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1. Abbreviations

AC
ACS
ADP
Adg
AgGmax

AgQiate

APT
ARC
ASA
AUC
CABG
CAD
CAMP
CIE
COX
CYP450
CcVv
DAG
DAPT
DES
disAgg
GOF

GPI

Adenil cyclase

Acute coronary syndrome
Adenosine diphosphate
Aggregation

Maximum aggregation

Late aggregation

Anti-platelet therapy

Academic Research Consortium
Acetylsalicylic acid

Area under curve
Coronary-artery bypass grafting
Coronary artery disease

Cyclic adenosine monophosphate
Composite ischemic event
Cyclooxygenase

Cytochrome P450
Cardiovascular

Diacylglycerol

Dual anti-platelet therapy

Drug eluting stent
Disaggregation
Gain-of-function

Glycoprotein receptor inhibitor



HPR
HR

INS

IP3

ISR

LC RT PCR
LOF
LTA
MACE
Mdrl
MFI
MFI¢

MI
MLCK-P
OAD
OR

PAD
PCI
PGH
Pgp
PI3K
PIP2
PKC
PLC

POBA

High on-platelet reactivity

Hazard ratio

Insulin-treated diabetes mellitus
Inositol triphosphate

In-stent restenosis

LightCycler Real Time PCR
Loss-of-function
Light Transmission Aggregometry
Major adverse cardiovascular events
Multidrug resistance 1

Mean fluorescence intensities
Corrected Mean fluorescence intensities
Myocardial infarction

Myosin light chain kinase

Oral antidiabetic-treated diabetes mellitus
Odd ratio

Peripheral artery disease
Percutaneous coronary interventions
Prostaglandin E1

P-glycoprotein

Phosphatidylinositol 3-kinase
Phosphatidylinositol biphosphate
Protein kinase C

Phospholipase C

Percutaneous ballon angioplasty



PON1 Paraoxonase-1 enzyme

PPP Platelet poor plasma

PRI Platelet reactivity index

PRP Platelet rich plasma

ROC Receiver-operator characteristic curve
SNP Small nucleotide polymorphism

ST Stent thrombosis

Tm Melting temperature

TTP Thrombotic thrombocytopenic purpura
TVR Target vessel revascularization

TXA, Thromboxane A

UFH Unfractionated heparin

VASP-PRI Vasodilator-stimulated phosphoproteinggiwrilation assay

WB Whole blood



2. Introduction

Coronary artery disease (CAD) is known to be a vetgrogeneous disease of multi-factorial
origin affecting millions world-wide and being thep leading cause of death among the
middle-aged population. Due to the actuality anchglexity of the subject the area is being
widely studied. In recent decades new medicatidreatment protocols and follow up
methods were developed for its management. Coreardéeyy bypass grafting (CABG),
introduced in 1968, used to be the only methodoobrary revascularization until 1977 when
Andreas Gruntzig performed percutaneous ballon optagty (POBA). Since then both
technologies underwent evolution exploiting numercadvantages of minimal invasive
intervention. Substantial technological and phawtegical advances increased the feasibility
and procedural success. In parallel with the teldgical improvement the adjunctive
pharmacology had substantial improvement invohdegelopment of new drugs with novel
targeted mechanisms, refined indications and tisitiscation-based treatment algorithms.

In the 1990s the development of coronary stentstdeceduced rates of complications of
balloon angioplasty (POBA), and percutaneous cakonaterventions (PCIl) have
revolutionized the treatment of ischaemic heartake. However some short and longer term
complication has been realized. (1;2) Using ardtgiet therapy in patients after PCI radically
reduced the rate of ischaemic events. It is of timdé promising results are associated in some
clinical situations with a need for higher degrehibition of platelet activation using more
potent anti-platelets, as well as intensified ghdtelet and anticoagulation protocols. Despite
the efforts, acute stent thrombosis (ST) and ingtestenosis (ISR), both resulting in target-
vessel failure after PCI, still occur. It undersepthat optimizing anti-platelet therapy is still
not achieved in a proportion of patients and emigbasthe complexity of the question.

Adjusting the sensitive balance of the anti-platélerapy, to being well effective, but as well



avoiding the risk of serious side effects, likeig®ocedural bleeding complications, is of
great importance. Considering that individuals nieywe different needs for anti-platelet
action as well as different risk for bleeding, geinoward the need for an individualized
therapeutic regime. Significant interindividualfdifences in response to anti-platelet therapy
have recently been recognized with supposed enmwieotal, clinical, pharmacokinetic and
genetic background. While lack of standardizatibplatelet function assays and well defined

cut off values represent further difficulties oéthubject. (1-5)

2.1 Stent thrombosis

Stent thrombosis (ST) is a dreadful complicatioteratoronary stent implantation. (6) ST
means blood clot formation in the previously impégh stent and as a consequence it
encounters myocardial infarction associated witthhmortality. By reason of terminological
heterogeneity, in 2006 the Academic Research Cousor(ARC) proposed consensus
categories for ST, based on event probability avellof evidence, also known as Glasgow-
classification. Alternatively ST could be also sified based on the timing of occurence after
PCI (early: acute, sub-acute; late; very late S).is a multi-factorial event; in that both
procedural (under-expansion, malposition of steldeg stented segment, residual edge-
dissection), clinical (low ejection fraction, acutayocardial infarction, impaired renal
function, diabetes) and hemorrheologic abnormalifjpremature discontinuation of anti-
platelet therapy, and possibly inefficacious APTgypsubstantial role. (7) The risk of acute
ST is greatest in the early phase with approxinga2éb in the initial month for all types of
stents, while overall incidence of ST is aroun®2-48;9)

The use of dual anti-platelet therapy (DAPT) inigras after percutaneous coronary
interventions (PCI) is supported by strong bodywaflence, demonstrating reduction of the
risk of ischaemic complications and better oveoaifcome. Inhibiting platelet function is a

key therapeutic principle to reduce major adveeseiovascular events (MACE), but several



trials and clinical registries have also shown tthe¢ advantage may be offset in certain
circumstances like by an increased risk of bleednognplications after cardiovascular
surgery. (10) As a consequence, the individualasofic and bleeding risk of a patient must
be taken into consideration to select the approppdatelet inhibitory regimen offering the

best benefit-risk ratio. (11)

2.2 Prevention of instent restenosis

Instent restenosis (ISR) is a chronic process dlcatirs when the treated vessel becomes
blocked again after PCI. Similar to ST, ISR alsonalti-factorial disorder in which both
procedural (under-expansion, malposition of stelitsg stented segment), clinical (acute
coronary syndrome, impaired renal function, diafefglay substantial role. (12;13) It is
typically seen 3 to 6 months after the initial prdare. When a stent is placed in a blood
vessel new tissue grows inside the stent, covehiagtruts. Initially this is a favorable effect
by developing a normal lining over stent allowingaoth blood flow over the stented area
without provoking clot formation. (14;15) In timsgar tissue may arise underneath the new
healthy lining obstructing the blood flow by prodhur an important blockage. With the
implantation of bare metal or cobalt-chromium stenSR occurred up to 20 to 40% of
patients after PCI. In the past years, drug-elustgnts (DES) proved to be extremely
successful in preventing in-stent restenosis. (&9 anti-inflammatory, anti-proliferative
and/or cytostatic drugs that are released frontsterthe vessel wall decreased the incidence
of angiographic in-stent restenosis below 10%. @ndther hand the antiproliferative effect
also delays the healing process and thus the ageveryfithe sruts. This results in a longer

period of risk for stent thrombosis and longer nEggreventive anti-platelet therapy.



2.3 Adjuvant therapy of coronary stent implantation

Anti-platelet agents

Platelets are relevant in the process of atherothosis and arterosclerosis. (14;16) The
surface of the resting platelet carries a greatetyarof specialized and highly regulated
transmembrane receptors for different agonists kgahds. Lesion of the endothelium
through the rupture of atherosclerotic plaquesjuwing PCI by damaging the intimal layer
integrity, permits platelets to contact subendathefactors that promote thrombocyte
adhesion and aggregation cascade. Thus inhibitigrlatelet activation and aggregation is
one of the major pharmacological goals in our theutic regimen. Currently, three main
groups of drugs are used after and before corostemt implantation. These targeted

substances inhibit different steps in plateletvatibn and/or aggregation.

2.3.1 GP-lIb/llla receptor antagonists

GP-lIb/llla inhibitors (GPI) are intravenously admnstered anti-platelet agents. They prevent
platelet aggregation and thrombus formation by seggng GP-lIb/llla receptor on the
activated platelet surface. They are frequentlyguséiigh-risk ACS patients who do not have
active bleeding and it is also recommended in ptievith acute myocardial infarction
admitted for primary PCI. (8;17;18) However, thdgoaincrease the rate of bleeding events.
(19) The available formulations are synthetic, $tsi@led particles (tirofiban and eptifibatide)
and monoclonal antibodies (abciximab). Contrarintcavenous molecules that are supported
by several studies and guidelines, the developnoéntib/llla targeted oral APT was
hampered by paradoxical higher thrombosis riskieiased mortality and ischemic events in

early trials. (20)



2.3.2 Cox-1 inhibition: Aspirin

Cyclooxigenase (COX) enzyme catalyzes the conuersioarachidonic acid to series of
prostanoids, most importantly to the highly bioaeti aggregation inductor and
vasoconstrictor thromboxan,ATXA,). Aspirin’s active substance, the acetylsalicdmd
(ASA), irreversibly inactivates megakaryocytes’ amtatelets’ cyclooxygenase (COX)
activity by selectively acetylating the hydroxybgip of a single serine residue of the enzyme.
Currently three types of COX isoenymes are know@Xel, COX-2 and COX-3) of which
platelets only express COX-1. According to the ltssof a large meta-analysis (287 studies
involving 135000 patients) aspirin therapy redutiee combined outcome of any serious
vascular event by about one quarter; non-fatal ragthal infarction was reduced by one
third, non-fatal stroke by one quarter, and vascuotartality by one sixth. (22) Likewise
aspirin therapy is often recommended lifelong eslgcafter PCIl. Permanent inactivation of
platelets’ COX enzyme by low to medium dose asB25—-75 mg daily) is well tolerated in
the majority of patients, but it must be considetkdt aspirin also amplifies the risk of
bleeding (mainly gastrointestinal bleeding and haehagic stroke). (21;22) Thus, the
possible value of aspirin in reducing thrombosig/iba weighed against the risk of bleeding,

with the greatest value being in those at highastiovascular risk.

2.3.3 ADP-receptor antagonists

Since the ADP receptor, P2xtransmitted effect plays a pivotal role in the aifigation of

platelet aggregation leading to a stable occlugivembus, inhibition of the receptor was an
early focus in anti-platelet drug development. djpetline, clopidogrel and prasugrel are
structurally related thienopyridines with platalgtibitory properties. (23) These inactive pro-
drugs require metabolic activation of the hepagtochrome P450 (CYP450) pathway to

become active metabolites. Active derivatives aéribpyridines irreversibly and covalently
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bind to the P2Y>receptor on platelets membrane and block the recapduced reduction in

intracellular cAMP, resulting in reduced aggregatiof the platelets. (24) Permanent
modification of an ADP receptor by thienopyridines consistent with time-dependent,
cumulative inhibition of ADP-induced platelet aggation on repeated daily dosing and with

slow recovery of platelet function on drug withdedw

2.3.3.1 Ticlopidine

The first widely used thienopyridine was ticlopidin(25) Due to its inconvenient
pharmacological profile (b.i.d, saturation afterdays), and side effect profile it has been
substituted by its second generation analog; ctapil. Despite the early promising results,
showing ticlopidine’s potential to reduce cardis®alar events, due to the more serious side
effects compared to clopidogrel, as bone-marrow icityx and fatal thrombotic
thrombocytopenic purpura (TTP), the use of ticlapedin the last years has been diminished.
Ticlopidine currently used in patients in whom aspis not tolerated or in whom dual anti-

platelet therapy is not recommended.

