall mean age was 222 years, and more
patients had HbSS than HbSP’ thalassaemia, reflecting the
general SCD population. Most patients across all groups used
concomitant medications during the treatment period, with
no notable differences in the types of concomitant medica-
tions used among groups. The proportion of patients using
paracetamol in the ticagrelor 10 mg, ticagrelor 45 mg and
placebo groups was 67%, 53% and 57%, respectively.

Patients not randomised n = 107
Had <4 days of pain during the last 4
weeks of screening n = 29

Failed other inclusion/exclusion criteria

v

Patients randomised

v

at randomisation n = 71
Non-compliance with study drug n = 1
Withdrawal by patientn =5

n=87 Other n =1
I |
Ticagrelor 10 mg bid Ticagrelor 45 mg bid Placebo bid
Received treatment Received treatment Received treatment
n=27 n=30 n=30
Discontinued n=3 Discontinued n=3 ; ;
Lost to follow up n =1 Development of study-specific Piscontinuetjy ==
g [ ; _ —> S —»| Adverse eventn =1
Withdrawal by patient n = 1 withdrawal criteria n = 1 Withdrawal by patient n = 2
Othern=1 Withdrawal by patient n =2 yp
v v v
Completed treatment Completed treatment Completed treatment
n=24 n=27 n=27
Fig 2. Patient disposition. bid, twice daily. “Informed consent received.
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Table I. Baseline demographic characteristics of the randomised population.

Ticagrelor in Sickle Cell Disease

Ticagrelor 10 mg bid

Ticagrelor 45 mg bid

Placebo bid

Characteristic (n=27) (n = 30) (n = 30)
Age, mean (SD), years 219 (2-7) 232 (3-7) 216 (3-4)
Sex, n (%)
Male 12 (44-4) 14 (46.7) 14 (46-7)
Female 15 (55:6) 16 (53-3) 16 (53-3)
BMI, mean (SD), kg/m? 2141 (37) 210 (3-7) 21-8 (62)
Race, n (%)
White 12 (44-4) 13 (43-3) 15 (50-0)
Black/African American 14 (51-9) 17 (56:7) 15 (50-0)
Mixed 1(3-7) 0 0
SCD genotype, 1 (%)
HbSp® 3 (11-1) 6 (20-0) 7 (23:3)
HbSS 24 (88-9) 24 (80-0) 23 (76-7)

Proportion of days with pain due to SCD
during screening period, median (min., max.)

0-30 (0-00, 1-00)

0-34 (0-14, 1-00) 0-42 (0-08, 1-00)

bid, twice daily; BMI, body mass index; HbSS, homozygous sickle cell; HbSBO, sickle beta-zero thalassemia; max, maximum; min, minimum;

SCD, sickle cell disease; SD, standard deviation.

Hydroxycarbamide was used by 56%, 60% and 53% of
patients in the ticagrelor 10 mg, ticagrelor 45 mg and pla-
cebo groups, respectively.

The mean (SD) duration of study drug exposure was 76-9
(25-7) days for ticagrelor 10 mg, 80-8 (16-6) days for tica-
grelor 45 mg and 81-2 (17-3) days for placebo. Treatment
compliance was high and similar across groups. The mean
(SD) compliance with treatment was 94-0% (22-5), 92-6%
(10-3) and 90-3% (15-3) for the ticagrelor 10 mg, ticagrelor
45 mg and placebo groups, respectively.

Primary variable: proportion of days with patient-
reported SCD pain

During the baseline period, the mean (SD) proportion of
days with patient-reported SCD pain was ticagrelor 10 mg:
0-43 (0-33), ticagrelor 45 mg: 0-52 (0-34), and placebo; 0-50
(0-32), respectively. The mean proportion of days with pain
decreased numerically from baseline to week 12 for all
groups. No significant differences were seen between tica-
grelor and placebo in the change from baseline in the pro-
portion of days with pain, adjusted for other variables, such
as hydroxycarbamide use and baseline proportion of days
with pain (Fig 3). The reduction in the adjusted change from
baseline was numerically greater with placebo versus tica-
grelor 10 mg and 45 mg. The LS mean difference for tica-
grelor 10 mg versus placebo was 0-045 (90% CI: —0-061,
0-151; i.e. in favour of placebo), and for ticagrelor 45 mg
versus placebo was 0-080 (90% CI: —0-023, 0-183; i.e. in
favour of placebo). Comparable results were reported with
the sensitivity analyses excluding country and baseline
hydroxycarbamide use, and for a separate sensitivity analysis
including only subsets of patients with <10% or <20% of
daily pain data missing during treatment.

