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ABSTRACT

Background: Clopidogrel is still frequently usedoiatients with acute coronary syndromes
(ACS), but its efficacy is hampered by interpatiesgponse variability, due to genetic
polymorphisms associated with clopidogrel metalbolis

Objective: To evaluate whether selecting antipéteierapy (clopidogrel, prasugrel or
ticagrelor) on the basis of a patient’s genetic elimdcal characteristics leads to better clinical
outcomes in comparison with the standard of aahéch bases the selection on clinical
characteristics alone

Methods: Patients hospitalised for ACS were rangiaasbkigned to standard of care or
pharmacogenomic arm, which included the genotypi§BCB1, CYP2C19*2, CYP2C19*17
using an ST Q3 system that provide the data witBiminutes at each patient’s bedside. The
patients were followed up for 12 + 1 months for pinenary composite endpoint of
cardiovascular death and the first occurrence offatal myocardial infarction, non-fatal stroke
and BARC 3 to 5-defined major bleeding.

Results: After enrolling 888 patients, the studsyeematurely stopped. Clopidogrel was used
more frequently in the standard of care arm (50v8%3.3%)), ticagrelor in the
pharmacogenomic arm (42.68%632.7%; P=0.02), and prasugrel was equally usédtin arms.
The primary endpoint occurred in 71 patients (15.8%he pharmacogenomic arm and in 114
(25.9%) in the standard of care arm (hazard raé8;®5% confidence interval [Cl] 0.43 to
0.78; P<0.001).

Conclusion: A personalised approach to selectiniplatelet therapy for ACS patients may
reduce ischemic and bleeding events (PHARMCLO - D&3R7435).

Clinical Trial : www.clinicaltrial.gov NCT03347435

Keywords: Pharmacogenomic, clopidogrel, acute coronary ymes

Condensed Abstract Clopidogrel is still frequently used in patiemigh acute coronary
syndromes, but its efficacy is affected by inteigrattresponse variability, due to genetic
polymorphisms . This study of 888 patients coratligenetic and clinical variables to
personalise the choice BRY12 receptor antagonist. The primary endendpointf ischemic
and bleeding events occurred in the 15.9% of thiemqta in the pharmacogenomic arm, and
25.9% of those in the standard of care arm (hazdia 0.58; 95% confidence interval [C]] 0.43
to 0.78; P<0.001). A personalised approach to ¢fhexcson of antiplatelet therapy may improve
clinical outcomes in ACS.

Abbreviations

ACS = Acute Coronary Syndromes

DNA = Deoxyribo Nucleic Acid

IVD = In Vitro Diagnosis

PCR = Polymerase Chain Reaction

BMI: body mass index

PCI: percutaneous coronary intervention
CABG: coronary artery by-pass grafting

COPD: chronic obstructive pulmonary disease
NSTEMI: non-ST-elevation myocardial infarction
10 ACEi: angiotensin-converting enzyme inhibitors
11.ARB: angiotensin receptor blockers
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Introduction

Dual antiplatelet therapy with aspirin and a P2Yd@eptor antagonist is the mainstay of
the treatment of acute coronary syndromes. Pralsaigdeticagrelor have proved to be superior
to clopidogrel in preventing ischemic events, lmatd to an increased risk of bleeding
complications. The International guidelines (1-#d1gly suggest using front-line treatment with
prasugrel or ticagrelor, and only using clopidogfréhey are unavailable or contraindicated.
However, the use of more potent antiplatelet diogslves a fundamental trade-off between
decreasing the risk of ischemia and increasingitieof bleeding. For this reason, clopidogrel is
frequently chosen in the real world (5-8) but, wibahancing ischemic/bleeding risks, only the
clinical characteristics of individual patients &a&en into account.

Clopidogrel leads to substantial variability inipat responses and this limits its
effectiveness (9). In addition to clinical factaifse reasons for this variability include genotypes
loss or gain-of-function polymorphisms in the cytomme P450 2C19 gene are frequently
observed and are not only responsible for incrgagducing enzymatic activity, but also for
inducing high/low on-treatment platelet reactiatiyer clopidogrel exposure, both of which
affect its effectiveness in preventing ischemic blegding events (10-13). Genetic variants of
the genes regulating clopidogrel absorption, sSscABCB1, have also been shown to affect
clopidogrel bioavailability, on-treatment platetetctivity and clinical outcomes (14).

It can therefore be hypothesised that knowing eepes$ genetic profile of clopidogrel
metabolism may lead to more personalised, andftrerenore efficient antiplatelet therapy.
This study was designed to test the hypothesiss#ilatting antiplatelet therapy on the basis of a
combination of genetic information and a patiestisical characteristics would lead to better

clinical outcomes in comparison with the standdrdame based on clinical characteristics alone.



Methods
Patient population

Unselected patients of European ancestry who wespitalised because of ST-segment
elevation or non-ST-segment elevation acute coyosyndromes were considered eligible for
enrolment. The diagnosis of acute coronary syndsowes based on the presence of at least two
of the following criteria: 1) ischemic symptomsrast lasting >20 minutes; 2)
electrocardiographic changes with ST-segment atavatr depression of at least 1 mm in two
contiguous leads; and 3) the typical rise anddi&dlardiac biomarker troponin | or T levels
above the 99 percentile of the upper reference limit.

The major exclusion criteria were: 1) an inabitibyprovide informed consent or follow
study procedures; 2) any contraindication to treeafdP2Y 12 receptor antagonists; 3) a life
expectancy of <1 year; 4) thrombolytic therapy wittihe previous 24 hours; 5) enrolment in
another randomized trial or observational regisangd 6) prior knowledge of the patients’
ABCB1, CYP2C19*2 or CYP2C19*17 genotype.