2.3.3.2 Clopidogrel

Clopidogrel is a pro-drug that is rapidly absorkatér oral administration. Approximately
85% of the absorbed drug is converted into a phemiogically inactive carboxyl metabolite
by blood esterases. (26) Whereas only the remaihb% is metabolized into an active
derivative through the cytochrome enzyme systemRE&Y¥19, 2C9, 3A4, 3A5, 1A2 and 2B6)
and paraoxonase-1 (PON1) enzyme. (27;28) Durindaistedecade clopidogrel was tested in
numerous large clinical trials for safety and eftig of the drug as well as the relevancy of
dual anti-platelet therapy (DAPT) in combinationtlwaspirin. (29;30) As a consequence,
clopidogrel therapy is recommended in a wide spettof patients with ischemic heart

disease. By means of the CAPRIE trial, that congatepidogrel with aspirin in reducing
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risk of vascular events in patients with atherasdes, clopidogrel has been proven to be
superior to aspirin. (29) In the CURE study clihibanefits of aspirin-clopidogrel DAPT, in
patients with unstable angina, non-segment elevadGS, were emphasized. It showed a
reduction in composite endpoint of cardiovasculkeat (CV), myocardial infarction (Ml) or
stroke by approximately 20%. (30) As a supplemeinthe CURE trial PCI-CURE and
CREDO trials, on the one hand, demonstrated, tlsguclopidogrel in addition to
pretreatment with aspirin, in PCl-treated patiemés associated with a risk reduction ratio of
31% for CV/MI. On the other hand it confirmed tHiical efficacy of prolonged clopidogrel
therapy beyond 30 days up to 9-12 months aftert steplantation. (31;32) Beside the
promising results, an increase in bleeding compboa was also registered, comparing dual
anti-platelet treatment to aspirin monotherapy.sThust take into consideration when
tailoring the intensivness of anti-platelet therapyachieve the maximum efficacy with the

lowest harm to the patient. (Figure 1.)
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Figure 1. Mechanism of clopidogrel action in the f@telet.
(Dominick J Angiolillo et al: Variability in indivdual responsiveness to clopidogrel;

J Am Coll Cardiol; 2007)

Active metabolite of clopidogrel is generated by th cytochrome P450 (CYP) system in
the liver. The active metabolite irreversibly inhibts the adenosine diphosphate (ADP)
P2Y1, receptor. Activation of the P2X and P2Y; receptors leads to alteration in shape
and initiates a weak and transient phase of plateleaggregation. The P2X mediates
extracellular calcium influx and utilizes adenosinetriphosphate (ATP) as an agonist.
The binding of ADP to the G-coupled P2Y, receptor leads to activation of

phospholipase C (PLC), which generates diacylglycer (DAG) and inositol triphosphate
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(IP3) from phosphatidylinositol bisphosphate (PIP2) Diacylglycerol activates protein
kinase C (PKC) leading to phosphorylation of myosiright chain kinase (MLCK-P); IP3
leads to mobilization of intracellular calcium. TheP2Y; receptor is coupled to another
G-protein, Gi,, which activates the "Rho" protein and is believedto lead to change in
platelet shape. The binding of ADP to the (coupled P2Y;, receptor liberates the G
protein subunits » and 3y and results in stabilization of platelet aggregatin. The a;
subunit leads to inhibition of adenylyl cyclase (AQ, which reduces cyclic adenosine
monophosphate (cCAMP) levels. This, in turn, diminises cAMP-mediated
phosphorylation of vasodilator-stimulated phosphopotein (VASP) (VASP-P). The
status of VASP-P modulates glycoprotein (GP) lIb/lla receptor activation. The subunit
3y activates the phosphatidylinositol 3-kinase (PI3K) which leads to GP llb/llla
receptor activation through activation of a serinethreonine protein kinase B (PKB/AKkt)
and of Raplb GTP binding proteins. Prostaglandin k£ (PGE;) activates AC, which
increases CAMP levels and status of VASP-P. Solidraws = activation; dotted arrows =

inhibition.

Recently more potent ADP-receptor antagonists fikagrelor and the third-generation of
thienopyridines, as prasugrel are being investijate under approval. Both of these
substances have a demonstrated higher efficacguite @oronary syndrome patients. (33;34)
However there are mostly pharmacodynamic studistéisted the possible biological benefit

of switching to prasugrel or to ticagrelor in pati&ith low-response to clopidogrel. (35;36)

2.4 Interindividual differences in response to anti-platelet therapy

Despite the high efficacy, safety and low costjgrds do not benefit equally from standard
dose anti-platelet therapy. In case of aspirin praportion of patients, classified as ,aspirin-

resistant” or ,non-responder”, aspirin dose notibithplatelet activation and aggregation.
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Although these subjects can be separated from gegmbnders with laboratory assessments,
the exact prevalence of aspirin resistance in ptstisuffering from stable coronary artery
disease remains unclear. (1) It ranges from 5%584;6his may be due to differences in
studied populations, lack of formal definition &fparin response, and use of non-standardized
diagnostic methods. (1;2)

As DAPT with aspirin and clopidogrel became exteelsi used, so did clopidogrel poor
responsiveness / resistance emerge, affecting dpmately 20-30% of the patients. (3-5)
Non-responsiveness to clopidogrel therapy manfist an increased risk of ischemic events,
especially stent thrombosis after coronary intetioen (37-44) During the last decade many
trials have been focused on the large interind@idiifferences in response to a fix-dose
clopidogrel. (3-5;45)

As the active metabolite formation is influenced dmnetic, clinical and pharmacological
factors, the development of high on-clopidogreltglket reactivity (HPR) is a multifactorial
process. (27)As recently evidenced, low compliance is also a amvable reason for
measuring HPR in the patient. (46) Up to now, nuwuagem vitro or ex vivo laboratory assays
have been developed to monitor on-clopidogrel f@ateactivity.(11) Using these assays,
accumulating number of observational studies haued that patients with HPR have higher
risk for recurrent ischemic events, including mywical infarction and stent thrombosis. (39-
41:44;47-62) However, routine platelet functiontites is not yet recommended. (63) First,
this is due to the somewhat arbitrary-used andstaneardized definitions for HPR. Second,
the prognostic significance of HPR after PCI islaac as prospective, adequately-powered
clinical trials are lacking. Third, there is no sansus on the ideal platelet function assay to
monitor on-clopidogrel platelet reactivity. (21)

The historical gold-standard that has been showgrddict clinical outcomes after PCl is the

ADP stimulated platelet aggregation with Light Tsamssion Aggregometry (LTA). (62)
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Though there has been no consensus regardingpbeahd concentration of agonist and the
optimal estimate used to express P2iéeceptor inhibition. The majority of the laboraésr
are using the peak value (Agg) of the ADP-stimulated aggregation curve thatdkieved
early after agonist addition. However, LTA is nally P2Y;,-specific, as ADP also binds to
the P2Y1 receptor. Thereby, some authors prefeiséothe late aggregation (Agg value
supposing that aggregation measured at 5-6 miraftes ADP stimulation might better
represent P2 receptor inhibition without the influence of P2¥ttivity. (39;64) However,
the superiority of Agge over other aggregometry parameters has not yet peved by an

independent, P2¥-specific assay, such as VASP-PRI or VerifyNow.

2.5 Genetic variations of ABCB1, Cytochrome P450 2C19 (CYP2C19), and

Paraoxonase 1 (PON1) genes

The absorption of clopidogrel in the gastrointestsystem is mediated by an ATP-dependent
efflux transporter, P-glycoprotein (P-gp), encodbgdthe multidrug resistance 1 gene (mdrl,
ABCB1). (65) The function of the transporter is fgeevent the body from environmental
toxins and drugs by limiting their absorption frahe lumen of the gut or increasing their
biliary and urinary excretion. (66) The most widslyidied genetic variants of the ABCB1
gene, that could have causal link with altered Phgpction, are the two partly linked
polymorphisms, the 26775T/A and 3435G-T, located on exons 21 and 26.

Results of an MDR1 genetic study, focusing on ABGEU35T and G2677T/A SNPs in the
Hungarian population are in line with data of otkardies about the Caucasian population.
Occurrence of the 3435C/C genotype is approximai&ly %, 3435T/T is around 32.4%,
while 3435C/T is around 49.9%. (67) Results of plopulation genetic study also supported
the previously observed significant link betweea wild type-wild type sequence (3435C/C-

2677G/G) and variant-variant sequence (3435T/T-Z6I/A) in position C3435T and

16



G2677T/A. (68) Nearly 60% of the Hungarian popuwaatiis either wild type or variant
homozygotes or heterozygotes simultaneously in BtRs. (67)

However the effect of single C3435T and G2677T/APSNr different haplotypes on ABCB1
expression and function still remains unclear.

Findings of different studies highlighting on ABCENPSs’ effects are confusing. Taubert et
al found that after 600 mg loading dose of clopr@bd@435T/T carriers have higher level of
platelet aggregation, lower level of absorbed adogrel and active metabolite. (65) This
observation was later confirmed clopidogrel in #amavide French registry (FAST-MI), and
in the genetic substudy of the TRITON TIMI38 trelowing a 72% relative increase in the
rate of death, myocardial infarction or stroke atipnts treated with clopidogrel. (69;70) On
the contrary, there were no significant differenae<linical outcomes regarding ABCB1
genotypes among clopidogrel-treated patients ifPIbt®TO genetic substudy or in a genome-
wide association study of Gurbel et al. (71;72) @amy in the PLATO analysis 3435C/C
carriers showed numerically higher risk to cardemdar death, Ml or stroke compared to
C/T or T/T carriers. Importantly, these results delogically plausible, as the higher
expression of P-gp (3435C/C genotype) might beaatsal with a more efficient efflux of
clopidogrel from enterocytes into the intestinahkn. (71) While Mega and colleagues found
no interaction with platelet inhibition or prognssin accordance with the 26743 /A SNP.
(73)

Among different isoenzymes, CYP2C19 has been prot@nmodulate clopidogrel
pharmacokinetics and pharmacodynamics in healthynt@ers as well as in patients. (74-76)

The CYP2C19 gene has more than 35 allelic variants

(http://www.cypalleles.ki.se/cyp2c19.n\fm(77-79) Population can be divided to extensive
metabolizer (EM), intermedier metabolizer (IM), pometabolizer (PM) and ultrarapid

metabolizer (UM) groups according to their genotygdable 5.3.2) The main non-functional
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alleles of CYP2C19*2 anti3 account for 87% of the PM predicted phenotype audcasians
and 98% in Orientals. (80) Additionally, the nowin-of-function (GOF) allelic variant
CYP2C19*17, which encodes the ultrarapid enzymenfarccurs around 36% in Caucasians.
(81;82)

Acknowledging the clinical importance of CYP2C1%kt variants, the FDA has issued a
boxed warning stating that poor metabolizers doprofit to the same extent as wild-type
allele carriers from clopidogrel treatment. (83)sBle the importance of LOF alleles,
prognostic value of the GOF genetic variant CYP2QI9s unclear: some data suggest an
increased risk of bleeding among individuals cagythis allelic variant. (71;82) Interactions
of the different functional allelic variants alsaist be taken into consideration. Prior work of
Sibbing and colleagues, observed a gene-dose :efieste harboring two GOF alleles have
the lowest, while patients carrying two loss-ofdtion alleles (*2, *3) have the highest
degree of post-clopidogrel platelet aggregation BB, -receptor activity. (84) At the same
time previous studies indicate that only 3.7% t&6l1af the interindividual variability is
explained by CYP2C19 genetic variants. (72;85)

The main allelic variant of the paraoxonase 1 (PPDd¢&he, determining the enzyme activity,
is the single glutamine (Q) — arginine (R) aminadaubstitution at position 192 (Q192R).
Effects of this SNP on CAD and on clopidogrel edfig however remain conflicting. On one
hand the PON1 192R/R isoform is found to be lefsci¥e at hydrolyzing lipid peroxides
than Q/Q isoform, hence PON1-R allele is positivesdgociated with CAD, while Q allele is
protective against atherosclerosis. (86) On therdtiand PONL1 is also known to be a factor
in the second step of the biotransformation of idogrel; i.e. the conversion of 2-oxo-
clopidogrel to the active thiol derivate. Accorditmy a study of Boumann and colleagues
individuals carrying the 192Q/Q genotype had loplasma active metabolite concentrations,

lower inhibition of platelet aggregation and highisk for adverse ischemic events after PCI.
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(28) Since, study by Sibbing and colleagues codftite influence of PON-1- Q@R SNP on

platelet reactivity and clinical outcome. (87)
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3. Aims

According to the recent guidelines of the Europ&atiety of Cardiology, the American
College of Cardiology and the American Heart Asation, for the prevention of recurrent
thrombotic events after percutaneous coronaryvetdgion (PCI), dual anti-platelet therapy
with aspirin and clopidogrel is recommended. (29;80nsidering the findings of previous
reports in the subject, emphasizing great inteviddial diffrences in response to fix-dose
clopidogrel therapy, as well as the absence ofdstalized, comparable platelet-function

assays and well defined cut off values, in ourptud pursued the following aims:

1. To perform systematic review over the availaliierature highlighting on methodical
heterogeneity, comparing results and predictiveevalff different anti-platelet function assays

on defining platelet reactivity and clinical outcem

2. To compare utility and reliability of the hisiwal gold-standard light transmission
aggregometry (LTA) with the flow cytometer basedsamdilator-stimulated phosphoprotein
phosphorilation (VASP-PRI) assay. We designedraaal study to:

2.1 investigate the most optimal and predictivetgids aggregation parameter
(Agdmax Adgate AUC or disAggregation) measuring platelet reastiand predicting clinical
outcome;

2.2 to compare LTA estimates in determining theepoy of P2Y, receptor inhibition

to VASP-PRI assay.