Treatment group

Ticagrelor  Ticagrelor Placebo
10 mg bid 45 mg bid

ua’ 0-0 1 1 1
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Fig 3. Change in the proportion of days with pain due to sickle cell
disease from baseline to week 12. bid, twice daily. “Least squares
mean (black spot) and 90% confidence interval (vertical line) for the
proportion of days with pain from baseline to week 12 were obtained
using mixed model analysis of covariance with terms for treatment
group, baseline proportion of days with pain, country and baseline
hydroxycarbamide use. The baseline proportion of days with pain,
treatment and hydroxycarbamide were entered into the model as
fixed effects, with country as a random effect. Baseline was defined
as day —28 to day 0 prior to study drug administration. The baseline
proportion of days with pain was calculated as the proportion of
days with any pain during the last 4 weeks of the screening period.

Secondary variables

During the baseline period, the mean (SD) patient-reported
daily worst pain intensity (scale 0-10) was generally low:
ticagrelor 10 mg: 1-38 (1-49), ticagrelor 45 mg: 2-17 (2-40),
placebo: 1.78 (1-45). In all groups, mean (SD) patient-

© 2018 The Authors. British Journal of Haematology published by British Society for Haematology 273
and John Wiley & Sons Ltd. British Journal of Haematology, 2019, 184, 269-278



J. Kanter et al

reported daily worst pain intensity values were numerically
lower during treatment versus baseline: ticagrelor 10 mg: 1-15
(1-55), ticagrelor 45 mg: 1-74 (2-28), placebo: 1-02 (1-11).

The mean proportion of days of analgesic use was numeri-
cally reduced from baseline to week 12 in all groups. The
reduction in the adjusted change from baseline for the pro-
portion of days of analgesic use was numerically greater with
placebo versus ticagrelor 10 mg and 45 mg. The LS mean dif-
ference for ticagrelor 10 mg versus placebo was 0-119 (90%
CI: 0-035, 0-204 i.e. in favour of placebo) and for ticagrelor
45 mg versus placebo was 0-098 (90% CI: 0-016, 0-180 i.e. in
favour of placebo).

Exploratory endpoints

No notable differences between groups were seen in the pro-
portion of days absent from school/work. Baseline period
mean (SD) proportion of days absent from school/work was
0-03 (0-05) for ticagrelor 10 mg, 0-09 (0-17) for ticagrelor
45 mg and 0-06 (0-11) for placebo. Treatment period mean
(SD) proportion of days absent from school/work values was
0-04 (0-07) for ticagrelor 10 mg, 0-05 (0-14) for ticagrelor
45 mg and 0-07 (0-14) for placebo.

A post-hoc analysis of pain intensity, only including days
with pain, showed no differences between groups. Baseline
mean (SD) pain intensity was 2-95 (1-56) for ticagrelor
10 mg, 3-45 (2-10) for ticagrelor 45 mg and 3-39 (1-60) for
placebo. Treatment period mean (SD) pain intensity was
3-18 (1-58) for ticagrelor 10 mg, 3-27 (1-97) for ticagrelor
45 mg and 3-47 (1-89) for placebo:.

A visual post-hoc assessment of baseline proportion of days
with pain versus levels of haemoglobin and leucocytes at
screening showed no obvious association (data not shown).

