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Abstract

Background—Ticagrelor has superior efficacy to clopidogrel in the management of acute
coronary syndromes but has not been assessed in patients undergoing percutaneous coronary
intervention (PCI) for stable coronary artery disease (CAD). We compared the
pharmacodynamic effects of ticagrelor and clopidogrel in this stable population.
Methods—180 aspirin-treated stable CAD patients, who were planned to undergo elective
PCI in a single center, were randomized 1:1:1 to either a standard clopidogrel regimen or one
of two regimens of ticagrelor, either 90mg (T90) or 60mg twice-daily (T60), both with
180mg loading dose. Cellular adenosine uptake was assessed, at the time of the procedure
and pre- and post-dose at 1 month, by adding adenosine 1 umol/L to aliquots of
anticoagulated whole blood and mixing with a stop solution at 0, 15, 30 and 60 seconds then
measuring residual plasma adenosine concentration by high-performance liquid
chromatography. Systemic plasma adenosine concentration and platelet reactivity were
assessed at the same timepoints. High-sensitivity troponin T (hsTnT) was measured pre- and
18-24 hours post-PCI.

Results—174 patients underwent an invasive procedure, of which 162 patients received PCI
(mean age 65 years, 18% female, 21% with diabetes mellitus). No effect on in vitro
adenosine uptake was seen post-dose at 1 month for either ticagrelor dose compared with
clopidogrel (residual adenosine at 15s, mean = SD: clopidogrel 0.274 + 0.101 umol/L; T90
0.278 £ 0.134 umol/L; T60 0.288 £ 0.149 umol/L; P = 0.37). Similarly no effect of ticagrelor
on in vitro adenosine uptake was seen at other timepoints, nor was plasma adenosine
concentration affected (all P > 0.1). Both maintenance doses of ticagrelor achieved more
potent and consistent platelet inhibition than clopidogrel (VerifyNow PRU, 1 month, mean +
SD: pre-dose, T60: 62 + 47, T90: 40 + 38, clopidogrel 181 + 44; post-dose, T60: 34 + 30,
T90: 24 + 21, clopidogrel 159 + 57; all P < 0.0001 for ticagrelor vs clopidogrel). High
platelet reactivity was markedly less with both T60 and T90 compared with clopidogrel
(VerifyNow PRU>208, 1-month post-dose: 0%, 0% and 21%, respectively). Median (IQR)
hsTnT increase was 16.9 (6.5-46.9) ng/l for clopidogrel, 22.4 (5.5-53.8) ng/L for T60 and
17.7 (8.1-43.5) ng/L for T90 (P = 0.95). There was a trend towards less dyspnea with T60
versus T90 (7.1% vs 19.0%; P = 0.09).

Conclusions—Maintenance therapy with T60 or T90 had no detectable effect on cellular
adenosine uptake at 1 month, nor was there any effect on systemic plasma adenosine levels.
Both regimens of ticagrelor achieved greater and more consistent platelet inhibition than
clopidogrel but did not appear to affect troponin release following PCI.

Clinical Trial Registration—URL.: https://clinicaltrials.gov Unique Identifier: NCT02327624
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Clinical Perspective

What is new?
e Ticagrelor does not significantly impair adenosine uptake or increase circulating
adenosine levels in patients with stable coronary artery disease (CAD)
e Ticagrelor 60mg or 90mg twice-daily provide greater and more consistent platelet
inhibition than clopidogrel in stable CAD patients undergoing elective percutaneous
coronary intervention (PCI)

e More potent platelet P2Y 1> inhibition did not modify troponin release related to PCI

What are the clinical implications?
e Further studies of ticagrelor 60mg twice-daily are warranted in stable CAD patients
undergoing PCI
e Asymptomatic troponin release may be not be a suitable endpoint for assessing the
impact of greater platelet inhibition in stable CAD patients undergoing PCI
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Introduction

Dual antiplatelet therapy (DAPT) with aspirin and an oral platelet P2Y 1, receptor antagonist
is the standard therapy for patients undergoing percutaneous coronary intervention (PCI).
Three oral platelet P2Y 1, receptor antagonists are currently available, the thienopyridines
clopidogrel and prasugrel and the non-thienopyridine, reversibly-binding drug ticagrelor.X In
the absence of contraindications or concurrent oral anticoagulant therapy, ticagrelor is
recommended in preference to clopidogrel for patients with acute coronary syndromes,
including those managed with PCI, but has not been assessed in patients undergoing PCI for
stable coronary artery disease (CAD).12 Similarly, prasugrel is recommended in preference to
clopidogrel for ACS patients managed with PCI but is not licensed for use in stable CAD.*3
Consequently, aspirin and clopidogrel remain the predominant DAPT strategy in stable CAD
patients undergoing PCI.

Thienopyridines, such as clopidogrel, are pro-drugs that require hepatic metabolism to
generate active metabolites that bind irreversibly to the platelet P2 1> receptor, blocking the
binding of adenosine diphosphate (ADP) to this receptor.® The efficacy of clopidogrel is
limited in some individuals due to poor efficiency of active metabolite formation and poor
pharmacodynamic response has been associated with increased risk of stent thrombosis in
clopidogrel-treated patients.®’

Ticagrelor is not a pro-drug but does have an active metabolite, AR-C124910XX, that
IS equipotent to ticagrelor and contributes approximately 30% of the total inhibitory
effect.>®® Ticagrelor achieves a consistent and high level of platelet P2Y 12 inhibition
following a loading dose (although onset of action can be delayed in patients with ST-
elevation myocardial infarction'®!?), as well as during maintenance therapy with either 90 mg
or 60 mg twice-daily (bid) in patients with prior myocardial infarction.® Ticagrelor and AR-

C124910XX also have weak inhibitory effects on cellular adenosine uptake via equilibrative
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nucleoside transporter 1 (ENT-1) although the clinical significance of this effect remains
uncertain.'?4 The effects of ticagrelor 60 mg bid on adenosine metabolism have not been
previously reported. In the Study of Two dosEs of ticagrELor in PCI (STEEL-PCI;
NCT02327624), we assessed and compared the effects of ticagrelor and clopidogrel on
cellular adenosine uptake as well as platelet reactivity in stable CAD patients undergoing

PCI.

Methods

The data, analytic methods, and study materials will not be made available to other
researchers for purposes of reproducing the results or replicating the procedure.

Study design

One-hundred and eighty patients with stable CAD provided written informed consent and
were enrolled into the STEEL-PCI study, conducted at a single center (Northern General
Hospital, Sheffield, United Kingdom). All patients had had previous coronary angiography
and were planned to undergo PCI. Other inclusion as well as exclusion criteria are shown in
the online Supplement. The study was performed according to a protocol approved by the
National Research Ethics Service and regulatory authorities. Aspirin-treated patients who
provided informed consent were randomized in a 1:1:1 fashion to receive open-label
treatment with a 180mg loading dose of ticagrelor at 2 hours pre-PClI followed by either
60mg bid or 90mg bid for one month or a standard loading regimen of clopidogrel (600mg at
least 4 hours prior to procedure or maintenance therapy with 75mg for at least 5 days)
followed by 75mg qd for one month (Figure 1). Blood samples were collected at the time of
PCI, either from a large antecubital vein using a 21G needle and syringe with minimum use
of tourniquet or from the arterial sheath, before the administration of heparin. Patients

attended the morning after PCI for collection of venous blood samples by venipuncture. At
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one-month post-PClI, patients attended before the morning maintenance dose of study
medication for further collection of venous blood samples. The maintenance dose was then
administered and a further blood sample obtained 2 hours later. Patients were instructed to
return unused study medication at their 1-month visit and compliance was assessed by pill-
counting. When indicated, patients were switched to open-label clopidogrel at the 1-month
visit by administration of a loading dose 24 hours after the last dose of ticagrelor, as
recommended.'>!® Staff of the Clinical Research Office of Sheffield Teaching Hospitals NHS
Foundation Trust monitored the study and a Data Monitoring Committee periodically
reviewed the conduct of the study and clinical outcomes.
Adenosine uptake and plasma adenosine level
For adenosine reuptake measurements, blood was collected into a standard EDTA tube and
then aliquots pipetted into tubes containing adenosine (final concentration 1 pmol/L). Uptake
of adenosine was halted by the addition of a cold pharmacological stop solution (2-parts
blood:1-part stop solution) at 0, 15, 30 or 60 seconds after mixing blood with the adenosine.
The stop solution was composed of dipyridamole 40 umol/L, disodium
ethylenediaminetetraacetic acid 13.2 mmol/L, erythro-9-(2-hydroxy-3-nonyl)adenine 50
umol/L, a,B-methylene adenosine 5'-diphosphate 200 pmol/L, iodotubercidin 50 pumol/L and
p-nitrobenzylthioinosine 40 umol/L in 0.9% wi/v sodium chloride. Adenosine concentration
was measured using high-performance liquid chromatography (HPLC)(see Supplement).