The study protocol was approved by the Ethics Cdtembf the Coordinating Centre,
and afterwards by the Ethics Committee of eachqgyating centre; all of the patients gave their
written informed consent before taking part in tihal.

Randomization

Immediately after the diagnosis of acute corongndsome, the patients were randomly
assigned to the strategy of selecting a P2Y12 teceptagonist on the basis of their clinical
characteristics plus the genotyping results, atherbasis of their clinical characteristics alone.
An automatic telephone randomisation system wag tgsassign the patients to treatment in a

1:1 ratio based on a centralised list. The randatiua list was stratified by diagnosis (ST-



segment elevatiows all the rest) and by centre using the SAS PLANpdure (SAS Institute,
Cary, North Carolina). The investigators had tdtiig the patient’s date of birth, diagnosis and
site number by means of an interactive voice systeonder to obtain the assigned allocation.
The data were confirmed by e-mail, and the printveas included in the patient’s case report
form.
Genotyping

The patients assigned to the strategy that inclgéedtyping underwent genetic testing
for ABCB1 3435 (7921.1; rs1045642), CYP2C19*2 (1042q24.3; rs4244285) and
CYP2C19*17 (10924.1-g24.3; rs12248560). Blood sasplere taken from all of the patients
randomized to the pharmacogenomic arm for DNA ekima. The genotyping was carried out
using the ST Q3 system, a compact platform enaltfiagaboratory analysis of DNA by means
of real-time PCR. The ST Q3 is designed as a lanyaost portable system for foolproof use
by unskilled personnel as a point-of-care instrumehe reaction takes place in a disposable
lab-on-chip, which is pre-functionalized with afltbe required reagents. The user only has to
add the sample by means of a simple loading systftar,which the disposable device self-seals
and provides the results in approximately 70 misn1®) (Appendix B- Supplementary
Methods).
Sudy procedure and foll ow-up

The patients randomized to the arm that includewtyping received one of the P2Y12
receptor antagonists (clopidogrel, prasugrel oagielor) on the basis of an algorithm that
considered the results of genetic testing in aoldito clinical variable®atients already taking

P2Y12 antagonists could be enrolled but, if switghivas necessary in order to implement the



protocol, it was not counted as switching. Switghias counted only if it occurred after the
selection of the definite P2Y12 receptor antagdhist

It is important to underline that the genetic aitjon was designed to consider the three
genes simultaneously, but the ultimate decisiorceonng antiplatelet therapy also took into
account the patient’s clinical characteristics e left to the discretion of the prescribers.
(Appendix B- Supplementary Methods, Online Figuye 1

The clinical variables used to individualize th@icie of P2Y12 receptor antagonist were
age, weight, ischemic risk, bleeding risk, diabgepemr history of stroke/TIA or intracranial
bleeding, history of bleeding, active bleeding,raig chronic kidney disease.

Given the TRITON-TIMI-38 trial findings and the dusion criteria, prasugrel was not
prescribed for: 1) patients whose coronary anataay unknown; 2) those at high bleeding risk
(particularly those with a history of stroke or Tithose aged >75 years, and those with a body
weight of <60 kg); 3) those receiving fibrinolyticerapy within the previous 24 hours; 4) those
with active internal bleeding; 5) those with sevierer disease; 6) those taking oral
anticoagulant therapy that could not be stopped) thhose with known clinically important
thrombocytopenia (16).

Given the PLATO trial exclusion criteria, ticagreleas contraindicated in: 1) patients
with active pathological bleeding; 2) those withistory of intracranial bleeding; 3) those
requiring dialysis, 4) those taking oral anticoagutltherapy that could not be stopped; 5) those
with known clinically important thrombocytopenia); those receiving fibrinolytic therapy within
the previous 24 hours; and 7) those taking con@rhtherapy with strong CYP3A inhibitors or

inducers (17).



In the standard of care arm, the decision on talwRi2Y12 receptor antagonist to use
was based on clinical characteristics as descabegte and the clinicians’ preference. The
patients were followed up for 12 months by meansuppatient visits or standardized telephone
contacts scheduled 1, 6 and 12+1 months after raizdtion.

Sudy outcomes

The primary endpoint was the composite of cardiovias death and the first occurrence
of non-fatal myocardial infarction, non-fatal steo&and BARC 3 to 5-defined major bleeding
within 12 months of randomization.

The secondary end-point was the composite of timegpy endpoint plus the occurrence
of definite or probable stent thrombosis. Secondary-pre-specified endpoints were the
composite of the first occurrence of the ischemidgoints (cardiovascular death, non-fatal
myocardial infarction and non-fatal stroke) and ¢benposite of the first occurrence of the
BARC 3 to 5-defined major bleeding (Appendix C-1bal-up and endpoint definitions).

All of the events were adjudicated by an indepeh@#mnical Events Committee
consisting of three cardiologists who were unavedire study group assignments. Two
cardiologists reviewed the medical records anthéncase of disagreement, the opinion of the
third member was required. Only adjudicated endgoiere considered for the statistical
analysis.

Satistical analysis

The sample size was calculated on the assumptadriite cumulative incidence of the
primary endpoint in the standard of care arm dffemonths would be 25%. Given a relative
risk reduction in the pharmacogenomic arm of 20%8p$ower and a type alpha error of 5%,

the calculated sample size was 1,806 patientsdin aan.



Descriptive statistics were used to compare thellescharacteristics of the two groups
in order to test the randomisation process. Thaany analysis was based on the intention-to-
treat principle. Cox proportional hazard modelsewesed to analyze the data relating to the
primary and secondary endpoints. The proportioaabhds assumption for the Cox regression
model was confirmed using the Schoenfeld residiesls An Andersen—Gill intensity model
analysis was not pre-specified, but was carriedroatder to account for repeated occurrences
of all of the components of the primary endpointinigi the study period, using a time-dependent
model.