Pharmacokinetics and pharmacodynamics

Plasma ticagrelor and AR-CI12910XX exposure increased
approximately dose proportionally, and concentrations were
higher with the 45 mg versus the 10 mg dose. After the first
dose of ticagrelor, mean (SD) ticagrelor plasma concentra-
tions at 2 h post-dosing were 36-4 (20-7) and 202 (130) ng/
ml for the 10 and 45 mg groups, respectively. At steady-state,
mean (SD) ticagrelor plasma concentrations at 2 h post-dos-
ing were 49-3 (28:3) and 245 (130) ng/ml for the 10 and
45 mg bid groups, respectively. For AR-C1290XX, mean
(SD) plasma concentrations were 8-7 (6-9) and 54:6 (41-1)
ng/ml 2 h after a single ticagrelor dose of 10 or 45 mg,
respectively.

A pharmacodynamic effect (PRU reduction) was con-
firmed with ticagrelor, and a clear dose—response relationship
was seen for PRU. Mean (SD) baseline PRU values prior to
dosing were 264 (62-0), 255 (48-4) and 240 (38-8) for
ticagrelor 10 and 45 mg and placebo, respectively. At 2 h
post-dose following 1 week of treatment, mean (SD) PRU
absolute values were 191 (67-4), 55-3 (62-2) and 242 (37-9)

for ticagrelor 10 and 45 mg and placebo, respectively, and the
mean (SD) changes from baseline PRU were —79 (46-7; tica-
grelor 10 mg), —200 (57-6; ticagrelor 45 mg) and 2-6 (32-4;
placebo). The steady-state absolute PRU values and relative
change from baseline at 2 h post-dose are shown in Fig 4.

Safety

The proportion of patients experiencing AEs during treat-
ment was similar across the groups, with no relation to tica-
grelor dose (Table II). One patient (placebo) experienced a
serious AE of hepatic ischaemia and discontinued treatment.
One patient (ticagrelor 45 mg) experienced an AE of exer-
tional dyspnoea of severe intensity on day 86 at the end of
the 12-week treatment period, leading to treatment discon-
tinuation. Neither of these events were judged by the investi-
gator to be study drug-related. No deaths occurred during
the study.

Most AEs were mild or moderate, with the most common
AEs being headache, arthralgia and pain in extremities. Sev-
ere AEs were experienced by 7 (26:9%), 4 (13-3%) and 3
patients (10-0%) in the ticagrelor 10 mg, ticagrelor 45 mg
and placebo groups, respectively. The proportion of patients
experiencing a serious AE during treatment was similar
across the groups (Table II). No serious AEs were considered
to be treatment-related as judged by the investigator. The
most common serious AE was sickle cell anaemia with crisis.

Overall, six patients (2/group) experienced a total of six
bleeding events, none of which were major. Five events were
classified as clinically relevant, non-major bleeding events:
nose bleed (2 patients on ticagrelor 45 mg and 1 on pla-
cebo); blood in urine (one patient on ticagrelor 10 mg); and
vaginal bleeding (one placebo patient). One event of haema-
turia was classified as minor bleeding (one patient on tica-
grelor 10 mg). Two bleeding events were considered by the
investigator to be treatment-related: one case of intermittent
vaginal bleeding (placebo) and one of bilateral epistaxis
(ticagrelor 45 mg).

There were no clinically meaningful differences across the
groups in changes from baseline in haematology, clinical lab-
oratory results or vital signs.

Discussion

HESTIA2 is the first study of the efficacy and safety of tica-
grelor in young adults with SCD. Numerical reductions in
the proportion of days with pain were observed in all treat-
ment groups, including placebo, with no difference between
treatments. There were no benefits observed with ticagrelor
regarding secondary pain-related variables (intensity of SCD
pain, proportion of days with analgesic use), or exploratory
variables (absence from study/work, pain intensity for days
with pain). Ticagrelor was well tolerated with no increased
bleeding risk versus placebo. Although there was no effect of
ticagrelor on the primary endpoint, the trial only lasted
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Fig 4. Effects of ticagrelor on platelet activity (PRU). bid, twice daily; PRU, P2Y;, reaction units. Whiskers: 1-5x interquartile range; Boxes:
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drug according to (1 — [observed PRU/baseline PRU]) x 100. Values are imputed to be between 0% and 100% relative inhibition. Patients with
missing baseline values were imputed with the median baseline PRU value to calculate relative change.

12 weeks (mean exposure: placebo = 81-2 days; ticagrelor
10 mg = 76-9 days; ticagrelor 45 mg = 80-8 days), and a
longer drug exposure might be required to better evaluate an
investigational drug considering the numerical pain improve-
ment with placebo.

