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LIST OF ABBREVIATIONS
ACS: acute coronary syndrome

ADP: adenosine diphosphate
AF: atrial fibrillation

AMI: acute myocardial infarction
ASA: acetylsalicylic acid, aspirin

ATLAS ACS-2-TIMI-51: Anti-Xa Therapy to Lower Cardiovascular Events in
Addition to Standard Therapy in Subjects With Acute Coronary Syndrome ACS 2-
Thrombolysis In Myocardial Infarction 51 trial

AUGUSTUS: A Study of Apixaban in Patients With Atrial Fibrillation, Not Caused
by a Heart Valve Problem, Who Are at Risk for Thrombosis (Blood Clots) Due to
Having Had a Recent Coronary Event, Such as a Heart Attack or a Procedure to
Open the Vessels of the Heart

BARC bleeding definition: Bleeding Academic Research Consortium
BMI: Body Mass Index

CABG: Coronary Artery Bypass Graft

CAD: Coronary Artery Disease

CHD: Coronary Heart Disease

CI: Confidence Interval

CIF: Cumulative Incidence Function

CNMA: Component Network Meta-Analysis

COMPASS: Cardiovascular OutcoMes for People Using Anticoagulation StrategieS
CVE: CardioVascular Event

DALYs: Disability Adjusted Life Years

DAPT: Dual Antiplatelet Therapy

DES: Drug Eluting Stent

DOAC: Direct Oral AntiCoagulant

EMBASE: Excerpta Medica database

GUSTO bleeding definition: Global Strategies for Opening Occluded Coronary
Arteries



HPR: High Platelet Reactivity

HR: Hazard Ratio

HUMIR: Hungarian Myocardial Infarction Registry

IPA: Inhibition of Platelet Aggregation

ISTH bleeding definition: International Society for Thrombosis and Hemostasis
LD: Loading Dose

LPR: Low Platelet Reactivity

MACE: Major Adverse Cardiovascular Event

MACCE: myocardial infarction, major cerebral or cardiovascular event

MEDLINE: Medical Literature Analysis and Retrieval System Online, National
Library of Medical Publications

MD: Maintenance Dose

MD: Mean Difference

MI: Myocardial Infarction

NMA: Network Meta-Analysis

DOAC: Direct Oral AntiCoagulant

NPR: Normal Platelet Reactivity

NVAF: non-valvular atrial fibrillation

OAC: Oral AntiCoagulation

PAD: peripheral artery disease

PCI: percutaneous coronary intervention

PIONEER-AF PCI: Prevention of bleeding in patients with AF undergoing PCI trial
PLATO bleeding definition: Platelet Inhibition and Patient Outcomes
PRI: Platelet Reactivity Index

PROBAST: Prediction model Risk Of Bias Assessment Tool
PROSPERO: International Prospective Register of Systematic Reviews
PRU: Platelet Reactivity Unit

PS: Propensity Score



RCT: Randomized Controlled Trial
REACH: REduction of Atherothrombosis for Continued Health registry

RE-DUAL PCI: Dual antithrombotic therapy with dabigatran after PCI in atrial
fibrillation trial

RR: Relative Risk, Risk Ratio
SCAD: stable coronary artery disease
ST: stent thrombosis

SOCRATES: Acute Stroke Or Transient IsChaemic Attack TReated With Aspirin or
Ticagrelor and Patient OutcomES

SUCRA: Surface Under the Cumulative RAnking curve
TASS: Ticlopidine Aspirin Stroke Study

TAVI: Transcatheter Aortic Valve Implantation

TAT: Triple Antithrombotic Therapy

THALES trial: The Acute Stroke or Transient Ischaemic Attack Treated with
Ticagrelor and ASA for Prevention of Stroke and Death

TIA: Transient Ischemic Attack
TIMI bleeding definition: Thrombolysis In Myocardial Infarction

TRIOLOGY ACS: Comparison of Prasugrel and Clopidogrel in Acute Coronary
Syndrome Subjects trial

TRITON TIMI-38: Trial to Assess Improvement in Therapeutic Outcomes by
Optimizing Platelet Inhibition with Prasugrel-Thrombolysis in Myocardial Infarction

VASP-P: VAsodilator-Stimulated Phospho Protein
VKA: Vitamin-K Antagonist

WOEST trial: What is the Optimal antiplatElet & Anticoagulant Therapy in Patients
With Oral Anticoagulation and Coronary StenTing trial



1. PROLOGUE

1.1. Coronary artery disease

Heart disease is a major cause of death and disability in developed countries. One
common type of the heart disease is called coronary heart disease (CHD), sometimes
referred to as coronary artery disease (CAD). CAD is the foremost single cause of
mortality and loss of Disability Adjusted Life Years (DALYs) globally!. A large
number of this burden falls on low- and middle-income countries accounting for
nearly 7 million deaths and 129 million DALYs annually. The coronary arteries
supply blood flow to the heart muscle. Plaque damages the coronary arteries, and
blood platelets can accumulate to these damaged areas, causing blockage of blood
flow. This can lead to ischemia or acute coronary syndrome (ACS). ACS is a life-
threatening, disabling medical condition that affects more than 22.000 patients over
the age of 20 years in Hungary.? Rupture of an atherosclerotic plaque that results in
partial or complete occlusion of an epicardial coronary artery causing imbalance
between the oxygen supply and demand, is the most common mechanism
responsible for ACS. Plaque disruption exposes subendothelial collagen, which
results in activation of platelets and the coagulation cascade, leading to thrombus
formation and myocardial infarction (MI). Therefore, platelet inhibition therapy
plays a key role in the treatment and secondary prevention of acute myocardial

infarction (AMI).3



1.2. Effect on clinical endpoints achieved by platelet aggregation inhibitors

Antiplatelet therapy represents the cornerstone treatment and secondary prevention
of CAD. Compared with placebo, antiplatelet therapy has been shown to reduce
recurrent major adverse cardiovascular events (MACE) among patients with stable
CAD or ACS.* Patients with ACS undergoing percutaneous coronary intervention
(PCI) with drug-eluting stents (DES) are currently recommended dual antiplatelet
therapy (DAPT), consisting of aspirin (acetylsalicylic acid, ASA) with a P2Y12
receptor (also known as adenosine diphosphate (ADP)-receptor) inhibitor for at least
12 months.>® The pharmacological mechanism of action of platelet aggregation
inhibitors is the inhibition of thrombocyte activation and/or impeding aggregation.
The treatment goal is preventing thrombotic complications such as stent thrombosis.’
However, this strategy increases bleeding risk even in patients with a high

thrombotic risk of ACS.10-12

Furthermore, the degree of the achieved platelet inhibition, as adjudged based on the
on-treatment residual platelet reactivity may be variable. Specifically, important
inter-individual variability in the response to ADP antagonist therapy has been
observed with a potential impact on the clinical outcomes. Patients with a low
response to clopidogrel i.e. with high-on clopidogrel platelet reactivity have a higher
risk of ischemic adverse events.”*'* Some reports found another tendency in patients
with low-on clopidogrel platelet reactivity toward propensity for bleeding events,
however, this was not invariable in all reports.m’18 Lines of evidence support that the
risk represented by the degree of platelet inhibition is more expressed in high-risk
individuals, like those who experienced a recent ML The choice of optimal DAPT
regimen and duration for patients with CAD requires a tailored approach based on

the patient clinical presentation, baseline risk profile and management strategy.



1.3. Aspects of combined treatment of anticoagulation and platelet aggregation

inhibitor therapy

Non-valvular atrial fibrillation (NVAF) is the most commonly diagnosed heart
rhythm abnormality. In Hungary, it is estimated that approximately 200,000 adults
over the age of 65 have NVAF and it occurs in every 10" person over the age of 70.%
NVAF is also an independent risk factor for ischemic stroke severity, recurrence, and
mortality.”? Anticoagulation is required for the prevention of thrombo-embolic
complications related to NVAF.2 Over the past decade, novel direct oral
anticoagulants (DOACs), dabigatran, rivaroxaban, apixaban and edoxaban have
become the treatment of choice in patients with NVAF over warfarin.?

However, estimates suggest that about 30% of patients with NVAF may have
simultaneously CAD and 15% will require PCI with stent placement to treat
obstructive coronary artery disease during their lifetimes.?

Furthermore, the optimal antithrombotic regimen after PCI in patients with NVAF is
still unclear. Oral anticoagulation (OAC) is indicated for stroke prevention whereas
DAPT is given for the prevention of stent thrombosis. On the other hand, the
combination of OAC and DAPT, also known as triple antithrombotic therapy (TAT),
comes with a price of a considerably increased risk of major bleeding and mortality.?
Identifying an optimal antithrombotic regimen to prevent bleeding and ischemic

events presents an unmet challenge to physicians treating patients with NVAF.



2. AIMS

The main aims of our studies were the following:
e to evaluate the significance of low platelet reactivity on adverse
cardiovascular events
e to investigate the safety and efficacy outcomes of oral anticoagulation and
dual antiplatelet therapy after percutaneous coronary intervention
e to compare the safety and efficacy outcomes of ticagrelor with other P2Y12
receptor inhibitors and/or aspirin in the treatment of high-risk patients in
secondary stroke prevention
This PhD thesis is based on 3 studies. The first study is a meta-analysis of
observational and randomized controlled trials (RCT). The second study is a
propensity score matched survival analysis of the prospective Hungarian Myocardial
Infarction Registry (HUMIR) collecting clinical data on consecutive patients treated
for AMI in Hungary. The third study is based on a network meta-analysis (NMA) of
RCTs.
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3. BACKGROUND

3.1. Risk of adverse events associated with low platelet reactivity in patients with
percutaneous coronary intervention

Clopidogrel used to be the gold standard antiplatelet agent before the introduction of
new more potent P2Y12 inhibitors, such as ticagrelor and prasugrel, which
demonstrated their clinical advantage in large randomized controlled trials involving
ACS patients. Both prasugrel and ticagrelor provide more effective inhibition of
platelet function than aspirin, however, their use was followed by an increased
bleeding risk. 7#

Platelet function testing provides information on individual response to antiplatelet
drugs and platelet reactivity that has been associated with a strong correlation to
clinical outcomes after ACS.2% Several studies have found a strong relationship
between high platelet reactivity (HPR) and increased risk of thrombotic events.*!
With the use of more effective agents the prevalence of HPR has decreased and an
increasing proportion of patients have low on-treatment ADP reactivity. However,
the clinical significance of low platelet reactivity (LPR) is less well established and it
is not measured routinely.

This study demonstrated increased risk of major and minor bleeding events with
LPR while patients with LPR had lower risk of non-fatal MI and the composite
endpoint of serious vascular events while mortality remained insignificant between

the two groups.*
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3.2. Oral anticoagulation and outcomes in patients with acute myocardial infarction

In patients with NVAF and ACS in addition to antiplatelet therapy anticoagulation is
required. The possible drawbacks of this combination have been well studied in
patients with AF. 3334 Specific considerations regarding patients with AF undergoing
PCI include the fact that DAPT is essential to prevent stent thrombosis, but
insufficient for stroke prevention.®® Besides that, OAC treatment is necessary for
stroke prevention; however, it is unable to provide adequate prevention for new
coronary events.33¢

Antiplatelets on top of OAC significantly increases the risk of bleeding
complications, therefore long-term triple therapy should be avoided.*38

Recently, several trials attempting to optimize the adjunctive pharmacotherapy with
direct OACs based protocols were published showing a reduction of bleeding
complications.®4 Most of these trials were underpowered for ischemic endpoints,
and the addition of a P2Y12 inhibitor or aspirin to an OAC showed no significant
impact on efficacy. Due to the lack of data on high-risk ACS patients the
generalizability of AMI treatment remains unclear. !

This study showed that the seemingly higher risk of all-cause mortality and MACE,
in patients with AMI who have undergone PCI and treated with concomitant DAPT
and were on oral anticoagulation therapy, may be attributable to inherently higher

risk of these cases.*!
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3.3. Comparison of ticagrelor treatment with platelet aggregation inhibitors in high-

risk patients in secondary stroke prevention

Stroke is ranked as the second leading cause of death worldwide with a mortality
rate of 5.5 million per year. For patients who have suffered an ischemic stroke,
antiplatelet therapy is also important for secondary prevention.*? Platelet aggregation
plays an important role in the mechanisms of stroke; therefore, antiplatelet therapy
interferes with the evolution of these events exerting important preventive capability.
According to some recent data ticagrelor might show favorable outcomes in stroke
prevention in high-risk patient population.® Most recently the The Acute Stroke or
Transient Ischaemic Attack Treated with Ticagrelor and ASA for Prevention of
Stroke and Death (THALES) trial further supported the potential of ticagrelor and
aspirin in stroke prevention. In this trial, combined antiplatelet therapy with
ticagrelor resulted in a significant, 17% relative reduction of stroke in patients with
mild-to-moderate acute non-cardioembolic ischemic stroke.*

Importantly, evidence supports that the intensified or combined antiplatelet therapy
is also associated with an increased risk of bleeding that may have an important
impact on the risk-benefit relations of these therapies.*

This NMA demonstrated benefits of ticagrelor plus aspirin treatment on secondary
prevention in patients with vascular risk factors with the significant reduction of
ischemic stroke by 20%. While the risk of bleeding, including intracranial bleeding
increased. There was no considerable difference in the risk of mortality with

ticagrelor on top of aspirin.#
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4. METHODS

4.1. Risk of adverse events associated with low platelet reactivity in patients with
percutaneous coronary intervention

A manual search of medical literature was performed in the National Library of
Medical Publications (MEDLINE), Excerpta Medica Database (EMBASE) and
Cochrane Library for relevant articles on LPR until Nov 2020. No language
restriction was used. Our PICO format included the following terms: (P) patients
with ACS and/or undergoing PCI and receiving DAPT consisting of aspirin and
clopidogrel, prasugrel or ticagrelor, (I) LPR (C) non-LPR or HPR based on
measurement of on-treatment platelet reactivity defined by an ADP-specific platelet
function assay and (O) major adverse cardiac events (MACE) and bleeding.

The non-LPR group consisted of HPR or HPR plus normal platelet reactivity (NPR)
where data was given for NPR. The clinical outcomes of interest, evaluated at the
longest available follow-up of ADP-receptor inhibitor treatment were (a) major
bleeding events (defined using the trials internal definitions using Bleeding
Academic Research Consortium (BARC 3-5) or Thrombolysis In Myocardial
Infarction (TIMI) major criteria), and (b) minor bleeding events (BARC 1-2 or TIMI
minor) (16), (c) definite/probable stent thrombosis (ST), (d) non-fatal MI (type 1, 4a,
4b), (e) a composite endpoint of the reported serious vascular events that included
cardiovascular death, non-fatal MI or non-fatal stroke, (f) repeated target vessel
revascularization, and (g) all-cause mortality.

Studies that assessed responsiveness to clopidogrel, that is a difference between
baseline and posttreatment PR (inhibition of platelet aggregation [IPA]), were
disregarded. The review protocol was registered in the PROSPERO (International
Prospective Register of Systematic Reviews) database a priori under the registration
number of CRD42019136393.

All the relevant articles were combined in a reference manager software (EndNote
X8; Clarivate Analytics, PI, USA) to remove duplicates by searching overlaps
between titles, abstracts, authors, and publication year. After removing duplicates,

14



we screened the articles by title, abstract, and relevant full texts systematically for
eligibility. Disagreements between reviewers were solved by consensus.
Unpublished data and meeting abstracts were not considered for the present analysis
because results could not be considered as certain and definitive.

The primary endpoint of the analysis was the frequency of major bleeding. All-cause
mortality, cardiovascular death, non-fatal MI, stent thrombosis, non-fatal stroke,
major plus minor bleeding and repeated target vessel revascularization were defined
as secondary endpoints. Both MI and major bleeding were defined according to the
internal definitions of the studies. If multiple major bleeding definitions were used,
we extracted TIMI major bleeding?” and BARC* major bleeding if available.
Statistical computations were performed using R (v 4.0.03) package ‘dmetar’
designed for the evaluation of meta-analyses and OpenMeta[Analyst] open source
statistical software.*>® A random-effect model was applied at all the analyses with
DerSimonian-Laird estimation to derive risk ratios (RR) on dichotomous outcomes
and weighted mean difference on continuous data with 95% confidence interval.
Heterogeneity was tested with chi? heterogeneity statistic for which a p-value <0.1
was considered potentially heterogenous. Consistency was assessed using I?
statistics.” Sensitivity analyses were carried out omitting one study at a time and
calculating the effect size with the 95% CI to investigate the influence a single study
has on the final estimation regarding LPR with increased bleeding risk.

The methodological qualities of the studies were assessed using PROBAST
(Prediction model Risk Of Bias Assessment Tool) for assessing the quality of cohorts
and the Newecastle-Ottawa Scale with reference to observational studies.®?%
Publication bias was estimated using funnel plots. Visual evaluation and Egger's

regression intercept were used to the check for asymmetry.
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4.2. Oral anticoagulation and outcomes in patients with acute myocardial infarction

Data were analyzed from the HUMIR to identify and follow patients after an index
event of PCI during the treatment of an AMI. The HUMIR is a prospective registry
collecting clinical data on consecutive patients treated for an AMI in Hungary. The
data of the patients are collected prospectively according to the statute of
CCXLVL./2013 of Hungary via a national internet-based registry.2*% Data capture
covers 178 structured categories including those regarding the performed coronary
interventions. Data capture covers 178 structured categories including those
regarding the performed coronary interventions. The system is web-based: the
records of data, the control, and the necessary data corrections take place on-line. An
independent cardiologist validates the recorded data by occasionally checking
hospital source documents. At the time of the index event variables are recorded,
including social security number, gender, past medical history, time of onset of
complaints, time of first medical contact, and that of hospital admission. Information
about blood pressure, pulse rate, electrocardiogram, and Killip class observed on
hospital admission are also recorded.

The study protocol was approved and the need for informed consent was waived by
the Scientific Council for Health, Scientific and Research Ethics Committee,
Budapest, Hungary (ETT TUKEB 34858-3/2019/EKU). The study protocol conforms to
the ethical guidelines of the 1975 Declaration of Helsinki.

With the intention of analysis, AMI patients (both with or without ST-segment
elevation) receiving coronary stent were eligible for enrolment between 1+t Jan 2014
and 31t Dec 2017. We created two treatment groups were based on the discharge
medication; forming a patient group of anticoagulated cases (OAC group) and a
control group of cases without anticoagulation.

The primary efficacy endpoint was all-cause mortality within one year after the index
procedure. Secondary endpoints included the transfusion and the composite
endpoints of major adverse events (MACE) defined as mortality, non-fatal

myocardial infarction (MI) type 1 according to the fourth universal definition of M],
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or stroke.®® Events were obtained from the vital status database of the National
Health Insurance Fund. Data related to recurrent hospitalization for AMI, stroke,
repeat revascularization, as well as for bleeding event leading to blood transfusion
were extracted from the database of the National Health Insurance Fund.

A propensity score (PS) matched cohort with comparable risk profiles by adjusting
for differences in baseline characteristics was built in order to provide an unbiased
comparison. For comparisons across different treatment regimens, we applied a PS-
adjusted approach.” PS was computed by using a logistic regression model for OAC
versus control groups where besides age (scale) and gender (category), history of
congestive heart failure, hypertension, stroke, diabetes, and vascular disease (e.g. MI,
stroke, or peripheral artery disease (PAD)) was entered as categorical variables and
were used as predictors. The majority of cases with OAC had AF. As in our aims, PS
should reflect the probability of being treated with anticoagulation, the parameters
were selected to provide an analogy to the elements of the CHA,DS,-VASc score. To
isolate the effect of comorbidities from that of arrhythmia, sensitivity analyses with
creating an alternative control group (Control B) using the PS score but excluding
non-anticoagulated AF patients from pairing as well as a subgroup analysis of AF
patients were performed. Cox regression models were used to calculate hazard
ratios. To control the potential influence of competing risk, transfusion outcome
analyses were supplemented by computing cumulative incidence function (CIF) to
show the probability of each event and Gray's test to estimate the difference in the
CIF between groups. P-values of <0.05 were considered to indicate statistical
significance. The analyses were conducted using the IBM SPSS Statistics for
Windows, version 26 (IBM Corp., Armonk, N.Y., USA) statistical package and with

the ‘cmprsk’ package in R.%®
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4.3. Comparison of ticagrelor treatment with platelet aggregation inhibitors in high-

risk patients in secondary stroke prevention

We performed a systematic review of the available literature in accordance with the
PRISMA Extension Statement for Reporting of Systematic Reviews Incorporating
Network Meta-analyses of Health Care Interventions and the review protocol was
registered with PROSPERO under the number of CRD42020170746. Data were
collected from MEDLINE®, Cochrane Collaboration of Clinical Trials®, and
EMBASE® until 1¢t Aug 2020 from articles reporting randomized clinical trials with
ticagrelor antiplatelet therapy. No language restriction was applied. The query
included the following search terms: ‘ticagrelor’, “AZD 6140" and ‘stroke” using the
‘AND’ Boolean operator.