The cumulative incidence of the endpoints duriregXB months of follow-up was
graphically represented by means of Aalen-Johaogeses, and the significance of the
differences between the sub-distribution of theahdg was tested using the Fine-Gray model.
All of the tests were two-sided at a significaneeel of 0.05. No interim analysis was performed
and no multiplicity test correction was made. Ttaistical analyses were made using the R-
package Survival (version 2.41-3) and R Statistszdtware version 3.1.3.

Results

A total of 888 patients were recruited betweerdi2e 2013 and
18 February 2015; 448 patients were randomizedg@harmacogenomic arm and 440 to the
standard of care arm. This represents 24.6% gbriirspecified sample size because, on 18
February 2015, the Ethics Committee of Modenay(tedquired that the trial should be
prematurely stopped and all of the patients folldwp as planned because of the laciaitro
diagnosis (IVD) certification for the ST Q3 instrant.

The mean age of the population was 70.4+12 yeang)¢ 35-97), with 28.4% of the

patients aged >80 years. Virtually all of the paii$e(98.1%) experienced the typical rise and fall



of cardiac markers indicating an acute myocardirction and 96.3% underwent coronary
angiography. Seventy-three percent underwent relaszation: 62.4% by means of a
percutaneous coronary intervention and 11% by mebosronary artery by-pass grafting. All
of these characteristics indicate a high-risk stoolyulation. The concomitant treatments were
those currently used for patients with acute canpsgndromes. The two groups were well
balanced in terms of the patients’ baseline charistics Table 1).

Genotypes

Table 2 shows the genotype distributions of théept in the pharmacogenomic arm.
Briefly, genotyping revealed that 47.1% had attleas copy of the ABCB1 3435 allele, and
26.4% were homozygous; 29.2% had at least one abine loss-of-function CYP2C19*2
allele, and 4.3% were homozygous; and 31.3% h&xhat one copy of the gain-of-function
CYP2C19*17 allele, and 7.8% were homozygous.

The distribution of the P2Y12 receptor antagonisesd during the acute phase and the 12
months of follow-up in the pharmacogenomic arm wlapidogrel in 43.3% of the patients,
prasugrel in 7.6%, and ticagrelor in 42.6%. Theesponding figures in the standard of care arm
were clopidogrel 50.7%, prasugrel 8.4%, and tidagi@2.7%. The difference in the distribution
of the treatments with different P2Y12 receptoagonists between the two arms was
statistically significant (P=0.02}fter the selection of the P2Y12 receptor antagobig8% of
the patients in the pharmacogenomic arm and 5.6¥eistandard of care arm changed their
P2Y12 receptor antagonist at least once. Upon digeh 6.5% of the patients in the
pharmacogenomic arm and 8.2% of those in the stdredacare arm were not receiving any
P2Y12 receptor antagonist, mainly because of ngsdisis, normal coronary angiograms or the

concomitant use of oral anticoagulants.



Outcomes

One patient in the pharmacogenomic arm was |lotiitmv-up. The primary endpoint
occurred in 71 patients (15.9%) in the pharmacogenarm and 114 (25.9%) in the standard of
care arm (hazard ratio 0.58; 95% confidence inte®/43 to 0.78; P < 0.001) (Central
lllustration, Table 3). In patients receiving cldpgrel, the primary endpoint occurred in 48
patients in the pharmacogenomic arm (24.7%) an@32%) in the standard of care arm
(hazard ratio 0.68; 95% confidence interval 0.4770P=0.03) Figure 1).

Definite or probable stent thrombosis was obsememhly eight patients (three in the
pharmacogenomic arm and five in the standard & aem), thus precluding an outcome
analysis of this secondary endpoint.

Ischemic endpoints occurred in 58 patients (13%hénpharmacogenomic arm and 94
(21.4%) in the standard of care arm (hazard rab@;®5% confidence interval, 0.41t0 0.8; P <
0.001) Figure 2). Bleeding endpoints occurred in 19 patients (4.2%the pharmacogenomic
arm and 30 (6.8%) in the standard of care arm (dazdio 0.62; 95% confidence interval, 0.35
to 1.1; P = 0.1)Kigure 3).

Repeated ischemic and bleeding endpoints werdedsdrequent in the patients
randomized to the pharmacogenomic armv8536 endpoints (hazard ratio 0.61; 95%
confidence interval, 0.4 to 0.8; P<0.001).

Discussion

Over the last 10 years, there have been substadirahces in our understanding of the

genetic variability associated with patient resgan® clopidogrel treatment (10-14). However,

although these genetic associations have beenyaigjglicated and the effect sizes are
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sufficiently large to be predictive in the clinicgdtting, there are limited examples of the use of
pharmacogenetic data concerning clopidogrel mehdb guide clinical practice (19-23).

This prospective, randomized multicenter study mles evidence that the use of
genomic medicine to select P2Y12 receptor antagooan be successfully incorporated into the
clinical care of patients with acute coronary symdes. This may be considered one of the most
challenging clinical settings in which to use phacwmgenetic data to guide clinical practice
because of the urgency of the situation and thd testart drug treatment promptly. In our case,
this was made feasible by the development of aitbedsstrument capable of providing
genotype results within 70 minutes of blood sangplin

In patients with acute coronary syndromes, theciele of a P2Y12 receptor antagonist
(clopidogrel, ticagrelor or prasugrel) is basedlweir individual clinical characteristics in order
to obtain the best trade-off between ischemic evant bleeding complications. The main
finding of the present study is that selectingttresnt on the basis of genetic data related to
clopidogrel metabolism in addition to considerasi@oncerning the patients’ clinical
characteristics may lead to a significantly lowaterof ischemic and bleeding events in
comparison with usual practice.