Samples for plasma adenosine concentration measurement were collected into S-
Monovette tubes containing the stop solution and immediately placed on ice before
centrifugation at 15009. Adenosine concentration was then measured as described above.
VerifyNow P2Y1, assay

Whole blood was collected into 2ml Greiner Bio-One citrate tubes and gently mixed

before analysis after 20 minutes using the VerifyNow P2Y 1, assay (Accumetrics Inc.,
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SanDiego, USA). P2Y 12 reaction units (PRU) and VerifyNow percentage inhibition
(estimated using the Base channel result as 100% response) were recorded.

Light transmittance aggregometry

Light transmission aggregometry (LTA) was performed using a PAP8 aggregometer
(Biodata, Horsham, PA, USA) with ADP 20 umol/L as the agonist. Maximum percentage
LTA responses were recorded.

High-sensitivity troponin (hsTnT)

hsTnT was determined in serum samples (Elecsys assay, Roche, on Cobas E602 analyser)
before PCI and the morning after PCI.

Pharmacokinetic analysis

Plasma derived from blood anticoagulated with lithium heparin was stored at -80°C prior to
analysis. Plasma concentrations of ticagrelor and AR-C124910XX were determined using
liquid chromatography with tandem mass spectrometry by York Bioanalytical Solutions
(Upper Poppleton, York, United Kingdom).Y

Genetic analysis

DNA was extracted from whole blood and analyzed for relevant genetic variants of
CYP2C19, CY3A43, UGT2B7 and SLCO01BL1 (see Supplement).

Sample size and statistical analysis

The primary endpoint of the study was in vitro adenosine uptake post-maintenance dose at 1
month, measured as residual adenosine concentration at 15 seconds after ex-vivo addition of
adenosine. The sample size was based on (1) our preliminary in-vitro studies of adenosine
uptake indicating 15 seconds as the optimal time for assessing residual adenosine
concentration and previous data indicating an estimated residual adenosine concentration at
15 seconds post-mixing in the adenosine uptake assay of 0.80 + 0.051 umol/L for the

ticagrelor 90 mg group and 0.45 + 0.068 umol/L for clopidogrel*® and (2) the assumption that
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the effects of ticagrelor 60mg would yield levels between those with ticagrelor 90mg and
clopidogrel: data on forty-two patients per group were required in each group to provide
>90% power to detect a 0.05 umol/L higher mean residual adenosine level in the ticagrelor
60mg group compared with the clopidogrel group, with a significance threshold of 0.05 and
assuming a common SD of 0.06 umol/L, and >99% power to detect a similar difference
between the ticagrelor 90mg and clopidogrel groups to that previously reported. 60 patients
were, therefore, required in each group to allow for 30% drop-out or sample failure at 1
month. Secondary endpoints were plasma adenosine concentration, platelet function
measurements and the PCI-induced troponin release (determined as increase from pre-PCI to
post-PCI). Based on our previous work,%° the proposed sample size provided >90% power to
detect expected differences in platelet aggregation, assessed by either VerifyNow P2Y12
assay or LTA, between ticagrelor and clopidogrel, with a significance threshold of 0.01 (to
allow for multiple testing), allowing for 30% drop-out or sample failure at 1 month.

Data were analyzed using SAS version 9.3 (SAS Institute, Cary, North Carolina) and
expressed as mean and SD for normally-distributed data or median and interquartile range for
non-parametric data. Continuous data were compared using Kruskal-Wallis test, where
appropriate using Mann-Whitney test for pairwise comparisons, as indicated in Results.
Categorical variables were compared using Chi-square test or Fisher’s exact test, as indicated
in Results. High platelet reactivity was defined as VerifyNow PRU > 208 or LTA response >
59%.° Myocardial infarction was defined according to the 3™ Universal Definition.°

Bleeding events were defined according to the PLATO study criteria.?°

Results

Study population
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One hundred and eighty patients were recruited to the study (Figure 2). Sixty patients in the
clopidogrel group, 56 in the ticagrelor 60mg bid group and 58 in the ticagrelor 90mg bid
group underwent an invasive procedure. Some patients did not proceed to PCI for several
reasons including significant disease progression requiring surgical management or non-flow-
limiting coronary stenoses on updated angiography. One hundred and fifty-five patients
completed the study period of maintenance therapy with either clopidogrel 75mg qd (n=53),
ticagrelor 60mg bid (n=54) or ticagrelor 90mg bid (n=48). One patient in the ticagrelor 60mg
bid group was subsequently found to have been taking an excluded medication (a strong
CYP3A inducer) and was excluded from the main analysis but their results are included in
the Supplement. The demographic characteristics, cardiovascular risk factors and
concomitant medications were well matched between the groups at randomization and
subsequent timepoints, as were the procedural characteristics for those proceeding with PCI
(Table 1 and Supplementary Tables 1 and 2). At the time of their procedure, 100% patients
were receiving aspirin 75 mg daily and continued on this for the duration of the study.
Adenosine uptake and plasma adenosine level

No effect on in vitro adenosine uptake was seen with a ticagrelor loading dose or the 90 mg
or 60 mg bid maintenance doses compared to clopidogrel at the time of PCI or at 1 month
(Figure 3 and Supplementary Figure 1). Similarly, there was no impact of ticagrelor at any
time point on plasma adenosine level (Figure 4).

VerifyNow P2Y12 assay and light transmittance aggregometry

Ticagrelor 180mg loading dose achieved greater and more consistent platelet inhibition than
clopidogrel at the time of PCI when assessed by the VerifyNow P2Y 1, assay (Figure 5A and
B). Both maintenance doses of ticagrelor achieved greater and more consistent platelet
inhibition than clopidogrel 75mg daily at 1 month (Figure 5C and D): The mean pre-dose

PRU values were 62+47 versus 40£38 (p<0.01) for the 60mg versus 90mg ticagrelor doses
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and post-dose values were 34+30 versus 24+21 (p=0.09), respectively; corresponding PRU
values for clopidogrel-treated patients were 181+44 pre-dose and 159+57 post-dose (all P <
0.0001 vs both ticagrelor groups). The mean LTA responses were also significantly lower in
the ticagrelor groups compared with the clopidogrel group, both at the time of PCI and at one
month (Figure 6).

High platelet reactivity, as assessed by the VerifyNow P2Y 1, assay, was seen
infrequently in the ticagrelor group (n=1) at the time of PCI (Table 2). This patient also had
high platelet reactivity when assessed by LTA. No patients in the ticagrelor 90mg bid group
had high platelet reactivity (PRU>208) at one month compared to one patient in the ticagrelor
60mg bid group. This patient had PRU value of 232 at one-month pre-dose and 39 post-dose
with PRU of 1 at the time of PCI; their drug compliance at one month was calculated at
100%. High platelet reactivity was more common in the clopidogrel group at all the
timepoints compared to both ticagrelor groups (Table 2).

There were a small number of patients with high platelet reactivity in the ticagrelor
groups (<15%) according to LTA responses compared to greater proportions in the
clopidogrel group (>30%) at each timepoint (Figure 6B and Table 2).

Efficacy, safety and tolerability

There were no myocardial infarctions, strokes or cardiac deaths in any of the groups at 30
days. There was only one death, which occurred as a result of sepsis following mesenteric
infarction that did not appear to be related to the PCI procedure. There was no effect of the
higher levels of platelet inhibition with ticagrelor on PCIl-induced increase in hsTnT: median
(1QR) increases the morning after PCI were 16.9 (6.5-46.9) ng/L for the clopidogrel group,
22.4 (5.5-53.8) ng/L for the ticagrelor 60mg group and 17.7 (8.1-43.5) ng/L for the ticagrelor

90mg group (P = 0.95, Kruskal-Wallis test).
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The tolerability of the ticagrelor 60mg bid dose appeared slightly better than the 90mg
bid dose due to less frequent dyspnea events in the 60mg group (7.1% vs 19.0%; P = 0.09)
(Supplementary Table 3). Two patients (3.6%) in the ticagrelor 60mg group and 3 patients
(5.2%) in the ticagrelor 90mg group stopped study medication prematurely due to adverse
effects. There was no reported dyspnea in the clopidogrel group and no patients stopped
clopidogrel prematurely due to adverse effects. There were no PLATO-defined major or
minor bleeds and no MACE or stent thrombosis events in any of the treatment groups.
Pharmacokinetics
The mean plasma levels of ticagrelor and AR-C124910XX following ticagrelor 180mg
loading dose were 11094549 and 223+121 ng/mL, respectively (Supplementary Figure 2A).
After 1-month maintenance therapy with either ticagrelor 60mg or ticagrelor 90mg bid, pre-
dose mean levels of ticagrelor were 278+217 and 365+189 ng/mL, respectively, and pre-dose
mean levels of AR-C124910XX were 97+55 and 127+£73 ng/mL, respectively. Post-dose
mean levels of ticagrelor were 510+281 and 776347 ng/mL and mean levels of AR-
C124910XX were 135+69 and 199+96 ng/mL, respectively (Supplementary Figure 2B).
Genetic analysis
The ticagrelor loading dose and both ticagrelor maintenance doses achieved greater platelet
inhibition than clopidogrel in those who either did or did not carry CYP2C19 loss-of-function
alleles (Supplementary Tables 4 and 5). The other genetic variants studied did not
significantly influence the pharmacodynamic and pharmacokinetic results (Supplementary

Tables 6 to 11).