In the analysis studies were included that fulfilled the following criteria: (1) RCTs, (2)
assessing the clinical efficacy and/or safety of an antiplatelet regime including
ticagrelor alone or as part of a DAPT strategy with ticagrelor plus aspirin, and (3)
reported on the occurrence of stroke in minimum duration of 30 days (4) in patients
with cerebrovascular, coronary or peripheral artery disease. Studies were excluded if
any of the following criteria were applied: (1) non-randomized studies, (2) single-arm
studies, (3) outcomes of interest were not reported or were impossible to extract or
calculate from published results, (4) comparing merely the biological efficacy of the
antiplatelet treatment, or (5) duplicate publications. All the relevant articles were
combined in a reference manager software (EndNote X8; Clarivate Analytics, PI,
USA) to remove duplicates by searching overlaps between titles, abstracts, authors,
and publication year. Each phase was carried out by 2 independent investigators in
duplicate, none of whom were blinded to publication data. Third-party arbitration
resolved any discrepancies.

For definitions of stroke, the internal definitions of the included trials were used if
compliant with focal loss of neurologic function caused by an ischemic or

hemorrhagic event, with residual symptoms lasting at least 24 hours or leading to

death.
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The primary efficacy outcome of our analysis was the occurrence or recurrence of
stroke including ischemic or hemorrhagic forms. Major bleeding and all-cause
mortality were assessed as main safety endpoints. Secondary outcomes included the
individual endpoints of ischemic stroke, hemorrhagic stroke, and TIA, MI, major
cerebral or cardiovascular event (MACCE) defined as the composite of death, MI and
stroke, and cardiovascular death. Additionally, data of disabling stroke (defined as
death or Rankin scale >1) were also collected. Furthermore, safety outcomes as the
frequency of major and minor bleeding complications and intracranial bleeding were
also evaluated. In the case of the availability of multiple major bleeding definitions,
we extracted TIMI major bleeding. The data from the intention to treat analyses were
extracted and the endpoints of interest were collected until the longest follow-up
available.

The methodological qualities of the studies were also assessed using the Cochrane
Collaboration tool for assessing the quality of RCTs. Considering that different
control groups were used by the trials for comparing outcomes of ticagrelor-
medicated patients and that the study arms included combinations as well as
monotherapy with different antiplatelets we prespecified the use of multiple
treatment NMA supplemented with component NMA (CNMA) modeling.

At the first level, each potential antiplatelet combination was entered as an
individual study arm, and data were pooled in a multiple treatment NMA that
allows integration of direct and indirect comparisons. We calculated the risk ratio
(RR) and its standard error using a frequentist approach to construct an NMA model
accounting for the correlated treatment effects.®® A random-effects model was
applied by adding the estimated heterogeneity to the variance of each comparison
using an adaptation of the DerSimonian-Laird estimator. The choice of the random-
effects model was made based on the consideration that the true preventive effect of
antithrombotic treatment may vary from study to study influenced by the

heterogeneity of the included trials.
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Values of I? representing the amount of inconsistency and Cochran’s Q statistics and
its corresponding p-value measuring the heterogeneity in the network were also
calculated. A special case encountered in our network was that treatment arms may
be combinations of other treatments or have common components. Therefore, the
influence of individual components was intended to be evaluated in an additive
model assuming that the effect of treatment combinations is the sum of the effects of
its components.>®

For easier interpretation, effect sizes are depicted in the forms of forest plots with
aspirin set as reference. Furthermore, a comparative ranking of the treatments
according to the P-scores method (a frequentist analog of SUCRA was conducted.®
The assumption of consistency that the direct evidence in a network for the effect size
between two treatments does not differ from the indirect evidence was assessed by
net heat plots as well as by net-splitting. The latter method splits our network
estimates into the contribution of direct and indirect evidence, which allows
controlling for inconsistency in specific comparisons.

To assess publication bias, a comparison-adjusted funnel plot, an extension of the
common funnel plot in cases of multiple treatment comparisons was used displaying
Eggers’ test results in support® with the additional use of the Cochrane
Collaborations assessment tool.

The clustering of the treatment arms was assessed using the estimated RR compared
to aspirin in the nearest neighbor analysis. An explorative analysis was performed to
assess the potential impact of background risk on the estimated treatment effect.
Within this risk of stroke of the study population using clopidogrel plus aspirin
therapy was calculated and this continuous variable was used to construct regressor
in a Bayesian meta-regression analysis. Additional analyses exploratory analyses
included stratification and subgrouping based on the included patient population,
multilevel meta-analysis as well as multivariate meta-analysis of direct comparisons

using structural equation modeling.
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All calculations were performed with the R statistical software package version 3.6.3
(R Development Core Team, 2010) software using the packages ‘meta 4.11-0’,
netmeta 1.2-0', and ‘gemtc 0.8-4. A p-value < 0.05 was considered to represent

statistical significance.

21



5. RESULTS

5.1. Risk of adverse events associated with low platelet reactivity in patients with

percutaneous coronary intervention

Twenty studies involving 19 076 (range: 107-6 267) patients were analyzed. There
were 18 observational and 2 RCTs investigating the effect of LPR on clinical
outcomes in patients with PCI intervention. The main characteristics of the included
studies are shown in Table 1. Most of the patients had ACS®26372736471 'in 4 studies
patients with stable CAD'6%747> were included and in 4 studies both stable CAD and
ACS’7 patients were followed. Dose of the antiplatelet medication was different as
follows: 600 mg loading dose (LD) and 75 mg maintenance dose (MD) up to 150 mg
MD; and 300 mg LD plus 75 mg MD for clopidogrel; 60 mg LD or 10 mg MD for
prasugrel in one case 20 mg LD and 3.75 mg MD was used”; ticagrelor was reported
in 1 study” with 180 mg LD and 90 mg MD. Study definitions of bleeding were
discrepant (Table 1).
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Study name/ Follow- Patient Antiplatelet Clinical Clinical Platelet Selected LPR N (%) | Definition of
First author up number (LD/ MD, mg) setting endpoint function cutoff for bleeding
(Publication year) (months) test LPR
Kabbani (2003) 12 112 clopidogrel sCAD Mi flow pGP llb/llla | 56 (50) NR
(300/75) UREV cytometry act < 24.9%
RREV
ARMYDA-PRO/ Patti | 1 160 clopidogrel ACS MACE Verify Now | lowest 40 (25) BARC
(2008) (600/75) Ml, TVR guartile
ISAR/Sibbing (2010) 1 2533 clopidogrel CAD bleeding MEA 188 AU x | 975 (38.5) TIMI
(600/75) min
Tsukahara (2010) 16 184 clopidogrel ACS ST WBA-neo PATI >28 | 46 (25) BARC
(300/75) bleeding umol/L
Huczek (2011) 1 374 clopidogrel ACS bleeding D, | Verify Now | PRU<150 124 (33) TIMI
(600/75) Ml
ARMYDA- 1 310 clopidogrel SA Verify Now | lowest 77 (24.8) BARC
BLEEDS/Patti (2011) (600/75) NSTEMI major quartile
MI bleeding
Bonello (2012) 12 301 clopidogrel (60 | ACS ST VASP-P PRI<16% | 84 (27.9) TIMI
LD) bleeding
Cuisset (2012) 1 107 clopidogrel ACS ST VASP-P PRI<20% 23 (21.5) BARC
(600/75) Ml
prasugrel TVR
(10 MD) bleeding
ARMYDA- 1 732 clopidogrel SA D, MI, TVR, | Verify Now | PRU<178 248 (33.9) TIMI
PROVE/Mangiacapra (600/75) bleeding
(2012)
POBA/Cuisset (2013) | 6 1542 clopidogrel NSTEMIS | ST VASP-P PRI<10% 69 (4.5) BARC
(600/75, TEMI bleeding
600/150,
60 LD)
prasugrel
(10 MD)
Mangiacapra (2014) 1 800 clopidogrel sCAD ST Verify Now | PRU< 178 | 272 (34.0) TIMI
(600/75) NSTEMI bleeding
ST, TVR, D
APACHE/ 6 113 clopidogrel NSTEMI D, MI, | MEA AUC*mins | 93 (82.3) TIMI
Alfredsson (2015) (600/75) STEMI stroke 468
bleeding
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Li (2016) 12 512 clopidogrel ACS bleeding Verify Now | PRU< 85 46 (8.9) BARC
(600/75,
300/75)
Jin (2017) 6 278 clopidogrel ACS bleeding, LTA lowest 61 (21.94) TIMI
(300/75) entry-site quartile
complicatio
n
TOPIC/Deharo (2017) | 11.9 646 clopidogrel (75 | ACS bleeding VASP-P PRI< 20% 305 (47.2) BARC
MD) stroke
prasugrel D
(60/10) UREV
ticagrelor
(180/90)
Mangiacapra (2018) 60 500 clopidogrel sCAD Ml, ST, | Verify Now | PRU< 178 | 160 (32.0) TIMI
(600/75) RREV
bleeding
Lee (2019) 48 814 clopidogrel SA, ACS | all-cause Verify Now | PRU< 85 71(8.7) BARC
(600/75) death
TROPICAL- ACS/ | 12 2527 clopidogrel ACS D, M|, TVR, | MEA ADP<18U 484 (19.2) BARC
Aradi (2019) (600/75) bleeding
Mshelbwala (2020) 12 252 clopidogrel ACS MACE Verify Now | PRU <208 144 (57.1) BARC
(600/75)
PENDULUM/ 12 6267 clopidogrel ACS Verify Now | PRU <85 677 (10.8) BARC
Nakamura (2020) (300/75) non-ACS
prasugrel
(20/3.75)

Table 1. Characteristics of the studies included.

Abbreviations: ACS acute coronary syndrome; AUC area under the curve; BARC Bleeding Academic Research Consortium Criteria; D death;
LD loading dose; LTA light transmission aggregometry; MD maintenance dose; MEA multiplate electrode aggregometry; MACE major adverse
cardiac events; MI myocardial infarct; NR not reported; NSTEMI non ST elevation myocardial infarct; PRI platelet reactivity index, PRU platelet
reaction units; RREV repeated revascularization; SA stable angina; sCAD stable coronary artery disease; ST stent thrombosis; STEMI ST
elevation myocardial infarct; TIMI Thrombolysis In Myocardial Infarction*’; TVR target vessel revascularization; UREV urgent revascularization;

VASP-P vasodilator-stimulated phosphoprotein.
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Analysis of bias showed high quality of source information with low probability of
possible bias. No obvious publication bias was found. The mean prevalence of LPR
was 27% (95% CI for mean 20-35%, range 4.5-82%). Overall heterogeneity of major
and minor bleeding events was considerable (I>= 80%, p<0.01). To find possible
determinant of the observed heterogeneity, we analyzed the prevalence of LPR and
bleeding events according to type of platelet function device, definition of bleeding
events and amount of clopidogrel loading dose.

Based on the sensitivity analysis all types of ADP-specific assays were able to predict
the occurrence of bleeding events and the higher risk of patients with LPR was
consistent regardless of the clinical presentation. It should be mentioned that
considerable heterogeneity was found in the results between vasodilator-stimulated
phosphoprotein (VASP-P) and Verify Now assays. However, the Multiplate assay
was associated with more homogenous outcomes (Figure 1/A). Subgroup analysis
was also performed to assess the potential influence of different clopidogrel LD
regimes. Despite the different types of clopidogrel LD, heterogeneity remained high
(Figure 1/B). When bleeding outcomes were divided into major and minor events
separately the heterogeneity was reduced significantly for major bleeding (1=34%)

while heterogeneity remained high for minor bleeding (I>=82%) (Figure 2).
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Ism‘.es A Estimate (953 c.1.) EV/ILPR Ev/nonLPR !
'
|
Mangiacapra 2.438 (1.345, 4.422) 25/160 24/340 —.'-—
Huczek 4.547 (1.979, 10.450) 18/124 9/250 —i—I—
Lee 3.560 (0.705, 17.977) 2/71 6/743 .
ILi 2.808 (1.152, 6.841) 7/46 28/466 —
JARMYDA-PROVE 5.551 (2.631, 11.711) 26/248 10/484 4:—.—
Mangiacapra2014 7.656 (3.066, 19.119) 22/272 6/528 —
JARMYDA-PRO 2.975 (0.058, 152.385) 0/40 0/120 :.-
JARMYDA-BLEEDS 1.453 (0.570, 3.708) 7777 15/233 —
INakamura 1.125 (0.827, 1.531) 50/677 346/5229 - |
Mshelbwala 0.366 (0.066, 2.037) 2/144 4/108 . i
ubgroup Verify Now (1*2=76.35 % , P=0.000)  2.570 (1.476, 4.477) 159/1859 448/8501 -
'
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1
'
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'
)
JAPACHE 1.586 (0.079, 31.903) 3/93 0/20 * i
[TROPICAL-ACS 1.833 (1.336, 2.514) 61/4B4 149/2043 —.—i
Eibb'c\q 1.302 (0.952, 1.780) 76/975 95/1558 - |
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|
1
|
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|
1
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1
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Figure 1. Subgroup analyses.

Panel A Subgroup analysis on bleeding events according to platelet reactivity measuring device.

Subgroup analysis showed considerable heterogeneity in the Verify Now (I12= 76.35%) and VASP-P assay group (I12= 90.62%).
The Multiplate device group showed more homogeneous findings (12=12.09%). Abbreviations: RR risk ratio; Cl confidence interval.
The diamond represents the cumulative RR and CI of all patient groups. *Mean difference (95% CI)
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Figure 2. Subgroup analyses

Panel B Subgroup analysis on LPR event rate according to clopidogrel loading dose (LD).

The subgroup analysis shows that different loading dose of Clopidogrel did not decrease the level of heterogeneity. Abbreviations: RR risk
ratio, Cl confidence interval. The diamond represents the cumulative RR and CI of all patient groups. *Mean difference (95% CI)
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A Experimental Control Weight Weight

Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Mangiacapra 2018 10 160 15 340 T 144 [063; 3291 97% 10.3%
Cuisset 2012 3 23 0 84 1'—'— 2885 [1.43,58083] 0.2% 1.3%
Deharo 2017 36 305 25 3N = 169 [0.99; 289] 224% 15.6%
Huczek 2011 6 124 2 250 T 6.31 [1.25; 3171 1.4% 3.9%
Lee 2019 2 1M 6 743 : 356 [0.71; 1798] 1.1% 3.9%
Li 2016 7 46 28 466 —+ 281 [1.15; 684] 46% 9.4%
Mangiacapra 2012 7 248 1 484 f—'— 14.03 [1.72;11468] 0.7% 2.4%
Mangiacapra 2014 7 272 1 528 e — 13.92 [1.70; 113.73] 0.7% 2.4%
Patti 2008 777 15 233 —e— 145 [057;, 3711 7.3% 8.8%
Tsukahara 2010 7 46 15 138 —-'-:— 147 [056;, 387] 6.8% 8.5%
Alfredsson 2015 3 93 0 20 | 159 [0.08; 3190] 08% 1.3%
Aradi 2019 10 484 25 2043 _'._ 170 [0.81; 357] 10.1% 11.7%
Bonello 2012 3 B4 3 217 i 264 [052; 13.36] 17% 3.9%
Nakamura 2020 19 677 135 5229 —'—i 1.09 [067;, 1.77] 324% 16.7%
Fixed effect model 2710 11116 : 1.82 [1.44; 2.31] 100.0% -
Random effects model s 2.00 [1.42; 2.83] - 100.0%
Heterogeneity: I = 34%, 1° = 0.1246, p = 0.11 r r
Test for overall effect (fixed effect). z = 4.98 (p < 0.01) 001 01 1 10 100
Test for overall effect (random effects). z = 3.93 (p =< 0.01)
B Experimental Control Weight Weight
Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Mangiacapra 2018 15 160 9 340 i—*— 380 [163; 889 41% 14 6%
Cuisset 2012 7 23 0 84 Vi 7682 [418;1411.42] 01% 4 7%
Deharo 2017 24 305 21 341 < 130 [0.71; 239] 143% 16.1%
Huczek 2011 12 124 T 250 f—*— 372 [143; 970] 3.3% 13.8%
Mangiacapra 2012 19 248 9 484 1= 438 [195 983] 44% 14.9%
Mangiacapra 2014 15 272 5 528 1 6.11 [219; 1698] 25% 13.4%
Aradi 2019 51 484 124 2043 : 182 [129; 257] 333% 17.5%
Nakamura 2020 0 677 211 5229 ———+— i 002 [000; 0.28] 38.0% 5.0%
Fixed effect model 2293 9299 o 152 [1.23; 1.87] 100.0% -
Random effects model = 268 [1.29; 5.57] - 100.0%
Heterogeneity: I* = 82%, v = 0.7652, p < 0.01 ' ' ' !
Test for overall effect (fixed effect). z = 3.83 (p < 0.01) 0.001 01 1 10 1000

Test for overall effect (random effects): z = 2.65 (p < 0.01)

Figure 3. Forest plots of major and minor bleeding events.

Panel A Forest plots of major bleeding events.

Forest plots show increased risk of major bleeding events associated with LPR (RR=2.00,
95% ClI: 1.42-2.83, p<0.01).

Abbreviations: OR odds ratio, Cl confidence interval. The diamond represents the cumulative
OR and CI of all patient groups. *Mean difference (95% ClI).

Panel B Forest plots for minor bleeding events.

Forest plots show increased risk of minor bleeding events associated with LPR (RR=2.68,
95% CI: 1.29-5.57, p<0.01).

Abbreviations: RR risk ratio, Cl confidence interval. The diamond represents the cumulative
OR and CI of all patient groups. *Mean difference (95% ClI).
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The pooled results of the random-effects model meta-analysis demonstrated a
significant increase in major and minor bleeding events with LPR (RR=2.80, 95% CI:

1.95-4.02, p<0.01) (Figure 3).

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Mangiacapra 2018 25 160 24 340 - 244 134, 442] 46% 7.2%
Cussset 2012 10 23 0 84 1 e 13144 [7.27,2376.06] 00% 1.3%
Cuisset 2013 23 69 116 1473 fi-am 585 (342, 999] 24% 75%
Deharo 2017 60 305 46 341 = 157 [103; 239) 123% 8.0%
Huczek 2011 18 124 9 250 e 455 (198, 1045 18% 6.1%
Lee 2019 2 N 6 743 T 356 [0.71, 1798]) 04% 32%
Li 2016 7 46 28 466 v 281 [1.15, 684) 15% 58%
Mangiacapra 2012 26 248 10 484 | 555 [263, 11.711] 21% 6.5%
Mangiacapra 2014 22 272 6 528 ,.._ 766 [307, 1912) 13% 57%
Pat 2008 0 40 0 120 i 0.0% 0.0%
Patti 2011 7 77 15 233 - 145 (057, 371 24% 56%
Tsukahara 2010 7 46 5 138 rre— 477 [144; 1588] 07% 45%
Alfredsson 2015 3 93 0 20 —— 159 [008, 3190] 03% 1.3%
Aradi 2019 61 484 149 2043 = 183 [1.34; 251) 175% 8.4%
Sibbing 2010 76 975 95 1558 130 [095 1.78) 23.7% 8.4%
Jin2017 16 61 8 217 e 929 (375 2302) 09% 57%
Bonelio 2012 3 84 3 217 “f— 264 (052, 1336] 06% 32%
Nakamura 2020 50 677 346 5229 X 113 (083, 153] 258% 8.4%
Mshelbwala 2020 2 144 4 108 —o—-i 037 [007, 204 16% 3.0%
Fixed effect model 3999 14592 o 196 [1.72; 2.24) 100.0% -
Random effects model <& 280 [1.95; 4.02) - 100.0%
Heterogenetty: I = 80%, ¢« = 03799, p < 0.01 d ' ! y
Test for overall effect (fixed effect): z =998 (p <0.01) 0001 01 1 10 1000
Test for overall effect (random effects). z = 557 (p < 0.01)

Figure 4. Principal pooled analysis.

Forest plots of major and minor bleeding risk in studies following PCI with LPR versus
without LPR. The grey rectangles are proportional with the study weight. The diamond
represents the cumulative OR and CI. Abbreviations: LPR low platelet reactivity, OR odds
ratio, Cl confidence interval.

Patients with LPR had significantly lower risk of non-fatal MI and of serious vascular
events (RR=0.59, 95% CI: 0.38-0.91, p<0.05) and (RR=0.50, 95% CI: 0.30- 0.84, p<0.01)
respectively (Figure 4).

The risk for ST was 45% lower in the case of LPR, however, this difference did not
reach the level of statistical significance (RR=0.55, 95% CI: 0.27-1.11, p=0.10) (Figure
4). Even though the mortality of LPR patients was numerically higher the difference
between the two groups remained insignificant (RR=1.57, 95% CI: 0.69-3.57, p=0.28)
(Figure 4). No considerable difference was found regarding repeated
revascularization (RR=0.96, 95% CI: 0.57-1.60, p=0.84) (Figure 4). Body mass index
(BMI) was significantly lower in the LPR group (SMD=-0,18, 95% CI: -0.32 - -0.05,

p<0.01) (Figure 5.).
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Favours LPR Favours non-LPR Risk ratio [C1 95%] Test for overall effisct Heterogenity
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Figure 5. Summary of the outcomes of the secondary endpoints.

The diamond represents the cumulative RR and CI of all patient groups. *Mean difference
(95% CI). Abbreviations: MI myocardial infarction, LPR low platelet reactivity, RR risk ratio,
ClI confidence interval.