While it is relatively easy to explain why knowleglgf a patient’s genetic data may lead
to a better clinical outcome, it is more diffictdtexplain the magnitude of this effect. Given the
premature discontinuation of the study after th@kement of only 25% of the planned number of
patients it is possible that the observed diffeesrizetween the two arms may simply be
attributable to a chance. Alternatively, it is pibde that the effect size in our sample size
calculation may have been simply underestimatedtraspective analysis of the TRITON-

TIMI-38 trial by Mega et al. showed that the abseldifference in cardiovascular death, non-
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fatal myocardial infarction or non-fatal stroke wa8% between the most and least favourable
ABCB1 and 2C19*2 genetic profile, with a relatividference of 50% (14). Another possible
explanation may be related to the percentage adigatreceiving clopidogrel or ticagrelor in the
standard of care arm. As ticagrelor proved to beereffective than clopidogrel in the PLATO
trial (17), it is possible that some of the benefiserved in our study may have been related to
the more frequent use of clopidogrel in the stathddicare arm. Finally, the ascertainment bias
associated with the single-blind nature of the wimay also partially account for the magnitude
of the effect size.

Genotype-guided antiplatelet therapy may be seam adternative approach to
personalised treatment in acute coronary syndror@éiser strategies based on platelet function
tests have been evaluated but all have failedtmodstrate any significant clinical benefit (24-
26), and it is only recently that the de-escalatibantiplatelet therapy has been shown to be not
inferior to prasugrel when based on platelet fuorctests (27). The major limitation of platelet
function tests is the great variability of the désubut this can be overcome by genetic testing
(28). Two randomized trials of personalised antgl&t therapy based on the genotyping of
Chinese patients undergoing percutaneous coronggventions have shown a significant
reduction in major adverse cardiovascular ever@sg3(®, and our own findings randomized are
in line with this although, given the prematurecdistinuation of the study, no definite
conclusion can be drawn. A number of randomizedcall trials with structured and
standardised study protocols based on CYP2C19 ggingtare ongoing, and will soon provide
important results that will allow finer tuning ihis field (31).randomized

Conclusions
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The findings of this study demonstrate that thelem@ntation of multiple genotyping to
guide antiplatelet therapy in patients with acutemoary syndromes is feasible across different
institutions. Our data also suggest that a moregrelised approach to the selection of
antiplatelet therapy may lead to a clinically meagful reduction in ischemic and bleeding
complications. Future studies of genotype-guiddgkatelet therapy are required to confirm
these data and clarify the cost-efficacy of geniotyn the challenging setting of acute coronary

syndromes before implementing it in everyday chhractice.
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CLINICAL PERSPECTIVES

Competency in medical knowledge: Dual antiplatelet therapy with aspirin and a P2Yéceptor
antagonist is the mainstay of the pharmacologrealtiment of patients with acute coronary
syndromes. The tailored selection of P2Y12 recemttaigonists on the basis of genotype
information concerning clopidogrel metabolism irdiign to clinical variables may improve
clinical outcomes.

Trangdlational outlook: Further studies are needed to confirm theseénpiredry data concerning
the genotyping approach to the selection of P2Mt2ptor antagonists for patients with acute

coronary syndrome before it can be implemented/i@myelay clinical practice.
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Figure Legends

Central Illustration: Cumulative incidence of the primary composite endpoint after 12
months by study arm.Aalen-Johansen curves of the cumulative incideffitkeeoprimary
endpoint (cardiovascular death, non-fatal MI, natalf stroke and BARC 3 to 5-defined major
bleeding). The differences between the sub-digiohthazards in the two study arms shown in
all of the panels were tested using the Fine-Gragieh The insets show the same data on an
enlarged y axis.

Figure 1: Cumulative incidence of the primary endpnt in the group of patients receiving
clopidogrel. Aalen-Johansen curves of the cumulative incidefi¢keoprimary endpoint in the
subgroup of patients who received clopidogrel dythre study. The insets show the same data
on an enlarged y axis.

Figure 2: Cumulative incidence of the ischemic endpoints aftel2 months by study arm.
Aalen-Johansen curves of the cumulative incideffitieenischemic endpoints. The insets show
the same data on an enlarged y axis.

Figure 3: Cumulative incidence of the bleeding endgnts after 12 months by study arm.
Aalen-Johansen curves of the cumulative incideffitkeeobleeding endpoint$he insets show

the same data on an enlarged y axis.
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Table 1. Demographic, clinical, angiographic and &atment characteristics of the study

population.
All Pharmacogenomic | Standard of care
Characteristics patients arm arm
(No=888) (No=448) (No=440)

Demographics
Mean age + SD, years 70.9 (x12.2) 71.1(x12.3) 70.7 (x12.1)
-<70 years 361/888 (40.6) 186/448 (41.5) 175/4408)3
-70-80 years 275/888 (31.0) 130/448 (29.0) 145/8800)
->80 years 252/888 (28.4) 132/448 (29.5) 120/42022

Female sex - No.(%)

283/888 (32.0)

153/448 (34.2)

30/440 (29.6)

Cardiovascular risk factors — No. (%)

-Family history 198/888 (22.3) 906/448 (21.4) 102423.2)
“Hypertension 660/888 (74.3) 331/448 (73.9) 329/@408)
-Dyslipidemia 483/888 (54.4) 251/448 (56.0) 230/482.7)

-Diabetes mellitus

235/888 (26.5)

113/448 (25.2)

2/420 (27.7)

-Habitual smoking 200/888 (22.5) 92/448 (20.5) 138/ (24.6)
-BMI — No.(%)