Discussion

In this study, we compared the pharmacodynamic effects of ticagrelor and clopidogrel,

obtaining data on the 60mg bid dose of ticagrelor for the first time in stable CAD patients

11


http://circ.ahajournals.org/

8T0¢Z ‘0 aung uo 1s9nb Aq /B1o'sfeuno feye-a419//:dny wioly papeoumoq

10.1161/CIRCULATIONAHA.118.034790

undergoing PCI and collecting preliminary efficacy, safety and tolerability data on the two
doses of ticagrelor in this setting. Consistent with previous comparisons of ticagrelor 180-mg
loading dose and 90-mg twice-daily maintenance dose with standard regimens of clopidogrel
in other clinical settings, we confirmed that the ticagrelor loading dose and maintenance
doses achieved greater and more consistent levels of platelet inhibition compared to standard
regimens of clopidogrel in stable CAD patients at the time of, and 1 month after, PCI. Of
note, we show that ticagrelor 60-mg twice-daily maintenance dose provides much more
consistent platelet inhibition than clopidogrel, even in those with normal CYP2C19 activity
as predicted by CYP2C19 genotyping. Our data are broadly consistent with previously-
reported data on ticagrelor 90-mg and 60-mg twice-daily in patients with prior myocardial
infarction.®?! Our finding of significant difference in pre-dose platelet reactivity during
maintenance therapy in the two ticagrelor groups in contrast to lack of significance of this
comparison in the PEGASUS-TIMI 54 platelet function substudy® likely reflects small
sample sizes in both studies limiting the power to detect such a difference. Dyspnea was
more frequent in the ticagrelor groups and this is a well-characterized adverse effect of
ticagrelor that is usually mild or moderate in severity, as confirmed here.???* The lower rates
of dyspnea in the ticagrelor 60-mg group, combined with the reliable P2Y 12 inhibition, as
also previously demonstrated in the PEGASUS-TIMI 54 study,®?* favor this dose for further
exploration in clinical outcomes studies.

Contrary to some previous published studies,'®2° we found no evidence of any effect
of the ticagrelor regimens on cellular adenosine uptake or plasma adenosine concentration.
The reasons for this are unclear since our data show clearly that the assay assessed adenosine
uptake over 1 minute in whole blood samples, with the expected baseline levels of adenosine
after in vitro addition of 1 umol/L (indicating efficacy of the stop solution in preventing

further adenosine uptake) and almost complete adenosine uptake at 1 minute (indicating

12
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efficacy of the stop solution in preventing adenosine generation). Our stop solution for
adenosine metabolism included additional inhibitors to those used by Bonello et al, including
p-nitrobenzylthioinosine as an additional inhibitor of adenosine uptake and iodotubercidin as
a potent adenosine kinase inhibitor, and so might have been more effective. In agreement
with our findings, a recent study in healthy volunteers found no impact of ticagrelor on
plasma adenosine level.?® Furthermore, using the same methodology, we found no impact of
ticagrelor on plasma adenosine concentration in ACS patients awaiting coronary artery
bypass graft surgery suggesting that the nature of the patient population in our current study
was not a determinant of the findings.?’ In vitro studies predict little effect of ticagrelor on
adenosine uptake at therapeutic concentrations due to high levels of plasma protein binding
that limit the free ticagrelor available to bind to ENT-1.14?8 On the other hand, an effect of
ticagrelor on adenosine uptake is more clearly seen at approximately therapeutic
concentration in the absence of plasma proteins.?® Since ticagrelor has been shown to induce
a leftward shift in the dose-response curves for intravenous adenosine in studies of coronary
blood flow responses and dyspnea severity, it remains likely that ticagrelor has an impact on
the kinetics of adenosine uptake in vivo at the tissue level, such as in myocardium, that is not
detected by the currently available blood assays and more work is required to assess this.*>%
There were substantial numbers of patients with asymptomatic rises in troponin after PCI but
no evidence that ticagrelor was more effective than clopidogrel in attenuating troponin
release, suggesting that the extent of myocardial injury induced by PCI is not usually
sensitive to levels of platelet P2Y 12 inhibition in a low-risk population. This observation is
consistent with a previously-reported, small elective PCI study®! but contrasts with another
small study that demonstrated a reduced rate of MI with ticagrelor compared to clopidogrel.?
Larger clinical outcomes studies are in progress that will provide more definitive data on this

comparison (NCT02617290 and NCT02548611).
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This study was limited by a small sample size for assessing efficacy, safety and
tolerability and a larger study is required to establish the benefits and risks of ticagrelor in
stable CAD patients undergoing PCI. Our study simply provides pilot data for planning such
a study. Only the impacts of ticagrelor on adenosine uptake in whole blood and circulating
adenosine levels were assessed, not the impact of ticagrelor on tissue-level adenosine
metabolism. The study was also not well powered for comparing the pharmacodynamic
effects of the two maintenance doses of ticagrelor although some significance was seen in
pre-dose levels of platelet reactivity suggesting that the 90mg bid dose may have slightly
greater consistency of effect than the 60mg bid dose.

In conclusion, ticagrelor 60mg and 90mg bid regimens both achieved greater and
more consistent platelet inhibition than standard clopidogrel therapy but had no detectable
impact on cellular adenosine uptake or circulating plasma adenosine concentration in stable
CAD patients undergoing PCI. Further work is warranted to characterize the efficacy and

safety of ticagrelor in this clinical setting.

Sources of Funding

This study was funded by an investigator-initiated grant from AstraZeneca. The study was
supported by the National Institute for Health Research (NIHR) award to the Sheffield NIHR
Clinical Research Facility. The views expressed are those of the authors and not necessarily

those of the National Health Service, the NIHR or the Department of Health.

Acknowledgments
We are grateful to the members of the Data Monitoring Committee for their support with the
study: Prof. Robert G. Wilcox (chair), Dr. Allan Skene, Dr. John T. Walsh and Dr. William

Smith. We are also grateful to Dr. Matthew Larman and Dr. Sven Nylander for their support.

14


http://circ.ahajournals.org/

8T0¢Z ‘0 aung uo 1s9nb Aq /B1o'sfeuno feye-a419//:dny wioly papeoumoq

10.1161/CIRCULATIONAHA.118.034790

We thank Dr. Nana Theodorou and Dr. Erica Wallis, Clinical Research Office, Sheffield

Teaching Hospitals NHS Foundation Trust, for their support.

Disclosures

Robert F Storey: institutional research grants/support from AstraZeneca and PlaqueTec;
consultancy fees from AstraZeneca, Actelion, Avacta, Bayer, Bristol Myers Squibb/Pfizer,
Idorsia, Novartis, PlaqueTec, and The Medicines Company; speaker fees from AstraZeneca.

The other authors have no disclosures.

References

1. Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA, Granger CB,
Lange RA, Mack MJ, Mauri L, Mehran R, Mukherjee D, Newby LK, O'Gara PT, Sabatine
MS, Smith PK and Smith SC. 2016 ACC/AHA Guideline Focused Update on Duration of
Dual Antiplatelet Therapy in Patients With Coronary Artery Disease: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines: An Update of the 2011 ACCF/AHA/SCAI Guideline for Percutaneous
Coronary Intervention, 2011 ACCF/AHA Guideline for Coronary Artery Bypass Graft
Surgery, 2012 ACC/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the Diagnosis and
Management of Patients With Stable Ischemic Heart Disease, 2013 ACCF/AHA Guideline
for the Management of ST-Elevation Myocardial Infarction, 2014 AHA/ACC Guideline for
the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes, and 2014
ACC/AHA Guideline on Perioperative Cardiovascular Evaluation and Management of
Patients Undergoing Noncardiac Surgery. Circulation. 2016;134:e123-e155.

2. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger
MA, Brotons C, Chew DP, Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P, Landmesser
U, Mehilli J, Mukherjee D, Storey RF and Windecker S. 2015 ESC Guidelines for the
management of acute coronary syndromes in patients presenting without persistent ST-
segment elevation. Eur Heart J. 2015;37:267-315.

3. Valgimigli M, Bueno H, Byrne R, Collet J, Costa F, Jeppsson A, Juni P, Kastrati A,
Kolh P, Mauri L, Montalescot G, Neumann F, Petricevic M, Roffi M, Steg P, Windecker S,
Zamorano J, Levine G, ESC Scientific Document Group, ESC Committee for Practice
Guidelines (CPG) and ESC National Cardiac Societies. 2017 ESC focused update on dual
antiplatelet therapy in coronary artery disease developed in collaboration with EACTS: The
Task Force for dual antiplatelet therapy in coronary artery disease of the European Society of
Cardiology (ESC) and of the European Association for Cardio-Thoracic Surgery (EACTS).
Eur Heart J. 2018; 39:213-260.