3. To investigate the influence of main geneticiavais affecting clopidogrel anti-platelet

effect. A clinical study was designed to:
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3.1 determine the impact of main genetic variantscgtochrome P450 2C19
(CYP2C19) gene as CYP2C19*2 and CYP2C19*3 lossinttion and CYP2C19*17 gain-
of-function variants on clopidogrel efficacy andnaal outcome, among low-risk, stable
angina patients after elective PClI,

3.2 determine the impact of the main genetic vasiah multidrug resistance-1 gene

(ABCB1, mdrl) as C3435T and G2677T/A on clopidogedficacy and clinical

outcome, among low-risk, stable angina patienty &fiective PCI,

3.3 determine the impact of the main genetic vamdparaoxonase-1 (PON1) gene as
Q192R on clopidogrel efficacy and clinical outcoamaong low-risk, stable angina patients

after elective PCI.
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4. Methods

4.1 Laboratory methods to assess anti-platelet efficacy

4.1.1 Light Transmission Aggregometry (LTA)

The first aggregation test was introduced into fatmy practice in the late '60-ies. It used
platelet-rich plasma (PRP), and aggregation wasctied based on an optical method. The
assessment of platelet function using whole blaw) aggregation by an impedance method
followed up nearly 20 years later.

Platelet aggregation testing measures the abilikanous agonists, such as ADP, to platelets
to induce in vitro activation and platelet-to-platelet activation. eTimethod of Light
Transmission Aggregometry (LTA) was developed totlie requirement of routine testing
and it had become the gold-standard of measuriatelpt aggregation in subjects with
platelet function disorders and in patients recgjvanti-platelet therapy. The method is
relatively cheap, widely used and well acceptedibéas monitoring anti-platelet efficacy
selectively with specific agonists. At the samedtigneat disadvantage of the method is that, it
is poorly standardized resulting in difficultiesdcompare results and generalize consequences
obtained with this method. Furthermore, analysidinse-consuming, non-automated and
requires trained staff for sample preparation amésurements. In our studies CARAT TX4
four-channel light transmission aggregometer (C&ragnostics, Hungary) was used for
platelet function assessments. Calibration for egagion measurements were established
using light transmission percentage through plataeh plasma (0% transmission) and
platelet poor plasma (100% transmission). Platétét plasma (PRP) was obtained from the
supernatant of plasma being centrifuged at 1600 figpnd minutes. Further centrifuging at

4000 rpm for 10 minutes resulted in platelet poasma (PPP) in the supernatant. Platelet
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count in the PRP varied from 250 to 350%10 No adjustment of platelet count with PPP
was performed, as it has been demonstrated thadjnstment of PRP with PPP decreases
reliability of the measurement. (88)

The assessment required 10ml sodium-citrate (3a8%b)coagulated blood from each patient.
All samples were processed within two hours. Fer ¢hlibration of the aggregometer, PPP
was used to set 100%, while PRP to 0% light trassiomn. After sample separation to PRP
and PPP fractions, platelet-specific agonists wadded into PRP to stimulate platelet
aggregation with a continuous magnetic stirring3@fC. In anti-platelet free subjects,
activation of resting platelets resulted in forraatof platelet aggregates that decrease optical
density of the plasma. Thus, light transmissiorraases steeply after the injection of the
agonist forming a plateau thereafter. Platelettr@fcis usually described with the maximal
platelet aggregation value (Agg) of the registered optical curve, while other paggers
(late aggregation [Agd, steepness of slope, area under curve [AUC] asdgdregation

[disAgg] may also be determined. (Figure 2, 3)
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Agar.(%) } Name: Date
AAAA 125__]:[).: Birth: File
DDDD Therapy :
PPPR
i i i 100
LI
a0 a T T T T T T T T o
3 4 5 [ 7 8 9 10
-25 1 Inductor cc. (pM) Aggmax  Agglate AUC t(min)
1 ADP 5 71% 69% 19819%sec
2 ADP 5 T7% 72% 21736%sec
3 ADP 5 67% 63% 18815%sec
4 Adrenaline 10 72% 69% 18191 %sec Carat TX4

Figure 2. Light transmission assessment with ADP pM (performed in triplicate) and
adrenaline 10 uM in a patient not exposed to anti-platelet therapy AgQmax. maximal
aggregation, Agge: 6-minute late aggregation, AUC: area under the cwe. AUC is
calculated as the sum of the actual aggregation vwas in every second from agonist

addition until 6 minutes; devided by 100. DisAggregtion was defined according to

(AQOmax- AgJiate)/AgOmax X100.

Efficient anti-platelet therapy inhibits plateletti&ation, limiting the formation of platelet
aggregates and decreasing the peak value of thegadmn curve. Likewise, high Agex
values are typical for untreated subjects and kesponder patients, while low Agg reflects

effective platelet inhibition. (Figure 2)
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As anti-platelet agents block a specific pathwayplattelet activation, their efficacy can be
measured with a specific agonist: ADP is used $b ttee efficacy of thienopyridine therapy,
while adrenaline, collagen or arachidonic acid ustable to measure efficacy of aspirin
treatment. This means one of the most importanaatédges of the assay, i.e. to measure the

efficacy of antiplatelet agents using specific agbwith high selectivity. (Figure 2, 3)

Agar.(%) Name: Date
AAaaa l12s]ID: Birth: File
DDDD [EEaRE
PPPR
Pt 100)
‘ ‘ 75 1
LILIL 50 |
Aggmax Aggmax Agglate
. _._ 25 -
Agglate
0 f f f —
T I 1 2
1 2 3 4 5 6 7 8 9 10
251 Inductor cc. (pM) Aggmax  Agglate AUC t(min)
1 ADP
1x100 mg Aspirin
- 2 ADP 5 26% 2% 3120%sec
1x75 mg Clopidogrel 3 ADP 5 5% 2% 282 7%%sec
4 Adrenaline 10 29% 28% 8813%sec Carat TX4

Figure 3. Light transmission assessment with ADP pM and adrenaline 10puM in a
patient with good response to aspirin and clopidogl therapy. Aggnax. maximal
aggregation, Agge: 6-minute late aggregation, AUC: area under the cwe. AUC is
calculated as the sum of the actual aggregation vwas in every second from agonist
addition until 6 minutes; devided by 100. Disaggregfion was defined according to

(AQOmax- AgJiate)/AgOmax X100.
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4.1.2 Flow cytometric assessment of vasodilator stualted phosphoprotein
phosphorylation assay (VASP-PRI)

LTA measures platelet aggregation, evaluating the ftimal effect of the aggregation
cascade. Flow cytometry, on the other hand, udmgrdscent monoclonal antibodies and
probes, gives the unique opportunity to measureifspaspects of platelet activation on an
individual cell level. Platelets in whole blood aneubated with fluorescent probes. Platelets
in the suspension are drawn into the flow chambethe flow cytometer and through the
beam of a laser. Activation of the fluorophore ascand emitted light scatter properties and
fluorescence are detected. In the vasodilator $atad phosphoprotein phosphorylation assay
(VASP-PRI), intracellular signaling followed by P2Yactivation is assessed when VASP in
its phosphorylated state is labeled by immunoflsceace using a specific monoclonal
antibody.

Vasodilator-stimulated phosphoprotein (VASP) is iptiosphorylated in the basal state and
the phosphorylation of VASP is regulated by the dARhscade. Prostaglandin E1 activates

the cascade whereas it is inhibited by ADP thrainghP2YV,, receptor. (Figure 4)
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Figure 4. Vasodilator-stimulated phophoprotein phophorylation.
(Platelet Inhibition in Coronary Artery Disease-Maaisms and Clinical Importance.
Varenhorst C. Digital Comprehensive Summaries giddia Dissertations from the Faculty
of Medicine)
The VASP assay was performed using a commerciaiylable method according to the
manufacturer’'s specifications (Biocytex Platelet S#Akit, Marseille, FR). In brief, citrated
whole blood was incubated with prostaglandin E1ERJsand PGE1 plus ADP for 10 min
and fixed with paraformaldehyde, after which thaetglets were permeabilized with nonionic
detergent. The cells were labeled with a primaryhootonal antibody against serine 239-
phosphorylated VASP, followed by a secondary flsoeen isothiocyanate-conjugated
polyclonal goat anti-mouse antibody. The platelepylation was identified with an anti-
CD61 phycoerythrin-labeled antibody. Mouse monoaloantibody was used as negative
isotypic control. Mean fluorescence intensities (MKere recorded on a Beckmann Coulter
flow cytometer gating 10000 platelets for every murament. Corrected mean fluorescence

intensities (MFIc) were obtained after subtractodrine MFI value with the isotypic control.
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Platelet reactivity index (PRI) was calculated frtma corrected mean fluorescence intensities

(MFIc) according to the following equation: (Figusg

MIEIC pop=MIET pop, — MIET,

isonypic control)

MEIc pees+ appy= MIET (pGery appy— MIT

isotypic control )

(MEIC pgp;— MEIC pirp o app))
MUEIC pg,

PRI = x/100

Figure 5. Calculation of platelet reactivity index.

4.2 Genetic analysis of the functionally relevant ABCB1, CYPC19 and

PON?1 allelic variants

4.2.1 Blood sampling

For the genetic analysis of ABCB1, PON-1 and CYP2@iti, genomic DNA was isolated
from 200 pL EDTA-anticoagulated blood samples usihg High Pure PCR Template
Preparation Kit (Roche Applied Science). All of thenotyping procedures were performed
using the LightCycler 2.0 Real-Time PCR System (Roépplied Science) Melting Curve
Analyzer program. CYP2C19*2 (681&A, rs4244285) and CYP2C19*3 (636&A,
rs4986893) genetic variants were determined by tMgh Kit human CYP2C19*2 and
CYP2C19*3 (Roche Applied Science). In case of CYP2Q7 allele (806G-T,
rs12248560) and ABCB1 SNPs (34350, rs1045642 and 2677&T/A rs2032582),
sequence specific primers and fluorescent labetetlgs (TIB MOLBIOL GmBH, Berlin)
were used. For the identification of PON-1 192 (rs662) SNP, the allele specific

amplification method, described by Pocsai et als waed. (70) The predicted metabolizer
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(CYP2C19 and PON-1) and expresser (ABCB1) phenstypere assessed based on the

determined genotypes according to the definitiopref/ious studies.

4.3 Real Time PCR (RT PCR)

The LightCycler RT PCR is a fluorescent based syaising sequence specific, fluorescent
dye labeled oligonucleotid probes. For the idecdiiion of certain gene’s genotype, melting
curve profiles are used. To analyze the sampleimyetémperature profile, the fluorescence
of the sample is being monitored while the Lightley¢emperature is steadily increased. As
the temperature increases, sample fluorescencead®ss. For HybProbe system, this is due to
the separation of target-probe hybrids resultingha separation of the dye molecules and a
consequent drop in fluorescence. The melting teatpex (Tm) of a sample is defined as the
point at which half the probes (or dye) have metiéfdche DNA. Tm can vary over a wide
range, depending on the length and sequence sftridrad. Even single-base differences in the
DNA can result in melting temperature shifts. Aaing to such character of the Tm, melting
temperature profile can be used to identify andbgygre DNA products. The analysis displays

a melting curve chart of sample fluorescene vetsugperature. (Figure 6, 7)
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Figure 6. Melting curve analysis of the CYP2C19 *2nd *3 genetic variants.
The CYP2C19*1 wildtype genotype exhibited a Tm of 4.1 °C in channel 530nm and a
Tm of 52.9 °C in channel 640nm. The allele variaf€YP2C19*2 exhibited a Tm of 47.8
°C in channel 530nm and the allele variant CYP2C1% exhibited a Tm of 60.5 °C in

channel 640nm.
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Figure 7. Melting curve analysis of the ABCB1 C343b genetic variant. The ABCB1
C3435C wildtype genotype exhibited a Tm of 64 °C iohannel 640nm. The allele variant
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ABCB1 C3435T exhibited a Tms of 56 °C and 64 °C ichannel 640nm.
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Sequencies of the specific primers and probegjepeted in Table 1.

ABCBL1 3435T>C; rs1045642

Forward primer: 5-TGTTTTCAGCTGCTTGATGG-3’

Reverse primer: 5-AAGGCATGTATGTTGGCCTC-3'
Fluoropro: 5-GACAACAGCCGGGTGGTGTCA-Fluo-3’
LCpro: 5'-LCRed-640-GGAAGAGATCGTGAGGGCAG-Pho-3’

ABCB1 2677G>T/A; rs2032582

Forward primer: 5-GTCCAAGAACTGGCTTTG-3'

Reverse primer: 5-TGGCAACTAACACTGTTAC-3'

Fluoropro: 5-ACCTTCCCAGAACCTTCTAG-Fluo-3’

LCpro: 5-LCRed-640-CTTTCTTATCTTTCAGTGCTTGTCCAGACH®-3’

CYP2C19*17 806C>T; rs12248560

Forward primer: 5’-CAGAATAACTAATGTTTGGAAGTTG-3’

Reverse primer: 5-AGAACTGGGATTTGAGCTG-3’

Fluoropro: 5-TGTTCTCAAAGCATCTCTGATGTAAGAGATAATG-Fuo-3’
LCpro: 5’-LCRed-640-CCACGATGGGCATCAGAAGACCT-Pho-3’

PON1 192Q192R; rs662

Forward primer: 5-TATTGTTGCTGTGGGACCTGAG-3'’

Reverse primer: 5-CCTTCTGCCACCACTCGAAC-3'

Fluoropro: 5-CCCCTACTTACAATCCTGGGAGAT-Fluo-3’

LCpro: 5’-LCRed-705-ATTTGGGTTTAGCGTGGTCGTATGTTG-P®)

Table 1. Sequencies of the specific primers and gres used for the genetic analyses.
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4.4 Study design and patient population

During the systematic review and meta-analysis Retbihd Central databases were searched
for relevant articles published between January32&@d February 2010. Search key words
included various combinations of "clopidogrel” witie following terms: resistance, platelet
reactivity, outcome and prognostic. No languagérict®n was used. We also searched the
reference lists of relevant studies and review#ipedls, and letters. In case of incomplete

reporting, individual authors were contacted.