Experimental Control Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
Patti 2008 40 2560 32000 120 25.96 3.2316 = -0.11 [047; 025] 47% 8.0%
Patti 2011 77 28.00 40000 233 27.69 49914 : 006 [0.19; 0.32] 9.0% 11.0%
Huczek 2011 124 26.40 36000 250 28.05 41900 —=— -0.41 [063;-0.19] 126% 125%
Cuisset 2013 69 26.00 5.0000 1473 27.00 4.0000 — ] -0.25 [0.49;-001] 102% 11.6%
Alfredsson 2015 93 27.80 40000 20 26.70 4.3000 : 027 [[0.21; 0.75] 25% 54%
Deharo 2017 305 26.30 40000 341 28.00 4.7000 — -0.39 [-054;-023] 246% 14.9%
Mangiacapra 2018 160 27.70 4.0000 340 28.00 4.2000 -0.07 [0.26; 0.12] 16.9% 13.7%
Lee 2019 71 2395 26800 743 2425 5.0155 ¥ -0.06 [0.30; 0.18] 10.1% 11.6%
Mshelbwala 2020 144 30.60 8.0000 108 33.60 8.0000 —-——:L— -0.37 [063;-0.12] 94% 11.3%
Fixed effect model 1083 3628 < -0.22 [-0.30; -0.14] 100.0% -
Random effects model -~ -0.18 [-0.32; -0.05] - 100.0%
Prediction interval — [-0.59; 0.22]
Heterogeneity: 1% = 63%, 12 = 0.0251, p <0.01 UL T
Test for overall effect (fixed effect): z =-5.54 (p <0.01) 0604020 020406
Test for overall effect (random effects): z =-2.69 (p < 0.01)

Figure 6. Forest plots showing the association of body mass index (BMI) with LPR.
BMI was significantly lower in the LPR group (WMD=-0,64, 95% CI. -1.24 - -0.04, p=0.037)
Abbreviations: SD standard deviation; SMD standard mean deviation; WMD weighted mean
difference; CI confidence interval. The diamond represents the cumulative WMD and CI of all
patient groups. *Mean difference (95% ClI).
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5.2. Oral anticoagulation and outcomes in patients with acute myocardial infarction

A study population of 30681 patients was identified that of 6.51% (n=1875) received OAC
(OAC group). The majority of the OAC group was treated with vitamin-K antagonists (VKA)
(86%), while direct oral anticoagulants (DOACs) were used in 14% of the cases (2.9%
dabigatran, 5.8% rivaroxaban, and 5.2% apixaban). Among 1875 patients of the OAC group
in 1646 cases anticoagulation was indicated due to AF Of these cases, 733 patients had AF
verified during the hospitalization and in 229 cases (12.2%) had no AF but different
indications for anticoagulation. These included deep vein thrombosis (3.4%) or pulmonary
embolism (2.7%), an intracardiac thrombus (2.2%), and left ventricular aneurysm (1.9%),
mechanical heart valves (1.3%), and miscellaneous thrombotic or embolic reasons altogether
less than 1%. Patients treated with OAC were older and were more frequently man. The PS-
matching resulted in a matched population of 3750 patients with balanced characteristics
leaving only some statistically significant but clinically less relevant differences in
continuous parameters like the heart rate (mean difference (MD): 6.22 beats/min), systolic
blood pressure (MD: 2.22 mmHg), weight (MD: 2.23 kg), and height (MD: 1.06 cm)

In the overall cohort, OAC-treated subjects had a significant, 25% higher hazard for all-cause
mortality (13.17% vs. 10.52%, hazard ratio (HR): 1.25, 95% CI 1.01-1.42, p=0.001). Similarly,
rates of MACE and transfusion were higher (14.51% vs. 11.70%, HR: 1.24, [1.01-1.40], p=0.001
and 9.97% vs. 6.88%, HR: 1.47 [ 1.26-1.70], p<0.001 (Figure 6).
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Figure 7. Kaplan-Meier curves of overall mortality, major adverse events and
transfusion-free survival comparing patients with or without oral-anticoagulant
treatment.

Abbreviations: NOOAC patient group treated without oral anticoagulant therapy, OAC patient
population treated with oral anticoagulant therapy.

A tendency of anticoagulated cases for higher rate transfusion prevailed in the PS-
matched cohort. (9.97% vs. 8.16% HR: 1.21, [ 0.97-1.49], p=0.086). Rate of mortality
and MACE, however, were less frequent in the OAC-group compared to the PS-
matched control group without OAC (13.17% vs. 14.1%, HR: 0.91 [ 0.77-1.09], p=0.303

and 14.5% vs. 15.36%, HR: 0.92 [ 0.78-1.09], p=0.335). Importantly, none of these

reached the level of significance (Figure 7).
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Figure 8. Curves plotting the risk of mortality and major adverse cardiac events among
oral _ qnticoag_u_lation treated patients compared between cases receiving or not
receiving aspirin.

Importantly, unadjusted subgroup analyses showed a higher risk of ischemic
endpoints with VKA or DOAC treatment. MACE and bleeding were significantly
higher with VKA but not with DOAC. Among DOACs, rivaroxaban-treated cases
had higher rates of transfusion. Regarding the different antiplatelet strategies,
compared to the unmatched control higher rate of ischemic and bleeding endpoints
were found among the anticoagulated cases unconstrained if they received or not
received aspirin or received single or double antiplatelet therapies. All these
endpoints were more frequent among cases treated with old P2Y12 inhibitors but not
among those receiving newer ADP antagonists. Furthermore, after PS adjustment all
but the differences regarding aspirin therapy disappeared.

Similarly, PS-balanced comparisons within the OAC-group showed no differences in
mortality, MACE, or bleeding with the only exception of the lower mortality (HR:
0.77, [0.60-0.997], p=0.048) and MACE risk (HR: 0.73 [ 0.58-0.92], p=0.008) of the

aspirin-treated cases compared to the counterparts not receiving aspirin (Figure 7).
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5.3. Comparison of ticagrelor treatment with platelet aggregation inhibitors in high-

risk patients in secondary stroke prevention

Twenty-six RCTs involving 124 495 (range: 48-21162) patients were analyzed. The

main characteristics of these trials are shown in Table 2. Patients were recruited to
the trials due to non-severe ischemic stroke or transient ischemic attack (TIA)%-%2,
ACS102791-9585-90 high risk for ACS%%, PAD% , coronary artery bypass graft surgery
(CABG)”, known CAD! 10 or transcatheter aortic valve implantation (TAVI)%
According to the applied antiplatelet medication (aspirin or clopidogrel, prasugrel or
ticagrelor in monotherapy or combined with aspirin), study groups were divided
into 6 groups. The 6 antiplatelet treatment arms allowed 15 possible pairwise
comparisons that of 7 was implemented in the included trials. The geometry of the
network is depicted in Figure 7A-C. The dose of the long-term P2Y12 inhibitor
treatment was different in the trials using 90 mg bid or 60 mg bid for ticagrelor, 75
mg od for clopidogrel, and 10 mg od for prasugrel. Aspirin was administered in a

low dose (75 mg-150 mg). Study definitions of bleeding were incosistent?® (Table 2).
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Study name/ Follow-up Treatment No. sample size/| Clinical Exclusion Clinical Definition of
First author (months) (total daily dose, TIC setting criteria endpoint bleeding
(Publication year) mg)

DISPERSE-2/ 3 ticagrelor (2x90) + 990: 334/323/327 | NSTE-ACS | HR for bleeding TIMI

Cannon (2007) aspirin (75-100) vs. bleeding MACCE
ticagrelor (2x180) +
aspirin (75-100) vs.
clopidogrel (75) +
aspirin (75-100)

PLATO/Wallentin 12 ticagrelor (2x90) + 18624: ACS Cl against bleeding TIMI

(2009) aspirin (75-100) vs. | 9333/9291 clopidogrel, MACCE
clopidogrel (75) + need for
aspirin (75-100) OAC, HR for

bradycardia

PEGASUS-TIMI 54/ | 33 ticagrelor (2x90) + 21162: 1l-year recent MACCE TIMI

Bonaca (2015) aspirin (75-150) vs. | 7050/7045/7067 | post-ACS bleeding,
ticagrelor (2x60) + prior stroke,
aspirin (75-150) vs. need for OAC
placebo + aspirin
(75-150)

Bonello (2015) 1 ticagrelor (180) + 213: 106/107 NSTE-ACS | selection for rate of BARC
aspirin (150) vs. high risk surgery or periprocedural
prasugrel (10) + medical myonecrosis
aspirin(150) therapy MACCE

bleeding

PHILO/ Goto (2015) 12 ticagrelor (2x90) + | 801: 401/400 ACS active or | bleeding PLATO
aspirin (75-100) vs. history of | MACCE
clopidogrel (75) + bleeding, HR
aspirin (75-100) for

bradycardia

EUCLID/ Hiatt (2016) | 30 ticagrelor (2x90) vs. | 13855: PAD HR for bleeding TIMI
clopidogrel (75) 6930/6955 bleeding MACCE

SOCRATES/ 3 ticagrelor (2x90) vs. | 13199: AlIS, TIA TIA or stroke | MACCE PLATO

Johnston (2016) aspirin (100) 6589/6610

PRAGUE-18/ 12 ticagrelor (2x90) + 1230: ACS history of bleeding BARC

Motovska (2018) aspirin (100) vs. 596/634 stroke, MACCE TIMI
prasugrel (10) + serious
aspirin (100) bleeding in 6

months
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Tang (2016) 6 ticagrelor (2x90) + 400: 200/200 STEMI OAC, CABG | bleeding TIMI
aspirin (100) vs. MACCE
clopidogrel (75) +
aspirin (100)

Wang (2016) 12 ticagrelor (2x90) + 200: 100/100 ACS active or bleeding PLATO
aspirin (100) vs. history of MACCE
clopidogrel (75) + bleeding
aspirin (100)

Zhang (2016) 6 ticagrelor (2x90) + 181: 91/90 ACS malignant MACCE PLATO
aspirin (100) vs. with HR stent
clopidogrel (75) + bleeding thrombosis
aspirin (100)

Dehghani (2017) 1 ticagrelor (2x90) + 144: 76/68 STEMI OAC, active bleeding BARC
aspirin (100) vs. or HR MACCE
clopidogrel (75) + bleeding, PCI
aspirin (100) or CABG

previous 3
months

ExcelsiorLOAD2/ 1 ticagrelor (180) + 110/45/20/45 stable CAD | AMI PRU BARC

Hocholczer (2017) aspirin (100) vs. OAC TIMI
clopidogrel (75) + acute
aspirin (100) vs. bleeding
prasugrel (60) +
aspirin (100)

Wu (2018) 12 ticagrelor (2x90) + 257/129/128 ACS active MACCE NA
aspirin (100) vs. bleeding
clopidogrel (75) + history of ICH
aspirin (100)

Zhao (2018) 12 ticagrelor (2x90) + 500/168/166/166 | CABG HR for vein graft TIMI
aspirin (100) vs. bleeding, patency,
ticagrelor(2x90) vs. history of ICH | bleeding
aspirin (100)

TREAT/Berwanger 12 ticagrelor (2x90) + | 3799/1913/1886 | STEMI- OAC MACCE BARC

(2019) aspirin (75-100) vs. ACS ischemic bleeding TIMI
clopidogrel (75) + stroke within PLATO
aspirin (75-100) 3 months

THEMIS-PCI/ 40 ticagrelor (2x90), 19220/9619/9601 | stable CAD | previous Ml MACCE BARC

Bhatt (2019) (2x60) + aspirin or stroke TIMI
(75-100) vs. PLATO
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placebo + aspirin
(75-100)

REAC-TAVI/ 4 ticagrelor (2x90) + 68/24/24/20 TAVI OAC PRU NA
Jimenez Diaz (2019) aspirin (100) vs. bleeding
clopidogrel (75) + diathesis
aspirin (100) recent stroke
TWILIGHT/ 12 ticagrelor (2x90) + 7119/3555/3564 | high risk* STEMI MACCE BARC
Mehran (2019) aspirin (81-100) vs. OAC bleeding GUSTO
ticagrelor (2x90) + ISTH
placebo TIMI
TICAKOREA/ 12 ticagrelor (2x90) + 800/400/400 ACS OAC bleeding BARC
Park (2019) aspirin (100) vs. active TIMI
clopidogrel (75) + bleeding PLATO
aspirin (100) history of
bleeding
TiCAB/ 12 ticagrelor (2x90) vs. | 1859/931/928 CABG OAC MACCE BARC
Schunkert (2019) aspirin (100)
ISAR REACT-5/ 12 ticagrelor (2x90) + | 4018/2012/2006 | ACS OAC history MACCE BARC
Schipke (2019) aspirin (£100) vs. of stroke or bleeding
prasugrel (10) + TIA
aspirin (£100)
PRINCE/ 3 ticagrelor (2x90) + 675/336/339 TIA ICH HPR PLATO
Wang (2019) aspirin (100) vs. ACS ischemic stroke
clopidogrel (75) + stroke
aspirin (100) ACS
POPular AGE/ 12 ticagrelor (2x90) + 1002/502/500 NSTE-ACS | recent major | bleeding BARC
Gimbel (2020) aspirin (100) or surgery all-cause PLATO
prasugrel (10) vs. death TIMI
clopidogrel (75) + MI
aspirin (100) stroke
TICO/ 12 ticagrelor (2x90) or | 1527/1529 ACS HR for net adverse TIMI
Byeong-Keuk (2020) ticagrelor (2x90) + bleeding prior | clinical event
aspirin (100) ICH OAC (death, MI,
ST, stroke,
TVR)
THALES/ 1 ticagrelor (2x90) + 11016/5523/5493 | ACS, history of composite of | GUSTO
Johnston (2020) aspirin (75-100) vs. stroke ICH, stroke or | stroke or
placebo + aspirin TIA death
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Table 2. Characteristics of the included trials.

Abbreviations: ACS acute coronary syndrome; AMI acute myocardial infarction; BARC Bleeding Academic Research Consortium; CABG
coronary artery bypast graft; CAD coronary artery disease; Cl: contra indication; C clopidogrel; GUSTO Global Strategies for Opening Occluded
Coronary Arteries; HPR high platelet reactivity; HR high risk; ICH intracranial hemorrhage; ISTH International Society for Thrombosis and
Hemostasis; MACCE major adverse cardiac and cerebrovascular events; Ml myocardial infarction; NA not applicable; NSTE-ACS non ST
segment elevation ACS; PAD peripheral artery disease; PLATO Platelet Inhibition and Patient Outcomes; PRU platelet reactivity unit; sec
secondary; ST stent thrombosis; STEMI ST-segment elevation myocardial infarction; T ticagrelor; TAVI transcatheter aortic valve implantation;

TIMI Thrombolysis in Myocardial Infarction; TVR target vessel revascularization; OAC oral anticoagulation; vs versus; *only loading dose was
given preprocedural.
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Figure 9. Network layout and the results of the primary endpoints.

Network graphs depict the overall structure of comparisons of primary endpoints in our
network. The numbers and the thickness of the edges correspond to the number of studies
a specific comparison was tested within. The blue triangles mark the multiarm trials of the
network. (Panel A-C) Forest plots show the results of the random-effects network meta-
analyses as comparisons with aspirin monotherapy set as reference. (Panel D-E)
Abbreviations: A aspirin; C clopidogrel; P prasugrel; T ticagrelor; RR risk ratio; ClI
confidence interval.

Analysis of bias showed high quality of the source information with a low
probability of bias. No obvious publication bias was found. In the included trials
3035 (2.43%) stroke events occurred. Compared to aspirin monotherapy stroke risk
was significantly (23%) lower with aspirin plus clopidogrel and 20% lower with
aspirin plus ticagrelor combinations. With ticagrelor alone and with the combination
of aspirin and prasugrel stroke risk was also lower (11% and 24%) but 14% higher
with clopidogrel monotherapy, however, these latter results did not reach the level of
statistical significance (Figure 8 A, D). The data were consistent (I1>=0% [0.0%; 34.2%])
and without significant heterogeneity neither within designs nor between designs
(p=0.6828 and p=0.8351, respectively).

The risk of ischemic stroke was significantly reduced with ticagrelor plus aspirin
(RR: 0.80 [0.71-0.89]). Ticagrelor monotherapy also resulted in a decreasing trend in
the risk of ischemic stroke (RR: 0.88 [0.77-1.00], p=0.05). In the case of hemorrhagic
stroke, none of the treatments influenced the risk significantly. Combination
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ticagrelor to aspirin increased the risk of intracranial bleeding with 53% (RR: 1.53
[1.16-2.03], p=0.05). Data of ischemic stroke were consistent and homogenous while
in the case of hemorrhagic stroke moderate heterogeneity was seen (1>=47%) (Table
3).

Mortality events (5194) were reported in 23 trials. Compared with aspirin, mortality
was 20% higher with aspirin plus clopidogrel and showed a decreasing trend with
aspirin plus prasugrel (RR: 0.78 [0.59-1.03]). With the other treatments, the difference
remained less than 10% and did not reach the level of statistical significance (Figure
8). Low degree of heterogeneity was noted in mortality data (I>=12.3% [0.0%; 47.1%]).
Twenty-one trials reported 2811 major bleeding events classified by the individual
trial definitions. Compared with aspirin alone major bleeding was in similar ranges
with antiplatelet monotherapies while the relative risk was twice higher with
combined antiplatelet therapies (Figure 8/B,E). Low degree inconsistency was noted
for major bleeding data (I> = 10.2% [0.0%; 45.9%]). Analyses of the clinical outcomes
suggested clustering of treatment arms with antiplatelet monotherapies separating
from combination therapies (Figure 9). Subgroup analyses stratified according to the
inclusion conditions showed data consistent in all strata with more effective stroke
reduction of the ticagrelor plus aspirin combination as well as the higher risk of
bleeding. Net adverse clinical events data showed a higher level of inconsistency and
variances with non-significant relations except for the benefit of ticagrelor plus
aspirin in ACS trials. Clopidogrel plus aspirin and ticagrelor plus aspirin were
ranked as the most effective strategy for the prevention of stroke (P-score, 0.79 and
0.73). For the prevention of ischemic stroke, the ranking for aspirin plus ticagrelor
(A+T) was higher (P-score, 0.72, and 0.81). Ranking with regards to the major
bleeding or stroke prevention showed opposite tendencies (R=-0.879, p=0.021)
(Figure 9). Regarding major bleeding aspirin was ranked as the safest strategy (P-
score, 0.82) (Table 4).

The component analysis reflected that the use of each antiplatelet agent conveyed the

reduction of stroke risk, but this effect reached the level of statistical significance only
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in the case of ticagrelor. An important increase in bleeding risk was characteristic for

all drugs, however, no important change in mortality risk was detected (Table 5).
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Secondary outcomes

A+T

A+C

A+P

C

T

Ischemic stroke
Hemorrhagic stroke
MACCE

Myocardial infarction

CV Mortality

Major and minor bleeding

Minor bleeding

Intracranial hemorrhage

0.80 (0.71; 0.89)*
0.94 (0.62; 1.42)
0.89 (0.76; 1.06)
0.84 (0.69; 1.02)
0.99 (0.82; 1.18)
2.58 (2.04; 3.27)*
4.17 (2.90; 6.00)*
1.53 (1.16; 2.03)*

0.81 (0.63; 1.05)
0.70 (0.36; 1.35)
0.95 (0.76; 1.19)
0.96 (0.74; 1.25)
1.08 (0.85; 1.38)
2.09 (1.56; 2.82)*
3.27 (2.17; 4.92)*
0.96 (0.55; 1.67)

0.88 (0.6; 1.741)
0.37 (0.084; 1.68)
0.92 (0.57; 1.50)
0.62 (0.41; 0.94)*
0.93 (0.60; 1.43)
1.95 (0.95; 3.99)
1.85 (0.19; 17.88)
1.26 (0.04; 40.49)

1.15 (0.89; 1.50)

0.83 (0.60; 1.15)
0.78 (0.52; 1.19)

1.21 (0.73; 2.02)
2.45 (1.14; 5.22)*
0.66 (0.28; 1.56)

0.90 (0.79; 1.02)
0.64 (0.27; 1.53)
0.85 (0.70; 1.03)
0.82 (0.61; 1.11)
1.01 (0.77; 1.33)
1.36 (1.03; 1.79)*
3.08 (1.61; 5.88)*
0.67 (0.33; 1.35)

Table 3. Network meta-analysis results of the secondary outcomes.

Results are risk ratios (95% confidence intervals) from the network meta-analysis between the column defining intervention versus aspirin
monotherapy. Here RR > 1 means that the column defined treatment is worse compared to aspirin. Significant results are marked with
asterisks. Abbreviations: A aspirin; C clopidogrel; CV cardiovascular; MACCE: major adverse cardiac and cerebrovascular events;, P
prasugrel; T ticagrelor.
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Intervention A+C A+T A+P T A C
Stroke 0.7936  0.7330 0.7043  0.4992 0.2120 0.0578
Ischemic stroke 0.7273  0.8147 0.5307 05758 0.2534 0.0981
Hemorrhagic stroke 0.5156  0.2965 0.7941  0.4849 0.4089 -
Intracranial hemorrhage 0.4989  0.0192 - 0.7832 0.4342 0.7644
Any bleeding 0.2877  0.0440 0.3405 0.6288 0.9441 0.7549
Major bleeding 0.2904  0.0965 0.2181 0.7591 0.8242 0.8117
Minor bleeding 0.3851  0.0870 0.6025 0.3821 0.9382 0.6052
Mortality 0.0175 0.4772 0.9209 0.6106 0.4029 0.5709
Cardiovascular mortality 0.2399  0.5903 0.6643 0.4865 0.5190 -
Myocardial infarction 0.2117  0.5486 0.9173 0.5571 0.1324 0.6329
MACCE 0.3521  0.5785 0.4734 0.7066  0.1946  0.6948

Table 4. The P-score probabilities of antiplatelet treatments on clinical outcomes.