<25 kg/nf 117/888 (13.2) 62/448 (13.8) 55/440 (12.5)
25-30 kg/m 619/888 (69.7) 311/448 (69.4) 308/440 (70.0)
>30 kg/nf 152/888 (17.1) 75/448 (16.8) 771440 (17.5)
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History — No. (%)

-Previous M 191/888 (21.5) 96/448 (21.4) 95/440.63
-Previous stable angina 50/888 (5.6) 25/448 (5.6) 5/440 (5.7)
-Previous PCI 169/888 (19.0) 81/448 (18.1) 88/¢2400)
-Previous CABG 80/888 (9.0) 43/448 (9.6) 37/44@)8.
-Previous stroke 63/888 (7.1) 35/448 (7.8) 28/210)(

-Peripheral arterial disease

85/888 (9.6)

40/448) (8

45/440 (10.2)

-Permanent atrial fibrillation

41/888 (4.7)

22/4489)

19/440 (4.3)

-Chronic kidney disease

76/888 (8.6)

35/448 (7.8)

1/440 (9.3)

-COPD

71/888 (8.0)

33/448 (7.4)

38/440 (8.6)

Acute coronary syndrome — No. (%)

-STEMI 244/888 (27.5) 114/448 (25.5) 130/440 (29.5)
-NSTEMI 602/888 (67.8) 316/448 (70.5) 286/440 (65)
-Unstable angina 17/888 (1.9) 71448 (1.6) 10/448)(2
-No acute coronary syndrome|f 25/888 (2.8) 11/248)( 14/440 (3.2)

Coronary angiography — No. (%)

-Angiography performed

855/888 (96.3)

433/448 (96.6

4221440 (95.9)

-Single-vessel disease

265/855 (30.9)

124/433Y28.6

141/422 (33.4)

-Two-vessel disease

234/855 (27.3)

125/433 (28.8)

09/4p2 (25.8)

-Three-vessel disease

231/855 (27.0)

119/433 (27.4)

112/422 (26.5)

-Left main coronary artery

105/855 (12.2)

60/433.8)

45422 (10.6)

-Left anterior descending

coronary artery

460/855 (53.8)

236/433 (54.5)

2241422 (53.1)
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-Circumflex coronary artery

315/855 (36.8)

174/436.1)

140/422 (33.1)

-Right coronary artery

406/855 (47.4)

203/433 (6.8

203/422 (48.1)

-Other vessels

265/855 (30.9)

125/433 (28.8)

140(33.1)

Revascularisation — No. (%)

PCI

532/855 (62.2)

268/433 (61.8)

2641422 (62.6)

CABG

92/855 (10.7)

49/433 (11.3)

43/422 (10.1)

Medical treatment — No. (%) ¥

Aspirin 860/888 (97.0) 4371448 (97.6) 4231440 (96.1
Beta-blocker 751/888 (84.6) 382/448 (85.3) 360/(B89)
ACEi and ARB 658/888 (74.1) 342/448 (76.3) 316/47AD.8)

Lipid-lowering drug

761/888 (85.6)

386/448 (86.2)

375/440 (85.2)

Calcium-channel inhibitor

243/888 (27.4)

120/448.8

123/440 (28.0)

Warfarin

48/888 (5.4)

21/448 (4.7)

271440 (6.1)

P>0.05 for all comparisons. BMI: body mass indexj: Nhyocardial infarction; PCI:
percutaneous coronary intervention; CABG: coronamgry by-pass grafting; COPD: chronic
obstructive pulmonary disease. STEMI: ST-elevatigyocardial infarction. NSTEMI: non-ST-
elevation myocardial infarction. ACEi: angiotensionverting enzyme inhibitor; ARB:
angiotensin receptor blocker.

1 A total of 93% of the PCls involved stenting.

t No acute coronary syndrome: this category indupatients with a misdiagnosis of acute
coronary syndrome.

T All of the medical treatments were prescribedrdphospitalisation and upon discharge.
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Table 2. Frequency distribution of genetic variantsand selected P2Y12 receptor antagonist

Pharmacogenomic

Standard of care

Characteristics
arm arm
(No=448) (No=440)

ABCB1 3435 genotype, No (%)

Wild type (C/C) 119/448 (26.5) NA
Heterozygous (C/T) 211/448 (47.1) NA
Homozygous (T/T) 118/448 (26.4) NA
CYP2C19*2 genotype, No (%)

wild type (*1/*1) 298/448 (66.5) NA
Heterozygous (*1/*2) 131/448 (29.2) NA
Homozygous (*2/*2) 19/448 (4.3) NA
CYP2C19*17 genotype, No (%)

Wild type (*1/*1) 273/448 (60.9) NA
Heterozygous (*1/*17) 140/448 (31.3) NA
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Homozygous (*17/*17) 35/448 (7.8) NA
P2Y12 receptor antagonist, No (%)*

Clopidogrel 194/448 (43.3) 223/440 (50.7)
Prasugrel 34/448 (7.6) 37/440 (8.4)
Ticagrelor 191/448 (42.6) 144/440 (32.7)
P2Y12 receptor antagonist switch 1 27/397 (6.8) 22/393 (5.6)
No P2Y12 receptor antagonist § 29/448 (6.5) 36/440 (8.2)

* P2Y12 receptor antagonist: P2Y12 receptor antegqmescribed during hospitalisation and upontthsge. P value for global comparison =

0.02
8 No P2Y12 receptor antagonist: patients who dicdr@ceive any P2Y12 receptor antagonists duringitedsation or upon discharge (because

of misdiagnosis, a high bleeding risk, or concontitaral anticoagulant therapy). 1 P2Y12 receptdagonist switch: any switch from one

P2Y12 receptor antagonist to another during thendbth follow-up.