4.4.1 Selection criteria
We selected all relevant studies which met thewalhg inclusion criteria:

(1) Studies that recruited patients receiving as@nd clopidogrel therapy after percutaneous
coronary intervention (PCI);

(2) Reported an intention-to-treat analysis on c¢heical impact of HPR measured by an
ADP-specific platelet function assay. No case-adnstudies were accepted. The accepted
assays included ADP-stimulated Light Transmissioggregometry (LTApp), flow
cytometric assessment of vasodilator-stimulatedgsphoprotein phosphorylation (VASP), the
VerifyNow device using P2¥% cartridge (VerifyNOW,v12, and multiple electrode
aggregometry with ADP stimuli (ME&p). In case of studies using more than one assay, tw
assays with the highest predictive values werectadg51;61;62)

(3) All studies that measured platelet aggregatatues after a loading dose or on
maintenance phase of clopidogrel therapy were bdigi Examinations that assessed
responsiveness to clopidogrel, i.e. a differendsvéen baseline and post-treatment platelet

reactivity (IPA), were excluded from the analysis.

The primary clinical outcomes of interest, evaldatéthe longest available follow-up (during

that patients were on clopidogrel treatment) weag ¢ardiovascular (CV) death, (b)
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definite/probable stent thrombosis (ST), (c) nowfanyocardial infarction (Ml; Type 1, 4a,
4b) and (d) a composite endpoint of the reportetiamic events (CIE) that included CV
death, MI, ischemic stroke, unplanned repeat reMagsation or rehospitalisation for ACS.

Those studies that evaluated solely peri-proceddtgType 4b) were excluded.

Along in the clinical studies (LTA-VASP-PRI compson and genetical studies) clopidogrel-
naive stable angina patients in whom elective pan&ous coronary interventions (PCI) were
performed, had been recruited.

Exclusion criteria were acute coronary syndrome $A\Cprior thienopyridine or oral
anticoagulant therapy, known contraindication tpir@s or clopidogrel, stroke in the past 6
months, known bleeding disorders or low plateletrtq<100 x109/L). All patients received
a single loading dose of 600 mg clopidogrel and B@0enteric-coated aspirin after coronary
angiography, just immediately before PCI, afteriggwvritten consent for participation in the
study. Twelve to 18 hours after receiving the diogirel loading dose, blood was drawn from
each patient from peripheral vein for LTA, VASP essments to measure the extent of on-
clopidogrel platelet reactivity and for genetic s&. Based on the results, patients with
HPR were randomized in a 1:1 ratio to receive eiffle mg or 150 mg clopidogrel for 4
weeks, while those with normal platelet reactiviiyntinued 75 mg clopidogrel. After 28
days, all patients returned to 75 mg maintenanse dbclopidogrel until one year.

During follow-up, clinical events, such as cardissalar (CV) death, non-fatal myocardial
infarction (MI), stent thrombosis (using the ARCiteria), stroke and target vessel
revascularizations (TVR) were recorded until onaryelhe evaluated primary composite
endpoint of the study was the occurrence of CVideain-fatal Ml or unplanned TVR at one
year. Bleeding events were only counted for safegnitoring, not with intent for group

comparison.
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4.5 Definition of high on-clopidogrel platelet reactivity (HPR) in our

clinical studies

High platelet reactivity was defined as a VASP-RRILe>50%. This cutoff was selected on
the basis of previous results showing a signifigaglievated ischemic risk for patients above
this threshold. (50;88)

The definition for HPR in optical aggregometry vaagyinally an Agghax value>34%. a ROC
based cut off value originating from our previousblication with the same laboratory
method and comparable patient population; (52) Wewea recently published consensus
paper recommended 46% maximal aggregation valease of 5uM ADP-stimulated LTA
assessment. Although the cut off used in our studiere also based on ROC curve analysis,
following the recommendations of the consensus payedefined HPR as an Agg value >

46%. (50;51)

4.6 Statistical Analysis

Statistical analysis of the systematic review anetasanalysis was performed using the
Review Manager 5.0.22 freeware package maintaingdthle Cochrane Collaboration.
(Review Manager [RevMan]. Version 5.0.22 Copenhagdé&e Nordic Cochrane Centre, The
Cochrane Collaboration, 2008.) Hazard ratios (HRJ adds ratios (OR) adjusted for the
relevant clinical parameters, from individual ses]i were pooled with the random-effect
model via generic-inverse variance-weighting. ¥ #djusted relative risk was not reported,
the odd ratios were calculated from the reportednevrequencies. Heterogeneity was

quantified with a CHiheterogeneity statistic and by means®f3roup comparisons in case
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of the prevalence of HPR were done with the Krudkallis test. A p value < than 0.05 was

considered significant.

Statistical analysis in the clinical studies waseldy the SPSSv11.0 (SPSS Inc. Chicago,
lllinois) and Graphpad Prism 5.0 trial (Graphpadt®are Inc). Spearmann’s correlation
method was used to correlate platelet function eslto VASP-PRI and?rvalues were
calculated in the linear regression analysis. usetious collinearity of the LTA parameters,
the multivariable linear regression model was us@t stepwise method to determine the
independent linear predictor of VASP-PRI. The resof the linear regression analysis give
the standardized coefficient and the unstandardamefficient with its 95% confidence
interval (95%CIl). Bland-Altman agreement plots weenerated to show the difference
between the two measurements as a function ofviiage of the two measurements of each
sample. Both LTA assessments and VASP measurestrpagnent platelet reactivity,
however, LTA parameters are scaled in differengesn For the comparison with VASP-PRI
in Bland-Altman plots, LTA measurements were noingal to a 0 to 100% scale. Receiver-
operator characteristic curve (ROC) analysis wasdugith VASP-defined high platelet
reactivity (HPR) as the dependent variable to estnthe predictive value of the LTA
parameters. As disaggregation is in inverse cdroelavith platelet reactivity, a reciprocal
transformation was used before the ROC analysispeeermed. The optimal cut off points
were determined according to the threshold with tliflghest summation of sensitivity and
specificity.

Agreement among assays to identify patients withmab or high platelet reactivity was
assessed through tRestatistic. A p value <0.05 was considered staady significant in all

analysis.
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In the genetic trial, differences between treatnggotps were assessed with the Chi-square
test for categorical variables. Unpaired t-testsrewesed for comparison of normally
distributed, continuous variables between two diffié groups. Non-normally distributed
variables were analyzed with the Mann-Whitney testiveen two groups. In case of more
than two groups, the results were compared wittKtliskall-Wallis non-parametric test. Cox
proportional hazard models were used to comparetdkee survival in the treatment arms.
In these models, univariable and multivariable gsed were used to calculate unadjusted and
adjusted hazard ratios (HR) with 95% confidenceridls (CI). All clinical, procedural and
laboratory variables (Table 5.3.1) that showedvalpe<0.30 in the univariate analysis were
entered in the multivariate model executed by fedmeonditional modeling. Beyond these
covariates, know predictors of HPR (diabetes, genaige, BMI, PPl administration) were
also entered in the multivariate model. Survivaffedences between groups were
demonstrated with Kaplan-Meier hazard curves ane wempared with the Mantel-Cox log
rank test. Linear regression models were used termee the proportion @ of variability

in platelet reactivity explained by different geyyés. Univariate and multivariate binary
logistic regression models were used to calculal@saratios for the risk of HPR among
genotypes. The predictive power of different gepesyon HPR was determined by a receiver
operating characteristic curve analyses. The pesiifPV) and negative predictive values
(NPV) for group distinction were determined as dals: PPV (%) = true positives / (true
positives + false positives) x 100; NPV (%) = troegatives / (true negatives + false

negatives) x 100.
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5. Results

5.1 Prognostic significance of high on-clopidogrel platelet reactivity
after percutaneous coronary intervention: Systematic review and

meta-analysis

5.1.1 Study selection of the systematic review amdeta-analysis

Our search resulted in 1801 citations. These irdueviews and articles that did not meet
our inclusion criteria. After careful title and atzt evaluation, 31 potentially appropriate
studies were found. Of the 31 studies, 20 artiolekiding a total number of 9187 patients
were selected for full text analysis and data exiwa, after excluding case-control studies.
(39-41;44;47-49;51-63) Out of these, 13 studiessmesl platelet reactivity with LTAp, 5
with the VerifyNowP2Y12 assay 3 with VASP phospHatipn, and 2 with the ME&bp

device. Major characteristics of included studiesdepicted in Table 5.1.1.
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Investigator

o Design, patieni Number of Laboratory Selected cut off HPR Clopidogrel End  Follow- Quality
(Publication ) . !
year) profile patients methods for HPR (%) LD/ MD point up scoré
Cuisset * LTA: 10pmol o 1
(2006)(47) RCT, NSTEMI 146 ADP, AQGray AQOmax>70% 15.1 600/ 75 CIE month NA
Cuisset Prospective, LTA: 10umol Highest quatrtile 1
(2006§0 NSTEMI 106 ADP, AQGnax (AQUma70%) 217 300/75 CE  month °
Geisler ~ Prospective, LTA: 20pmol . D/MI/ 3
(20064 all-comer 363 ADP, AQGnax AGGma70% 6.1 600775 "ClE months 2
Hochholczer Prospective, LTA: 5umol  Above the median D/Ml/ 1
(2006§%®  stable angina 802 ADP, AQQate (AQYiaie>15%) 493 600/75 "o month 9
- Prospective . .
Angiolillo ! LTA: 20umol Highest quatrtile
(2007)(48) stsvti)tlﬁ gr,:/?lna 173 ADP, AQGay (AQGa=62%) 26.0 0/75 CIE 2 years
Bliden Prospective LTA: 5pmol .
(2007}49) stable angina 100 ADP, AQGray AQOmax>50% 22.0 0/75 MI/CIE 1 year
Bonel(lsog) Prospective, Highest quintile 5
(2007) 144 VASP: PRI 799 300/75 DI/CIE 9
stable/qnstable : (PRI >47%) : months
angina
Buonamici ~ Prospective, LTA: 10pmol . 6
(2007)(44) all-comer 804 ADP, AQGray AQOmax>70% 13.1 600/ 75 D/ST months 9
e Pospective, VASP: PRI APRlzs%%/ 544 L 0/7s CIE 1 9
51) LTA: 10pmol 9Gmac 10%0
(2007§ NSTEMI ADP, Aggmx (ROC-defined) 29.8 month
Prospective, ;
Aradi o LTA: 5umol T auents df?‘bo"e the o 300/75 MI/ST/ 10 o
(2008f°?  stable/unstable 1 ADP, AQGrax median 51 > CIE months
angina (AgGmax>33%)
Patti Prospective, . Highest quartile 1
(2008)(53) all-comer 160 VerifyNow (>240 PRU) 25.0 600/ 75 CIE month 9
Price Prospective, . >235 PRU D/MI/ 6
2008  arcomer S verfyNow — Roc-defined) >+t 600/75 st CIE months  ©
Castro Prospective, _ >175 PRU
(2009)(55) NSTEMI 161 VerifyNow (ROC-defined) 39.8 300/75 CIE 1 year
) ) LTA 10 pmol AQGmax> 67%
Sl TSk s AOP A (ROCGEEd ag a0z STl o
VASP, PRI PRI: not reported
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Eg\uilislf(lz%it:r: Design, patieni Number of Laboratory Selected cut off HPR (?gi?_lgo/g End point Follow Quality
profile patients methods for HPR (%) P -up scoré

year) MD

continued

Geisler Prospective, 1019 LTA: 20 umol hﬁgﬁ'gg&ﬁ;m 323 600/75 D2/M 3 9
(2009§°" all-comer ADP, AgQae ' ST/CIE months

(>42.5%)

Marcucci ~ Prospective, . >240 PRU D/MI/

(2009)(58) ACS 683 VerifyNow (ROC-defined) 321 600/ 75 CIE 1 year 9
Migliorini Prospective, LTA: 10 pumol o 600/75 D/ Ml

(2009%°  all-comer (LM) 215 ADP, AQGnax AGmax> 10% 186 4150 ST 3 years 9
Sibbing Prospective, . Highest quintile D/ Ml 1
(2009)®  all-comer 1608 MEA: AUC (>416 AU) 201 600/75 Tort popth 2

Siller- Prospective, MEA: AUC AUC>54 U 135 600o0ro0/ 6

Matula all-comer 416 VASP: PRI PRI > 23 % 75 ST months °
(2009§5Y : (ROC-defined)  63.0

LTA: 5 umol  Aggmac42.9%Ag

Breet Prospective, 1069 LTA: 20 pmol  gma>64.5%>236 g%g ggggg g; D/ Ml 1 vear 9

(2010§%2  stable angina ADP, AQQnax PRU (ROC- 38.6 o/7s  STICE y
VerifyNow defined) '

Abbreviations: ADP: adenosine 5'-diphosphate; Aggnaximal aggregation; Agg: late aggregation; AU: arbitrary unit;
AUC: area under curve; CIE: composite ischemic &;ed:. cardiovascular death; DM: diabetes mellitu3; loading dose;
LM: left main stenting; LTA: Light Transmission Agegometry; MEA: Multiple Electrode Aggregometry; Mion-fatal
myocardial infarction; MD: maintenance dose; NAt applicable; NSTEMI: non-ST-segment elevation ARI: platelet
reactivity index; PRU: platelet reaction unit; RQBndomized controlled trial; ST: stent thrombo&/&SP: vasodilator-
stimulated phosphoprotein phosphorylation analysis; f: New Castle Ottawa score: quality assessment of observational
studies; this scoring is not applicable for randmedi controlled trials; *: data from the 600-mgded group, 8: data from

clopidogrel-treated patients, #: patients on clogiel for at least 6 months.