P-score provides likelihood of an intervention to be the maost beneficial. The P-score ranking system is a frequentist
analog of SUCRA (SUrface Under the Cumulative Ranking curve) that measures the certainty that one treatment is
better than another treatment, averaged over all competing treatments. The higher number indicates better
treatment rank. Abbreviations: A aspirin, C clopidogrel, MACCE major adverse cerebro- and cardiovascular events,

P prasugrel, T ticagrelor.
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Figure 10. Cluster analysis of the included treatment arms.

Panel A depicts the relative risk of stroke and major bleeding with their respective confidence intervals related to aspirin
monotherapy. Both the risk ratio values and the P-score values showed a strong negative correlation between stroke and major
bleeding risk. (R=-0.871, p=0.024, and R=-0.899, p=0.015, respectively) Panel B shows the three-dimensional projection of the
predictor space of the nearest neighbor analysis derived from the analysis of the 11 analyzed predictors. The plot shows

discernible clustering of combined and monotherapies.
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Stroke p-value Major bleeding p-value Mortality p-value

Aspirin -0.10[0.26;0.06] | 0.2094 | 0.73[0.41; 1.05] <0.0001 | 0.07 [-0.18; 0.31] 0.6043
Clopidogrel -0.13[0.32;0.05] | 0.1462 | 0.70[0.46; 0.94] <0.0001 | 0.10 [-0.05; 0.26] 0.1821
Prasugrel -0.27 [0.84;0.30] | 0.3488 | 0.71[0.32; 1.09] 0.0003 | -0.23 [-0.54; 0.07] 0.1282
Ticagrelor -0.22 [0.32;0.12] <0.0001 | 0.77 [0.57; 0.97] <0.0001 | 0.00 [-0.11; 0.11] 0.9809
Inconsistency 0% [0.0%:;34.2%)] 10.2% [0.0%;45.9%)] 12.3% [0.0%;47.1%)]

(12

Heterogeneity

Additive model 0.6707 0.3305 0.2991
Standard model 0.8165 0.2724 0.5929

Table 5. Effect of the individual antiplatelet drugs in the supplementary component network meta-analysis models.
Risk difference [95%-Confidence intervall].
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6. DISCUSSION

6.1. Risk of adverse events associated with low platelet reactivity in patients with

percutaneous coronary intervention

In the present meta-analysis involving 19.064 patients, we found evidence that
patients with LPR after PCI are at a higher risk of bleeding. LPR response to
antiplatelet therapy is also associated with a lower risk of non-fatal myocardial
infarction. The composite endpoint of serious vascular events demonstrated lower
risk with LPR. The risk of all-cause mortality did not differ significantly between LPR
and non-LPR patient groups. Importantly, despite the differences in the
methodology, patient selection and cut-off definition among studies, the increased
risk of bleeding was homogenously reflected.

In a large population study prospectively reporting on the impact of enhanced
response to clopidogrel treatment including 2.533 patients with CAD undergoing
planned PCI, LPR was found to be associated with a two-fold higher risk for in-
hospital major bleeding events.!® Further reports supported this concept that LPR is
a marker for a higher risk for bleeding also among prasugrel-treated patients.®%
However, according to some recent studies optimal platelet reactivity does not
denote the same range in every patient population. In the “Comparison of Prasugrel
and Clopidogrel in Acute Coronary Syndrome Subjects” trial (TRIOLOGY ACS)
involving ACS patients without PCI found no relationship between LPR and major
bleeding risk. Among medically managed non-ST-segment elevation ACS patients
receiving prolonged DAPT, platelet reactivity unit (PRU) values were not
significantly associated with the long-term risk of major bleeding events, suggesting
that LPR does not independently predict serious bleeding risk.!%

To assess the potential influence of different clopidogrel LD regimes, we performed a
subgroup analysis. Our results showed no association between different LDs of
clopidogrel and the rate of bleeding events. Our findings are in line with a recent
meta-analysis that compared the use of different LDs of clopidogrel and found that
these are not associated with an increased risk for major bleeding in 30 days.
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However, it also suggested that the administration of 600 mg LD of clopidogrel is
associated with a lower risk of MACE.'® This observation is further supported by a
retrospective study of patients with stable coronary artery disease (SCAD) which
shows no difference between different LD groups in terms of major bleeding and
hemoglobin drop post PCI.1%

When interpreting data from different platelet function studies the complex
mechanisms of bleeding should be considered. Besides the potential impact of
platelet inhibition, several clinical factors may affect the risk of these events. Residual
PR as an independent risk factor also has several associations with patient
characteristics and these may also influence the expressed risk. HPR is more
frequently seen in obese and diabetics, while LPR may more likely arise in patients
with advanced age and lower body weight.!”!% QOur analysis demonstrated a
significant association between LPR and lower BMI. These characteristics may also
influence the prognosis and when analyzed in multivariate models the magnitude of
risk, like in case of ischemic risk with HPR is considerably reduced.!®

Importantly, the periprocedural bleeding risk is substantially influenced by the
access site selection being significantly higher with transfemoral interventions.
Bleeding avoidance strategies like the routine use of the transradial approach may
interfere with this risk by reducing bleeding and improving outcomes among high-
risk ACS patients.!?

In our analysis, the rate of transradial approach was 59% (reported in 8 studies
including 8.667 patients (45%). However, since this data was not presented in a
considerable proportion of studies this impedes the further analysis of potential
impact of access site selection.

Our findings are partly in line with the results of a previous meta-analysis published
in 2015 including 17 trials with a total of 20.839 patients validating standardized cut-
off points for platelet function testing. In that study thienopyridine-treated patients
with HPR were associated with a 2.73- fold higher risk for ST (p<0.00001) and a 1.5-

fold higher risk for mortality (p<0.05) compared with those with optimal PR
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following PCI meanwhile patients with LPR were associated with a 2-fold increased
risk for major bleeding complications without any further reduction in the risk of
ST.1% In our study, there was no considerable difference between LPR and non-LPR
groups regarding mortality, ST or repeated revascularization. However, the risk of
serious vascular events resulted in significant difference favoring the LPR group.
Regarding the risk of non-fatal MI, the event rate was significantly lower in the LPR
group.

Some limitations of our analysis should be discussed. Observational studies were
included that are usually unbalanced regarding baseline clinical characteristics of the
patients. These studies could reflect the real-world practice better, meanwhile due to
lack of monitoring drug compliance, underreporting negative results and incomplete
follow-up their interpretation may be more difficult and might carry ascertainment
biases. To balance possible confounding factors data were pooled with logarithmic
transformation according to the random-effect model via generic inverse weighting
with the intent of methodical compensation of these factors.

Furthermore, patients were not treated uniformly regarding the LDs of clopidogrel
and that platelet function assessments were performed at different time points after
PCI with different devices and cut-offs for LPR that may contribute to heterogeneity.
Moreover, there are multiple tests on the field without a real-gold standard.
Considering the plethora of the available platelet functions tests we aimed to restrict
our analyses to those that implement a method based on ADP-dependent in vitro
platelet activation in order to best assess the efficacy of ADP receptor dependent
activation pathway. From this aspect we did not restrict the acceptable
methodologies based on the final readout of the method. The use of different P2Y12
inhibitors may have also influenced residual platelet reactivity. Due to the lack of
patient-level data subgroup analyses were not done to identify drug-related efficacy.
It is also important to note that different definitions of bleeding may also contribute
to heterogeneity. We aimed to collect data according to the two most widely used

standardized definitions the TIMI bleeding and BARC criteria.
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6.2 Oral anticoagulation and outcomes in patients with acute myocardial infarction

Our analysis of a large, prospective, unselected database of patients treated with PCI
due to an event of AMI showed that AMI patients receiving OAC were older and
had a more severe risk profile than patients in the control group and thus
anticoagulation was associated with a higher rate of mortality, MACE and
transfusion. However, after performing PS-matching these differences were balanced
off, and in the PS-matched sample, no difference regarding mortality or MACE
persisted. Transfusion remained more frequent in the OAC group; however, this
difference did not reach the level of statistical significance. PS-adjusted analyses of
the risks within the OAC-treated groups did not explore major differences except for
the higher mortality and MACE rates were seen among patients not receiving
aspirin.

Conditions requiring long-term anticoagulation including AF, ventricular thrombi,
or pulmonary embolism are markers associated with poor prognosis among patients
who underwent PCIL.1-113° AF is associated with increased risk for heart failure,
dementia, and stroke. Besides other less common causes like ventricular thrombus
and deep vein thrombosis or pulmonary embolism, this arrhythmia is the most
common cause of anticoagulation among MI patients.

The importance of comorbidities is, however, reflected variably in earlier studies.
Patients included in the “REduction of Atherothrombosis for Continued Health”
(REACH) registry had a higher risk of major adverse events after a 4-year follow-up
if they also suffered from AF. This difference - contrasting our analyses - remained
important even after balancing for clinical parameters (24.3% vs 13.3% unadjusted
and 18.9% and 9.4% adjusted event rates, respectively). Beyond differences in the
inclusion criteria of the REACH registry, some other disparities should be noted that
may explain the partially discordant results. Importantly, in the REACH register, a
set of clinical factors were used for regression adjustment. Regression adjustment is

used frequently in observational studies and it attempts to characterize the effect
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estimate at the mean of the factor levels entered the model. But importantly it keeps
the sample untouched even if the treatment groups differ considerably in their risk
profile. We found that the characteristics of OAC-treated patients consist of a
minority of the MI population with major differences from the control cases.
Moreover, the PS-based stratification showed that the risk of ischemic and bleeding
endpoints was neither homogenous nor linear concerning the PS. Thus, to achieve
balance in the measured confounders PS matching was used instead. Furthermore,
we used PS as a balancing score to adjust for potential remaining differences within
the OAC group analyses.!* The unfavorable results of patients with AF in the
REACH registry can also be explained by the undertreatment of these cases, as the
rate of anticoagulation reached only 52% in the 4 year. This is in line with our data
where AF, but not anticoagulation was associated with unfavorable results regarding
both ischemic and bleeding in regression adjustment analyses.

In our registry, a different approach was conducted to analyze the outcomes of
patients after the event of AMI based on their intended OAC treatment status. Earlier
experience with warfarin suggested an incremental ischemic benefit when
anticoagulant therapy was used in combination with aspirin.!’® These results set the
scene for studies using DOACs as an adjunct option to antiplatelet therapy in ACS.
With the only exception of rivaroxaban, ACS trials among patients without AF failed
to support this concept.® However, in the “Anti-Xa Therapy to Lower
Cardiovascular Events in Addition to Standard Therapy in Subjects With Acute
Coronary Syndrome ACS 2-Thrombolysis In Myocardial Infarction 51”7 (ATLAS
ACS-2-TIMI-51) trial low dose rivaroxaban reduced the risk of major adverse events
with a significant mortality reduction.!’” Meta-analysis of these trials found a
homogenous effect of DOAC anticoagulation in reducing ischemic endpoints,
however, this benefit was counterbalanced with the higher risk of bleeding compared
to placebo.!”® Low-dose rivaroxaban also resulted in higher rates of major bleeding
but better cardiovascular outcomes in patients with aspirin-treated stable

atherosclerotic vascular disease in the Cardiovascular OutcoMes for People Using
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Anticoagulation StrategieS (COMPASS) trial.'® Comorbidity adjusted analyses
regarding the agent used for anticoagulation found comparable outcomes of DOAC
treated cases to VKA, with an unexpected trend for higher mortality in the case of
rivaroxaban. When considering the results of the analysis it is important to note that
the use of DOAC represented a minority of our OAC group and that low-dose
rivaroxaban was not used in our cohort that makes the importance of this statistically
non-significant difference questionable.

Interaction between anticoagulation and antiplatelets has been most extensively
examined in cases with AF receiving antiplatelet therapy because of a coronary event
or intervention.'”® Recently data from multiple randomized trials were published.!?-
12¢ Pooled meta-analysis of these trials found that anticoagulation applied with single
antiplatelet treatment reduces bleeding risk, however, a trend for a higher rate of MI
and ST was observed compared to dual-antiplatelet combined anticoagulation.!?
This observation contrasted the What is the Optimal antiplatElet & Anticoagulant
Therapy in Patients With Oral Anticoagulation and Coronary StenTing (WOEST)
trial that found a significant reduction of major adverse events and a decreasing
trend of the elements of the composite endpoint if aspirin was withheld in
anticoagulated patients. However, in line with the DOAC trials, our results reflected

a worse prognosis of anticoagulated patients without aspirin.
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6.3. Comparison of ticagrelor treatment with platelet aggregation inhibitors in high-
risk patients in secondary stroke prevention

In this multiple treatment network meta-analysis of 26 trials involving 124.495
patients, we found evidence that the choice of antiplatelet strategy influences the risk
of stroke in patients with high thrombotic risk. Within this comprehensive analysis of
randomized trials testing ticagrelor in a wide range of clinical scenarios we found
that ticagrelor plus aspirin, as compared to aspirin alone, was associated with a
significant risk reduction of stroke (20%). Data of this analysis showed an important
trade-off between stroke prevention and bleeding risk. However, when the risk of
major bleeding was taken into consideration, the probability of being the best choice
of treatment was the highest for aspirin monotherapy while the lowest for aspirin
plus ticagrelor. Additionally, this combination significantly increased the risk of
intracranial bleeding. We found important clustering of clinical endpoints among
antiplatelet monotherapies and combinations while in models considering the
components of the combinations the highest stroke prevention potential and the
highest bleeding risk was attributable to ticagrelor.

Platelet-driven thrombotic events play a pivotal role in the development of ischemic
vascular events. Earlier analyses found favorable results for aspirin as initial therapy
in the prevention of ischemic stroke. 1 However, aspirin monotherapy is not capable
of preventing ischemic events in patients at high risk of recurrences like in cases with
recent minor stroke or TIA or in patients with acute coronary syndrome.'” Later
development in antiplatelet therapy aimed at the inhibition of alternative pathways
including the P2Y12 receptor-mediated activation and in combination with aspirin
providing a greater reduction of thromboembolic complications. In the Ticlopidine
Aspirin Stroke Study (TASS) ticlopidine alone was superior to aspirin with a 21%
risk reduction of fatal and nonfatal stroke. However, due to its unfavorable side-
effects and with the availability of more tolerable ADP inhibitors ticlopidine is used
scarcely in the clinical praxis. Consequently, as no study was performed comparing

ticlopidine to ticagrelor, data of ticlopidine studies were not included in our network
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meta-analysis.’”® Moreover, with reassuring results on the reduction in ischemic
events seen in ACS, the question was raised whether the intensification of
antiplatelet therapy could be similarly beneficial in the prevention of ischemic stroke.
Our findings are partly in line with previous meta-analyses indicating that ticagrelor
was more effective in reducing combined ischemic and hemorrhagic stroke
compared with other antiplatelet regimens in patients with CAD, cerebrovascular
disease or PAD and extended these with the observation that stroke prevention
potential is consistently reflected in trials with ticagrelor treatment regardless the
inclusion condition. Importantly, prevention and bleeding trade-off show clustering
at the level of antiplatelet monotherapies and combinations. P2Y12 inhibitor and
aspirin combination show more effective stroke prevention, but its use is associated
with an increase in the risk of bleeding. This risk includes intracranial bleeding that is
significantly higher with ticagrelor and aspirin. The analysis did not show important
benefits of ticagrelor based combination when compared to clopidogrel. Net adverse
clinical events showed only benefit among studies with ACS patients.'?

Our network analysis included some trials that also applied prasugrel, another
effective but irreversible P2Y12 blocking agent in combination with aspirin. It is
important to note that in the fundamental TRITON TIMI-38 trial increasing the risk
of bleeding events including fatal bleeding was found in patients with a history of
TIA or stroke.” Although TRITON-TIMI-38 was not powered for poststroke/TTIA
events, and only a limited percentage of patients had a history of cerebrovascular
disease, prasugrel is contraindicated for them.” As all included trials were performed
after the TRITON TIMI-38 thus TIA or stroke was a contraindication for prasugrel
treatment while ticagrelor was applied even amongst the highest risk for intracranial
bleeding like those with recent stroke. We believe that the clinical applicability of
prasugrel among patients with earlier cerebrovascular events remains to be studied
in greater detail. The magnitude of its treatment effect is, however, at the range of the

other P2Y12 inhibitors when applied in patients without a cerebrovascular history.
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It remains unclear if the preventive effect of ticagrelor is explainable with its more
effective inhibition of P2Y12 dependent platelet activation or with additional effects
like increase in adenosine levels due to an additional blockage via ENT-1 leading to
platelet inhibition, inflammatory milieu modulation, vasodilation and protection
from ischemia and reperfusion injury.’® With the integration of these data, ticagrelor
may have additional protective effects on cerebral ischemia-reperfusion.
Additionally, to the potentially lower bleeding risk due to the reversible P2Y12
inhibition, animal studies indicated neuroprotective effects of ticagrelor through
endothelial nitric oxide synthase modulation resulting in increased blood flow and
reducing infarct volume.™!

Both the THALES trial and the subgroup analysis of the SOCRATES trial support
these findings indicating a risk reduction of 32% with ticagrelor and 27% with aspirin
plus ticagrelor over aspirin in patients with minor ischemic stroke or high-risk TIA.
480 However, it is important to note that these trials also found an important increase
of bleeding complications that may reduce or cancel out the ischemic benefit.
Functional health status such as disabling stroke outcome (defined as death or
Rankin scale >1) was reported only in the THALES and SOCRATES trials. The

analysis of this endpoint did not explore important differences.
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7. NOVEL FINDINGS

Based on the results of the cited experiments and studies, our major novel findings

can be summarized as follows:

our meta-analysis supports that LPR is associated with an increased
bleeding risk of patients who underwent coronary stent implantation.
The possible benefit of this marker in risk stratification or improvement
of risk prediction if combining with other factors in prediction models
remains to be established by further studies.

our analysis of a real-life, coronary intervention treated acute
myocardial infarction population found that the apparent higher rate of
all-cause mortality, and MACE, among OAC-treated patients compared
to the patients without OAC treatment may be attributable to the
inherently higher risk of these cases. The data from risk-adjusted
analyses found a signal for a worse prognosis of anticoagulated cases if
aspirin was withheld.

our analysis of clinical trials supports that the use of ticagrelor as mono-
or aspirin combined therapy resulted in more effective stroke
prevention in a high-risk patient population. Highlighting the trade-off
between bleeding risk and stroke prevention the data show that besides
ischemic risk also bleeding risk should be assessed and considered.
This lower risk of ischemic stroke with ticagrelor was counterbalanced
with a higher risk of major bleeding including an importantly increased
risk of intracranial bleeding. The decision regarding the choice of
antiplatelet agent and its duration should be individualized according

to the risks and benefits of the chosen treatment.

55



8. FUNDING

Research projects cannot be initiated and executed without financial resources. The
costs of these studies were covered by the Medical School, University of Pécs.
Moreover, these projects were funded by European Union (European Regional
Development Fund) within the framework of Programme Széchenyi 2020 (GINOP
2.3.2-15-2016-00048 “STAY ALIVE” and EFOP 3.6.2-16-2017-00006 “LIVE LONGER”.
The costs of the HUMIR were supported by the GINOP-2.3.3-15-2016-00031 grant of
the Hungarian Government. Further support was given by the Medical School,
University of Pécs: PTE AOK-KA No: 2020/KA-2020-19. Our work was supported by
the Cooperative Doctoral Program Doctoral Student Scholarships, Ministry for
Innovation and Technology (ITM) and National Research, Development and

Innovation (NDRI): KDP-13-1/PALY-2021.

56



9. REFERENCES

10.

11.

12.

Moran, A. E. et al. Assessing the global burden of ischemic heart disease: Part 1:
Methods for a systematic review of the global epidemiology of ischemic heart
disease in 1990 and 2010. Glob. Heart 7, 315-329 (2012).

Janosi, A. et al. Clinical characteristics, hospital care, and prognosis of patients
with ST elevation myocardial infarction: Hungarian Myocardial Infarction
Registry. Eur. Hear. ]. Suppl. 16, A12-A15 (2014).

M, N. et al. From vulnerable plaque to vulnerable patient: a call for new
definitions and risk assessment strategies: Part I. Circulation 108, 1664-1672
(2003).

C, B. et al. Aspirin in the primary and secondary prevention of vascular
disease: collaborative meta-analysis of individual participant data from
randomised trials. Lancet (London, England) 373, 1849-1860 (2009).

GN, L. et al. 2016 ACC/AHA Guideline Focused Update on Duration of Dual
Antiplatelet Therapy in Patients With Coronary Artery Disease: A Report of
the American College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines. |]. Am. Coll. Cardiol. 68, 1082-1115 (2016).

Valgimigli, M. et al. 2017 ESC focused update on dual antiplatelet therapy in
coronary artery disease developed in collaboration with EACTS. Eur. Heart ].
39, 213-260 (2018).

Wiviott, S. D. et al. Prasugrel versus Clopidogrel in Patients with Acute
Coronary Syndromes. N. Engl. ]. Med. 357, 2001-2015 (2007).

Wallentin, L. et al. Ticagrelor versus Clopidogrel in Patients with Acute
Coronary Syndromes. N. Engl. ]. Med. 361, 1045-1057 (2009).

Neumann, F.-J. et al. 2018 ESC/EACTS Guidelines on myocardial
revascularization. Eur. Heart |. (2018) doi:10.1093/eurheartj/ehy394.