4. Storey RF and Parker WAE. Choices for potent platelet inhibition in patients with
diabetes mellitus. Circulation. 2016;134:793-796.

5. Ahmad S and Storey RF. Development and clinical use of prasugrel and ticagrelor.
Curr Pharm Des. 2012;18:5240-5260.

15


http://circ.ahajournals.org/

8T0¢Z ‘0 aung uo 1s9nb Aq /B1o'sfeuno feye-a419//:dny wioly papeoumoq

10.1161/CIRCULATIONAHA.118.034790

6. Aradi D, Storey RF, Komacsi A, Trenk D, Gulba D, Kiss RG, Husted S, Bonello L,
Sibbing D, Collet J-P and Huber K. Expert position paper on the role of platelet function
testing in patients undergoing percutaneous coronary intervention. Eur Heart J. 2014;35:209-
215.

7. Bonello L, Tantry US, Marcucci R, Blindt R, Angiolillo DJ, Becker R, Bhatt DL,
Cattaneo M, Collet JP, Cuisset T, Gachet C, Montalescot G, Jennings LK, Kereiakes D,
Sibbing D, Trenk D, Van Werkum JW, Paganelli F, Price MJ, Waksman R and Gurbel PA.
Consensus and Future Directions on the Definition of High On-Treatment Platelet Reactivity
to Adenosine Diphosphate. J Am Coll Cardiol. 2010;56:919-933.

8. Storey RF, Angiolillo D, Patil S, Desai B, Ecob R, Husted S, Emanuelsson H, Cannon
C, Becker R and Wallentin L. Inhibitory Effects of Ticagrelor Compared to Clopidogrel on
Platelet Function in Patients with Acute Coronary Syndromes: the PLATO PLATELET
Substudy J Am Coll Cardiol. 2010;56:1456-1462.

9. Storey RF, Angiolillo DJ, Bonaca MP, Thomas MR, Judge HM, Rollini F, Franchi F,
Ahsan AJ, Bhatt DL, Kuder JF, Steg PG, Cohen M, Muthusamy R, Braunwald E and
Sabatine MS. Platelet Inhibition with Ticagrelor 60 mg Compared with 90 mg Twice-daily in
the PEGASUS-TIMI 54 study. J Am Coll Cardiol. 2016;67:1145-1154.

10.  Parodi G, Valenti R, Bellandi B, Migliorini A, Marcucci R, Comito V, Carrabba N,
Santini A, Gensini GF, Abbate R and Antoniucci D. Comparison of Prasugrel and Ticagrelor
Loading Doses in ST-Segment Elevation Myocardial Infarction Patients: RAPID (Rapid
Activity of Platelet Inhibitor Drugs) Primary PCI Study. J Am Coll Cardiol. 2013;61:1601-
1606.

11. Silvain J, Storey RF, Cayla G, Esteve JB, Dillinger JG, Rousseau H, Tsatsaris A,
Baradat C, Salhi N, Hamm CW, Lapostolle F, Lassen JF, Collet JP, Ten Berg JM, Van't Hof
AW and Montalescot G. P2Y 12 receptor inhibition and effect of morphine in patients
undergoing primary PCI for ST-segment elevation myocardial infarction. The PRIVATE-
ATLANTIC study. Thromb Haemost. 2016;116:369-378.

12, Van Giezen JJ, Sidaway J, Glaves P, Kirk I and Bjorkman JA. Ticagrelor inhibits
adenosine uptake in vitro and enhances adenosine-mediated hyperemia responses in a canine
model. J Cardiovasc Pharmacol Therapeut. 2012;17:164-172.

13. Wittfeldt A, Emanuelsson H, Brandrup-Wognsen G, van Giezen JJJ, Jonasson J,
Nylander S and Gan L-M. Ticagrelor Enhances Adenosine-Induced Coronary Vasodilatory
Responses in Humans. J Am Coll Cardiol. 2013;61:723-727.

14. Nylander S, Femia EA, Scavone M, Berntsson P, Asztély AK, Nelander K, Lofgren
L, Nilsson RG and Cattaneo M. Ticagrelor inhibits human platelet aggregation via adenosine
in addition to P2Y12 antagonism. J Thromb Haemost. 2013;11:1867-1876.

15.  Angiolillo D, Rollini F, Storey R, Bhatt D, James S, Schneider D, Sibbing D, So D,
Trenk D, Alexopoulos D, Gurbel P, Hochholzer W, De Luca L, Bonello L, Aradi D, Cuisset
T, Tantry U, Wang T, Valgimigli M, Waksman R, Mehran R, Montalescot G, Franchi F and
Price M. International Expert Consensus on Switching Platelet P2Y 1> Receptor-Inhibiting
Therapies. Circulation. 2017;136:1955-1975.

16. Franchi F, Rollini F, Rivas Rios J, Rivas A, Agarwal M, Kureti M, Nagaraju D, Wali
M, Shaikh Z, Briceno M, Nawaz A, Moon J, Been L, Suryadevara S, Soffer D, Zenni M,
Bass T and Angiolillo D. Pharmacodynamic Effects of Switching From Ticagrelor to
Clopidogrel in Patients With Coronary Artery Disease: Results of the SWAP (Switching
Antiplatelet Therapy)-4 Study. Circulation. 2018;137:2450-2462.

17. Storey RF, Husted S, Harrington RA, Heptinstall S, Wilcox RG, Peters G, Wickens
M, Emanuelsson H, Gurbel P, Grande P and Cannon CP. Inhibition of Platelet Aggregation
by AZD6140, A Reversible Oral P2Y12 Receptor Antagonist, Compared With Clopidogrel in
Patients With Acute Coronary Syndromes. J Am Coll Cardiol. 2007;50:1852-1856.

16


http://circ.ahajournals.org/

8T0¢Z ‘0 aung uo 1s9nb Aq /B1o'sfeuno feye-a419//:dny wioly papeoumoq

10.1161/CIRCULATIONAHA.118.034790

18. Bonello L, Laine M, Kipson N, Mancini J, Helal O, Fromonot J, Gariboldi V, Condo
J, Thuny F, Frere C, Camoin-Jau L, Paganelli F, Dignat-George F and Guieu R. Ticagrelor
increases adenosine plasma concentration in patients with an acute coronary syndrome. J Am
Coll Cardiol. 2014,63:872-877.

19.  Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD and the
Writing Group on behalf of the Joint ESC/ACCF/AHA/WHF Task Force for the Universal
Definition of Myocardial Infarction. Third universal definition of myocardial infarction. Eur
Heart J. 2012;33:2551-2567.

20.  James S, Akerblom A, Cannon CP, Emanuelsson H, Husted S, Katus H, Skene S,
Steg PG, Storey RF, Harrington R, Becker R and Wallentin L. Comparison of Ticagrelor, the
first reversible oral P2Y12 receptor antagonist, with clopidogrel in patients with acute
coronary syndromes: rationale, design, and baseline characteristics of the PLATelet
inhibition and patient Outcomes (PLATO) trial. Am Heart J. 2009;157:599-605.

21.  Alexopoulos D, Despotopoulos S, Xanthopoulou | and Davlouros P. Low-Dose
Ticagrelor Versus Clopidogrel in Patients With Prior Myocardial Infarction. J Am Coll
Cardiol. 2017;70:2091-2092.

22.  Storey RF, Bliden K, Patil SB, Karunakaran A, Ecob R, Butler K, Teng R, Wei C,
Tantry US and Gurbel P. Incidence of Dyspnea and Assessment of Cardiac and Pulmonary
Function in Patients with Stable Coronary Artery Disease Receiving Ticagrelor, Clopidogrel
or Placebo in the ONSET/OFFSET Study. J Am Coll Cardiol. 2010;56:185-193.

23. Storey RF, Becker RC, Harrington RA, Husted S, James SK, Cools F, Steg PG,
Khurmi NS, Emanuelsson H, Cooper A, Cairns R, Cannon CP and Wallentin L.
Characterisation of dyspnoea in PLATO study patients treated with ticagrelor or clopidogrel
and its association with clinical outcomes. Eur Heart J. 2011;32:2945-2953.

24. Bonaca MP, Bhatt DL, Oude Ophuis T, Steg PG, Storey RF, Cohen M, Kuder J, Im
K, Magnani G, Budaj A, Theroux P, Hamm C, Spinar J, Kiss RG, Dalby AJ, Medina FA,
Kontny F, Aylward PE, Jensen EC, Held P, Braunwald E and Sabatine MS. Long-term
Tolerability of Ticagrelor for the Secondary Prevention of Major Adverse Cardiovascular
Events: A Secondary Analysis of the PEGASUS-TIMI 54 Trial. JAMA Cardiol. 2016;1:425-
432.