Table 5.1.1. Detailed description of the selecteduslies.
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5.1.2 Prevalence of HPR

In the 20 studies, including 9,187 patients, the cd HPR showed large heterogeneity with a
mean prevalence of 32.3% (95% CI for mean 25.9;4@uige 6.0679.86). Finding possible
determinants of the observed heterogeneity, theafgace of HPR was analyzed according to
the following groupings: type of platelet functidievice, the selected platelet reactivity cut
off, the amount of clopidogrel loading dose, thmdi of assessment from loading/last
clopidogrel dose, and the proportion of acute cargrsyndrome (ACS) patients in each
group. (Table 5.1.2) Among the recruited studibs, gelected platelet reactivity cut off and
the type of the platelet function device interacsgghificantly with the prevalence of HPR

(Kruskal-Wallis test P = .04 and P = .02, respatyiv (Table 5.1.2) The selected cut off was
in strong, inverse correlation with the rate of HFRgure 5.1.1) The highest rates of HPR

were measured by the P2¥sensitive VASP-PRI assay.

40



Mean, % (95% CI) P

Overall 33.2 (25.9 — 40.5)

Platelet Function Method

MEA app: 16.8 (-25.1 — 58.7) 0.02
LTA app: 28.3 (20.5-36.1)
VerifyNOWp,y1 2 33.9 (26.6 — 41.2)
VASP: 65.8 (33.5—-98.0)
Clopidogrel Loading Dose
0 mg (pretreatment) 24.0 (-1.4 - 49.4) 0.27
300 mg 48.3 (9.5-87.2)
600 mg 29.2 (20.2 — 38.1)

Time to assessment from loading/l¢
dose of clopidogrel

<12 h 31.1 (20.4 — 41.9) 0.62
12-18 h 28.7 (16.3 — 41.0)
>18 h 33.7 (-66.3 — 133.7)

Platelet reactivity cut off for defining
HPR (tertiles)

15 — 49% 47.3 (31.9-62.7) <0.01
50 — 64% 30.7 (20.4 — 41.0)
65 — 70% 21.6 (12.8 — 30.3)

Proportion of ACS patients (tertiles

0 — 25% 37.1 (20.4 — 53.8) 0.34
25 — 80% 27.9 (5.3 — 50.4)
80 — 100% 32.0 (20.3 — 43.7)

Intergroup comparisons were done with the Kruskall\&/test. Continuous variables (platelet reatticiut
off and the proportion of ACS patients) were diwldeto tertiles for the comparison. ACS: acute cany
syndrome.”: The POPULAR studyy was not included as recruited patients receivadettdifferent
clopidogrel regimené: While LTAxpp, MEAspe and VASP measures platelet reactivity in a 0 t69%(
scale, results of the VerifyNaw 1, device are scaled from-800. Thereby, results of the VerifyNew:,
assay were normalized to al®O0 scale by dividing actual values by 4.

Table 5.1.2 Prevalence of high on-clopidogrel plaiet reactivity (HPR).
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Figure 5.1.1 Impact of the methodological heterogesity in platelet aggregation tests. A,
Linear regression analysis between the selected ooff and the prevalence rate for high

platelet reactivity (HPR). Whereas LTAxpp and VASP measure platelet reactivity in a
0% to 100% scale, results might range between 18 dn435 PRU in case of the
verifyNowP2Y, and between 0 and 122 U in case of MRAr assay according to the
description of the manufacturer. Thereby, results 6the VerifyNow-P2Y1, and MEAapp

assays were normalized to a 0 to 100 scale, whehe towest potential value (18 PRU and
0 U) reflects 0% and the highest potential value @6 PRU and 122 U) means 100%. B,

The impact of the prevalence rate of HPR on the rative risk of CV death.
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5.1.3 Prognostic significance of HPR

Of the 20 studies, 10 reported data on CV deatt¥1394;54;57-60;62) 10 on nonfatal Ml
(39;41;49;52;54;57-60;62), and 9 on definite or badde ST. (44;52;54;56;57;59-62)
Moreover, there were 15 studies that reported goosite event rate of the recurrent ischemic
events (CIE) in compliance with our inclusion arge (39-41;47-49;51-55;57;58;62) Based
on the pooled results, HPR was associated witlyrafgiant 3-fold increase in nonfatal Mi
(OR 3.00 [2.263.99], P < .00001) (Figure 5.1.2, 8%-fold increase in definite/probable ST
(OR 4.14 [2.74-6.25], P < .0001) (Figure 5.1.2, @pd a 5-fold increase in the rate of

composite ischemic events (OR 4.95 [3.34-7.34],06801) (Figure 5.1.3).

A HPR NPR _ Odds Ratio Relative Risk of CV DEATH
Author Method Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hochholzer  LTA 3 305 0 407 13% 7.27[037, 14198 »
Buonamici LTA 8 105 10 699 13.4% B.46 [2.56, 16.30)
Geisler LTA 4 22 10 341 73% 7.36[210,25.77) —
Geisler LTA 14 329 10 B30 17.0% 3.02[1.33,6.87) Tl
Migliorini LTA 7 40 8 175 9B8%  4.43[1.50,13.07] e
Breet LTA 11 445 6 604 115% 253[0.93,6.88)
Price VerifyNow 3 108 0 209 1.3% 1390[0.71,271.83] e ——
Marcucci VerifyNow 13 219 11 464 17.2% 260[1.15,589) o
Breet VernifyNows 9 408 9 646 13.2% 1.60 (0.63, 4.07) T
Sibbing MEA 4 313 5 1285 6.6% 3.21 [0.886, 12.00] S (L
Bonello VASP 3 115 0 29 13% 1.84 [0.09, 37.07)
Total (95% CI) 2507 5549 100.0%  3.35[2.39, 4.70] L
Tolal events 80 69 b + t {
Heterageneity: Tau® = 0.00; Chi*= 8.14, df= 10 (P = .62); = 0% ” 0 m. m: ’m 1 " . "mu _
Testfor overall effect Z= 6.99 (P < .00001) igh p ;ﬂmre ity Notmbzl;‘l; reactivity
B HPR NPR - Odds Ratio Relative Risk of NON-FATAL MI
Author Method Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Geisler LTA 1 22 4 34 1.6% 4.01 |0.43, 37.45) =
Hochholzer  LTA 6 395 2 407 31%  3.12[0.63 1551) e e e
Bliden LTA 4 2 1 78 16% 17.11[1.80,16253) ———
Aradi LTA 3 56 0 52 0.8% B6.87 [0.35, 135.54) "
Geisler LTA 14 329 14 690 14.3% 215[1.01,4.57) j———
Migliorini LTA 2 40 0 175 098% 22.79[1.07,484.84] T
Breet LTA LTA 37 392 24 659 28.9% 2.76 [1.63, 4.68] —-—
Price VeriffNow 2 108 2 209 21% 1.85(0.27,14.07) o
Marcucei VeriffiNow 16 219 11 484 131% 3.25[1.48,7.13) i
Breet Verify VerifyNow 40 408 23 646 288% 296[1.74,5.03] —-
Sibbing MEA 5 323 5 1285 5.2% 4.03[1.16,14.00)
Total (95% CI) 2312 5006 100.0% 3.00[2.26, 3.99] L 2
Total events 130 a6 YT o 5 00

Heterogeneity. Tau®= 0.00, Chi*= 564,df=10 (P = .84), F= 0%

Hi Ia tivity N atelet i
Testfor overall effect Z= 7.59 (P < .00001) T T
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c HPR NPR Odds Ratio Relative Risk of STENT THROMBOSIS

Author Method Events Total Events Total Weight IV, Random, 95% Cli IV, Random, 95% CI
Geisler LTA 13 329 12 690 20.0% 2.32[1.05,5.14) | G
Buonamici LTA 8 105 16 699 18.2% 400[1.72,9.31) —_—
Aradi LTA 2 56 0 52 18% 4.82(0.23,101.86)
Cuisset LTA 8 185 3 413 84% 6.18[1.62, 23.57) ——
Migliorini LTA 4 40 o ! 6.6% 6.37 [1.37, 29.66] e —
Breet LTA 9 392 4 659 10.5% 3.851.18,12.57) ——
Price VerifyNow 4 108 0 209 1.9% 18.04[0.96,33863) I ——
Breet WerifyNow 9 406 9 646 11.5% 2.58 [0.84, 7.93] T—
Sibbing MEA g I 5 1285 11.9% 7.34 [2.44, 22.086) =l
Siller-Matula MEA 6 56 1 346 3.5% 41.40[4.88, 351.16] ———
Siller-Matula VASP 5 262 2 154 5.7% 1.48[0.28,7.77) —
Total (95% CI) 2262 5328 100.0% 4.14 [2.74,6.25] @
Total events 78 55 k + + d
Heterogeneity: Tau®= 0.08; Chi*= 11.32, df = 10 (P = .33); F= 12% ot o L
Test for overall effect Z=6.77 (P < .00001) High platelet reactivity Normal platelet reactivity

better better

Figure 5.1.2 Impact of HPR on the occurrence of C\Weath A, nonfatal Ml B, and
definite or probable ST C. The ORs with 95% Cls wee calculated from event
frequencies with the random-effect model via genetiinverse variance weighting. NPR,

Normal platelet reactivity.

Importantly, patients with HPR had a 3.4-fold irage in CV mortality compared with those
with normal on-clopidogrel ADP reactivity (OR 3.35.39-4.70], P < .00001) (Figure 5.1.2,
A). When the subgroup of studies using receiveratpey characteristic (ROC)—defined cut
offs for HPR was analyzed separately, similar otgpmere gained (CV death 2.34 [1.40-
3.92], Ml 2.89 [2.07-4.04], ST 4.75 [2.13-10.63hdaCIE: 3.06 [2.074.51]; P < .001 in all

cases). Although there were large methodical hge&reity among the platelet function
assays as well as in the selected cut offs for HR&® predicted risk for CV death, nonfatal
MI, and ST was not heterogeneous between studigaré~5.1.2). On the other hand when
the predictive value of each assay was analyzedratgty, only LTA-defined HPR was

significantly associated with CV death, MI, and @®eath: 4.18 [2.706.46], MI: 2.93 [1.97-

4.35], ST: 3.66 [2.32-5.78]; P <.0001 in all cgses
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HPR NPR Odds Ratio _ Relative Risk of COMPOSITE ISCHEMIC EVENTS:

Author Method Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hochhoizer  LTA 13 395 7 407 43%  7.20(1.57,33.08]
Cuisset LTA 6 22 1 124 26% 4316[4.89,380589) - -
Geisler LTA 6 22 23 341 68%  371[1.08,1273 —
Cuisset LTA g 23 3 83 30% 3500[4.8725130] _
Geisler LTA 30 328 30 690 10.2% 221[1.31,3.73) —
Frere® LTA 1M 54 3 127 2%  10.57(2.82,39.69]
Angiolilio LTA 17 45 17 128 8.3% 396(1.80,8.71] S
Bliden LTA 16 22 778 47% 34.61[8.31,144.15] —
Aradi® LTA 25 56 5 52 B5%  7.58[2.62,21.94] _
Breet” LTA 52 445 36 604 108% 2.08[1.34,3.25] —
Patti VerifyNow 8 40 7 120 48%  6.10[1.50,24.386]
Price” VerifyNow 7 108 2 209 41%  7.47[1.46,3522)
Castro VerifyNow 13 B4 5§ 97 54%  3.90[1.09,13.97]
Marcucci VerfyNow 17 218 27 464 9.1% 252[1.27,5.00] _—
Breet” VerifyNow 54 406 37 648 10.8% 253[1.63,3.92) —_
Frere® VASP 13 108 189 28% 12.30(1.58,9597] ey
Bonellg” VASP 21 115 0 29 1.7% 13.42[0.79,228.40] -—
Total (95% C1) 2471 4288 1000%  4.95[3.34,7.34] <
Total events 318 206 : + } 4
Heterogeneity: Tau®= 0.32; Chi* = 40,44, df= 16 (P = .0007); F= 60% 005 02 ° W
Test for overall effect Z= 7.98 (P < .00001) sl o B - i

Figure 5.1.3 Impact of HPR on the occurrence of CIEWhere possible, adjusted ORs
with 95% Cls were used in the random-effect model im generic inverse variance

weighting. *Studies not reporting adjusted ORs.