Park, D. W. et al. Clinically Significant Bleeding with Ticagrelor Versus
Clopidogrel in Korean Patients with Acute Coronary Syndromes Intended for
Invasive Management: A Randomized Clinical Trial. Circulation 140, 1865-1877
(2019).

EM, A. et al. Early and late benefits of prasugrel in patients with acute coronary
syndromes undergoing percutaneous coronary intervention: a TRITON-TIMI
38 (TRial to Assess Improvement in Therapeutic Outcomes by Optimizing
Platelet InhibitioN with Prasugrel-Thrombolysis In Myocardial Infarction)
analysis. ]. Am. Coll. Cardiol. 51, 2028-2033 (2008).

RC, B. et al. Bleeding complications with the P2Y12 receptor antagonists
clopidogrel and ticagrelor in the PLATelet inhibition and patient Outcomes

57



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

(PLATO) trial. Eur. Heart J. 32, 2933-2944 (2011).

Aradi, D. et al. Prognostic significance of high on-clopidogrel platelet reactivity
after percutaneous coronary intervention: Systematic review and meta-
analysis. Am. Heart ]. 160, (2010).

Fiolaki, A. et al. High on treatment platelet reactivity to aspirin and clopidogrel
in ischemic stroke: A systematic review and meta-analysis. |. Neurol. Sci. 376,
112-116 (2017).

Taglieri, N. et al. Risk of Stroke in Patients With High On-Clopidogrel Platelet
Reactivity to Adenosine Diphosphate After Percutaneous Coronary
Intervention. Am. J. Cardiol. 113, 1807-1814 (2014).

Mangiacapra, F. et al. Impact of platelet reactivity on 5-year clinical outcomes
following percutaneous coronary intervention: a landmark analysis. J. Thromb.
Thrombolysis 45, 496-503 (2018).

Aradi, D. et al. Bleeding and stent thrombosis on P2Y 1 -inhibitors:
collaborative analysis on the role of platelet reactivity for risk stratification
after percutaneous coronary intervention. Eur. Heart |. 36, 1762-1771 (2015).

Cornel, J. H. et al. Relationship of Platelet Reactivity With Bleeding Outcomes
During Long-Term Treatment With Dual Antiplatelet Therapy For Medically
Managed Patients With Non-S5t-Segment Elevation Acute Coronary
Syndromes. |. Am. Heart Assoc. 5, (2016).

Sorrentino, S. et al. Dual Antiplatelet Therapy Cessation and Adverse Events
After Drug-Eluting Stent Implantation in Patients at High Risk for
Atherothrombosis (from the PARIS Registry). Am. |. Cardiol. 122, 1638-1646
(2018).

Mardikar, H. M. et al. Optimal platelet inhibition in patients undergoing PCI:
Data from the Multicenter Registry of High-Risk Percutaneous Coronary
Intervention and Adequate Platelet Inhibition (MR PCI) study. Am. Heart ]. 154,
344.e1-344.e5 (2007).

], T, B, B, G R, Z A-T. & L, K. [The prevalence of atrial fibrillation in
Hungary]. Orv. Hetil. 153, 339-342 (2012).

HJ, L. et al. Stroke severity in atrial fibrillation. The Framingham Study. Stroke
27,1760-1764 (1996).

RH, D. & JI, S. Secondary Stroke Prevention in Nonvalvular Atrial Fibrillation.
South. Med. ]. 109, 721-729 (2016).

Powers, W. ]. et al. Guidelines for the early management of patients with acute
ischemic stroke: 2019 update to the 2018 guidelines for the early management
of acute ischemic stroke a guideline for healthcare professionals from the

58



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

American Heart Association/American Stroke Association. Stroke vol. 50 E344—
E418 (2019).

D, C. et al. Management of Antithrombotic Therapy in Atrial Fibrillation
Patients Undergoing PCI: JACC State-of-the-Art Review. J. Am. Coll. Cardiol. 74,
83-99 (2019).

N, van R. et al. Major Bleeding Rates in Atrial Fibrillation Patients on Single,
Dual, or Triple Antithrombotic Therapy. Circulation 139, 775-786 (2019).

Wallentin, L. et al. Ticagrelor versus clopidogrel in patients with acute coronary
syndromes. N. Engl. ]. Med. 361, 1045-1057 (2009).

Buonamici, P. et al. Impact of Platelet Reactivity After Clopidogrel
Administration on Drug-Eluting Stent Thrombosis. J. Am. Coll. Cardiol. 49,
2312-2317 (2007).

Cuisset, T. et al. Predictive value of post-treatment platelet reactivity for
occurrence of post-discharge bleeding after non-ST elevation acute coronary
syndrome. Shifting from antiplatelet resistance to bleeding risk assessment?
Eurolntervention 5, 325-9 (2009).

SIBBING, D. et al. Antiplatelet effects of clopidogrel and bleeding in patients
undergoing coronary stent placement. J. Thromb. Haemost. 8, 250-256 (2010).

Spiliopoulos, S. et al. Platelet Responsiveness to Clopidogrel Treatment After
Peripheral Endovascular Procedures. J. Am. Coll. Cardiol. 61, 2428-2434 (2013).

Bélint, A. et al. Increased risk of adverse events in patients with low-on
clopidogrel platelet reactivity after percutaneous coronary intervention: A
systematic review and meta-analysis. Cardiol. J. (2021)
doi:10.5603/C]J.A2021.0084.

Conen, D. Epidemiology of atrial fibrillation. 1323-1324 (2018)
doi:10.1093/eurheartj/ehy171.

Kirchhof, P. et al. 2016 ESC Guidelines for the management of atrial fibrillation
developed in collaboration with EACTS The Task Force for theTask, A.,
Members, F., Kirchhof, P., Uk, C, Uk, D. K., Uk, B. C, ... Germany, G. H.
(2016). 2016 ESC Guidelines for the management of. 2893-2962 (2016)
doi:10.1093/eurheartj/ehw210.

The ACTIVE Writing Group on behalf of the ACTIVE Investigators.
Clopidogrel plus aspirin versus oral anticoagulation for atrial fi brillation in the
Atrial fi brillation Clopidogrel Trial with Irbesartan for prevention of Vascular
Events (ACTIVE W): a randomised controlled trial. Lancet 367, 1903-12 (2006).

Steffel, ]. et al. The 2018 European Heart Rhythm Association Practical Guide
on the use of non-Vitamin K antagonist oral anticoagulants in patients with

59



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

atrial fibrillation: Executive summary. Europace (2018)
doi:10.1093/europace/euy054.

Dewilde, W. J. M. et al. Use of clopidogrel with or without aspirin in patients
taking oral anticoagulant therapy and undergoing percutaneous coronary
intervention: An open-label, randomised, controlled trial. Lancet 381, 1107-1115
(2013).

Connolly, S. J. et al. Dabigatran versus warfarin in patients with atrial
fibrillation. N. Engl. ]. Med. 361, 1139-51 (2009).

Gibson, C. M. et al. Prevention of Bleeding in Patients with Atrial Fibrillation
Undergoing PCI. N. Engl. |. Med. 375, 2423-2434 (2016).

Lopes, R. D. et al. Antithrombotic Therapy after Acute Coronary Syndrome or
PCI in Atrial Fibrillation. N. Engl. ]. Med. 380, 1509-1524 (2019).

Balint, A. et al. Oral anticoagulation and outcomes in patients with acute
myocardial infarction: Insights from the Hungarian Myocardial Infarction
Registry. Int. |. Clin. Pract. (2021) doi:10.1111/ijcp.14179.

Donkor, E. S. Stroke in the 21st Century: A Snapshot of the Burden,
Epidemiology, and Quality of Life. Stroke Research and Treatment vol. 2018
(2018).

Amarenco, P. et al. Efficacy and safety of ticagrelor versus aspirin in acute
stroke or transient ischaemic attack of atherosclerotic origin: a subgroup
analysis of SOCRATES, a randomised, double-blind, controlled trial. Lancet
Neurol. 16, 301-310 (2017).

SC, J. et al. Ticagrelor and Aspirin or Aspirin Alone in Acute Ischemic Stroke or
TIA. N. Engl. ]. Med. 383, 207-217 (2020).

Bhatt, D. L. et al. Clopidogrel and Aspirin versus Aspirin Alone for the
Prevention of Atherothrombotic Events. N. Engl. J. Med. 354, 1706-1717 (2006).

A B,D, T,O E A.E. A, P, K. & A, K. Network Meta-Analysis of Ticagrelor
for Stroke Prevention in Patients at High Risk for Cardiovascular or
Cerebrovascular Events. Stroke 52, 2809-2816 (2021).

Thygesen, K. et al. Third Universal Definition of Myocardial Infarction.
Circulation 126, 2020-2035 (2012).

Ndrepepa, G. et al. Validation of the Bleeding Academic Research Consortium
Definition of Bleeding in Patients With Coronary Artery Disease Undergoing
Percutaneous Coronary Intervention. Circulation 125, 1424-1431 (2012).

Harrer, M., Cuijpers, P., Furukawa, T. A. & Ebert, D. D. Doing Meta-Analysis
With R: A Hands-On Guide. (2021).

60



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

OpenMeta-Analyst: open-source, cross-platform software for advanced meta-
analysis | Colloquium Abstracts. https://abstracts.cochrane.org/2010-
keystone/openmeta-analyst-open-source-cross-platform-software-advanced-
meta-analysis.

9.5.2 Identifying and measuring heterogeneity. https://handbook-5-
1.cochrane.org/chapter_9/9_5_2_identifying_and_measuring_heterogeneity.ht
m.

Wolff, R. F. et al. PROBAST: A Tool to Assess the Risk of Bias and Applicability
of Prediction Model Studies. Ann. Intern. Med. 170, 51 (2019).

Wells G. A., Shea B., O’Connell D., Peterson J.,, Welch V., Losos M., et al. The
Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised
Studies in Meta-analyses. Available online.
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp (2000).

Janosi, A. et al. Short and long term prognosis of patients with myocardial
infarction. Hungarian Myocardial Infarction Registry. Orv. Hetil. 154, 1297-
1302 (2013).

Komocsi, A. et al. Underuse of coronary intervention and its impact on
mortality in the elderly with myocardial infarction. A propensity-matched
analysis from the Hungarian Myocardial Infarction Registry. Int. ]. Cardiol. 214,
485-90 (2016).

Thygesen, K. et al. Fourth universal definition of myocardial infarction (2018).
Eur. Heart |. 40, 237-269 (2019).

Morgan, S. L. & Todd, J. J. A diagnostic routine for the detection of
consequential heterogeneity of causal effects with a demonstration from school
effects research. Sociol. Methodol. 38, 231-281 (2008).

Fine, J. P. & Gray, R. J. A Proportional Hazards Model for the Subdistribution
of a Competing Risk. J. Am. Stat. Assoc. 94, 496-509 (1999).

Riicker, G. Network meta-analysis, electrical networks and graph theory. Res.
Synth. Methods 3, 312-324 (2012).

Riicker, G. & Schwarzer, G. Ranking treatments in frequentist network meta-
analysis works without resampling methods. BMC Med. Res. Methodol. 15, 58
(2015).

Chaimani, A., Higgins, J. P. T., Mavridis, D., Spyridonos, P. & Salanti, G.
Graphical Tools for Network Meta-Analysis in STATA. PLoS One 8, €76654
(2013).

Patti, G. et al. Point-of-care measurement of clopidogrel responsiveness
predicts clinical outcome in patients undergoing percutaneous coronary

61



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

intervention results of the ARMYDA-PRO (Antiplatelet therapy for Reduction
of MYocardial Damage during Angioplasty-Platelet Reactivity Predicts
Outcome) study. J. Am. Coll. Cardiol. 52, 1128-33 (2008).

Tsukahara, K. et al. Impact of high-responsiveness to dual antiplatelet therapy
on bleeding complications in patients receiving drug-eluting stents. Circ. . 74,
679-85 (2010).

Huczek, Z. et al. Medium on-treatment platelet reactivity to ADP is favorable in
patients with acute coronary syndromes undergoing coronary stenting.
Platelets 22, 521-9 (2011).

BONELLGO, L. et al. Relationship between post-treatment platelet reactivity and
ischemic and bleeding events at 1-year follow-up in patients receiving
prasugrel. J. Thromb. Haemost. 10, 1999-2005 (2012).

Cuisset, T. et al. Platelet reactivity in diabetic patients undergoing coronary
stenting for acute coronary syndrome treated with clopidogrel loading dose
followed by prasugrel maintenance therapy. Int. J. Cardiol. 168, 523-528 (2013).

Cuisset, T. et al. Clinical Implications of Very Low On-Treatment Platelet
Reactivity in Patients Treated With Thienopyridine: The POBA Study
(Predictor of Bleedings With Antiplatelet Drugs). JACC Cardiovasc. Interv. 6,
854-863 (2013).

Alfredsson, J. et al. Large early variation of residual platelet reactivity in Acute
Coronary Syndrome patients treated with clopidogrel. Thromb. Res. 136, 335—
340 (2015).

Li, S., Liu, H. & Liu, J. Predictive performance of adding platelet reactivity on
top of CRUSADE score for 1-year bleeding risk in patients with acute coronary
syndrome. J. Thromb. Thrombolysis 42, 360-368 (2016).

Jin, L. et al. The Prognostic Value of ADP-Induced Platelet Aggregation for
Bleeding Complications in Low - Intermediate Risk Patients with Acute
Coronary Syndrome Taking Clopidogrel After Percutaneous Coronary
Intervention. Hear. Lung Circ. 26, 49-57 (2017).

Deharo, P. et al. Benefit of Switching Dual Antiplatelet Therapy After Acute
Coronary Syndrome According to On-Treatment Platelet Reactivity. JACC
Cardiovasc. Interv. 10, 2560-2570 (2017).

Aradi, D. et al. Platelet reactivity and clinical outcomes in acute coronary
syndrome patients treated with prasugrel and clopidogrel: a pre-specified
exploratory analysis from the TROPICAL-ACS trial. Eur. Heart |. 40, 1942-1951
(2019).

Mshelbwala, F. S., Hugenberg, D. W. & Kreutz, R. P. Intensified P2Y12

62



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

inhibition for high-on treatment platelet reactivity. |. Thromb. Thrombolysis 50,
619-627 (2020).

Kabbani, S. S. et al. Usefulness of platelet reactivity before percutaneous
coronary intervention in determining cardiac risk one year later. Am. J. Cardiol.
91, 876-878 (2003).

Mangiacapra, F. et al. A therapeutic window for platelet reactivity for patients
undergoing elective percutaneous coronary intervention: Results of the
ARMYDA-PROVE (Antiplatelet therapy for Reduction of MYocardial Damage
during AngioplastyPlatelet Reactivity for Outcome Valida. JACC Cardiovasc.
Interv. 5, 281-289 (2012).

Patti, G., Pasceri, V., Vizzi, V., Ricottini, E. & Di Sciascio, G. Usefulness of
Platelet Response to Clopidogrel by Point-of-Care Testing to Predict Bleeding
Outcomes in Patients Undergoing Percutaneous Coronary Intervention (from
the Antiplatelet Therapy for Reduction of Myocardial Damage During
Angioplasty-Bleeding Study). Am. ]. Cardiol. 107, 995-1000 (2011).

Mangiacapra, F. et al. Impact of chronic kidney disease on platelet reactivity
and outcomes of patients receiving clopidogrel and undergoing percutaneous
coronary intervention. Am. J. Cardiol. 113, 1124-9 (2014).

SN, L, D, M, MK, S, K-W., M. & K.-D., Y. Impact of platelet reactivity on
long-term prognosis in Korean patients receiving percutaneous coronary
intervention. Platelets (2019) doi:10.1080/09537104.2018.1562172.

Nakamura, M. et al. Relationship Between Platelet Reactivity and Ischemic and
Bleeding Events After Percutaneous Coronary Intervention in East Asian
Patients: 1-Year Results of the PENDULUM Registry. J. Am. Heart Assoc. 9,
e015439 (2020).

Johnston, S. C. et al. Ticagrelor and Aspirin or Aspirin Alone in Acute Ischemic
Stroke or TIA. N. Engl. ]. Med. 383, 207-217 (2020).

Johnston, S. C. et al. Ticagrelor versus Aspirin in Acute Stroke or Transient
Ischemic Attack. N. Engl. ]. Med. 375, 35-43 (2016).

Wang, Y. et al. Ticagrelor plus aspirin versus clopidogrel plus aspirin for
platelet reactivity in patients with minor stroke or transient ischaemic attack:
Open label, blinded endpoint, randomised controlled phase II trial. BM] 365,
12211 (2019).

Cannon, C. P. et al. Safety, Tolerability, and Initial Efficacy of AZD6140, the
First Reversible Oral Adenosine Diphosphate Receptor Antagonist, Compared
With Clopidogrel, in Patients With Non-ST-Segment Elevation Acute Coronary
Syndrome. Primary Results of the DISPERSE-2 Trial. J. Am. Coll. Cardiol. 50,
1844-1851 (2007).

63



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Berwanger, O. et al. Ticagrelor Versus Clopidogrel in Patients With STEMI
Treated With Fibrinolysis: TREAT Trial. J. Am. Coll. Cardiol. 73, 2819-2828
(2019).

Schiipke, S. et al. Ticagrelor or Prasugrel in Patients with Acute Coronary
Syndromes. N. Engl. J. Med. NEJMo0a1908973 (2019)
doi:10.1056/NEJMo0a1908973.

Gimbel, M. et al. Clopidogrel versus ticagrelor or prasugrel in patients aged 70
years or older with non-ST-elevation acute coronary syndrome (POPular AGE):
the randomised, open-label, non-inferiority trial. Lancet 395, 1374-1381 (2020).

Kim, B. K. et al. Effect of Ticagrelor Monotherapy vs Ticagrelor with Aspirin on
Major Bleeding and Cardiovascular Events in Patients with Acute Coronary
Syndrome: The TICO Randomized Clinical Trial. JAMA - ]. Am. Med. Assoc.
323, 24072416 (2020).

Bonaca, M. P. et al. Long-Term Use of Ticagrelor in Patients with Prior
Myocardial Infarction. N. Engl. J. Med. 372, 1791-1800 (2015).

Goto, S., Huang, C. H., Park, S. J., Emanuelsson, H. & Kimura, T. Ticagrelor vs.
Clopidogrel in Japanese, Korean and Taiwanese patients with acute coronary
syndrome — Randomized, double-blind, phase III PHILO study. Circ. J. 79,
2452-2460 (2015).

Motovska, Z. et al. 1-Year Outcomes of Patients Undergoing Primary
Angioplasty for Myocardial Infarction Treated With  Prasugrel
Versus Ticagrelor. |. Am. Coll. Cardiol. 71, 371-381 (2018).

Tang, X. et al. Assessment of Ticagrelor Versus Clopidogrel Treatment in
Patients With ST-elevation Myocardial Infarction Undergoing Primary
Percutaneous Coronary Intervention. ]. Cardiovasc. Pharmacol. 68, 115-120
(2016).

Wang, H. & Wang, X. Efficacy and safety outcomes of ticagrelor compared
with clopidogrel in elderly Chinese patients with acute coronary syndrome.
Ther. Clin. Risk Manag. 12, 1101-1105 (2016).

Zhang, Y. et al. High-dose clopidogrel versus ticagrelor for treatment of acute
coronary syndromes after percutaneous coronary intervention in CYP2C19
intermediate or poor metabolizers: a prospective, randomized, open-label,
single-centre trial. Acta Cardiol. 71, 309-316 (2016).

Dehghani, P. et al. Effects of ticagrelor versus clopidogrel on platelet function
in fibrinolytic-treated STEMI patients undergoing early PCI. Am. Heart ]. 192,
105-112 (2017).

Wu, H. B. et al. Clinical efficacy of ticagrelor in patients undergoing emergency

64



96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

intervention for acute myocardial infarction and its impact on platelet
aggregation rate. Am. J. Transl. Res. 10, 2175-2183 (2018).

Mehran, R. et al. Ticagrelor with or without aspirin in high-risk patients after
PCI. N. Engl. ]. Med. 381, 2032-2042 (2019).

Bonello, L. et al. Comparison of Ticagrelor Versus Prasugrel to Prevent
Periprocedural Myonecrosis in Acute Coronary Syndromes. Am. . Cardiol. 116,
339-343 (2015).

Hiatt, W. R. et al. Ticagrelor versus Clopidogrel in Symptomatic Peripheral
Artery Disease. N. Engl. ]. Med. 376, 32-40 (2017).

Zhao, Q. et al. Effect of ticagrelor plus aspirin, ticagrelor alone, OR aspirin
alone on saphenous vein graft patency 1 year after coronary artery bypass
grafting: A Randomized clinical trial. JAMA - ]. Am. Med. Assoc. 319, 1677-1686
(2018).

Hochholzer, W. et al. Randomized Comparison of Oral P2Y12-Receptor
Inhibitor Loading Strategies for Transitioning From Cangrelor: The
ExcelsiorLOAD?2 Trial. JACC Cardiovasc. Interv. 10, 121-129 (2017).

Bhatt, D. L. et al. Ticagrelor in patients with diabetes and stable coronary artery
disease with a history of previous percutaneous coronary intervention
(THEMIS-PCI): a phase 3, placebo-controlled, randomised trial. Lancet 394,
1169-1180 (2019).