25. Fromonot J, Dignat-Georges F, Rossi P, Mottola G, Kipson N, Ruf J, Bonello L,
Guieu R and Paganelli F. Ticagrelor Improves Peripheral Arterial Function in Acute
Coronary Syndrome Patients: Relationship With Adenosine Plasma Level. J Am Coll
Cardiol. 2016;67:1967-1968.

26. Kiers D, van der Heijden W, van Ede L, Gerretsen J, de Mast Q, van der Ven A, El
Messaoudi S, Rongen G, Gomes M, Kox M, Pickkers P and Riksen N. A randomised trial on
the effect of anti-platelet therapy on the systemic inflammatory response in human
endotoxaemia. Thromb Haemost. 2017;117:1798-1807.

27. Ow K, Thomas M, Parker W, Judge H and Storey R. Offset of ticagrelor prior to
coronary artery bypass graft surgery (CABG) surgery. Heart. 2017;103:(abstr.).

28. Sillén H, Cook M and Davis P. Determination of unbound ticagrelor and its active
metabolite (AR-C124910XX) in human plasma by equilibrium dialysis and LC-MS/MS. J
Chromatogr B Analyt Technol Biomed Life Sci. 2011;879:2315-2322.

29.  Alsharif K, Thomas M, Judge H, Khan H, Prince L, Sabroe I, Ridger V and Storey R.
Ticagrelor potentiates adenosine-induced stimulation of neutrophil chemotaxis and
phagocytosis. Vascul Pharmacol. 2015;71:201-207.

30.  Alexopoulos D, Moulias A, Koutsogiannis N, Xanthopoulou I, Kakkavas A,
Mavronasiou E, Davlouros P and Hahalis G. Differential Effect of Ticagrelor Versus
Prasugrel on Coronary Blood Flow Velocity in Patients With Non—ST-Elevation Acute

17


http://circ.ahajournals.org/

8T0¢Z ‘0 aung uo 1s9nb Aq /B1o'sfeuno feye-a419//:dny wioly papeoumoq

10.1161/CIRCULATIONAHA.118.034790

Coronary Syndrome Undergoing Percutaneous Coronary Intervention: An Exploratory Study.
Circulation: Cardiovascular Interventions. 2013;6:277-283.

31. XuQ,SunY, ZhangV, Liu B, Fang L, Shen C, Li Y and Meng S. Effect of a 180 mg
ticagrelor loading dose on myocardial necrosis in patients undergoing elective percutaneous
coronary intervention: A preliminary study. Cardiol J. 2017;24:15-24.

32. Bonello L, Laine M, Thuny F, Paganelli F, Lemesle G, Roch A, Kerbaul F, Dignat-
George F, Berbis J and Frere C. Platelet reactivity in patients receiving a maintenance dose of
P2Y12-ADP receptor antagonists undergoing elective percutaneous coronary intervention. Int
J Cardiol. 2016;216:190-193.

18


http://circ.ahajournals.org/

8T0¢Z ‘0 aung uo 1s9nb Aq /B1o'sfeuno feye-a419//:dny wioly papeoumoq

10.1161/CIRCULATIONAHA.118.034790

Table 1. Demographic and procedural characteristics and medications for patients proceeding

with percutaneous coronary intervention

Clopidogrel Ticagrelor 60mg | Ticagrelor 90mg
n=57 n=54 n=51

Age, years, mean (SD) 64.6 (8.5) 66.9 (8.6) 66.0 (7.73)
Male sex, n (%) 44 (77%) 46 (85%) 42 (82%)
Body weight, kgs, median (IQR) 85.5 (77-102) 88.0 (73-97) 85.0 (80-98)
Body mass index, mean (SD) 30.3(5.7) 28.8 (3.7) 30.0 (4.6)
Race, n (%)

White 56 (98%) 53 (98%) 49 (96%)

Black 1 (2%) 0 (0%) 1 (2%)

Asian 0 (0%) 1 (2%) 1 (12%)
Cardiovascular risk factors, n (%)
Current smoker 7 (12%) 6 (11%) 6 (12%)
Hypertension 39 (68%) 37 (69%) 34 (67%)
Dyslipidemia 51 (90%) 47 (87%) 49 (96%)
Diabetes mellitus 12 (21%) 11 (20%) 12 (24%)
Medical history, n (%)
Myocardial infarction 9 (16%) 9 (17%) 4 (8%)
PCI 5 (9%) 5 (9%) 7 (14%)
Coronary artery bypass graft 3 (5%) 3 (6%) 1 (2%)
Cardiac failure 5 (9%) 5 (9%) 2 (4%)
Transient ischemic attack 3 (5.3%) 3 (5.6%) 2 (4%)
Non-hemorrhagic stroke 1 (1.8%) 1 (1.9%) 2 (4%)
Peripheral arterial disease 6 (11%) 5 (9%) 3 (6%)
COPD 5 (9%) 5 (9%) 3 (6%)

Concomitant medication, n (%)

Aspirin 75mg daily

57 (100%)

54 (100%)

51 (100%)

Beta-blocker 50 (88%) 40 (74%) 33 (65%)
ACE inhibitor 15 (26%) 18 (33%) 13 (26%)
Statin 51 (90%) 48 (89%) 44 (86%)
CYP2C19 LOF carrier, n (%) 18 (32%) 20 (37%) 12 (24%)
Procedural characteristics
Number of vessels treated, mean (SD) 1.2 (0.5) 1.2 (0.4) 1.1 (0.6)
Number of lesions treated, mean (SD) 1.5(0.8) 1.5(0.7) 1.4 (0.7)
Total stent length, mm, mean (SD) 39 (27) 39 (23) 37 (24)
Minimum stent diameter, mm, mean
(SD) 3.0 (0.6) 3.0 (0.5) 3.0 (0.5)
Bifurcation treated, n (%) 1 (2%) 4 (71%) 2 (4%)
Left main stem treated, n (%) 1 (2%) 3 (6%) 2 (4%)
Arterial Access, n (%)
Radial 45 (79%) 41 (76%) 38 (75%)
Femoral 10 (18%) 13 (24%) 12 (24%)
Radial-to-femoral 2 (4%) 0 (0%) 0 (0%)
Brachial 0 (0%) 0 (0%) 1 (2%)

SD: standard deviation. COPD: chronic obstructive pulmonary disease. ACE: angiotensin-converting
enzyme. CYP2C19 LOF: loss-of-function allele carrier for cytochrome P450 2C19.
Groups were compared using Kruskal-Wallis or Chi-square tests, as appropriate: all P values > 0.1

except for beta-blockers (p = 0.02)
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Table 2. Proportions of patients with high platelet reactivity according to predefined threshold values

Clopidogrel Ticagrelor 60mg P Ticagrelor 90mg P

Threshold of high Clopidogrel vs. Clopidogrel vs.
platelet reactivity n N (%) n N (%) ticagrelor 60mg n N (%) ticagrelor 90mg
VerifyNow PRU >208

Post-loading dose 59 18 (31) 53 1(2) <0.0001 57 0(0) <0.0001

1 month, pre-dose 50 14 (28) 51 1(2) <0.0001 45 0(0) <0.0001

1 month, post-dose 52 11 (21) 52 0(0) <0.0001 48 0(0) <0.0001
LTA 20uM ADP >59%
Post-loading dose 59 18 (31) 54 4(7) 0.002 56 1(2) <0.0001
1 month, pre-dose 50 30 (60) 51 6 (12) <0.0001 45 2(4) <0.0001
1 month, post-dose 53 22 (42) 52 2(4) <0.0001 48 1(2) <0.0001

8T0Z ‘0€ aunr uo 1s9nb Ag /Bio'sfeulnofeye-a.io//:dny wouy papeojumoq

LTA: light transmittance aggregometry. n = number of patients with available data in each treatment group, N = number of patients with values above
the given threshold value. % = (N/n) x100.
Clopidogrel and each ticagrelor group are compared using Fisher’s exact test. All comparisons between the ticagrelor groups: P > 0.1.
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Figure Legends

Figure 1. Study design
R: randomization; LD: loading dose; LTA (ADP): light transmittance aggregometry with

adenosine diphosphate; hs: high-sensitivity; qd: once daily; bid: twice daily.

Figure 2. Study CONSORT flow diagram
Number of patients in each of the three treatment groups (clopidogrel, ticagrelor 60mg bid

and ticagrelor 90mg bid) at each stage of the study.

Figure 3. Whole blood in vitro adenosine uptake

Residual adenosine levels at 15 seconds after mixing adenosine 1 umol/L with blood samples
obtained (A) at the time of PCI following a standard loading regimen of clopidogrel (n=54)
or 180-mg loading dose of ticagrelor (n=50 and 54 for 60mg and 90mg groups, respectively),
(B) after one month of treatment, pre-maintenance dose and post-maintenance dose for each
of the three treatment groups (clopidogrel 75mg qd: n=45; ticagrelor 60mg bid: n=46; and
ticagrelor 90mg bid; n=43 & 45). Horizontal bars indicate mean + SD. P values determined

using 3-group comparison with Kruskal-Wallis test.