25




Table 3. First occurrence of the individual components of tle primary composite endpoint.

Individual components of the

Pharmacogenomic

Standard of care

Hazard ratio

primary composite endpoint arm arm
(No=448) (No=440) (95% ClI)
Cardiovascular death 28 34
Non-fatal myocardial infarction 21 47
-Post-PCI myocardial infarction 1 7
-Post-CABG myocardial infarction 1 9
Non-fatal stroke 5 7
Combined major bleeding 17 26
(BARC*3+4+5)
Primary composite endpoint 71 114 0.58
[0.43-0.78]

*Major bleeding according to the Bleeding AcadeiResearch Consortium (BARC) definition
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Appendix A - List of Investigators

Coordinating Centre

Division of Cardiology, Azienda Ospedaliero-Univigaisa di Parma, Parma, Italy
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Sub-Investigators: Dr. Maria Francesca Notarandeto, Angela Guidorossi, Dr. Chiara
Manzalini, Dr. Vittoria Caporale, Dr. Lucia Coppirdr. Maria Antonietta Demola, Dr.
Rossella Giacalone, Dr. Giancarlo Mange, Dr. FiipBigazzani, Dr. Federica Del

Giudice, Dr. Francesca Boffetti.

Participating Centres

Division of Cardiology, Ospedale Infermi di Rimjiftimini, Italy
Principal Investigator: Dr. Giancarlo Piovaccari,
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Division of Cardiology, Azienda Territoriale di Mena, Ospedale Ramazzi di Carpi,
Carpi, Italy
Principal Investigator: Dr. Giampiero Patrizi

Sub-Investigators: Dr. Carmen Dello lacono, Dr. AaBorghi

Division of Cardiology, Ospedale Civile di GuatdaReggio Emilia, Italy
Principal Investigator: Dr. Alessandro Navazio

Sub-Investigator: Dr. Francesco Manca



Division of Cardiology, Ospedale Civile Santa Madielle Croci di Ravenna, Ravenna,
Italy
Principal Investigator: Dr. Massimo Margheri

Sub-Investigator: Dr. Matteo Aquilina

Division of Cardiology, Ospedale Civile Guglielma baliceto di Piacenza, Piacenza,
Italy
Principal Investigator: Dr. Giovanni Quinto Villani

Sub-Investigators: Dr. Simone Binno, Dr. Stefano&®e

Division of Cardiology, Ospedale M. Bufalini di Gam, Cesena, Italy
Principal Investigator: Dr. Roberto Mantovan

Sub-Investigator: Dr. Francesca Ghezzi

Division of Cardiology, Azienda Territoriale di Paa, Ospedale di Vaio Fidenza, Parma,
Italy
Principal Investigator: Prof. Paolo Moruzzi

Sub-Investigator: Dr. Antonio Rizzo

Division of Cardiology, Ospedale S. Paolo di Sav@evona, Italy
Principal Investigator: Dr. Stefano Bellotti

Sub-Investigator: Dr. Stefano Cordone



» Division of Cardiology, Ospedale S. Francesco doiduNuoro, Italy
Principal Investigator: Dr. Gavino Casu

Sub-Investigator: Dr. Paola Berne

» Division of Cardiology, Ospedale San Giovanni Bgsbarin, Italy
Principal Investigator: Dr. Fabrizio Ugo

Sub-Investigator: Dr. Paola Zanin

» Division of Cardiology, Ospedale di Baggiovara, Mad, Italy
Principal Investigator: Dr. Stefano Tondi

Sub-Investigators: Dr. Katia Paganelli, Dr. LucatBi

» Division of Cardiology, Arcispedale Santa Maria NapReggio Emilia, Italy
Principal Investigator: Dr. Massimo Pantaleoni

Sub-Investigator: Dr. Giovanni Tortorella

Participating Centre Nos. 8-12 did not receive falrethical approval because enrolment was

prematurely interrupted by the Ethics Committe&lofiena.



Appendix B - Supplementary Methods
The ST Q3 instrument
The ABCB1 3435 (7q21.1; rs1045642), CYP2C19*2 (fi2124.3; rs4244285) and
CYP2C19*17 (10g24.1-924.3; rs12248560) geneticavasi were genotyped using the ST Q3
system, a compact platform enabling the laboraamalysis of DNA by means of real-time PCR
that has been developed by ST Microelectronics taedDivision of Cardiology of Azienda
Ospedaliera Universitaria di Parma. As genotypmgdlect P2Y12 receptor antagonists in the
setting of acute coronary syndromes cannot be deddgo centralised genetic laboratories for
reasons of time, we designed the ST Q3 instrunfenbedside genotyping as a low entry-cost
portable system for foolproof use by unskilled pergl. It is used to drive a disposable lab-on-
chip device consisting of a silicon die manufaatuiging semiconductor technology, and sealed
with a transparent frame to form six chambers lnctvthe RT-PCRs take place. (1)
DNA isolation
Peripheral blood (up to 5 mL) was drawn into"NEDTA vacuettes and transferred into a
laminar flow hood in order to avoid any genomic DNAntamination. The MaxwellI¥
platform (Promega) was used for DNA isolation. Aiguot (0.4 mL) of blood was transferred
into a loading cartridge and the instrument isalatee DNA automatically in an average time of
28 minutes.
Genotyping
The genotyping procedure was performed using Th@®$ instrument. The user only has to add
5 uL of DNA through a simple loading system, after @hithe disposable device self-seals in
order to prevent cross-contamination between tHerdnt reaction chambers. After switching

on the instrument and launching the dedicated Q&®ralting software, the user is guided