The lack of effect of ticagrelor, an antiplatelet agent, on
reducing daily, self-reported SCD-related pain in young
adults with SCD might be explained by the heterogeneous
and complex nature of pain in SCD. Daily questions about
pain recorded in electronic diaries may have also captured
pain unrelated to ischaemia, including chronic and neuro-
pathic pain. Therefore, any benefits from platelet inhibition
alone might not be sufficient to alleviate all types of SCD-
related pain as reported by patients in a diary. For example,
SUSTAIN, a 12-month, randomised, controlled phase II
study in teenage and adult patients with SCD evaluated the
effects of crizanlizumab, an antibody to P-selectin (Ataga
et al, 2017). P-selectin is released from activated platelets and
promotes formation of cell aggregates during sickling
(Matsui et al, 2001). In SUSTAIN, P-selectin inhibition
resulted in a significant reduction of the VOC event rate,
with no significant effects in patient-reported variables using
the Brief Pain Inventory questionnaire (Ataga et al, 2017). A
randomised, double-blind, 30-day study with prasugrel in
adults with SCD (aged 18-55 years) demonstrated no signifi-
cant effect on patient-reported pain versus placebo, although
the mean pain intensity was lower with prasugrel (1-8) com-
pared with placebo (2-4) (Wun et al, 2013). The subsequent

phase III DOVE trial in children and adolescents aged 2—
17 years with SCD continued to evaluate the effects of pra-
sugrel over a longer time, and there was a numerical differ-
ence between prasugrel and placebo in VOC event rate, and
the VOC event rate Anderson—Gill model curves clearly
diverged over time, although this trend was not reflected in
the diary data on pain-related symptoms (Heeney et al,
2016). However, the reduction in platelet activity with pra-
sugrel was only modest in DOVE (Jakubowski et al, 2017)
and was increased in the current study.

An important observation in HESTIA2 is that the rate of
self-reported pain decreased in all groups versus baseline,
including placebo, potentially due to frequent healthcare
encounters that may improve disease management, which is
important to study in the future. This finding further high-
lights the complexity and difficulties with pain assessment in
SCD. It is well recognised that pain in SCD is complex and
consists of disease-related, non-disease-related and psychoso-
cial factors (Mathur et al, 2016).

There are some important strengths with the HESTIA2
study. A high number of patients (almost 90%) completed
the randomised ticagrelor treatment period, and tablet com-
pliance was also high. Following administration of ticagrelor
at 45 mg to SCD patients, ticagrelor and AR-C124910XX
plasma concentrations at 2 h post-dose at steady-state were
similar to steady-state plasma levels in healthy adult volun-
teers following multiple doses of 50 mg ticagrelor (Butler &
2010). and AR-C124910XX plasma

Teng, Ticagrelor
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Table II. Summary of adverse events in safety population (patients taking study drug).

Category* Ticagrelor 10 mg bid Ticagrelor 45 mg bid Placebo bid

n (%) (n=26)t (n = 30) (n = 30)

Any AE 19 (73-1) 21 (70:0) 20 (66:7)

Any AE leading to treatment discontinuation 0 1(33) 1(33)

Any AE leading to dose interruption 2(7-7) 4 (13-3) 2 (6:7)

Any AE leading to death 0 0 0

Any SAE 6 (23-1) 5 (167) 6 (20-0)