Because of the large differences in the methodoldgyminology, as well as the patient
selection and follow-up, we performed subgroup ysed among the studies that reported
composite outcome results (Figure 5.1.4). The amalgonfirmed that all of the selected
ADP-specific assays were able to predict the oecwe of CIE, and the worse prognosis of
patients with HPR was consistent regardless ofctimcal presentation and the length of
follow-up. Notably, there was significant heterogiy in the results between studies using
optical aggregometry; however, the more standaddimethods, such as the VerifyNow and

VASP assay, showed more homogenous findings.
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Subgroup Studies Odds Ratio Composite ischemic Heterogeneity
(patients) (95% Cl) events
_ Chi*: 48.81
Fixed-effect model 17 (6759)  3.32(2.73 - 4.03) ¢ B 6%
- + + + P<.000M
0.05 02 | 5
Chi?: 35.25
LTA 10 (4061) 3.72(2.89-4.80) ¢ 2 74%
DDs 02 5 P=.0002
; Chi®: 3.06
VerifyNow 5(2373)  2.87(2.05-4.01) . . < B 0%
00s 02 5 P=.55
Chi’: 0.00
VASP 2(325) 12.75(238-68.33) —— gy
b5 02 i 3 p=.96
Elective PCI 7(3428)  4.75(2.60 - 8.69) . - -l
005 02 g P =.003
ACS 6(1472) 7.84 (3.26 - 18.85) e genese
D05 02 5 i P=.03
All comer 4(1859) 3.11(1.82-530) . s e
0hE 02 4 P=.32
& Chiz: 2.87
Follow-up == 30 days 6(1590) 11.13 (5.88-21.09) - g 0w
D05 02 : ] p=.72
Follow-up > 30 days 11(5169)  3.54 (2.44 - 5.14) @ ¢ ool U
005 02 : £ P=.02

Figure 5.1.4 Sensitivity and subgroup analyses amgrstudies that linked post-treatment

platelet reactivity to the occurrence of compositéschemic events.
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5.2 Comparison of conventional aggregometry (LTA) with vasodilator

stimulated phosphoprotein phosphorylation assay (VASP)

5.2.1 Correlation between LTA and VASP-PRI measuremnts

One hundred twenty-one patients fulfilled the ernyeria and were enrolled into the study.
Baseline clinical characteristics of the recruipadients are depicted in Table 5.2.1. Among
these patients, 242 VASP and LTA measurements pexfermed: the first assessments were
done 19%2 hours after receiving a 600-mg loadingedaf clopidogrel and maintenance-phase
samples were collected at 25+2 days after PCl.rAfte administration of a 600-mg loading
dose of clopidogrel, all platelet function parametelemonstrated high interindividual
variability (Aggmnax 29.1+14.4; Aggwe 9.4%£18.7; disAgg: 71.5+£32.4; AUC: 67.6+55.0;
VASP-PRI: 48.3+21.3) that also persisted in the ntegnance period (Aggx 29.6+£12.7,
AQQiae 8.7£16.6; disAgg: 72.2+30.9; AUC: 67.7+49.3; VABRI: 47.91£19.6). Based on the
LTA measurements, high correlation was found betwiée maximal and late aggregation
values (p<0.001; Spearmangs 0.91). When LTA values were compared to VASP-PRI,
significant, moderate-strength correlations weigstered without marked difference among
the parameters (Aggx p=0.47; Aggue p=0.45; disAgg:p= -0.44; AUC:p=0.50). Notably,
the efficacy of aspirin therapy, measured by egwnee 10uM, did not correlate to VASP-
PRI. (p=0.75p=-0.24). In the univariate linear regression aredysll variables of the LTA
curve showed similar, significant relationship WMASP assessments. In the multivariate
model, AUC proved to be the independent linear ipted of VASP-PRI. To corroborate
these results, logistic regression analyses werferpged with HPR as a dependent variable.

Based on the results, estimates of LTA were simitawever, AUC was selected as the
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independent predictor of VASP-defined HPR. Whenltiagling- and the maintenance phase
outputs were analyzed separately, similar resukksewobtained without any difference

between the two time points.

Age (years, +SD) 61.98 +8.91

Male gender (1, %) 72 (59.5%)

Stable angina (n, %) 121 (100%)

Diabetes (n, %) INS/OAD/DIET (n, %) 38 (31.4%) 13 (10.7%)/16
(13.2%)/9 (7.4%)

Hypertension (1, %) 106 (87.6%)

Smoking (n, %) Current smoker (1, %) 44 (36.4%) 16 (13.2%)

Prior MI (n, %) 19 (15.7%)

Prior CABG (n, %) 8 (6.6%)

PAD (n, % 6 (5%)

Baseline total cholesterol (mmol/L, 4 SD) 4.0040.95

Baseline serum creatinin (mmol/L, 4= SD) 72.56 +16.22

Baseline high sensitivity CRP (microm/L, 4+ SD) 2284172

Baseline fibrinogen (g/L; + SD) 3.02+0.82

Baseline leukocyte count (G/L, £ SD) 6.87 £1.80

Baseline haemoglobin (g/dl, &= SD) 129.794+12.43

Baseline platelet count (G/L, + SD) 232.60+65.67

Table 5.2.1 Baseline clinical characteristics of #hrecruited patients INS, insulin-treated
diabetes mellitus; OAD, oral antidiabetic-treated dabetes; MI, myocardial infarction;

CABG, coronary artery bypass grafting; PAD, peripheal artery disease.

Bland-Altman plots were used to demonstrate imdividual agreement among assays in
measuring on-clopidogrel platelet reactivity. (Fgub.2.1) These plots demonstrated that
AdQate, disAgg and AUC are underestimating VASP-PRI (bigd.6, -19.9 and -15.1,
respectively) while platelet reactivity is estintatquite similarly by Aggax (bias: 1.3) and
VASP-PRI. The analyses also demonstrated thatriierastimation of VASP-PRI by Agg,
disAgg and AUC is largely driven by differences timne low platelet reactivity range,
markedly below 50% platelet reactivity. The widegas of agreement in case of all LTA
variables underscored that there are substantrakimdividual differences between LTA and

VASP assessments. (Figure 5.2.1)
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Figure 5.2.1 Bland—Altman plots to demonstrate inta-individual agreement in platelet
reactivity. The comparison was performed between \sobdilator stimulated
phosphoprotein phosphorylation index (VASP-PRI) andestimates of light transmission
aggregometry. Bias (red line) is a measure of a dgmatic error leading to over- or
underestimation of a known value (VASP-PRI) by thealternative parameters of the
light transmission assessment. Dashed lines represdéimits of 95% agreement that form
a range within 95% of the measurements can be foundAs the principle of Bland-
Altman analysis is that both measurements evaluata parameter on the same scale (
platelet reactivity, %), all the light transmission parameters were normalized to the
scale of VASP-PRI (from 0% to 100%). Aggaxn, NOrmalized maximal aggregation,
AQUaten, NOrmalized 6-minute late aggregation; disAgg normalized disAggregation;

AUC,, normalized area under the 6-minute light transmision curve).
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5.2.2 Agreement between assays in determining normal andigh platelet
reactivity

The predictive value of LTA variables in determmifiPR as well as the optimal cut off
values for the best agreement were evaluated weitkiver-operator characteristic (ROC)
curve analysis. LTA estimates were equal in preagicHPR with AUC showing the highest
area under the ROC curve. Based on the optimabffwalues, we registered significant
relationships with moderate-strength agreementsvdmt VASP and LTA parameters in
classifying patients to normal or HPR categoriéab(e 5.2.2) AUC greater than 82% had the

highest specificity, yet the lowest sensitivityittentify a patient with a VASP-PRI greater

than 50%.

Cut-off HPR* Specificity Sensitivity Concordant Discordant K
AGGmax =34.5% 30.3% 79.4% 61.3% 71.1% 28.9% 0.4 "
AUC =82 »x min 30.7% 86.7% 60.8% 72.3% 27.7% 0.44°

Table 5.2.2 Diagnostic accuracy of ROC-defined cutff values in identifying patients as
normal (VASP-PRI<50%) or high platelet reactivity (VASP-PRI >50%). Optimal cut off
values for each aggregometric variable (Agghx, AdQate, disSAgg, AUC) were determined
with receiver-operating characteristic curve (ROC)analysis according to the highest
specificity and sensitivity in the current cohort. *p<0.001, #Notably, 46.6% of the
patients had a VASP-PRI>50% in the current cohort. HPR, high platelet reacivity;

VASP, vasodilator stimulated phosphorylation assay.
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5.3 Determining the impact of genetic variants on post-clopidogrel
platelet reactivity in patients after elective percutaneous coronary

intervention

5.3.1 Genotype distribution

Altogether, genetic samples were available from $8ble angina patients for analysis.
Allelic variants of CYP2C19 and PON-1 were deterinn 189 cases, while we had genetic
information on ABCB1 genotypes in 181 patients. e observed significant clinical
differences between patients according to the numb€YP2C19 LOF alleles, clinical and
procedural characteristics as well as post-pro@dlaboratory findings are depicted
according to this classification in the patientgyo (Table 5.3.1) Based on these, patients

with wild-type (wt) CYP2C19 alleles had higher hegtabin levels and lower platelet count.

No One Two P
CYP2C19 CYP2C19 CYP2C19
LOF alleles LOF allele  LOF alleles
(n=144) (n=41) (n=4)
Clinical risk factors
Age (years, meantSD) 61.9+8.2 61.0+£9.4 64.3+5.10.54
Male gender (n, %) 95 (66.0) 20 (48.8) 1 (25%) 0.04*
Caucasian race (n, %) 144 (100.0) 41 (100.0) 4.000 NA
Type Il diabetes (n, %) 58 (40.2) 11 (26.8) 2 (50.0 o0.26
Hypertension (n, %) 121 (84.0) 36 (87.8) 4 (100.0) 0.59
Dyslipidaemia (n, %) 73 (50.7) 23 (56.1) 2 (50.0) 0.83
Smoker (n, %) 52 (36.1) 13 (29.3) 2(50.0) 0.72
Current smoker (n, %) 19 (13.2) 6 (14.6) 1(25.0) 0.78
BMI (kg/m?; mean+SD) 29.7+4.8 27.8+4.4 34.1+13.4 0.35
Prior PCI (n, %) 11 (7.6) 3 (7.3) 0(0.0) 0.85
Prior CABG (n, %) 17 (11.8) 3(7.3) 0(0.0) 056
Prior stroke (n, %) 4 (2.7) 1(2.4) 0(0.0) 0.94
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Concomitant medication

Beta-blockers (n, %) 105 (72.9) 34 (82.9) 4 (100.0) 0.22
ACE inhibitors (n, %) 75 (52.1) 18 (43.9) 3(75.0) 0.40
Angiotensin receptor blockers (n, %) 36 (25) 71)7. 1 (25.0) 0.57
Ca-channel blockers (n, %) 44 (30.5) 12 (29.3) 5LqQp 0.96
Statins (n, %) 107 (74.3) 28 (68.3) 4 (100.0) 0.36
Non-CYP metabolized statins (n, %) 11 (7.6) 2(4.9) 0(0.0) 0.71
Proton pump inhibitors (n, %) 36 (25.0) 7(17.1) (2%.0) 0.57
150 mg clopidogrél 21 (14.6) 11 (26.8) 1(25.0) 0.8