through easy operational steps by the softwarefade and dedicated videos. The reaction lasts
approximately 40 minutes, after which the softwdrgplays the SNP score and the patient’s
genetic profile.
All of the results were automatically saved in df.peport file in order to ensure accurate data
collection.
Workflow
The total workflow of the genotyping process cotss@: 1) peripheral blood withdrawal (up to
5 mL), 2) DNA isolation using the Maxwell18 platform, 3) loading the purified DNA into the
ST lab-on-chip, 4) insertion of the chip in the @8 instrument, 5) analysis of the sample and
collection of the displayed results.
Workflow for the selection of P2Y12 antagonists ithe pharmacogenomic arm
The patients randomised to the pharmacogenomic raomived one of the P2Y12 receptor
antagonists (clopidogrel, prasugrel or ticagretor)the basis of their genotype (Supplementary
Appendix Figure 1) in addition to clinical variabldt is important to underline that the genetic
algorithm was designed to consider the three gsimesltaneously, but the ultimate decision
concerning antiplatelet therapy also took accobetgatient’s clinical characteristics and was
left to the discretion of the prescribers.
Unless medically contraindicated, it was suggested clopidogrel should be administered to
patients whose genetic test results indicated :
* ABCBLI1 3435 wild-type or heterozygous, CYP2C19*2 &¥P2C19*17 both wild-type;
 ABCB1 3435 wild-type or heterozygous, CYP2C19*2 mwzygous or heterozygous,

and CYP2C19*17 homozygous.



Because of the high risk of bleeding, it was sutggeshat prasugrel or ticagrelor should be
administered to patients whose genetic test resulisated:
 ABCB1 3435 wild-type or heterozygous, CYP2C19*2 daiype, and CYP2C19*17
homozygous.
Because of the high ischemic risk, it was suggesiedl prasugrel or ticagrelor should be
administered to patients whose genetic test resulisated :
* ABCBLI1 3435 homozygous, and any CYP2C19*2 and CYIR?C7 genotype;
 ABCB1 3435 wild-type or heterozygous, CYP2C19*2 daiype, and CYP2C19*17
homozygous or heterozygous;
« ABCB1 3435 wild-type or heterozygous, CYP2C19*2 dnerygous, and any
CYP2C19*17 genotype;
« ABCB1 3435 wild-type or heterozygous, CYP2C19*2 lwaygous, and CYP2C19*17
wild-type or heterozygous.
The clinical variables used to individualise theicke of P2Y12eceptor antagonist were age,
weight, ischemic risk, bleeding risk, diabetes,oprhistory of stroke/TIA or intracranial
bleeding, history of bleeding, active bleeding,rarg chronic kidney disease.
Given the TRITON-TIMI-38 trial findings and the dusion criteria, prasugrel was not
prescribed for: 1) patients whose coronary anatemmy unknown; 2) those at high bleeding risk
(particularly those with a history of stroke or TIfhose aged >75 years, and those with a body
weight of <60 kg); 3) those receiving fibrinolyticerapy within the previous 24 hours; 4) those
with active internal bleeding; 5) those with sevdieer disease; 6) those taking oral
anticoagulant therapy that could not stopped; orthdse with known clinically important

thrombocytopenia (2).



Given the PLATO trial exclusion criteria, ticagrelowas contraindicated in: 1) patients with
active pathological bleeding; 2) those with a hgtof intracranial bleeding; 3) those requiring
dialysis, 4) those taking oral anticoagulant thgrémt could not be stopped; 5) those with
known clinically important thrombocytopenia; 6) fgoreceiving fibrinolytic therapy within the
previous 24 hours; and 7) those taking concomithetapy with strong CYP3A inhibitors or
inducers (3).

Education and on-site training

This was a multicentre study that was funded by HEmilia Romagna Region (Project
Identification Number: E35E09000880002) and perfednat the Cardiological Divisions of the
participating centres. Project implementation weeceded by a preliminary 2-year phase during
which the engineers, clinicians, biotechnologist&l ayeneticists working at the Cardiology
Division of Parma University Hospital and at ST Kkbielectronics developed, produced and
validated the Q3 instrument, which provides gengtiormation directly and immediately at a
patient's bedside.

All of the investigators were trained in the stupgocedures (DNA extraction, genotyping,
randomisation, e-CRF data entry) during the Ingastirs’ Meeting that took place at Parma
Hospital in June 2013. Before the beginning of shely, an Initiation Visit was performed at
each participating centre during which a multigiiciary team of cardiologists and geneticists
delivered the study materials to each local ingastir (DNA extraction system, pipettes (10-200
pL, 100-1000 puL), aerosol-resistant pipette tipsé&b-on-chips, an ST Q3 instrument and a PC
with Q3 Software installed) and flow-charts showif@NA isolation, genotyping and

randomisation. The members of the expert team aistalled and funzionalised each



instrument, and supervised the investigators durémmulations of DNA isolation and

genotyping, in order to consolidate their newly4aioed skills.
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Online Figure 1. Genetic algorithm for the suggestéP2Y12 receptor antagonists

In ABCB1 homozygous patients, it was suggestedadioninister prasugrel or ticagrelor
regardless of the CYP2C19*2 and CYP2C19*17 genotypABCB1 heterozygous or wild-type

patients, it was suggested to administer clopidagtéey are wild type for both CYP2C19*2

and CYP2C19*17, or if they were CYP2C19*2 homozygjou heterozygous and CYP2C19*17
wild-type. For patients with all the remaining CYP®*2 and CYP2C19*17 genotype

combinations, it was suggested to administer prasog ticagrelor.
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Appendix C — Follow-up and end-point definitions

Follow-up

The trigger events during follow-up were identifiedl the 12-month visit or by means of
telephone contacts using a common data collection.fWhen a trigger event was recorded, the
investigators provided source documents to thei€lirEvent Committee. The cause of death
was attributed by checking the death certificate.