Figure 4. Plasma adenosine concentration

Plasma adenosine levels (A) at the time of PCI following a standard loading regimen of
clopidogrel (n=56) or 180-mg loading dose of ticagrelor (n=50 and 54 for 60mg and 90mg
groups, respectively) and (B) after one month of treatment, pre-maintenance dose and post-

maintenance dose for each of the three treatment groups (clopidogrel 75mg qd: n=45;

21


http://circ.ahajournals.org/

8T0¢Z ‘0 aung uo 1s9nb Aq /B1o'sfeuno feye-a419//:dny wioly papeoumoq

10.1161/CIRCULATIONAHA.118.034790

ticagrelor 60mg bid: n=46; and ticagrelor 90mg bid: n=43). Horizontal bars show mean + SD.

P values determined using 3-group comparison with Kruskal-Wallis test.

Figure 5. VerifyNow P2Y 12 Assay Results

Individual VerifyNow P2Y12 assay results expressed as (A,C) P2Y 12 reaction units (PRU)
and (B,D) VerifyNow percentage inhibition, (A,B) at the time of PCI following a standard
loading regimen of clopidogrel (n=59) or 180mg loading dose of ticagrelor (n=54 and 58 for
60mg and 90mg groups, respectively) and (C,D) after one month of treatment, pre-
maintenance dose and post-maintenance dose for each of the three treatment groups
(clopidogrel 75mg qd, n=52; ticagrelor 60mg bid: n=52; and ticagrelor 90mg bid: n=48).
The dashed lines indicate a level of 208 PRU as a threshold for high platelet

reactivity. Horizontal bars indicate mean + SD. P values determined using 3-group
comparison with Kruskal-Wallis test with pairwise comparisons using Mann-Whitney test; *

P <0.01; *** P <0.0001.

Figure 6. ADP-induced platelet aggregation determined by LTA

Individual results for the platelet aggregation measured by light transmittance

aggregometry in response to ADP 20 umol/L (A) at the time of PCI following a standard
loading regimen of clopidogrel (n=59) or 180-mg loading dose of ticagrelor (n=54 and 55 for
60mg and 90mg groups, respectively) and (B) after one month, pre-maintenance dose and
post-maintenance dose for each of the three treatment groups (clopidogrel 75mg qd: n=50 &
51; ticagrelor 60mg bid: n=51 & 52; and ticagrelor 90mg bid: n=45 & 48). The dashed lines
indicate a level of 59% as a threshold value for high platelet reactivity. Horizontal bars
indicate mean = SD. P values determined using 3-group comparison with Kruskal-Wallis test

with pairwise comparisons using Mann-Whitney test; *** P < 0.0001.
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‘Study of Two Dose Regimens of Ticagrelor Compared with Clopidogrel in
Patients Undergoing Percutaneous Coronary Intervention for Stable Coronary
Artery Disease (STEEL-PCI)’

by Orme RC et al



Supplementary material for ‘Study of Two Dose Regimens of Ticagrelor
Compared with Clopidogrel in Patients Undergoing Percutaneous Coronary
Intervention for Stable Coronary Artery Disease (STEEL-PCI)’

Influences of genetic variation on effects of clopidogrel and ticagrelor

Genetic variation in the activity of key cytochrome P450 (CYP) enzymes partly explains
limited efficacy of clopidogrel in some individuals, including loss-of-function alleles in
CYP2C19 that have been associated with reduced clopidogrel active metabolite
formation and increased risk of stent thrombosis."

Genetic variants affecting ticagrelor and AR-C124910XX levels are uncommon and

have limited effect on the levels as well as no detectable impact on efficacy or safety of

ticagrelor.®

Inclusion and exclusion criteria for the study

Inclusion criteria

For inclusion in the study, subjects should fulfill the following criteria:

1. Provision of informed consent prior to any study specific procedures

2. Male or female aged greater than 18 years

3. Previous invasive coronary angiography with plan for PCI with coronary stent

implantation for stable coronary artery disease

Exclusion criteria

Subjects should not enter the study if any of the following exclusion criteria are fulfilled:

1. Requirement for a chronic total occlusion to be crossed in order for any stent
implantation to proceed

2. Plan for coronary angiography with a view to PCI if appropriate (i.e. current coronary

anatomy not known)



. Intention to use platelet function tests or genotyping to guide antiplatelet therapy

. Known allergy to or intolerance of aspirin, clopidogrel or ticagrelor

. Treatment with antiplatelet medication apart from aspirin or clopidogrel that cannot
be stopped 10 days prior to PCI (e.g. ticagrelor, prasugrel, dipyridamole, ticlopidine,
abciximab, tirofiban), for example because of continuing indication

. Planned treatment or consideration of treatment with oral antiplatelet medication
other than aspirin or clopidogrel following PCI

. Planned use of a glycoprotein lIb/llla antagonist for the PCI procedure

. Myocardial infarction within the past 12 months

. Current or planned use of an oral anticoagulant (e.g. warfarin, dabigatran,

rivaroxaban, apixaban)

10. Previous history of intracranial haemorrhage or other intracranial pathology

associated with increased bleeding risk

11. Haemoglobin < 100 g/L or other evidence of active bleeding

12. Peptic ulceration documented by endoscopy within the last 3 months unless

healing proven by repeat endoscopy

13. History of acute or chronic liver disease (e.g. cirrhosis)

14. Treatment in the last 10 days or requirement for ongoing treatment with a strong

CYP3A4 inhibitor (e.g. ketoconazole, itraconazole, voriconazole,
telithromycin,clarithromycin, nefazadone, ritonavir, saquinavir, nelfinavir, indinavir,
atanazavir, or over 1 litre daily of grapefruit juice) or inducer (e.g. rifampin/rifampicin,

rifabutin, phenytoin, carbamazepine, phenobarbital)

15. Requirement for ongoing treatment with simvastatin or lovastatin at a dose greater

than 40 mg per day



16. Treatment with a CYP3A4 substrate with a narrow therapeutic index (e.g.
cyclosporine, quinidine)

17. Requirement for ongoing treatment with a moderate-or-strong CYP2C19 inhibitor
that is known to or predicted to impair the response to clopidogrel (omeprazole,
esomeprazole, fluconazole, fluvoxamine, fluoxetine, moclobemide, voriconazole
ciprofloxacin, cimetidine, carbamazepine, oxcarbazepine, or chloramphenicol)

18. End-stage renal failure requiring dialysis

19. History of alcohol or drug abuse in the last year

20. Co-morbidity associated with life expectancy less than 1 year

21. Females of child-bearing potential unless negative pregnancy test at screening and
willing to use effective contraception (i.e. established use of oral, injected or
implanted hormonal methods of contraception or placement of an intrauterine device
(IUD) or intrauterine system (IUS) or barrier methods of contraception with
spermicide or sole male partner with prior vasectomy and confirmed absence of
sperm in ejaculate) for the duration of treatment with study medication

22. Any other condition deemed by the investigator to place the patient at excessive

risk of bleeding with ticagrelor

High-performance liquid chromatography (HPLC) methods

Samples with stop solution were centrifuged at 1500g and the supernatant
deproteinised by the addition of ice-cold 70% perchloric acid before further
centrifugation at 13000g and storage of the supernatant at -80°C. HPLC was
performed using a Waters 2695 HPLC analyser and a Waters 2487 Ultra-Violet/Visible
(UV/Vis) detector with wavelength 258 nm. Data was collected by DataApex Clarity

software. The column was a Waters Xbridge C18 5um (250mm x 4.6mm id) at a



temperature of 23°C. The mobile phase was 2% acetonitrile in aqueous ammonium
hydroxide (0.1%) for 35 mins ramping to 98% acetonitrile after 36 mins until 40 mins
(1mL/min). The injection volume was 100uL. The lower limit of quantification for

adenosine was 0.01 umol/L.

Genetic analysis methods

DNA was extracted from whole blood samples using Chemagen Chemagic 10k kits
(Perkin Elmer, Baesweiler, Germany) followed by elution in Tris-EDTA buffer. The DNA
was quantified using Quantifluor® dsDNA System (Promega, Madison, WI, USA).
Genotyping was done using Tagman assays (Applied Biosystems, Life Technologies,
Pleasanton, CA, USA) using an Applied Biosystems 7900HT Real-Time PCR System.
The alleles genotyped included: CYP2C19 loss-of-function alleles *2 (rs4244285), *3
(rs4986893), *4 (rs28399504), *5 (rs56337013), *6 (rs72552267) *7 (rs72558186) and
*8 (rs41291556); CYP2C19 gain-of-function allele *17 (rs12248560); CYP3A43
(rs62471956); UGT2B7 (glucuronosyl transferase family 2 member B7) (rs61361928);
and SLCO01B1 (solute carrier organic anion transporter family member 1B1

(rs4149056).