Procedural characteristics

Time between clopidogrel LD and

LTA assessment (h; mean+SD) 20.3+3.7 21.0+4.0 19.9+2.3 o081

Radial approach (n, %) 124 (86.1) 35 (85.4) 4 (Qp0. 0.72
DES implantation (n, %) 97 (67.4) 30 (73.2) 3(35.0 0.75
Total stent length (mm; mean+SD) 32.6£17.3 29.4614. 24.8+12.1 0.61
Smallest stent diameter (mm; 3.3+0.4 3.2+0.4 3.6+0.5 014
mean+SD)
Contrast amount (ml; meantSD) 216.8490.3 216.6#121.205.7+42.5 0.84
Post-procedural laboratory findings
Fibrinogen (g/l; meantSD) 3.2+0.8 3.3+0.9 2.9+0.9 0.74
Leukocyte (G/I; mean£SD) 7.0£1.8 6.8+1.8 6.3+2.3 0.59
Hemoglobin (g/l; mean£SD) 133.2+14.2 127.0+14.1  .83¥83.4 <0.01*
Platelet count (G/I; mean+SD) 221.4+63.0  256.2+81.7256.0+30.5 0.01*
Mean platelet volume (fl; mean+SD) 8.8+£1.8 8.5+1.3 7.8+2.3 0.50
Serum creatiningmol/l; meanzSD) 77.7£53.5 69.8+18.3 76.3+28.5 0.26
Total cholesterol (mmol/l; mean=SD) 4.2+1.3 4.3+x1.1 4.2+0.7 0.87
;"[%h sensitivity CRP (mg/l; mean, 5 g3 1 2.8+2.9 24430 093
GOF-catrriers (n, %) 69 (47.9) 14 (34.2) 0 (0.0) 0.06
CYP2C19 *1/*17 (n, %) 41 (28.5) 0 (0.0) 0 (0.0) <0.01*
CYP2C19 *2/*17 or *3*17 (n, %) 0 (0.0) 14 (34.2) (0.0) <0.01*
CYP2C19 *17/*17 (n, %) 28 (19.4) 0 (0.0) 0 (0.0) <0.01*

Abbreviations: ACE: angiotensin converting enzym@gm.x 5-4UM ADP-stimulated maximal aggregatig
value; BMI: body mass index; CABG: coronary artbgpass grafting; CRP: C-reactive protein; DES: dr
eluting stent; DM: diabetes mellitus; GOF: gainfofiction allele; HPR: high on-clopidogrel platetetctivity;
LD: loading dose; LOF: loss-of-function allele; LTA.ight Transmission Aggregometry; MI: myocard
infarction; NPR: normal platelet reactivity; PClengutaneous coronary interventionSignificant difference”:

In the original trial, patients with HPR were rantiaed to receive 150 mg or 75 mg clopidogrel foe amonth.
[13]

Smokers were defined as patients who were smokirthe past 5 years. Current smokers were subjeuts
were actively smoking at the time of enrollment.

Table 5.3.1 Baseline characteristics of the patiemgfroups.
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The observed distributions of different genotypes presented in Table 5.3.2. Genotype
frequencies were similar to previously reportedifigs in the Caucasian population, and

none of the genotype distributions deviated sigaifily from the Hardy-Weinberg

equilibrium.
A. CYP2C19

Genotypes Predicted Phenotype Distribution
*1 /%1 Extensive 75 (39.7%)
*1/*17 Rapid 41 (21.7%)
*17/*17 Ultra rapid 28 (14.8%)
*1 /%2 Intermediate 27 (14.3%)
*21*17 Unknown (Poor or Rapid 13 (6.9%)
*2[*2 Poor 4 (2.1%)
*3/*17 Unknown (Poor or Rapid 1 (0.5%)

Allele carriage

Loss-of-function (*2 or *3)

45 (23.8%)

No loss-of-function

144 (76.2%)

Gain-of-function (*17)

83 (43.9%)

No gain-of-function

106 (56.1%)

B. ABCB1 3435G->T

Genotypes Predicted Phenotype Distribution
C/C High expression 46 (25.4%)
CIT Intermediate expression 78 (43.1%)
TIT Low expression 57 (31.5%)
C. ABCB1 2677G-T/A
Genotypes Predicted Phenotype Distribution
G/G Unknown 51 (28.2%)
A/A Unknown 12 (6.6%)
TIT Unknown 35 (19.3%)
GIT Unknown 81 (44.7%)
TIA Unknown 2 (1.1%)
D. PON-1 192Q-R
Genotypes Predicted Phenotype Distribution
Q/Q Low metabolizer 91 (48.1%)
Q/R Intermediate metabolizer 86 (45.5%)
R/R Rapid metabolizer 12 (6.4%)

Table 5.3.2 Distribution of genotypes in the patieingroups.
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5.3.2 CYP2C19 genotypes and platelet reactivity

According to the platelet function results in ca$€YP2C19 locus, patients harboring a LOF

allele had significantly higher maximal aggregati@®2.9+13.6 vs. 26.4+14.5; P=0.01), 6-

minute late aggregation (13.7+£17.8 vs. 6.3x17.30.p¥) and VASP phosphorylation

(57.6+20.8 vs. 47.6%.6; P=0.02) than those witldviyipe alleles. On the contrary, harboring

at least one GOF allele only slightly decreasedef#a reactivity (AQ@ax 26.4+14.4 vs.

29.2+14.6, P=0.19; Agg- 6.1+16.8 vs. 9.5+£18.3, P=0.19). When patientsevekvided into

groups according to different genotypes, a gene-éffect appeared. (Figure 5.3.1)
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Figure 5.3.1 Comparison in platelet reactivity accaling to CYP2C19 genotypes.
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Post-treatment platelet reactivity was compared wit light transmission aggregometry
(Panel A and C) and vasodilator stimulated phosphgiation (VASP) assay (Panel D)
among patients with different CYP2C19 genotypes. Pel A and C show the maximal
(Aggmax) and 6-minute late (Aggwe) ADP 5 uM-stimulated aggregation values while
Panel D depicts VASP-defined platelet reactivity (ASP-PRI). Boxes indicate 25th and
75th percentiles with the mean (line) values, whilavhiskers denote 10th and 90th
percentiles. Mean£SD values are depicted above baxd?anel B shows the proportion of
patients with high post-treatment platelet reactivty (HPR) in each group. GOF: gain-of
function allele; LOF: loss-of-function alleles; wt: wild-type allele. The p value shows an

inter-group comparison with Kruskall-Wallis test.

Platelet reactivity increased gradually through ajgmes according to the following: GOF
homozygotes, GOF/wt heterozygotes, wt homozygoie4,OF or LOF/GOF carriers and
LOF homozygotes. (Figure 5.3.1 A, C, D) Similartiie proportion of patients with HPR
increased across genotypes. (Figure 5.3.1 B) Bedptincrease in platelet reactivity through
CYP2C19 genotypes, there was wide variability iatglet function results in all genotype
groups. In the linear regression model, carryingQF allele explained only 3.6% of the
observed variability in Aggsy values (R 0.036; p<0.01). When both LOF and GOF alleles
were included in the model, it explained still ofy8% of the variability in Aggax values
(R% 0.053; p<0.01). In the binary logistic regressinadel, patients with a LOF allele had a
3.4-fold odds for HPR; however, the predictive ealms only modest based on the c-statistic
with a positive predictive value of only 20% andegative predictive value of 93%. (Table

5.3.3, 5.3.4) On the other hand, harboring a G@ffealvas not significantly associated with a
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reduced rate of HPR. (Table 5.3.3) The positive reghtive predictive values of not having

HPR with a GOF allele were 93% and 12%, respegtivel

Tested variable Odds ratio,  95% ClI P
A. Univariate binary logistic models:
CYP2C19 LOF carrier (*1*2 or *2*2) 3.35 1.27 88 0.02
CYP2C19 GOF carrier (*1*17 or *17*17) 0.56 0254 0.26
CYP2C19 LOF homozygote (*2*2) 9.82 1.30-74.23 |0.03
ABCBL1 low expressor (3435 CC) 2.20 1.09 -4.17 .260
PON-1 192R carrier (QR or RR) 2.14 0.78 —5.89 140

A. Multivariate binary logistic model:

CYP2C19 LOF carrier (*1*2 or *2*2) 3.67 1.34-99 0.01

GOF: gain-of-function, LOF: loss-of-function; PON{iaraoxonase-1.

Table 5.3.3 Genetic predictors of high post-clopidgrel platelet reactivity.
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Test Result Variables AUC 95% ClI P

LOF+GOF+ABCB1 0.697 0.558 - 0.837 0.006
LOF+GOF 0.670 0.538 - 0.802 0.018
LOF 0.639 0.495-0.783 0.053
ABCB1 0.630 0.484 - 0.776 0.070
PON-1 0.583 0.448 - 0.719 0.247
GOF 0.559 0.422 - 0.696 0.415

GOF: gain-of-function, HPR: high on-treatment plat reactivity; LOF: loss-of-function; PON-1:
paraoxonase-1.

ClassificationGOF: *17-carriers vs. non-carriersOF: *2 or *3 carriers vs. non-carrierdBCB1: 3435 CC
carriers vs. CT and TIRON-1: 192 RR and QR vs. QQ carrietQF+GOF: *17*17 or *1*17 vs. *1*1 vs.
*1*2 or *1*3 or *2*17 or *2*2; LOF+GOF+ABCB1: CYP2C19 *17 carriers and 3435 CC non-carriers vs.
CYP2C19 *1*1 and 3435 CC non-carriers vs. CYP2C1®*and 3435 CC carriers vs. CYP2C19 *2 or *3

carriers and 3435 CC non-carriers vs. CYP2C19 *ZBararriers and 3435 CC catrriers.

Table 5.3.4 Predictive values of different genotygeon HPR.

5.3.3 PON-1 genotypes and platelet reactivity

Based on the results of LTA and VASP assessmegtsound lack of evidence of association
between PON-1 192 -QR polymorphism and post-clopidogrel platelet reatti (Figure
5.3.2) The proportion of patients with HPR also didt differ significantly between
genotypes, with QQ carriers showing the numericlyest rates of HPR (QQ: 6.5%; QR:

12.5%; RR: 16.7%; P=0.29). (Figure 5.3.2)
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Figure 5.3.2 Comparison in platelet reactivity accaling to PON-1 genotypes.
Post-treatment platelet reactivity was compared aarding to different paraoxonase-1
(PON-1) genotypes with light transmission aggregontg (maximal aggregation, Aggnax)
and vasodilator stimulated phosphorylation (VASP-PR). Boxes indicate 25th and 75th
percentiles with the mean values (line), while whkers denote 10th and 90th percentiles.
MeanzSD values are depicted in boxes. The p valua@vs an inter-group comparison

with Kruskall-Wallis test.

5.3.4 ABCB1 genotypes and platelet reactivity

There were no significant differences in Agg Addae and VASP-PRI values regarding

ABCBL1 3435 and 2677 genotypes. (Figure 5.3.3)
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Figure 5.3.3. Comparison in platelet reactivity acerding to ABCB1 genotypes.
Post-treatment platelet reactivity was compared wh light transmission aggregometry
(Panel A, C) and vasodilator stimulated phosphorylaon (VASP) assay (Panel B, D) in
case of 34356T (Panel A, B) and 26677G>T/A (Panel C, D) single nucleotide
polymorphisms of the ABCB1 gene. Panel A and C shothe maximal ADP 5 uM-
stimulated aggregation values while Panel B and D epicts VASP-defined platelet
reactivity (VASP-PRI). Boxes indicate 25th and 75thpercentiles with the mean values
(line), while whiskers denote 10th and 90th perceiiés. Mean+SD values are depicted in

boxes. The p value shows an inter-group comparisamith Kruskall-Wallis test.
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In fact, low expresser patients with 3435 T/T ggpethad numerically lower Aggx values
than the high expresser C/C carriers (30.7+15.2&4+13.8; P=0.11). In parallel, 3435 C/C
genotypes were associated with a higher rate of FPR9.6%] vs. 9 [6.7%], P=0.02); but
the predictive value of 3435 C/C genotype on HPR p@or. (Table 5.3.3, 5.3.4)

In the multivariate binary logistic regression mdaecluding ABCB1, PON-1 and CYP2C19
genotypes, the carriage of CYP2C19 LOF alleles guide be the independent determinant of
HPR. (Table 5.3.3) This was also confirmed by tf@CRanalysis, in that CYP2C19 LOF
allele carriage had the highest predictive valuéomecasting HPR. (Table 5.3.4) Combining
the genotype information from LOF and GOF allelesréased the ability to predict HPR;
however, the highest area under the curve valueoltsned when ABCB1 3435 CC carrier

status was added to CYP2C19 genetic informatioabl@5.3.4)

5.3.5 Clinical outcome

During the one year of follow-up, there was one @aath (0.5%), three Mis (1.5%), one
probable stent thrombosis (0.5%) and 15 (7.9%)ammd TVRs. No stroke was recorded
during follow-up. Comparing patients with any CYPBCLOF alleles to non-LOFcarriers no
significant differences in the rate CV death, MITofR (Kaplan-Meier estimate: 13.8% vs.
11.1%, HR: 1.24 95%CI: 0.44-3.47, P=0.69) was oleskrHowever, when patients were
grouped according to the number of the LOF allpltsents with two LOF alleles had a more
than 7-fold unadjusted relative risk to CV death, & unplanned TVR (HR: 7.22, 95%CI:
1.61-32.65, P=0.01). When we adjusted for posgibifdounders between patients, including
the presence of a GOF allele, this excess risk iradasignificant (HR: 9.44, 95%CI: 1.96-
45.38, p<0.01). There were no significant diffeenin the evaluated composite outcome
between patients with different ABCB1 3435 and 2@énotypes (data not shown). Patients

with the 3435 CC genotype had numerically highsk to CV death, Ml or TVR compared to
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those with C/T or T/T genotype (Kaplan Meier estiend 4.8% vs. 10.6%, HR: 1.61, 95%CI:
0.60-4.35, P=0.35). Similarly to platelet-functimsults, there were no differences in clinical

outcomes according to PON-1 192-® SNP (data not shown).
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6. Discussion

The results of our systematic review and meta-amlgver the prognostic significance of
high on-clopidogrel platelet reactivity after pe@eous coronary intervention, clearly
demonstrate, that patients with HPR, detected bj@R-specific laboratory assay, are at a
higher risk for CV death, non-fatal MI, stent thrhoosis and recurrent ischemic events.
Although there were large differences in the methagly, patient selection and cut off
definition between studies, the predicted risk o @eath, Ml and ST were not
heterogeneous.