Jimenez Diaz, V. A. et al. Assessment of Platelet REACtivity After
Transcatheter Aortic Valve Replacement: The REAC-TAVI Trial. JACC
Cardiovasc. Interv. 12, 22-32 (2019).

SIBBING, D. et al. Antiplatelet effects of clopidogrel and bleeding in patients
undergoing coronary stent placement. . Thromb. Haemost. 8, 250-256 (2010).

Cornel, J. H. et al. Relationship of Platelet Reactivity With Bleeding Outcomes
During Long-Term Treatment With Dual Antiplatelet Therapy for Medically
Managed Patients With Non-ST-Segment Elevation Acute Coronary
Syndromes. |. Am. Heart Assoc. 5, (2016).

Aradi, D. et al. Bleeding and stent thrombosis on P2Y12-inhibitors:
collaborative analysis on the role of platelet reactivity for risk stratification
after percutaneous coronary intervention. Eur. Heart |. 36, 1762-71 (2015).

Piqueras-Flores, ]. et al. Efficacy and Safety of Loading Doses With P2Y12-
Receptor Antagonists in Patients Without Dual Antiplatelet Therapy

Undergoing Elective Coronary Intervention. J. Cardiovasc. Pharmacol. 73, 56-59
(2019).

Tekkesin, A. I. et al. The first six-month clinical outcomes and risk factors

65



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

associated with high on-treatment platelet reactivity of clopidogrel in patients
undergoing coronary interventions. Anatol. |. Cardiol. 16, 967-973 (2016).

Wakabayashi, S. et al. Efficacy of 2.5-mg prasugrel in elderly or low-body-
weight patients. Circ. J. 82, 2326-2331 (2018).

Droppa, M. et al. Evaluation of Clinical Risk Factors to Predict High On-
Treatment Platelet Reactivity and Outcome in Patients with Stable Coronary
Artery Disease (PREDICT-STABLE). PLoS One 10, e0121620 (2015).

Komdcsi, A. et al. Meta-analysis of randomized trials on access site selection for
percutaneous coronary intervention in ST-segment elevation myocardial
infarction. Arch. Med. Sci. 10, (2014).

Ruff, C. T. et al. Long-term cardiovascular outcomes in patients with atrial
fibrillation and atherothrombosis in the REACH Registry. Int. |. Cardiol. (2014)
doi:10.1016/j.ijcard.2013.11.030.

Chwan Ng, A. C. et al. Long-term cardiovascular and noncardiovascular
mortality of 1023 patients with confirmed acute pulmonary embolism. Circ.
Cardiovasc. Qual. Outcomes 4, 122-128 (2011).

Velangi, P. S. et al. Long-Term Embolic Outcomes After Detection of Left
Ventricular Thrombus by Late Gadolinium Enhancement Cardiovascular
Magnetic Resonance Imaging: A Matched Cohort Study. Circ. Cardiovasc.
Imaging 12, €009723 (2019).

Austin, P. C. An introduction to propensity score methods for reducing the
effects of confounding in observational studies. Multivariate Behav. Res. 46, 399—
424 (2011).

Andreotti, F., Testa, L., Biondi-Zoccai, G. G. L. & Crea, F. Aspirin plus warfarin
compared to aspirin alone after acute coronary syndromes: an updated and
comprehensive meta-analysis of 25,307 patients. Eur. Heart ]. 27, 519-26 (2006).

Komocsi, A., Vorobesuk, A., Kehl, D. & Aradi, D. Use of new-generation oral
anticoagulant agents in patients receiving antiplatelet therapy after an acute
coronary syndrome: Systematic review and meta-analysis of randomized
controlled trials. Arch. Intern. Med. 172, (2012).

Mega, J. L. et al. Rivaroxaban in patients with a recent acute coronary
syndrome. N. Engl. ]. Med. (2012) doi:10.1056/NEJMoal112277.

Komdcsi, A., Vorobcsuk, A. & Aradi, D. New oral anticoagulants in acute
coronary syndromes: What does a meta-analysis tell us? Reply. JAMA Intern.
Med. 173, (2013).

Eikelboom, J. W. et al. Rivaroxaban with or without Aspirin in Stable
Cardiovascular Disease. N. Engl. ]. Med. 377, 1319-1330 (2017).

66



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Lopes, R. D. et al. Safety and Efficacy of Antithrombotic Strategies in Patients
with Atrial Fibrillation Undergoing Percutaneous Coronary Intervention: A
Network Meta-analysis of Randomized Controlled Trials. JAMA Cardiol. 27701,
1-9 (2019).

Gibson, C. M. et al. Prevention of Bleeding in Patients with Atrial Fibrillation
Undergoing PCI. N. Engl. |. Med. 375, 2423-2434 (2016).

Lopes, R. D. et al. Antithrombotic therapy after acute coronary syndrome or
PCl in atrial fibrillation. N. Engl. . Med. 380, 1509-1524 (2019).

Cannon, C. P. et al. Dual Antithrombotic Therapy with Dabigatran after PCI in
Atrial Fibrillation. N. Engl. |. Med. 377, 1513-1524 (2017).

Vranckx, P. et al. Edoxaban-based versus vitamin K antagonist-based
antithrombotic regimen after successful coronary stenting in patients with
atrial fibrillation (ENTRUST-AF PCI): a randomised, open-label, phase 3b trial.
Lancet (2019) doi:10.1016/s0140-6736(19)31872-0.

TS, P. et al. Revisiting the effects of omitting aspirin in combined
antithrombotic therapies for atrial fibrillation and acute coronary syndromes or
percutaneous coronary interventions: meta-analysis of pooled data from the
PIONEER AF-PCI, RE-DUAL PCI, and AUGUSTUS trials. Europace 22, 33-46
(2020).

Rothwell, P. M. et al. Effects of aspirin on risk and severity of early recurrent
stroke after transient ischaemic attack and ischaemic stroke: time-course
analysis of randomised trials. Lancet 388, 365-375 (2016).

Bornstein, N. M. et al. Failure of aspirin treatment after stroke. Stroke 25, 275-
277 (1994).

Hass, W. K. et al. A Randomized Trial Comparing Ticlopidine Hydrochloride
with Aspirin for the Prevention of Stroke in High-Risk Patients. N. Engl. ]. Med.
321, 501-507 (1989).

Malhotra, K. et al. Ticagrelor for stroke prevention in patients with vascular
risk factors: A systematic review and meta-analysis. ]. Neurol. Sci. 390, 212-218
(2018).

Cattaneo, M., Schulz, R. & Nylander, S. Adenosine-mediated effects of
ticagrelor: Evidence and potential clinical relevance. Journal of the American
College of Cardiology vol. 63 2503-2509 (2014).

Yamauchi, K., Imai, T., Shimazawa, M., Iwama, T. & Hara, H. Effects of
ticagrelor in a mouse model of ischemic strokearticle. Sci. Rep. 7, 1-10 (2017).

67



10. SCIENTOMETRICS

Scientific papers:
e Total: 11
e English language papers: 11

Impact factor (up to Jan 2022):

e First author: 13.154
e Cumulative: 29.444

Citations (up to Jan 2022 based on MTMT?2):

e Independent: 36
e Cumulative: 38

10.1. Topic-related scientific articles

A Balint, L Handk, P Hegyi, Zs Szakdcs, Sz Eitmann, A Garami, M Solymar, K Marta,
Z Rumbus, A Komocsi: Increased risk of adverse events in patients with low-on

clopidogrel platelet reactivity after percutaneous coronary intervention: A systematic
review and meta-analysis; DOL: https://doi.org/10.5603/CJ.a2021.0084
Cardiology Journal (2021) IF=2.737 (2020) Q2

A Balint, P Kup6, D Tornyos, O Abdallaoui, A Janosi, A Komdcsi: Oral
anticoagulation and outcomes in patients with acute myocardial infarction: Insights
from the Hungarian Myocardial Infarction Registry;, DOI: 10.1111/ijcp.14179
International Journal of Clinical Practice (2021) IF=2.503 (2020) Q1

A Balint, D Tornyos, O Abdallaoui, P Kupd, A Komocsi: Network Meta-Analysis of
Ticagrelor for Stroke Prevention in Patients at High Risk for Cardiovascular or
Cerebrovascular Events; DOI: https://doi.org/10.1161/STROKEAHA.120.032670
Stroke 2021 IF=7.914 (2020) Q1

CUMULATIVE IMPACT FACTOR: 13.154

68



10.2. Non-topic-related scientific articles

P Kupo, R Pap, L Saghy, D Tényi, A Balint, D Debreceni, I Basu-Ray, A Komdcsi:
Ultrasound

guidance for femoral venous access in electrophysiology procedures-systematic

review and
meta-analysis; DOI: 10.1007/s10840-019-00683-z.
Journal of Interventional Cardiac Electrophysiology (2019);

IF=1.277 Q2

D Tornyos, A Bélint, O Abdallaoui, P Kupo, A Komocsi: Antithrombotic Therapy for
Secondary Prevention in Patients with Non-Cardioembolic Stroke or Transient
Ischemic ~ Attack: A  Systematic  Review;  DOIL  10.3390/life11050447.
Life (2021) IF= 3.817 (2020) Q2

P Kupd, Zs Szakacs, M Solymar, T Habon, L Czopf, L Hategan, B Csanyi, ] Borbas, A
Tringer, G Varga, M Balasko, R Sepp, P Hegyi, A Balint, A Komocsi: Direct

Anticoagulants and Risk of Myocardial Infarction, a Multiple Treatment Network
Meta-Analysis; DOI: 10.1177/0003319719874255.
Angiology (2020) IF=3.619 Q1

P Kupo, D Tornyos, A Balint, R Lukdcs, A Jadnosi, A Komocsi: Use of drug-eluting

stents in elderly patients with acute myocardial infarction; DOI: 10.1111/ijcp.13652.
International Journal of Clinical Practice (2020) IF=2.444 Q2

T Kocsis, B Molndr, D Németh, P Hegyi, Zs Szakacs, A Balint, Andras Garami, A
Soos, K Marta , M Solymar: Probiotics have beneficial metabolic effects in patients

with type 2 diabetes mellitus: a meta-analysis of randomized clinical trials; DOI:
10.1038/s41598-020-68440-1.
Sci Rep 10, 11787 (2020) IF=5.133 Q1

69



10.3. Topic-related abstracts published in scientific journals

A Balint, P Kupd, D Tornyos, O Abdallaoui, A Janosi, A Komocsi: Oral
anticoagulation and outcomes in patients with acute myocardial infarction: Insights
from the Hungarian Myocardial Infarction Registry.

Medical Conference for PhD Students and Experts of Clinical Sciences 2021: Book
of Abstracts pp 41-41 ISBN: 9789634296539

Béalint A, Tornyos D, Janosa E, Kup6 P, Janosi A, Komodcsi A: A vérlemezke

reaktivitds és a klinikai kimenetel miokardidlis infarktus utan a vérlemezke funkcid
meérésen alapuld P2Y12 inhibitor eszkalacids rendszerben. A Magyar Kardiologusok
Tarsasaga 2019. évi Tudomdanyos Kongresszusa, Balatonfiired 2019.05.03 - 05.
Cardiologia Hungarica (2019); 49 (Suppl B); B60 Q4

A Balint, A Komdcsi, D Tornyos, P Kupd, E Janosa , A Janosi MD VIIIL
Interdiszciplinaris  Doktorandusz  Konferencia  2019.  Absztraktkotet; — 8t
Interdisciplinary Doctoral Conference 2019. Book of Abstracts. Pécs,
Magyarorszag: Pécsi Tudoméanyegyetem Doktorandusz Onkormanyzat (2019), 118 p.
ISBN: 9789634293743

10.4. Non-topic-related abstracts published in scientific journals

Tornyos D, Lukacs R, Balint A, Kupd P, Janosi A, Komocsi A: Gyogyszer kibocsatd

stent alkalmazasa idds betegek esetében myokardidlis infarktus miatt — elemzés a
Nemzeti Szivinfarktus Regiszter adataibol. A Magyar Kardiologusok Tarsasaga 2019.
évi Tudomanyos Kongresszusa, Balatonfiired, 2019.05.03 - 05.
Cardiologia Hungarica (2019); 49 (Suppl B); B8 Q4

Balint A, Kosa D, Gasz B, Komocsi A:

X.  Interdiszciplindris = Doktorandusz = Konferencia 2021  Absztraktkotet:
10* Interdisciplinary Doctoral Conference 2021 Book of Abstracts. Pécs, Hungary:
Pécsi Tudomanyegyetem Doktorandusz Onkormanyzat (2021), 23 p. ISBN: 978-963-
429-820-5

70



10.5. Oral and poster presentations

2014.04. Balint A, Balogh P: A sziv mikroérhalozatanak vizsgdlata. Hazi TDK
konferencia szdbeli el6adas Pécs,

2017.02.16. Balint A, Pintér T: Uj lehet6ségek az aortabillenty(i sebészetben. Hézi
TDK konferencia szobeli el6adas, Pécs

2017.03.29. Balint A, Pintér T: Uj lehetSségek az aortabillenty(i sebészetben. Grastyan
konferencia el6adas, Pécs

2017.08.25-26. Balint A, Pintér T: Uj lehetSségek az aortabillenty(i sebészetben.
HMAA Balatonfiired konferencia szdbeli el6adas

2018.03.09. Balint A, Pintér T: Uj lehetdségek az aortabillentyti sebészetben. Koranyi
konferencia poszter prezentacio, Budapest

2018.03.23. Balint A, Pintér T: Uj lehet6ségek az aortabillentyti sebészetben.
Marosvasarhely OTDK konferencia szdbeli el6adas

2019.05.03-05. Balint A, Tornyos D, Janosa E, Kupd P, Janosi A, Komocsi A: A
vérlemezke reaktivitds és a klinikai kimenetel miokardialis infarktus utdn a
vérlemezke funkcid mérésen alapuld P2Y12 inhibitor eszkalacidés rendszerben. A
Magyar Kardiolégusok Tarsasaga 2019. évi Tudomdnyos Kongresszusa,
Balatonfiired, szobeli el6adas

2019.05.25. A Balint, D Tornyos, E Janosa, P Kupo, A Janosi, A Komocsi: Residual
platelet reactivity and mortality after myocardial infarction in a platelet function

based P2Y12 inhibitor escalation system. Interdisciplinary Doctoral Conference Pécs,
25" May 2019, oral presentation

2021.10.17. A Balint, D Tornyos, P Kupd, A Komocsi: Ticagrelor for stroke
prevention in patients at high risk for cardiovascular or cerebrovascular events: a

systematic review and network meta-analysis of randomized controlled trials.
Medical Conference for PhD Students and Experts of Clinical Sciences, Pécs, 17t Oct
2020, oral presentation

2021.04.18. A Balint, Zs Wlasitsch-Nagy, A Kénig-Péter, P Varga, ] Varga, A Schlég],
A Komocsi, E Varady, P Bogner, B Gasz: New 3D morphological and functional

assessment-based method for surgical education of vascular anastomosis. Vascular
Access Society Congress Berlin, online conference, 8t April, 2021, oral presentation

2021.05.15._A Balint, D Kdsa, B Gasz, A Komdcsi: New, non-invasive computational

fluid dynamic methods in the prediction of coronary artery disease progression.
Medical Conference for PhD Students and Experts of Clinical Sciences, Pécs, 15" May
2021, poster presentation

71



2021.05.15._A Balint, P Kupd, D Tornyos, O Abdallaoui, A Janosi, A Komocsi: Oral
anticoagulation and outcomes in patients with acute myocardial infarction:

Insights from the Hungarian Myocardial Infarction Registry. Medical Conference for
PhD Students and Experts of Clinical Sciences, Pécs, oral presentation, 15% May 2021,

oral presentation

2021.10.14. A Bdlint, P Kup6, D Tornyos, O Abdallaoui, A Komocsi: Ticagrelor
alkalmazhatosaga stroke prevencidban a kardio- vagy cerebrovaszkularis események
fokozott kockazatanak kitett betegeknél: haldézat metaanalizis. A Magyar
Kardiolégusok Tarsasaga 2021. évi Tudomanyos Kongresszusa, Balatonfiired
2021.10. 13-16, szobeli el6adas

2021.11.12. A Balint, D Kdsa, B Gasz, A Komocsi: New, non-invasive computational

fluid dynamic methods in the prediction of coronary artery disease progression.
Interdisciplinary Doctoral Conference Pécs, 12" Nov 2021, oral presentation

72



11. ACKNOWLEDGEMENTS

Completing this thesis, a product of several years” work, I feel deeply indebted to a
great many people wo have greatly inspired and supported me during my PH.D
study and the writing of this thesis.

In particular, I gratefully thank my mentor and supervisor, Professor Andras
Komocsi for his invaluable guidance, encouragement, academic stimulus and
generous help. From the inception to its completion, Professor Komocsi has devoted
so much into my study. I will always remember his encouragement “here is your
task, the deadline is yesterday”. I will not forget those illuminating discussions with
him at each stage of my research, which always turned out to be several hours long,
and have led to me to the final completion of this thesis. From Professor Komocsi I
learnt not only the knowledge of cardiovascular medicine, but also the rigorous
scientific approach and the dedicating spirit of work. Without his supervision, I
would not have completed this challenging project.

I am grateful to Professor Andras Janosi, head of the Hungarian Myocardial
Infarction Registry, for the opportunity to join his research team. I would like to also
thank to many colleagues working at the Hungarian Myocardial Infarction Registry
for helping me in the scientific work.

I owe special thanks to Renata Iliné Weimann (Interventional Cardiology
Department, Heart Institute) for supporting me since I started my Student Research
work.

I also appreciate the cooperation and professional advice of Péter Kupé M.D., Ph.D.
and Daniel Tornyos M.D. (Interventional Cardiology Department, Heart Institute).

I sincerely thank my colleagues Zsolt Szakacs M.D., Ph.D., Zoltan Rumbus M.D.
and Professor Péter Hegyi (Institute for Translational Medicine) for their help and

support in carrying out meta-analysis.

73



My gratitude also goes to Balazs Gasz M.D., Ph.D. (CEO of YourAnastomosis) who
was always ready to give useful advice and supportive comments. His great
precision set an excellent example for me.

I owe hugely to my dear parents, Eva Kovacs Balintné and Sandor Balint M.D..
Their permanent love and confidence in me have encouraged me to go ahead in my
study and career.

Most importantly, I would like to express my deepest appreciation to my fiancé

Matyas Kornyei JD for his faithful support through the years.

74



12. APPENDIX
Articles related to the thesis

Cardiology Joumal
m DOI: 10.550G/C.).a2021.0084
Copyright © 2021 Via Madica

VIA MEDICA ORIGINAL ARTICLE ISSN 1897-5583

@|SSN 1898-018X

Increased risk of adverse events in patients
with low-on clopidogrel platelet reactivity after
percutaneous coronary intervention:

A systematic review and meta-analysis

Alexandra Balint'®, Lilla Hanak®, Péter Hegyi®, Zsolt Szakics™?,
Szimonetta Eitmann®, Andris Garami‘, Margit Solymar?,
Katalin Marta®, Zoltin Rumbus®, Andras Komaécsi'

'Heart Institute, Medical School, University of Pécs, Hungary
“Institute for Translational Medicine, Medical School, University of Pécs, Hungary
*Szentégothai Research Center, University of Pécs, Hungary
'‘Department of Thermophysiology, Institute for Translational Medicine,
Medical School, University of Pecs, Hungary

Abstract

Background: Clinical evidence has been controversial regarding the influence of low platelet reactivity
(LPR), ischemic and bleeding outcomes among patients receiving coronary stent implantation. Hence,
the present study performed a meta-analysis to systematically evaluate the significance of LPR on ad-
verse cardiovascular events.

Methods: MEDLINE, EMBASE and CENTRAL databases weve searched wup to November 2020 for
relevant studies including patients with acute coronary syndrome undergoing perculaneous coronary
intervention. LPR was the exposed arm while the non-LPR group represented the control. The primary
outcome of interest was bleeding risk including major and minor bleeding events. Secondary outcomes
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thrombosis. Study-level outcomes were evaluated in random-effect models.
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Introduction

Dual antiplatelet therapy consisting of ace-
tvlsalicylic acid and adenosine diphosphate (ADF)
receptor antagonist is essential for patients un-
dergoing percutaneous coronary intervention
(PCI) [1]). Clopidogrel used to be the gold standard
therapy before the introduction of new P2Y12
inhibitors, such as prasugrel and ticagrelor, which
have demonstrated their clinical advantages in
large randomized controlled trials (RCTs) involv-
ing acute coronary syndrome (ACS) patients [2,
3]. Both prasugrel and ticagrelor provide more
effective inhibition of platelet function than ace-
tylsalicylic acid, however, their use was followed
by an increased bleeding risk [2, 3).

Platelet function testing assesses individual
response to antiplatelet drugs and platelet reactiv-
ity (PR} strongly relates to clinical outcomes after
ACS [4-6]. Numerous studies have shown a rela-
tionship between high platelet reactivity (HPR) and
thromhbotic events [7-9]. Recent studies have also
found that platelet function testing and/or genetic
testing may provide important information guiding
antiplatelet therapy [10, 11].