Excluded patient on strong CYP3A inducer

One patient randomized to ticagrelor 60mg bid was subsequently found to have been
taking a strong CYP3A inducer throughout the study and was, therefore, included in
error. Their pharmacodynamic and pharmacokinetic data were excluded from the main
analyses to avoid misleading comparison of the groups. It was confirmed that no other
patients in the study received excluded medication. The patient was informed of this
error and agreed for their individual data to be presented anonymously in view of the

scientific interest. After ticagrelor 180-mg loading dose, their VerifyNow P2Y12 assay



showed PRU 220 and percentage inhibition 21%. Pre- and post-maintenance dose of
ticagrelor 60mg at 1 month, these values were 223 and 4% pre-dose and 208 and 21%
post-dose, respectively. LTA results were consistent with these values. Corresponding
to these low levels of platelet P2Y 1, inhibition, plasma levels of ticagrelor and AR-
C124910XX were also low, indicating ultra-rapid metabolism of ticagrelor and its active
metabolite: following ticagrelor 180-mg loading dose, levels were 55 and 105 ng/mL,
respectively; pre-maintenance dose, levels were 7.5 and 36.4 ng/mL, respectively, and
post-maintenance dose, levels were 18.6 and 60 ng/mL, respectively.

These findings illustrate the importance of checking on relevant CYP3A-mediated drug
interactions when using ticagrelor and avoiding the use of ticagrelor in patients

receiving strong CYP3A inducers.

Supplementary genetic analyses

The presence of a gain-of-function allele for CYP2C19 did not influence the
relationship between clopidogrel and either of the ticagrelor doses (Supplementary
Table 4 and 5).

None of the patients carried the rare alleles for CYP3A43 (rs62471956) or UGT2B7
(rs61361928). There were no consistent effects of the variant of SLC01B1 (rs4149056)

on platelet reactivity or plasma ticagrelor levels (Supplementary Tables 6 to 9).



Supplementary Table 1. Characteristics of all randomised patients

Clopidogrel Ticagrelor Ticagrelor
60mg 90mg
n=60 n=60 n=60
Age, years, mean (SD) 63.7 (11.9) 67 (8.6) 64.9 (8.3)
Male sex, n (%) 47 (78.3%) 50 (85.2%) 50 (85.2%)
Body weight, kgs, median
(interquartile range) 85.5 (77-102) 87.5 (73-96) 85 (79-98)
Body mass index, mean (SD) 30.3 (5.7) 28.8 (3.7) 30 (4.9)

Race, n (%)

White 59 (98.3%) 59 (98.3%) 58 (96.7%)

Black 1(1.7%) 0 (0%) 1(1.7%)

Asian 0 (0%) 1(1.7%) 1(1.7%)
Cardiovascular risk factors, n (%)
Current smoker 7 (11.7%) 3 (5%) 7 (11.7%)
Hypertension 42 (70%) 37 (61.7%) 41 (68.3%)
Dyslipidemia 54 (90%) 54 (90%) 58 (96.6%)
Diabetes mellitus 13 (21.7%) 8 (13.3%) 13 (21.7%)
Medical history, n (%)
Myocardial infarction 9 (15%) 7 (11.7%) 4 (6.7%)
PCI 6 (10%) 7 (11.7%) 8 (13.3%)
CABG 3 (5%) 5 (8.3%) 3 (5%)
Cardiac failure 5 (8.3%) 2 (3.3%) 2 (3.3%)
Transient ischemic attack 3 (5%) 3 (5%) 3 (5%)
Non-hemorrhagic stroke 1(1.7%) 0 (0%) 2 (3.3%)
Peripheral arterial disease 7 (11.6%) 5 (8.3%) 3 (5%)
COPD 6 (10%) 6 (10%) 3 (5%)

Concomitant medication, n (%)

Aspirin 75mg daily 60 (100%) 60 (100%)

Beta-blocker 53 (88.3%) 45 (75%)
ACE inhibitor 16 (26.7%) 19 (31.7%)
Statin 54 (90%) 54 (90%)

60 (100%)
41 (68.3%)*
18 (30%)
52 (86.7%)

*All comparisons between the groups are not significant other than treatment with beta-blocker

(p=0.03). SD: standard deviation.



Supplementary Table 2. Baseline demographic and procedural characteristics

and medications at 1 month

Clopidogrel Ticagrelor Ticagrelor
60mg 90mg
n=53 n=53 n=48
Age, years, mean (SD) 65.0 (8.4) 66.6(8.4) 66(7.747)
Male sex, n (%) 43 (81.1%) 45 (84.9%) 40 (83.3%)
68.2(60.6-
Body weight, kgs, median (IQR) 87.0 (77-102) 72.2) 85(79-98)
Body mass index, mean (SD) 30.51(5.75) 28.85(3.7) 30.07 (4.738)

Race, n (%)

White 52 (98.1%) 52 (98.1%) 46 (95.8%)
Black 1(1.9%) 0 (0%) 1(2.1%)
Asian 0 (0%) 1(1.9%) 1(2.1%)
Cardiovascular risk factors, n (%)
Current smoker 6 (11.3%) 2 (3.8%) 4 (8.3%)

Hypertension
Dyslipidemia

37 (69.8%)
37 (69.8%)

31 (58.5%)
47 (88.7%)

31 (64.6%)
46 (95.8%)

Diabetes mellitus 11 (20.8%) 7 (13.2%) 11 (22.9%)
Medical history, n (%)

Myocardial infarction 8 (15.1%) 7 (13.2%) 4 (8.3%)
PCI 5 (9.4%) 7 (13.2%) 7 (14.6%)
CABG 3(5.7%) 4 (7.5%) 1(1.9%)
Cardiac failure 5 (9.4%) 1(1.9%) 0 (0%)
Transient ischemic attack 3(5.7%) 3(5.7%) 2 (3.8%)
Non-hemorrhagic stroke 1(1.9%) 0 (0%) 1(1.9%)
Peripheral arterial disease 5 (9.4%) 3(5.7%) 3 (6.25%)
COPD 4 (7.6%) 1(1.9%) 2 (4.2%)
Concomitant medication, n (%)

Aspirin 75mg daily 53 (100%) 53 (100%) 47 (97.9%)
Beta-blocker 46 (86.8%) 40 (75.5%) 31 (64.6%)
ACE inhibitor 15 (28.3%) 18 (34.0%) 11 (22.9%)
Statin 47 (88.7%) 47 (88.7%) 41 (85.4%)
CYP2C19 LOF carrier, n (%) 17 (32.1%) 18 (34.0%) 9 (18.8%)
Procedural characteristics

Number of vessels treated, mean

(SD) 1.2 (0.45) 1.23 (0.42) 1.25 (0.48)
Number of lesions treated, mean

(SD) 1.51 (0.78) 1.53 (0.7) 1.44 (0.68)
Total stent length, mm, mean (SD) 37.5(25.4) 39.2 (23.4) 36.7 (24.4)
Minimum stent diameter, mm,

mean (SD) 3.03 (0.53) 2.98 (0.49) 3.03 (0.48)
Bifurcation treated, n (%) 1(1.9%) 4 (7.5%) 2 (4.2%)
Left main stem treated, n (%) 1(1.9%) 3(5.7%) 2 (4.2%)

Chronic total occlusion treated, n
(%)
Arterial Access, n (%)



Radial 41 (77.4%) 40 (75.5%)  35(72.9%)

Femoral 10 (18.9%) 13 (24.5%) 12 (25%)
Radial-to-femoral 2 (3.8%) 0 (0%) 1(2.1%)
Brachial 0 (0%) 0 (0%) 0 (0%)

SD: standard deviation. PCI: percutaneous coronary intervention. CABG: coronary artery
bypass graft surgery. COPD: chronic obstructive pulmonary disease. ACE: angiotensin-
converting enzyme. CYP2C19 LOF: loss-of-function allele carrier for cytochrome P450 2C19.