Most common AEs]
Arthralgia 6 (23-1) 9 (30-0) 6 (20-0)
Pain in extremity 4 (15-4) 9 (30-0) 5 (16:7)
Headache 11 (42-3) 8 (26:7) 8 (26:7)
Sickle cell anaemia with crisis 5(19-2) 5 (16:7) 3 (10-0)
Pneumonia 2(77) 4 (13-3) 2 (6:7)
Back pain 4 (15-4) 4 (13-3) 8 (26:7)
Non-cardiac chest pain 3 (11-5) 4 (13-3) 3 (10-0)
Abdominal pain 5 (19-2) 3 (10-0) 3 (10-0)
Nausea 1(3-8) 3 (10-0) 1(3:3)
Musculoskeletal pain 3 (11-5) 3 (10-0) 2 (6:7)
Urinary tract infection 2(77) 2 (6:7) 4 (13-3)
Epistaxis 0 2 (6:7) 1(3:3)
Vomiting 2(7:7) 2 (6:7) 1(3:3)
Musculoskeletal chest pain 1(3-8) 2 (6:7) 1(33)
Dysmenorrhoea 1(3-8) 2 (6:7) 0
Fatigue 1(3-8) 2 (6:7) 2 (6:7)
Pain 0 2 (67) 1(33)
Upper respiratory infection 1(3-8) 1(3:3) 4 (13:3)
Gastroenteritis 0 1(33) 3 (10-0)
Oropharyngeal pain 2(77) 1(3:3) 2 (6:7)
Toothache 2(7:7) 0 1(3:3)
Cough 2(7:7) 0 0

Most common SAEsj
Sickle cell anaemia with crisis 5(19-2) 3 (10-0) 3 (10-0)
Gastroenteritis 0 1(33) 2 (6:7)

AE, adverse event; bid, twice daily; MedDRA, Medical Dictionary for Regulatory Activities version 19.0; SAE, serious adverse event.

*Patients with multiple events in the same category are counted only once in that category. Patients with events in >1 category are counted once
in each of those categories. Includes AEs with an onset date on or after the first dose of study medication during the treatment period and

through the date of the last dose of study medication.

+One randomised patient was discontinued early due to being incorrectly randomised, and no post-dose data was collected.
}At least two patients in any treatment group based on MedDRA Preferred Terms — in order of decreasing proportion in the ticagrelor 45 mg

group.

concentrations in HESTIA2 increased approximately propor-
tionally with ticagrelor dose, as expected. In addition, tica-
grelor-related platelet inhibition in HESTIA2 patients with
SCD, as shown by an inhibition of PRU, also increased with
ticagrelor dose, and was in keeping with the PRU reduction
observed in patients with stable coronary artery disease trea-
ted with ticagrelor (Gurbel et al, 2009). Collectively, these
findings suggest that the lack of efficacy of ticagrelor at the
highest dose of 45 mg bid in reducing self-reported pain in
patients with SCD could not be attributed to low ticagrelor
exposure or effect on platelet inhibition in adults with SCD.
The current study demonstrated that both ticagrelor doses
(10 and 45 mg bid) were well tolerated in young adults with
SCD without drug-related serious AEs or serious bleeding

events. The current AE profile of ticagrelor in young adults
receiving 10 or 45 mg bid for 12 weeks was in line with what
are common medical issues in patients with SCD (Yawn
et al, 2014; Novelli & Gladwin, 2016). As the platelet inhibi-
tion achieved in HESTIA2 was higher than in the DOVE trial
(Jakubowski et al, 2017), it is crucial to note the relative
safety of this intervention for future trials combining tica-
grelor with other SCD treatments.

There are also some important limitations of the HESTIA2
study. As eligible patients had to experience (and record)
pain for a certain number of days during the run-in period,
a regression to the mean may explain the numerical reduc-
tion in all three groups during the treatment period and a
longer study duration may be needed to fully evaluate any
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effects beyond placebo. It is crucial to note that ultimate
endpoints to assess efficacy of treatments in SCD have yet to
be defined, and it is recognised that self-reported pain is a
challenging endpoint. In addition, this study was not
designed to evaluate the impact of ticagrelor on the rate of
VOCs as the treatment duration in HESTIA2 was only
12 weeks, which may not have been long enough to see an
effect on VOCs. In the DOVE trial with prasugrel, differences
between treatment arms in VOC rate started to emerge after
the first 3 months of treatment (Heeney et al, 2016).
Another potential limitation of HESTIA2 is the relatively
small number of patients per group.

In conclusion, in this first study of ticagrelor in young
adult patients with SCD, ticagrelor was well tolerated and no
increased bleeding risk was observed. No effect could be
detected on self-reported SCD-related pain as captured in a
daily diary. Whether platelet inhibition has a potential to
impact VOC events is still to be evaluated in a larger and
longer study.
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