Prior to this meta-analysis, numerous observatigstatlies have highlighted that those
defined as clopidogrel non/low-responders or witghton-treatment platelet reactivity were
at higher risk for recurrent ischemic events. (39%44;47-62) However, it is difficult to
interpret these results due to the large methodietérogeneity, the diverse and often
arbitrary-defined cut offs for HPR, lack of proveompliance and underpowered sample
sizes.

The findings of the current trial confirm resulté mrevious reports. Due to the emerging
number and more qualitative meta-analysis studi®g;scale, prospective, adequately
powered single-center experiences are available58%0;62) Therefore, the 3-fold higher
risk for non-fatal Ml, the 3.4-fold increase in @ath and the 4-fold higher rate for definite /
probable ST were demonstrated in almost 9,200miatidlthough some methods such as the
MEAapp and VASP assays were not tested in the studye thesults emphasize that the
available platelet function tests are not equald@tecting HPR or in predicting clinical
outcomes. These inter-assays differences were staghjm prior studies that compared VASP

phosphorylation with ADP-stimulated platelet aggsm measurement. According to the
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findings, LTAxpp and MEApp had better a predictive value than the compleRshyY; -
specific testing. (51;56;61Although studies using VASP phosphorylation werelarn
represented in the current meta-analysis, our tesadnfirmed its poor predictive value
regarding CV death and stent thrombosis.

In the meta-analysis, we observed large inter-stadg intra-assay heterogeneity in the
prevalence of HPR that resulted in a range of @B@&. This was mostly due to the
differences in the methodologies and in the diveleinitions of platelet reactivity cut offs.
Interestingly, the highest rates of HPR patientsewabserved in case of the most sensitive
P2Y,receptor saturation testing (VASP), whereas whateod aggregometry (MEvp)
identified fewer patients with HPR. The higher offs in platelet reactivity also resulted in
lower prevalence rates of HPR. To evaluate whetthervariability in HPR carries clinical
consequences, the prevalence of HPR were contrastélge predictive values regarding
cardiovascular mortality. Those studies and devitest found an unexpectedly high
prevalence rate of HPR (typically above the meavalence rate of 33%) did not predict
mortality. It is important to emphasize that oratreent platelet reactivity follows normal
distribution, thereby it is not possible to separdPR patients on the basis of the laboratory
assessment, itself. The cut off for HPR should $sgaed on a clinically adjusted basis with
receiver-operating characteristic (ROC) curve asialyhat might decrease the heterogeneity

in the prevalence rate of HPR.

We evaluated the utility and reliability of differeparameters of conventional aggregometry
and VASP-PRI on monitoring platelet reactivity gmedicting clinical outcome, and found
that all involved estimates of the LTA assessmeategiual in monitoring specific P2¥

receptor inhibition or in predicting VASP-definedyh platelet reactivity.
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Definition of high platelet reactivity (HPR) as wakbitrary, however it should be defined in
consideration of clinical outcome. Based on resufifgrevious study, VASP-PRI greater than
50% was considered as HPR and VASP-PRI lower tl386 Wwas defined as normal platelet
reactivity (NPR). (50;51) In the current study veaid that, according to the results of ROC
analysis, LTA measures were equivalent in predicHiPR.

Following these, by defining the optimal cut offives of LTA parameters normal and HPR
patients were separated. When these optimal thHisshweere adopted, Agg showed the
highest categorical agreement with VASP-defined NIRR HPR.

However, it is still a matter of debate which isrmomportant: a higher categorical agreement
or a better correlation with VASP-PRI. This questghould be answered based on clinical
evidence. If the association between adverse alieieents and the efficacy of P2Yeceptor
inhibition is linear, stronger correlation and kettinear agreement is probably more
important. Contrary, if the occurrence of thrombokiemic complications is threshold-
specific, i.e. patients above a prespecified chitaoé prone to develop such events, better
agreement with the defined categories is more Usefgardless the possible disagreements in
certain levels of the variables. As up to now we lacking study data that may clarify this
issue, it remains to be answered.

Our results also affirmed that, the most widelydudd A parameter the Aggx predicts
clinical outcomes after PCI, equally precise asAlga. hence superiority of one over the
other has not been evidenced. Thereby, the comnuitiely hypothesis that Agg would be
more precise compared to other estimates of LTAanitoring P2Y, receptor inhibition
should be rejected. (90)

According to results of the multivariable lineagression analysis, although the differences
were minimal between Agg, Addnax diSAgg and AUC, not Agge. but AUC proved to be

the independent predictor of VASP-PRI. In spitetloé significant correlation, there were
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considerable intraindividual differences betweemLdnd VASP assessment. As the VASP
assay is completely P2¥specific, LTA estimates are not precise in expresP2Y;,-

receptor signalling.

As genetic variations may account for the inteidlial differences in the achived anti-
platelet efficacy, the impact of CYP2C19, ABCB1 &@N1 genes’ allelic variants on Post-
Clopidogrel Platelet Reactivity in Patients aftéCIRvere investigated. Results of the study
showed that CYP2C19 allelic variants exert a gevsedeffect on post-clopidogrel platelet
reactivity: those harboring two gain-of-functioned¢s (*17) have the lowest average platelet
reactivity values, while platelet reactivity inceea gradually through ultrarapid - rapid -
extensive - intermediate - poor/rapid - poor melizbo phenotypes reaching the highest
degree among carriers of two LOF alleles. (85) Nigtathe biggest relative increase in
platelet reactivity, hence the highest degree oRKRs seen at the level of patients with two
LOF alleles. The role of *2 and *3 alleles weretlhar established in the multivariate analysis,
in that CYP2C19 LOF alleles were the independerdiptors of HPR. Despite the clear
effect of CYP2C19 alleles on platelet function,rthevas large variability in platelet reactivity
according to genotypes and the carriage of a LQO&leakexplained only 3.6% of this
variability.

Although our study was not empowered to demonstcdieical differences between
genotypes, we found that in parallel to plateletction results, patients carrying two LOF
alleles had significantly higher risk to ischemi@ets after elective PCI.

High-risk patients presenting with acute myocardiédrction need potent antiplatelet therapy
after PCI and thereby, even a smaller loss in lgaighibition due to the presence of one

LOF allele might manifest in worse clinical outcang@n the contrary, only greater loss in
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platelet inhibition - as seen in CYP2C19 *2 andh@mnozygotes - might manifest in worse

clinical outcome in low-risk, stable angina patgeatter PCI.

Common polymorphisms of ABCB1 (3435—€T; 2677 G—T/A) did not significantly
influence platelet function results. Though acaogdio our findings, and in parallel to
PLATO genetic substudy, numerically higher risk PR and adverse outcome among
3435C/C carriers was observed; but these diffeseenemained non-significant probably due
to the small sample size. Although the 267#GA genotype is in linkage disequilibrium
with 3435CG-T genotype, our findings excluded any interactidrthass SNP with clinical
outcome in clopidogrel-treated patients. This obson confirms the results of Mega’s

study. (69)

Due to the results of two independent plateletfimmcassays, the main allelic variant of

PON1 gene (192 ©QR) neither did significantly influence platelet fition results, nor

associated with clinical outcome.
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7. Novel findings of the thesis

Main findings of the thesis can be summarized agahowings:

High on-clopidogrel platelet reactivity (HPR), maesd by an ADP-specific platelet function

assay is a strong predictor of cardiovascular demaylocardial infarction and stent thrombosis
in patients after percutaneous coronary intervent#idthough there were large differences in
the methodology, patient selection and cut offdgéin between studies, the predicted risk of

cardiovascular death, myocardial infarction andistierombosis were not heterogeneous.

The moderate significant correlation with VASP dalies LTA for monitoring the efficacy of
P2Y,, receptor inhibition. LTA parameters were also gglént in predicting HPR or in
classifying patients to VASP-defined categories;wéweer, there might be clinically
meaningful differences in the results in certaidividuals. Indeed, 6-minute late aggregation
(Aggate) is not superior to other estimates of LTA in nioring the efficacy of P2¥%-

receptor inhibition.

Genetic variants in CYP2C19 have a gene-dose effeqtost-clopidogrel platelet reactivity,
with homozygote LOF carriers having the highesk fisr HPR and for adverse ischemic
events. Neither ABCB1, nor PON-1 genotypes inflegehsignificantly platelet reactivity or

outcome.
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8. Limitations

In the meta-analysis study, observational trialst e usually unbalanced with regard to
baseline clinical characteristics of the patiengsenncluded. Although observational studies
could better reflect the real-world practice, lacdk monitoring drug compliance,
underreporting a negative result, and incompletlmvieup make their interpretation more
difficult and might carry ascertainment biasesislialso notable that the patients were not
treated uniformly regarding the loading doses aiprlogrel and that platelet function
assessments were performed at different time paftés PCl. One study also enabled the use
of different anti-platelet strategies in the maiaece period, whereas none of the selected

studies could reliably monitor compliance with grescribed medication.

The LTA-VASP-PRI comparision study aimed to tesagphacological differences between
platelet function estimates; however, it cannotegdefinite answers regarding the clinical
predictive values of the assays. Through sevemlipusly published reports comparing LTA
with VASP, the fair correlation between the maxiraglgregation values and VASP-PRI is
not a novel finding. However, our analysis givesnare comprehensive report with the
correlation of all possible estimates of LTA (indlng disaggregation and AUC) with VASP-

PRI that has never been evaluated previously.

The main limitation of the genetic studly, that the study was obviously underpowered to
determine clear clinical differences between patigoups. The low number of patients
carrying two LOF alleles is also a limitation insassing their platelet reactivity and
prognosis. Recent evidence suggests that harbGMRRC19 GOF alleles might increase the

risk of bleeding; however, the sample size of tine\s did not enable to draw any meaningful
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conclusion on bleeding events. Although our reseitslude ABCB1 as a major determinant
of post-clopidogrel platelet reactivity, we had plearmacokinetic measurements to directly

prove the influence of P-glycoprotein polymorphismclopidogrel absorption.
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9. Summary

Coronary artery disease (CAD) is one of the leadisgrder causing aroud 17,5 million death
per year and this number is supposed to increga®xdmately up to 25 million per year by
2020. (91)

However development of stents and the extendedifugercutaneous coronary interventions
(PCI) have revolutionized the treatment of ischaeheart disease. In Hungary more than
15000 PCls are performed in every year.

Giving place of aspirin monotherapy and ticlopidideal anti-platelet therapy with aspirin
and clopidogrel became the first line recommendedtinent in a wide spectrum of patients
with ischemic heart disease and in patients aftdr P

As DAPT with aspirin and clopidogrel became widabked large interindividual differences
in response to a fix-dose clopidogrel, became exid8-5) However due to large methodical
heterogeneity and the lack of generally acceptatigardized clinically adjusted bedside tests
and well defined cut offs for platelet reactivitglues, recommendation for routine screening
is still waiting.

In our work we intended to analyze the availableetugenous data and verify the value of
platelet functions test in clinical risk assessmeéntcompare the different estimates of the
most widely used optical aggregometry to the mopecdic vasodilator reactive
phosphoprotein assay, as well as to determineftbet e®f genetic predisposition regarding
the efficacy of anti-platelet therapy.

Great hope has been expressed towards the developrhepersonalized medical care
strategies in terms of appropriate diagnosis, rimeat, and CVD prevention. The issue of
validated point-of-care testing and their ability predict clinical outcomes remains

unresolved for antiplatelet drugs. Recent resedirotiings highlight the role of genetic
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variation as an important variable for optimizirige tresponse to antiplatelet drugs such as
clopidogrel. The goal of personalized medicine asutilize in part the person's genetic
makeup as a guiding information in clinical deamsimaking. In addition, this approach
should also include the impact of important nonegenfactors, such as the clinical status of
the patient, the environmental factors including@tdiand drug—drug interactions. These
together with concurrent diseases and clinicalgregion defined risk for recurrent ischemic
events and for bleeding should optimally be considan selecting the most appropriate

drugs and doses.
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