Supplementary Table 3. Adverse events

Clopidogrel Ticagrelor 60mg  Ticagrelor 90mg

N=60 N =56 N =58
Serious Adverse Events N (%) N (%) N (%)
Procedural
Arterial access site bleeding 2(3.3) 2(3.6) 0(0)
Arterial access site haematoma 0(0) 1(1.8) 2(4)
Pericardial effusion 0(0) 1(1.8) 0(0)
Radial artery dissection 0(0) 0(0) 1(1.7)
Non-procedural
Chest pain 2(3.3) 2(3.6) 0(0)
Palpitations 0(0) 0(0) 1(1.7)
Vasovagal syncope 0(0) 1(1.8) 1(1.7)
Systemic thromboembolism 0(0) 0(0) 1(1.7)
Venous thromboembolism 1(1.7) 0(0) 0(0)
Adverse Events N (%) N (%) N (%)
Procedural
Coronary artery haematoma 0(0) 1(1.8) 0(0)
Non-procedural
Hypertension 0(0) 0(0) 1(1.7)
Palpitations 0(0) 1(1.8) 0(0)
Oedema 0(0) 1(1.8) 0(0)
Pre-syncope or syncope 0(0) 2(3.6) 1(2)
Dyspnoea 0(0) 4(7.1) 11 (19.0)**
Anaemia 0(0) 1(1.8) 0(0)
Bruising 2(3.3) 1(1.8) 1(1.7)
Epistaxis 0(0) 0(0) 1(1.7)
Fatigue 0(0) 2(3.6) 0(0)
Gastrointestinal symptoms 3(5.0) 3(5.4) 2(3.4)
Gout 1(1.7) 1(1.8) 0(0)
Haematospermia/haematuria 0(0) 0(0) 2(3.4)
Non-cardiac chest pain 2(3.3) 3(5.4) 6(10.3)
Rash 0(0) 1(1.8) 1(1.7)
Shingles 1(1.7) 0(0) 1(1.7)

Group comparisons performed using Fisher’s exact test: ** P < 0.001 vs clopidogrel. All other P

> 0.05.
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Supplementary Table 4. VerifyNow P2Y,; results following standard loading
regimens of clopidogrel or ticagrelor at the time of PCl according to CYP2C19
loss-of-function allele carrier status

CYP2C19 genotype status Clopidogrel Ticagrelor P value
n Mean * SD n Mean *SD
LOF
% inhibition 18 17 £ 24 31 83124 <0.001
PRU 18 20072 31 35149 <0.001
No LOF
% inhibition 41 3225 79 87 + 16 <0.001
PRU 41 166 £ 66 79 30 £33 <0.001

LOF: CYP2C19 loss-of-function allele carrier. PRU: P2Y 4, reaction units.
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Supplementary Table 5. VerifyNow P2Y 4, results following one month of
clopidogrel or ticagrelor according to CYP2C19 carrier status

VerifyNow
P2Y12 assay

LOF

PRU Pre dose
PRU Post dose
% inhibition
Pre dose

% inhibition
Post dose

No LOF

PRU Pre dose
PRU Post dose
% inhibition
Pre dose

% inhibition
Post dose

16
16

16

16

34
36

34

36

Clopidogrel
Mean * SD

187 £ 47
176 + 60

19+19

22124

178 + 43
155 + 49

22 £17

3720

Ticagrelor 60mg
n Mean = SD

16 77 £ 67
16 3525
16 67 + 27
16 86 +10
34 55+ 34
35 32+ 32
34 7515
35 86 +15

Ticagrelor 90mg

Mean = SD

n

o 0o

36
39

36

39

22 +18
8+3

90+9

97 +1

42 + 39
27 £ 22

82 +17

89+10

P value
Clop vs

T60mg

0.0003
<0.0001

0.0002

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

P value
Clop vs

T90mg

0.0001
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

P value
T60mg vs

T90mg

0.023
0.003

0.038

0.003

0.11
0.64

0.03

0.56

LOF: CYP2C19 loss-of-function allele carrier. PRU: P2Y 4, reaction units.
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Supplementary Table 6. VerifyNow P2Y,; results following standard loading
regimens of clopidogrel or ticagrelor at the time of PCl according to CYP2C19
gain of function allele carrier status

VerifyNow results according to

CYP2C19 genotype Clopidogrel Ticagrelor p value
n MeantSD n MeantSD
GOF
% inhibition 18 3023 34 86+ 19 <0.0001
PRU 18 164 + 60 34 29 + 36 <0.0001
No GOF
% inhibition 41 26 + 26 76 85+ 19 <0.0001

PRU 41 181+ 73 76 33139 <0.0001




Supplementary Table 7. VerifyNow P2Y12 assay results following one month of

clopidogrel or ticagrelor according to CYP2C19 gain-of-function carrier status

VerifyNow P2Y12 assay

GOF

PRU Pre dose
PRU Post dose
% inhibition
Pre dose

% inhibition
Post dose

No GOF

PRU Pre dose
PRU Post dose
% inhibition
Pre dose

% inhibition

Post dose

n

15
16

15

16

35
37

35

37

Clopidogrel

Mean = SD

170 = 50
148 + 58

19+19

37 +23

185 + 41
163 + 57

21 £17

30 £ 22

Ticagrelor 60mg

n

12
12

12

12

38
39

38

39

Mean = SD

6139
35 + 41

67 =27

85+ 19

62 * 51
3326

73+ 21

86 * 11

Ticagrelor 90mg

n

16
17

16

17

28
30

28

30

Mean = SD

A7 £ 47
28 + 26

34 £ 29
21+19

85+ 13

91+18

P value
Clop vs
T60mg

<0.0001
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

P value
Clop vs
T90mg

<0.0001
<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001

P value
T60mg vs
T90mg

0.3067
0.7027

0.4419

0.8525

0.0119
0.0659

0.0026

0.04
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Supplementary Table 8. VerifyNow P2Y12 assay results following standard

loading regimens of clopidogrel or ticagrelor at the time of PCl according to

SLC01B1 genotype carrier status

VerifyNow results according to

SLC01B1 genotype

Carrier
% inhibition
PRU

Non-carrier
% inhibition
PRU

n

15
15

44
44

Clopidogrel

Mean = SD

22+ 22

191 £ 53

29+ 26

171 £ 74

Ticagrelor

n Mean = SD

25
25

84
84

86 + 20
37 + 56

p value

<0.0001
<0.0001

<0.0001
<0.0001

Supplementary Table 9. VerifyNow P2Y12 assay results following one month of
clopidogrel or ticagrelor according to SLC01B1 genotype carrier status

SLC01B1
genotype

Carrier

PRU Pre
dose

PRU Post
dose

% inhibition
Pre dose
% inhibition

Post dose

Non-carrier

PRU Pre
dose
PRU Post
dose

% inhibition
Pre dose
% inhibition

Post dose

n

14

10

14

10

36

39

36

39

Clopidogrel

Mean = SD

193 + 31

172 + 37

20£17

32+18

176 + 48

159 + 58

22+18

3324

Ticagrelor 60mg Ticagrelor 90mg

n

14

14

14

14

36

37

36

37

Mean £ SD

39 + 21

23+19

83%9

71+ 52

37 +£32

69 + 22

84 + 15

n

10

10

10

10

34

37

34

37

Mean £ SD

45 + 54

22+23

79 £ 26

90 =10

37 £ 30

24 £ 22

85+ 13

90+9

P value
Clop vs
T60mg

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

P Value
Clop vs
T90mg

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

P value
T60mg vs
T9

0.594

0.965

0.635

0.784

0.0023

0.0622

0.0006

0.0681
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Supplementary Table 10. Plasma ticagrelor and AR-C124910XX results at time of

PCl according to SLC01B1 carrier status

Ticagrelor (ng/mL)
AR-C124910XX (ng/mL)

Carrier
Mean = SD

1126 £ 658 84
223 + 153

Non-carrier
Mean = SD

P

1097 £ 516  0.976
218 £+ 117 0.687

value

Supplementary Table 11. Plasma ticagrelor and AR-C124910XX results at one

month according to SLC01B1 carrier status

Ticagrelor (ng/mL)
T60 pre dose
T60 post dose
T90 pre dose
T90 post dose

AR-C124910XX
(ng/mL)
T60 pre dose
T60 post dose
T90 pre dose

T90 post dose

14
14
10
10

14
14
10
10

Carrier
Mean = SD

277 £ 152
521 + 318
342 + 204
813 £ 433

94 + 47
129 £ 59
126 + 51
208 + 84

n

36
34
37
37

Non-carrier
Mean = SD

280 + 242
498 + 272
375 187
764 + 332

95 +60
130 £ 80
132+ 73
198 + 101

value

0.627
0.912
0.626
0.715

0.737
0.665
0.576
0.461

T60: Ticagrelor 60mg group; T90: Ticagrelor 90mg group
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Supplementary Figure 1. Time course of whole blood adenosine uptake

Residual adenosine levels at 0 to 60 seconds after mixing adenosine 1 pmol/L with
blood samples obtained (A) at the time of PCI following a standard loading regimen of
clopidogrel (n=54) or 180-mg loading dose of ticagrelor (n=50 and 54 for 60mg and
90mg groups, respectively); and after one month of treatment (B) pre-maintenance
dose and (C) post-maintenance dose for each of the three treatment groups
(clopidogrel 75mg qd: n=45; ticagrelor 60mg bid: n=46; and ticagrelor 90mg bid; n=43
& 45). Data are mean = SD.
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Supplementary Figure 2A. Post loading dose
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Supplementary Figure 2B. At one month
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Supplementary Figure 2. Ticagrelor and Active Metabolite AR-C124910XX

Plasma Concentration

Individual results for plasma concentrations of ticagrelor and active metabolite AR-

C124910XX (A) following a standard loading dose of ticagrelor and (B) after one

month, pre-maintenance dose and post-maintenance dose with either ticagrelor 60 mg

or ticagrelor 90 mg twice daily. Solid lines with error bars indicate mean + SD.
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