All of the events were adjudicated by the indepabd@linical Event Committee, which
consisted of three cardiologists who were unawatbeopatients’ study group assignment. Two
of the cardiologists reviewed the medical recomts, in the case of disagreement, the opinion of
a the third was required.

End-point definitions

The primary end-point was the composite of carasoular death, and the first occurrence of
non-fatal myocardial infarction, non-fatal strokend BARC 3 to 5-defined major bleeding
within 12 months of randomisation. The secondarg-oint was the composite of the first
occurrence of the primary end-point plus the o@noe of definite or probable stent thrombosis.
Cardiovascular death

All reported deaths were recorded and adjudicaBatdiovascular death was defined on the
basis of the patient’s death certificate, and idetli sudden cardiac death, death due to acute
myocardial infarction, death due to heart failldeath due to a cerebrovascular event, death due
to other cardiovascular causes (i.e. pulmonary disthp aortic disease, cardiovascular
intervention)

Myocardial infarction
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Myocardial infarction was defined in accordancehviite universal definitioffl). Any one of
the following meets the diagnostic criteria foraugrdial infarction.

1.The detection of a rise and/or fall in cardigmmarkers (preferably troponin) with at least one
value above the 99th percentile of the upper raferdimit (URL), together with evidence of
myocardial ischemia with at least one of the follogy

» Symptoms of ischemia;

* ECG changes indicative of new ischemia (new Sdhdnges or new left bundle branch block
[LBBB]);

» Development of pathological ECG Q waves;

* Imaging evidence of a new loss of viable myoaardior a new regional wall motion
abnormality.

2. The occurrence of sudden, unexpected cardiath degolving cardiac arrest, often with
symptoms suggesting myocardial ischemia, and acanrmag by presumably new ST elevation,
or a new LBBB, and/or coronary angiographic orogtit evidence of a fresh thrombus with
death occurring before blood samples could be wéthor before the appearance of cardiac
biomarkers in the blood.

3. In the case of patients undergoing a percutaneotonary interventions (PCI) with normal
baseline troponin values, elevations of cardiaenbiders above the 99th percentile URL were
considered as being indicative of peri-procedurgbcardial necrosis. By convention, increases
in biomarkers of >3 x 99percentile URL were designated as defining PCGiteel myocardial
infarction.

4 In the case of patients undergoing coronary yartgmpass grafting (CABG) with normal

baseline troponin values, elevations of cardiaeriairkers above the 99th percentile URL were
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considered as being indicative of peri-procedurgbcardial necrosis. By convention, increases
in biomarkers of >5 x 99 percentile URL plus new pathological Q waves ereav LBBB, or
angiographically documented new graft or nativeonary artery occlusion, or imaging evidence
of a new loss of viable myocardium were designaeddefining CABG-related myocardial
infarction.

5. Pathological findings of an acute myocardiaainfion.

Stroke

Stroke(2) was defined as an acute episode of neurologicsfudgtion attributable to a central
nervous system vascular cause. Stroke had to bendoded by a CT scan or magnetic
resonance imaging [MRI], or autoptic evidence. Whessible, stroke was classified as:

* Primary ischemic stroke, defined as an acute episidfocal brain, spinal, or retinal
dysfunction caused by an infarction of central pes/system tissue and documented by
imaging.

* Primary hemorrhagic stroke, defined as an acutodp of focal or global brain, spinal
or retinal dysfunction caused by non-traumatic aparenchymal, intraventricular, or
subarachnoid hemorrhage, as documented by neurmighagor autopsy.
Microhemorrhages (<10 mm) evident only on MRI weret considered to be a
hemorrhagic stroke.

BARC major bleeding

We defined major bleeding as BARC (Bleeding AcadeResearch Consortium) categories 3-5
A):

BARC 3:
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- overt bleeding plus a decrease in hemoglobiniseve3 to <5 g/dL and/or any transfusion with
overt bleeding (BARC 3a);

- or overt bleeding plus a decrease in hemoglobiels of>5 g/dL and/or cardiac tamponade
and/or bleeding requiring surgical intervention for control (excluding
dental/nasal/skin/hemorrhoid bleeding) and/or blegdequiring intravenous inotropes (BARC
3b);

- or intracranial hemorrhage (does not include abtgeds or hemorrhagic transformation; does
include intraspinal bleeding), confirmed by autopsymaging or lumbar puncture and/or intra-
ocular bleeding compromising vision (BARC 3c).

BARC 4:

- CABG-related bleeding within 48 hours.

BARC 5:

- Fatal bleeding that directly causes death witlotiner explainable cause. BARC fatal bleeding
is categorised as eithdefinite or probable as follows:

- Type 5a

Definite fatal bleeding is bleeding that is dirgatbserved or confirmed on autopsy or imaging.

- Type 5b

Probable fatal bleeding is bleeding that is cliljcauspicious as the cause of death, but the
bleeding is not directly observed and there is mim@sy or confirmatory imaging. The site of
fatal bleeding is specified as intracranial, gastsestinal, retroperitoneal, pulmonary, pericardial
genito-urinary, or other.

Stent thrombosis
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Stent thrombosis was evaluated using the Acaderage&ch Consortium criteria (Definite
stent thrombosis was defined as the presence abgmaghic or pathological confirmation of
partial or total thrombotic occlusion within therpstent region and at least one of the following
additional criteria: acute ischemic symptoms; issite ECG changes; elevated cardiac
biomarkersThe definition of probable stent thrombosis reqiitiee presence of an unexplained
death within 30 days of the procedure or an aocwecardial infarction involving the target
vessel territory without angiographic confirmation.
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