With the use of more effective agents, the
prevalence of HPR has decreased and an increasing
proportion of patients have very low on-treatment
ADP reactivity. However, the clinical significance of
low platelet ractivity (LFR) is less well established
and it is not routinely measured. The effect of LPR
was investigated in some studies raising a signal
of increased bleeding risk which remains debated,
partly due to contradictory results [12-14]. The ob-
jective herein, was to perform a systematic review
and meta-analysis aimed at assessing the impact
of LPE on efficacy and safety outcomes after PCLL

Methods

Search strategy

A gystematic review and meta-analysis were
performed with reference to the PRISMA guideline
[15]). The MNational Library of Medical Publications
(MEDLINE); including its subset, PubMed, the Ex-
cerpta Medica Database (EMBASE) and Cochrane
Library databases were searched for relevant
articles with no restriction of time in November
2020 by using a search strategy that combined
the following: Medical Subject Headings and free-
text search terms: “acute coronary svndrome”
OR “ACS™ AND “PCI" OR “percutaneous coro-
nary intervention” AND “platelet reactivity™ OR
“thrombocyte reactivity”. No language restriction

was used. The PICO format was adapted to set the
inclusion criteria. The PICO items selected were
the following: (P) patients with ACS and/or under-
going PCI and receiving dual antiplatelet therapy
consisting of acetylsalicylic acid and clopidogrel,
prasugrel or ticagrelor, (I} LPR (C) non-LPR or
HPR based on the measurement of on-treatment
PR defined by an ADP-specific platelet function as-
gay and () major adverse cardiac events (MACE)
and bleeding. The non-LP'R group consisted of
HPR or HPR plus normal platelet reactivity (NPR)
where data was given for NPR. The clinical out-
comes of interest evaluated at the longest available
follow-up of ADP-receptor inhibitor treatment were
(a) major bleeding events (defined using the trials
internal definitions using Bleeding Academic Re-
search Consortium [BARC] 3-5 or Thrombaolysis
in Myocardial Infarction [TIMI] major criteria),
and (h) minor bleeding events (BARC 1-2 or TIMI
minor) [16], (c) definite/probable stent thrombosis,
(d) non-fatal myocardial infarction (M) (type 1, 4a,
4b), (e) a composite endpoint of the reported serious
vascular events that included cardiovascular death,
non-fatal MI or non-fatal stroke, (f) repeated target
vessel revascularization, and (g) all-cause mortality.

Studies that assessed responsiveness to clopi-
dogrel, which was the difference between baseline
and posttreatment PR (inhibition of platelet aggre-
gation), were excluded from the analysis. The
reference lists in the articles were also checked to
capture all relevant articles published within the
topic of interest.

Data extraction

Observational studies and cohorts — regard-
less of their prospective/retrospective design
— were identified. Two investigators (A.B. and
AK) independently screened the retrieved titles,
abstracts and studies for eligibility and relevant full
texts were systematically retrieved for further as-
sessment. Disagreements hetween reviewers were
solved by consensus. The retrieved studies were
examined to exclude duplicate or overlapping data.
Unpublished data and meeting abstracts were not
considered for the present analysis because results
could not be considered as certain and definitive.

Risk of bias

The methodological gqualities of the studies
were assessed using the Prediction model Risk
Of Bias Assessment Toll (PROBAST) for asse-
ssing the quality of cohorts and the Newcastle-
Ottawa Scale with reference to observational
studies [17, 18].
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

Publication bias was estimated using funnel
plots. Visual evaluation and Egger's regression
intercept were used to the check for asvmmetry.

Statistical analysis

Statistical computations were performed us-
ing R (v 4.0.03) package ‘dmetar’ designed for
the evaluation of meta-analyses and Openhe-
ta [Analvst] open source statistical softwares.
A random-effect model was applied at all the
analyses with DerSimonian-Laird estimation to
derive risk ratios (RR) on dichotomous outcomes
and weighted mean difference on continuous data
with a 95% confidence interval [CI). Heterogeneity
was tested with the y* heterogeneity statistic for
which a p-value = 0.1 was considered potentially
heterogenous. Consistency was assessed using
I statistics [19). Sensitivity analyses were carried
out omitting one study at a time and calculating the
effect size with the 95% CI to investigate the influ-
ence that a single study has on the final estimation
regarding LPR with increased bleeding risk.

Ethical approval
Ethical or board review approval was not re-
quired for this meta-analysis.

Results

Search results and effect of LR on the clini-
cal outcomes

Twenty studies, involving 19,064 patients met
the inclusion criteria. The process of the literature
search and hias assessment is summarized in Figure 1
and for online Supplementary Figure 54.

Table 1 describes the main characteristics
of the included studies [7, 13, 20-36]. Based on
pooled results of the random-effects model meta-
analysis, LPR was associated with a significantly
increased risk for major and minor bleeding events
compared to non-LPR (RE 2.80, 95% CI 1.95-4.02,
p < 0.01) (Fig. 2).

Patients with LPR had significantly lower risk
of non-fatal MI and of serious vascular events (KR
0.59, 95% CI 0.38-0.91, p < 0.05 and RR 0.50,
95% CI 0.30-0.84, p < 0.01, respectively; Fig. 3).
The risk for stent tromhbosis was 45% lower in the
case of LPR, however, this difference did not reach
the level of statistical significance (RR (.55, 95%
Cl 0.27-1.11, p = 0.10; Fig. 3). Even though the
mortality of LPR patients was numerically higher
the difference between the two groups remained
insignificant (RR 1.57, 95% CI 0.69-3.57, p = 0.28;
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Figure 2. Principal pooled analysis. Forest plots of major and minor bleeding risk in studies following percutaneous
coronary intervention with low platelet reactivity (LPR) versus without LPR. The grey rectangles are proportional with
the study weight The diamond represents the cumulative odds ratio (OR) and confidence interval {CI).
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Figure 3. Summary of the outcomes of the secondary endpoints. The diamond represents the cumulative risk

ratio and confidence interval (Cl) of all patient groups.

MI — myocardial infarction.

Fig. 3). No significant difference was found regard-
ing repeated revascularization (RR 0.96, 95% CI
0.57-1.60, p = 0.84; Fig. 3). Body mass index was
significantly lower in the LPR group (standardized
mean difference -0.18, 95% CI -0.32 to -0.05,
p < 0.01; Suppl. Fig. S1).

*Mean difference (95% CI); LPR — low platelet reactivity;

Heterogeneity and subgroup analyses

The rate of LPR demonstrated a mean preva-
lence of 27% (95% CI for mean 20-35%, range 4.5—
-82%). Overall heterogeneity concerning major and
minor bleeding events was considerable (FF = 80%,
p < 0.01). To find possible determinants of the

6 waw . cardiciogyjoumal org

79



observed heterogeneity, the prevalence of LPR
and hleeding events was analyzed according to the
following grouping factors: type of platelet function
device, definition of bleeding events and amount
of clopidogrel loading dose (LI).

The analysis confirmed that all the selected
ADP-specific assays were able to predict the oc-
currence of bleeding events and the higher risk
of patients with LPR was consistent regardless
of the clinical presentation. Noticeably, consider-
ahle heterogeneity was observed in the results
bhetween studies using VASP-P and Verify Now
aszays: however, the Multiplate assay showed more
homogenous findings (Suppl. Fig. $2). Subgroup
analysis was also performed to assess the potential
influence of different clopidogrel LD regimes. De-
spite the different types of clopidogrel loading dose,
heterogeneity remained high (Suppl. Fig. 52).

When bleeding events were divided into ma-
jor and minor events separately the heterogene-
ity was reduced considerably for major bleeding
(I = 34%) while heterogeneity remained high for
minor bleeding (I' = 82%; Suppl. Fig. $3).

Publication bias

Baszed on visual estimation of the funnel plot
for bleeding events, no major asymmetry sugges-
tive for publication bias was found. Furthermore,
Egger's regression test confirms no small-study
effect (Suppl. Fig. S4). Analysis of bias showed
high quality of the source information with low
probability of possible bias (Suppl. Fig. 54).

Inscussion

The key finding of this meta-analysis is that
patients with LPR after PCI are at a higher risk
of bleeding. LPR detected by an ADP-specific
lahoratory assay is also associated with a lower
risk of non-fatal MIL. The composite endpoint
of serious vascular events demonstrated lower
risk with LPR. All-cause mortality did not differ
significantly between LPR and non-LPR patient
groups. Importantly, despite the differences in the
methodology, patient selection and cut-off defini-
tion among studies, the increased risk of bleeding
was homogenously reflected.

To date, this is the first meta-analysis of stud-
ies testing the role of LPR on bleeding and ischemic
events in patients who underwent PCL

In the first study reporting on the impact
of enhanced response to clopidogrel treatment
including 2,533 patients with coronary artery
disease undergoing planned PCI, LPR was found

Alexandra Balint et al.. Bleeding risk associated with LPR

to be associated with a two-fold higher risk for in-
hospital major bleeding events [7]. Further reports
suggested that LPR is a marker for a higher risk
of bleeding events also among prasugrel-treated
patients [25, 26].

Some recent studies, however, do not neces-
garily support that optimal PR does denote the
same range in every patient population. In the
TRILOGY ACS trial involving ACS patients with-
out PCI, the relationship between LPR and risks
of major bleeding was missing. Among medically
managed non-3T-segment elevation ACS patients
receiving prolonged dual antiplatelet therapy,
platelet reactivity unit values were not signifi-
cantly associated with the long-term risk of major
bleeding events, suggesting that LPR does not
independently predict serious bleeding risk [37].

Aimed at assessing the potential influence
of different clopidogrel LD regimes, a subgroup
analysis was performed. The results showed no
association between different LDs of clopidogrel
and rate of bleeding events. These findings are in
line with a recent meta-analysis that compared the
use of different LDs of clopidogre] and found that
these are not associated with an increased risk for
major bleeding within 30 days. However, it also
suggested that the administration of 600 mg LD of
clopidogrel is associated with a lower risk of MACE
[38]. This ohservation is further supported by
a retrospective study of patients with stahle coro-
nary artery disease which shows no difference
between different LD groups in terms of major
bleeding and hemoglobin drop post PCI [39].

When interpreting data from platelet func-
tion studies, the complex mechanisms of bleeding
should be considered. Besides the potential impact
of platelet inhibition, several clinical factors also
influence the risk of these events. Residual PR,
as an independent risk factor also has several as-
sociations with patient characteristics and these
may also influence the expressed risk. HPR is
more frequently encountered in obese and diabet-
ics, while LPR may more likely arise in patients
with advanced age and lower body weight [40, 41].
A significant association of LPR was revealed with
lower body mass index in the current analysis.
These characteristics may also impact the prog-
nosis and when analyzed in multivariate models,
the magnitude of risk, as in cases of ischemic risk
with HPR, this risk is considerably reduced [42].

Importantly, periprocedural bleeding risk is
substantially influenced by the access site selec-
tion, being significantly higher with transfemoral
interventions. Bleeding avoidance strategies like
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routine use of the transradial approach may in-
terfere with this risk by reducing bleeding and
improving outcomes among high-risk ACS patient
[43]. In the present analysis, the rate of transradial
approach reached 59% (reported in 8 studies in-
cluding 8,667 [45%] patients). However, since this
data was not presented in a considerable propor-
tion of studies this impedes the further analyvsis of
potential impact of access site selection.

The findings herein, are partly in line with
the results of a previous meta-analysis published
in 2015 including 17 trials with a total of 20,839
patients validating standardized cut-off points for
platelet function testing. In that study thienopyr-
idine-treated patients with HPR were associated
with 2.73-fold higher risk for stent trombosis
{p < 0.00001) and a 1.5-fold higher risk for mortal-
ity (p = 0.05) compared with those with optimal
PR following PCI, meanwhile patients with LPR
were associated with a 2-fold increased risk for
major bleeding complications without any further
reduction in the risk of stent trombosis [38). In the
present study, there was no significant difference
hetween LPR and non-LPR groups in case of mor-
tality, stent trombosis or repeated revasculariza-
tion. However, the risk of serious vascular events
resulted in a significant difference favoring the LPR
group. Regarding risk of non-fatal ML, the event
rate was significantly lower in the LPR group.

However, there are some limitations that
may impact the interpretation of the current re-
sults. Observational studies were included that
are usually unbalanced regarding baseline clinical
characteristics of the patients. These studies could
reflect the real-world practice better, meanwhile
due to a lack of monitoring drug compliance,
underreporting negative results and incomplete
follow-up, their interpretation may be more difficult
and might carry ascertainment biases. To balance
possible confounding factors, data were pooled
with logarithmic transformation according to the
random-effect model via generic inverse weight-
ing with the intent of methodical compensation of
these factors.

It should be mentioned that the patients
were not treated uniformly regarding the LDs of
clopidogrel and that platelet function assessments
were performed at different time points after PCI
with different devices and cut-offs for LPR that
may have contributed to heterogeneity. There are
multiple tests in the field with a real-gold standard

based on ADP dependent in vitro platelet activation
was used in order to hest assess the efficacy of ADP
receptor dependent activation pathway. From this
perspective, acceptable methodologies were not
restricted based on the final readout of the method.
The use of different P2Y12 inhibitors may also
have influenced residual platelet reactivity. Due
to a lack of patient-level data, subgroup analyses
were not done to identify drug related efficacy. [t
iz also important to note that different definitions
of bleeding may have contributed to heterogeneity.
The aim to collect data according to the two most
widely used and standardized definitions, the TIMI
bleeding and BARC criteria were used.

Conclusions

In conclusion, this meta-analysis supports that
LPR is associated with important clinical outcomes
of patients who underwent coronary stent implan-
tation. The possible benefit of this marker in risk
stratification or improvement of risk prediction, if
combined with other factors in prediction models
remains to be established by further studies.
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Abstract

Intreduction: Anticoagulation reduces the risk of stroke and embolization and is
recommended in most patients with atrial fibrillation. Patients after coronary inter-
vention and acute coronary syndromes require antiplatelet treatment. Although oral
anticoagulation [OAC) therapy may interfere with the outcome of patients after coro-
nary intervention, its exact impact remains unclear. Importantly, risk-benefit relations
may be considerably different after myocardial infarction.

Material and Methods: Data of patients registered from the Hungarian Myocardial
Infarction Registry, a mandatory nationwide program for hospitals treating patients
with myocardial infarction, were processed. Patients registered between 01.2014.
and 12.2017 were included. All-cause mortality, the composite of cardiac events
[MACE), and transfusion were compared between patients receiving OAC treatment
and a propensity score (PS) matched control group. Subgroup analyses of different
anticoagulation and antiplatelet strategies were performed with propensity weighted
Cox proportional hazards' models to estimate risk during the first year after the index
event.

Results: From 30 681 patients 1875 cases received OAC treatment and had appar-
ently worse prognosis. After PS-matching, however, we found no difference regard-
ing mortality (hazard ratio [HR]: 0.91 95% CI 0.77-1.09, P = .303), MACE (HR: 0.92
95% Cl 0.78-1.09, P = .335) or transfusion (HR: 1.21, 95% Cl 0.97-1.49, P = .084).
In PS-adjusted analyses for the OAC group, patients who received aspirin were as-
sociated with lower mortality (HR: 0.77, 95% Cl: 0.40-0.997, P = .048) and MACE
(HR:0.73, 5% Cl 0.58-0.92, P = .008) compared to those without aspirin.
Conclusions: In patients with acute myocardial infarction, the prognosis of OAC-
treated patients was comparable to the PS matched control; however, the omission

of aspirin therapy was associated with unfavorable outcomes.
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What's known

Anticoagulation (OAC) may interfere with the prognosis of patients after coronary intervention
and acube coronary syndromes. A higher rate of bleeding and different, sometimes nonsignifi-
cant [mpact on the recurrent ischemic events were reported. Data on the exact impact of OAC
therapy In patients after myocardial infarction are lacking.

What's new

Amnalysis of a real-life, high-risk population with myocardial infarction found a higher rate of
all-cause mortality, major adverse cardiovascoular events, and transfusion among anticoagula-
tion (DAC) users compared to the patients without OAC treatment. These differences were,
howewver, balanced If comorbidities, age, and gender-matched analyses were performed. Our
analysis found a signal that in a mainly Vitamin K antagonist-treated population withheld aspirin

1 | INTRODUCTION
Coronary heart disease s the leading cause of death and disabil-
ity.* The coagulation, including platelets and the thrombaotic cas-
cade, plays an important role In the evolution of acute coronary
syndrome [ACS).® For patients undergoing percutanecus coro-
nary Intervention (PCI) with stent implantation, dual antiplatelet
treatment (DAPT) is recommended to prevent recurrent ischemic
events. The recommended duration is the longest in patients re-
ceiving stent implantation during an event of acute rmyocardial in-
farction [AMIL®

In a proportion of ACS patients, in addition to the antiplatelet
therapy, anticoagulation is required. The potentlal pitfalls of this
combination have been most extensively studled in patients with
atrial fibeillation (AF).** Specific considerations regarding patients
with AF undergoing PClinclude the fact that DAPT is essential to
prevent stent thrambosis but insufficient for stroke prevention.®
Besides that, oral anticoagulant (OAC] treatment [s necessary
for stroke prevention; however, it [s unable to provide adeguate
prevention for new coronary events.*” Added antiplatelets and
DAL significantly increase the risk of bleeding complications: thus,
leng-termn triple therapy s preferably avoided.® ' Recently, sev-
eral trials attempting to optimize the adjunctive pharmacother-
apy with direct OACs-based protocols were published showing a
reduction of bleeding complications. " In most of these trials—
although belmg not powered to compare schemic endpoints—the
practice of adding a PZY12 inhibitor or aspirin to an OALC, referred
ter as “dual therapy®™ was tested and showed no significant Impact
regarding efficacy. Due to the pawcity of data specific to high-risk
ALCS patients, however, It remains unclear how far results of these
trials may be peneralized to patient populations treated because
of A1

This study almed to compare the outoomes of patients who un-
derwent coronary intervention and were treated with/without OAC
In & large unrestricted AMI registry.
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wias associated with higher ischemic risk.

2 | METHODS

We used the Hungarian Myocardial Infarction Registry to identify
and follow patients after an index event of PCl during the treatment
of an AMI. The data capture and follow-up procedures of the regis-
try have already been published in detall previously.**** Briefly, the
patient’s data are collected prospectively according to the statute
of CCXLVIL 2013 of Humgary via a national internet-based registry.
Drata capture covers 178 structured categorles including those re-
garding the performed coronary Interventions. The study protocol
was approved, and the need for informed consent was walved by
the Scientific Councll for Health, Sclentific and Research Ethics
Committee, Budapest, Humgary (ETT TUKEB 34858-3/2019/EKUL
The study protocol conforms to the ethical guidelines of the 1575
Declaration of Helsinki.

Between January 1 2014 and December 31 2017, all AMI pa-
tients [both with ST-segment elevation and without) receiving cor-
onary stent were eligible for enrolment. Treatment groups were
identified based on the discharge medication, forming a patient
group of anticoagulated cases (OAC group) and a control group of
cases without anticoagulation.

The primary efficacy endpoint was all-cause martality within
1 year after the index procedure. Secondary endpoints included the
transfusion and the composite endpoints of major adverse events
[MALCE) defined as mortality, nonfatal myocardial infarction (M)
type 1 according to the fourth universal definition of M or stroke

2.1 | Statistical analysis

To facilitate an unblased comparison, we bullt a propensity score
{P5) matched cohort with comparable risk profiles by adjusting for
differences in baseline characteristics. For comparisons across dif-
ferent treatment regimens, we applied a PS-adjusted approach
PS was computed by wsing a logistic regression model for OAC
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wersus control groups where besides age (scale] and gender (cat-
egoryl, history of congestive heart fallure, hypertension, stroke,
diabetes, and vascular disease jeg. MI, stroke, or peripheral ar-
tery disease) was entered as categorical variables and were used
as predictors. The majority of cases with OAC have AF. As in our
aims, PS should reflect the probability of being treated with anti-
coagulation, the parameters were selected to provide an analogy
to the elements of the CHA;DS-VASE score. To isolate the effect
of comorbidities from that of arrhythmia, sensitivity exercises with
creating an alternative control group (Cantrol B) using the PS5 score
but excluding nonanticoagulated AF patients from pairing as well
a5 a subgroup analysis of AF patients were performed. Cox regres-
slan models were used to calculate hazard ratios. To tackle the po-
tential influence of competing risk, transfusion outcome analyses
were supplemented by computing cumulative incidence function
[CIF} to show the prabability of each event and Gray's test to es-
timate the difference in the CIF between groups. P-values of <.05
were considered to Indicate statistical significance. The analyses
were conducted using the SPSS 26 statistical package and with the
"cmprsk” package in B.

3 | RESULTS

We identifled 40 968 records with an in-hospital treatrment of an
AM event. After exclusion of cases with multiple hospitalizations,
without PCl or stent implantation, or with missing data, a study pop-
ulation of 30 &81 patients was identifled that of £.51% (n = 1875)
recedved oral anticoagulation (Figure 51).

3.1 | Demographic and AF-related characteristics

The OAC population was malnly treated with vitamin-K antagonists
[VEA) B&%, while direct oral anticoagulants (DOACS) were used
In 14% of the cases (2.9% dabigatran, 5.8% rivaroxaban, and 5.2%
apleaban) [Table 511

Of the 1875 cases in the OAC group B7.8%, 1646 cases had AF
a5 an indication for anticoagulation. OF these cases, 733 patients
had AF werified during the hospitalization while 48.7% presented
with sinus rhythm. Further 229 cates (12.2%) had no AF but dif-
ferent indications for anticoagulation. These included deep veln
thrombosis (3.4%) or pulmonary embelism (2.7%), an intracardiac
thrombus (2.2%), left ventricular aneurysm [1.9%), mechanical heart
valves (1.3%], and miscellaneous thrambotic or embalic reasons al-
topether less than 1%. Patients treated with OAC had a higher age
and were more frequently man. Furthermore, the presentation was
mare frequently non-5T-segment elevation ACS with a more severe
Killip profile. Prevalence of prior M, stroke, PCI, and coronary artery
bypass praft surgery was higher. The OAC users had more comor-
bidities such as hypertension, diabetes mellitus, heart fallure, and
presence of vascular diseases but were less frequently smokers. PS5
matching resulted in a matched population of 3750 patients with

86

-.:1,1r~m£:m,Pmﬂacrrlt:E'“"""’l'—E“fJﬂ

balanced characteristics leaving only sorme statistically significant
but clinically less relevant differences in continuous parameters
like the heart rate (mean difference (MD): 6.22 beats/min), systolic
blood pressure (D 2.22 mmHg), welght (MD: 2.23 kgl, and height
(WD 1.06 ern) (Table 1)

The proportion of patients having ECG wverified AF during the
hospitallzation was higher in the OAC growp (733 [32.1%]) than in
the control or in the matched control {1230 (4.3%) and 104 (5.5.%),
respectively, P < 001, both) [Table 1). Procedural and treatrent
characterstics were also well balanced, except for the antiplatelet
regimen with a higher rate of clopldogrel and a lower rate of prasu-
grel and aspirn use in the O&C group (Table 510

Regarding the overall cohort, OAC-treated subjects had a
significant, 25% higher hazard for all-cause mortality [13.17%
vs 10.52%, hazard ratio (HR): 1.25, $5% CI 1.01-1.42, P = .001).
Simillarly, rates of MACE and transfusion were higher [14.51% vs
11.70%, HR: 1.24, $5% C1 1.01-1.40, P = 001 and 7.97% vs 5.88%,
HR: 1.47, #5% C1 1.26-1.70, P < .001, respectively). (Figure 1 and
Tabde 52.)

3.2 | Outcomes with propensity-matched groups

A tendency of anticosgulated cases for higher rate transfusion pre-
valled in the propensity-matched cohort (9.97% vs 8.18%, hazard
ratio (HRE 1.21, 95% Cl 0.97-1.49, P = 0B8] Rate of mortality and
MALCE, however, was less freguent in the OAC group compared to
the PS-matched control group without oral antlceagulation (13.17%
vs 14.1%, HR: 0.91 95% CI 0.77-1.0%, P = 303 and 14.5% vs 15.36%,
HER: 0.92 5% C1 0.78-1.09, P = 335, respectively). Importantly, none
af these reached the level of significance [Figure 2 and Table 52)

Unadjusted subgroup analyses showed a higher risk of schemic
endpoints with VEA or DOAC treatment. MACE and bleeding were
significantly higher with VEA but not with DOAC. Amang DOACS,
rivaroxaban-treated cases had higher rates of transfusion. Regarding
the different antiplatelet strategies, compared to the unmatched
control higher rate of ischemic and bleeding endpoints were fownd
among the anticoagulated cases unconstrained if they recelved or
mot received aspirin or recelved single or double antiplatelet thera-
ples. All these endpolnts were more freguent among cases treated
with old P2¥12 inhibitors but not among those recelving newer ADP
antagonists. lmportantly, after PS adjustment all but the differences
regarding aspirin therapy disappeared [Tables 53 and S4).

Similarly, PS balanced comparisons within the OAC group
showed no differences in mortality, MACE. or bleeding with the
anly exception of the lower mortality (HR: 077, 95% Cl: 0.60-0.997,
P = .048) and MACE risk (HR: 0.73 $5% Cl: 0.58-0.92, P = 008) of
the aspirin-treated cases compared to the counterparts not recehs-
ing aspirin (Table 2, Figure 2, and Table 53}

Analyses of competing risk showed no signal for 2 major influ-
ence of immortal time bias. Analyses with Contral B as well as the
subgroup analysis of the AF cohort showed data coherent to the
main analysis (Flgures 54 and 55 and Table S5).
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TABLE 1 Characteristics of the patient population before and after propensity score (PS) matching

Age, [pears) £B.4 (60.5-75.5) £3.5 [55.5-72.5) <001 &8.2 (60.4-75.0} 398
Men 1245 [66.9%) 18 466 [64.1%) 044 1227 (65.4%) 535
Presentation
ST segment elevation myccardial 907 (4B.4%) 15 457 (53.7%) <001 896 [47.8%) 19
infarction

Shock 22 (1.27%) 235 (0.8%) 104 15 (0.8%) 247
Reanimaticn 56 (3.0%) 02 (3.1%) 727 45 (2.4%) 287
Prehaspital thrombalysis &(0.3%) 74 (0.3%) 504 4(0.2%) 527
Killip elass <001 B4

I 1536 (B7.3%) 26 379 ($1.2%) 1581 (B9.7%)

[ 193 (10.3%)} 1908 (5.6%) 148 [7.9%)

[} 40(2.1%) 454 [1.6%) 39 (2.1%)

v &10.3%) 155 [0.5%) 7 i04%)
Heart rats [bgm) B1(70-759] 7B (59-89) <001 78 (59-89) <001
Systofic blood pressure [mmHgl 132 (11B-150) 135 (120-150) <001 135 (120-150) 00s
Diiastelic blood pressure [mmHg)  80(70-91) 20 (70-50) 755 80 (70-90) 053
Weight (kg) 80(70-91) 20 (70-50) <001 80 (70-90) <001
Height (em) 170 (165-175} 170 (154-175) 209 170 (162-175) o0z

Serum creatining (pmolL) 90 (76-110) B1 (68-78) 846 (7T1-104)

Abbreviations: Control group, patients without oral anticoagulant treatment; DAL, patients with oral anticoagulant treatment; PS, propensity score.

4 | DISCUSSION with poor prognosis among patients whe underwent P AF—
the most common sustained arrhythmia in clinical practice—is as-
soclated with Increased risk for heart fallure, dementia, and stroke.
Besides other less common causes like ventrioular thrombus amd

deep vein thrombosks or pulmonary embolism, this arrhythmia is the

Our data showed that AMI patients receiving OAC were older and
had a more severe rlsk profile than patients in the control group, and
thus, anticoagulation was assoclated with a higher rate of mortal-

Ity, MACE, and transfusion. However, after performing P5S matching,
these differences were balanced off, and In the PS-matched sample,
no difference regarding mortality or MACE persisted. Transfusion
rernained more frequent in the DAC group: however, this difference
did not reach the level of statistical significance. PS-adjusted analy-
ses of the risks within the OAC-treated groups did not explore major
differences except for the higher mortality and MACE rates that
WerRe Seen among patients not recelving aspirin.

Conditions requiring long-term anticoapulation including AF,
wentricular thrombl, or pulmonary embolism are markers assoclated

most common cawse of anticoagulation among MI patients.

The importance of comorbidities is, however, reflected varlably
in earlier studies. Patients included in the REACH registry had a
higher risk of major adverse events after a 4-year follow-up if they
also suffered from AF. This difference—contrasting owr analyses—
remalned important even after balancing for clinical parameters
(24.3% ws 13.3% unadjusted and 18.9% and 9.4% adjusted event
rates, respectively). Beyond differences in the inclusion criteria of
the REACH registry, some other disparities should be noted that may
explain the partially discordant results. Importantly, in the REACH
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FIGURE 1 Kaplan-Meier curves of overall mortality, major adverse events, and transfusion-free survival comparing patients with or
without oral anticoagulant treatment. Panel A shows the survival differences seen in the overall cohort, while data from the propensity

score (PS) are depicted in panel B. Abbreviations: control, pati without oral antic lant t t:HR, h d ratio; OAC, patients
receiving oral anticoagulant
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register, a set of clinical factors were used for regression adjust- The unf. ble results of patients with AF in the REACH registry

2 Akt

ment. Reg t is used fi tly in observational
studies, and it attempts to characterize the effect estimate at the
mean of the factor levels that entered the model. But importantly,
it keeps the sample untouched even if the treatment groups differ
considerably in their risk profile. We found that the characteristics
of OAC treated patients consist of a minority of the MI population
with major differences from the control cases. Moreover, the PS-
based stratification showed that the risk of ischemic and bleeding
endpoints was neither homogenous nor linear concerning the PS (for
further details refer to the Supporting Information Figure S3). Thus,
to achieve balance in the measured confounders, PS matching was
used instead. Furthermore, we used PS as a balancing score to adjust
for potential remaining differences within OAC group analyses.®
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were also explicable with the undertreatment of these cases, as the
rate of anticoagulation reached only 52% In the fourth year. This is
in line with our data where AF but not anticoagulation was associ-
ated with unfavorable results regarding both ischemic and bleeding
in regressi (Supporting Information Table S&).

In our registry, a different approach was conducted to analyze
the outcomes of patients after the event of AMI| based on their in-
tended OAC treatment status. Earlier experience with warfarin sug-
gested an incremental ischemic benefit when anticoagulant therapy
was used in combination with aspirin.*® These results set the stage
for studies using DOACs as an adjunct to antiplatelet therapy in ACS.
With the only exception of rivaroxaban, ACS trials among patients
without AF failed to support this concept.?” In the ATLAS ACS-2

it
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Y
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Treatment
DOAL versus VA

Agpixaban

Dabigatran

Rivaroxaban wersus
WEA

AZA varius Mo ASA

DaPT

SAPT versus Single
anticoagulant
theragy

New PZY12

Mo P2¥12 versus
Old P2Y12

Martality

1.037 [0.873-1.233).
P=_47B

0.990 [0.566-1.734).
P=973

0.895 [0.421-1.902),
P=_773

1.252 [0.774-2.027],
P =340

df: 3, P= 773

0.7 [0.E01-0.997],
P=.048

0.567 [0.339-1.313],
P=.242

0.54% [0.440-1958],
P= A7

df:2,P= 251
0.717 [0.345-1.492].

P=_374

1.175 [0.5646-2.443),
P = 445

df: 2, P = 610

BALINT ev s,

MACE

1.00 [0.B54-1.195)
P=_90&

1.167 [0.713-1.910],
P=.139

0.494 [0.309-1.565],
P =380

1.062 [0.649-1.737].
P=.812

df: 3, P= 741
0,731 [0.579-0.523],
P = .008
0.584 [0.349-1.342].
P=.270

1.054 [0.517-2.158],
P =881

df: 2, F=_128

0501 [0.4B1-1.489)
P=_T48

0.7B6 [0.4B6-1.999],
P = &8

df: 2, P =840

TABLE 2 Results of the propensity
score-adjusted analysis of the oral
antlcoagulant treated cohort

Transfusian

0988 [0.B03-1.215].
P = 907

1.005 [0.531-1.904],
P= 988

0.343 [0.085-1.384],
FP=_133

1.2B7 [0.7446-2.223],
P = _365

di: 3. P= 366

Q.772 [0.5E4-1.074)
P=_134

0.647 [0.326-1.291],
P=_218

0.620 [0.385-1.744],
F = _&08

df-2.P= 427
0925 [0.450-1_B59],

P = _B2&

0.987 [0.439-2.220],
P= 975

df-2. P = 919

Abbreviations: ASA_ aspirin; DAPT, dual antiplatelst therapy; DOAC, direct oral anticoagulants;
MALCE: major adverse cardiovascular events: New PZY12, prasugrel or ticagrelor; No-ADP. patients
niot receiving a P2Y12 inhibitor; No-ASA, patients not receiving aspirin; old P2Y12, clopidogrel

or tdkopidine); SAPT, single antiplatelet therapy (aspirin or a P2Y12 inhibitor; VICA, Vitamin-K

antagonist.

TIMI-51 trial, however, low dose rivaroxaban reduced the risk of
major adverse events with a significant mortality reduction® Meta-
analysis af these trials found a homogenous effect of DOAC anti-
coagulation in reducing lschemie endpoints; however, this benefit
was counterbalanced with the higher risk of bleeding compared to
placebe.*® The low-dose rivaroxaban also resulted in higher rates of
major bleaeding but better cardiovasoular outcomes in aspirin-treated
stable atherosclerotic vascular disease patients in the COMPASS
trial 2

Comorbidity adjusted analyses regarding the agent used for an-
ticoagulation found comparable outcomes of DOAC-treated cases
o VKA, with an unexpected trend for higher mortality in the case
of rAvaroxaban. When considering the results of the analysis, it s
Irmportant to note that the wse of DOAC represented a minority of
our OAC group and that low-dose rivaracaban was not used in our
cohort that makes the importance of this statistically nonsignificant
difference questionable.

Interaction between anticoagulation and antiplatelets has been
mast extensively examined in cases with AF recelving antiplatelet
therapy because of a coronary event or Intervention. Recently,
data from multiple randemized trials wara published "% Bosled
meta-analysis of these trials found that antlcoagulation applied
with cimpgle antiplatelet treatment reduces bleading Fisk: howayver,
a trend fora higher rate of Ml and stent thrombosks was observed

compared to dual-antiplatelet combined anticoagulation ™ This

abservation contrasted the WOEST trial that found a significant
reduction of major adverse events and a decreasing trend of the
elements of the composite endpoint if aspirin was withheld in an-
tieoagulated patients. However, in line with the DOAC trials, our
results reflected a worse prognosis of anticoagulated patients
without aspirin.

It ks essential to note that the RCTs assessing DOACS in pathents
with AF who underwent PClwere underpowerad to robustly assess
for thrombotic events. Also, the overall prevalence of ACS varled
from 37.3% to 52% in these studies. ™™ These limit the generaliz-
ability of findings, and it remains unclear how dual therapy may af-
fect the outcomes compared to triple therapy In this population of
characteristically high thrombetic risk.

Keeping In mind that observational analyses do mot mean to
confute results of randomized trials, we consider that these dis-
crepancies may be secondary to the inherently different pop-
ulations. While the RCTs included a substantially lower risk BCI
population, the risk profile and thus results of different treatment
strategies may be greatly different. We consider, however, that
results of these trlals cannot be generalized to the overall BCI
population and strongly believe that specific trials desgned and
performed in the high-risk M cohorts required before a firm con-
clugion can be drawn regarding the cafety of the direct anticoag-
ulants or the double therapy in patients treated with PCI during
an Ml event.
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5 | LIMITATIONS

Regarding our study, sorme limitations may have to be carefully con-
sidered. First, this is not a randomized trial capable of providing a
completely unblased assessment of treatment effect. There was
substantial heterogeneity in baseline characteristics between the
groups. Matching of the PS balanced the significant differemnces ob-
served between the OAC and contral groups in the entire cohort.
However, the influence of potentially uncontrolled variables may
also not be entirely excluded. Second, we have no informathon about
either the factors of selection or the quality of the OAC treatment.
Third, we collected data on transfusion from our national registry
which may not correspond entirely with the standard definition of
a major bleeding complication used in clinical trials or health insur-
ance databases. As endpoint events were collected wsing the pay-
er's database, the registry did not schedule patient follow-up visits
collecting data that could be used for per-protocel analyses. In the
paucity of medication compliance data, we constrained our analy-
ses to intention-to-treat analyses based on the discharge medication
defined by the invasive center. However, at the time of the inclusion
International and national guidelines supported life-long anticoagu-
lathon of AF patients and double antiplatelet treatment for the dura-
thon of 12 months after MIL Considering this, we analyzed events in
the first year after Ml assuming stable treatment in this period.

6 | CONCLUSIONS

In conclusion, our analysis of a reallife, coronary intervention
treated AMI| population found that the apparent higher rate of all-
cause mortality, and MACE, among OAC users compared to the pa-
thenits without OAC treatment may be attributable to the inherently
higher risk of these cases. Thus, no difference regarding mortality
or MACE was detectad in the propensity-matched sample. The data
from risk-adjusted analyses found a signal for a worse prognosis of
antlcoagulated cases if aspirin was withheld.
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Network Meta-Analysis of Ticagrelor for
Stroke Prevention in Patients at High Risk for
Cardiovascular or Cerebrovascular Events

Alexandra Balint®, MD; Déniel Tornyos®, MD; Oumaima El Alzoui El Abdallaoui, M3; Péter Kupd®, MD;
Andris Komdesi®, MD, DSc

BACKEROUND AND PURPOSE: Preventive antiplatelet therapy is recommended for patients with cardiac or cerebrovascular
atherosclerosis. Ticagrelor has an improved safety and efficacy profile in patients with acute coronary syndrome; however,
data regarding stroke prevention remain controversial. We conducted a network meta-analysis to compare ticagrelor with
other receptor antagonists (P2 12) inhibitors and aspirin in monotherapy or combination in the treatment of patients with
high risk for cardiovascular or cerebrovascular disease, defined as coronary artery disease, acute coronary syndrome, stroke
or transient ischemic attack, or peripheral artery disease.

METHODS: Systematic searches of MEDLINE, EMBASE, and the Cochrane Library were conducted until August 1, 2020,
Search terms included ticagrelor, AZD 6140, and stroke. The risk of bias was assessed using the Cochrane Collaboration
assessment tool. Random-effects model was used to combine risk estimates across trials and risk ratio with 95% Cls served
as summary statistics. The influence of individual components was evaluated in an additive network meta-analysis model.
The primary efficacy end point was the occurrence of stroke. The safety end points included bleeding and all-cause mortality.

RESULTS: Twenty-six randomized clinical trials comprising 124 495 patients were analyzed. When compared with controls,
ticagrelor plus aspirin significantly reduced the risk of ischemic stroke by 209 (risk ratio, 0.80 [956% CI, 0.71-0.84]).
Treatment with ticagrelor maonotherapy did not significantly affect ischemic stroke (risk ratio, 0.88 [95% CI, 0.77-1.00];
F=0.05). Compared with aspirin alone, major bleeding was in similar ranges with antiplatelet monotherapies while the relative

risk was twice higher with combined antiplatelet therapies. There was no considerable difference in the risk of mortality with
ticagrelor plus aspirin (risk ratio, 0.99 [9586 Cl, 0.91=1.07]).

CONCLUSIONS: Ticagrelor on top of aspirin may provide more favorable outcomes on secondary stroke prevention in patients with
vascular risk factors; however, this benefit may come with the price of increased bleeding risk including intracranial bleeding.

GRAPHIC ABSTRALT: An online graphic abstract is available for this article.

Key Words: acute coronary syndrome B odds ratio @ secondary prevention ® stroke ® ticagrelor

ity worldwide.' Platelet aggregation contributes to the  supported by an important body of evidence®® Currently, 4
mechanisms of stroke; therefore, antiplatelet therapy  antiplatelet agents and 1 combination are approved by the
interferes with the evolution of these events exertng  US Food and Drug Administration for secondary stroke
important preventive capability. Antiplatelets use different  prevention: aspirin, dipyridamaole, ticlopidine, clopidogrel,
mechanisms to block platelet activation and aggregation,  and aspirin combined with clopidogrel® Aspirin acts as

Simke is an important cause of morbidity and mortal-  and their use in forms of monotherapy or combination is
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Nonstandard Abbreviations and Acronyms

AT aspirin plus ticagrelor

NMA network meta-analysis

RR risk ratio

TASS Ticlopidine Aspirin Stroke Study

TIA transient ischemic attack

TiMI Thrombolysis in Myocardial Infarction

an irmevarsible cycloonyganase inhibitor suppressing the
production of prostaglandins and thromboxanes while
dipyridamole blodks the related intracelular cAMP signal-
ing. The latter two drugs, however, act on the interplatelet
adenosine diphosphate (ADF) signaling by blocking the
surface receptor antagonist (P2Y12) ADP receptor. ADP
receptor antagonists show synergistic effects on platelet
aggregation when used together with aspirin.®

The newer generation of P2Y12 receptor inhibitors
achieves more afficient platelet inhibition compared with
clopidogrel® Clopidogrel and prasugrel share the same
active metabolite but with more effective bicactivation
of the latter while ticagrelor is a direct-acting reversible
F2Y¥12 receptor antagonist inhibiting ADP-mediated
P2Y12-dependent platelet aggregation.®

Some recent data suggest the potential benefits of
ticagralor with regard to stroke prevention in high-risk
populations?” Most recently, the THALES trial (Ticagrelor
and Aspirin or Aspirin Alone in Acute lschemic Stroke
or TIA) further supported the potential of ticagrelor and
aspirin in stroke prevention. In this trial, combined anti-
platelet therapy with ticagrelor resulted in a significant,
17% relative reduction of stroke in patients with mild-
to-moderate acute noncardioembolic ischemic stroke.™

Importantly, evidence supports that the intensified or
combined anfiplatelet therapy is also associated with an
increaged risk of bleeding that may have an important
impact on the risk-benefit relations of these therapies."'

Bazed on the previous findings, there is growing inter-
est in comparing ticagrelor mono- and dual antiplatelet
therapies for preventing ischemic stroke or transient
ischemic attack (TIA). For this purpose, we performed a
multiple-treatment network meta-analysis (NMA) of ran-
domized controlled trials to compare the relative efficacy
of ticagrelor in preventing stroke in high-risk populations.

METHODS

This systematic review was performed per the standards
outlined in the Prefered Reporting ltems for Systematic
Reviews and Meta-Analyses (PRISMA) Extension Statement
tor Reporting of Systematic Reviews Incorporating MMAE of
Health Care Interventions'* and registered with the International
Prospective Register of Systematic Reviews under number
CRO4Z0201 70746, The data that support the findings of this

10 September 2021

analysis are available from the cormesponding author upon rea-
sonable request.

The authors collected data from 3 online datahases:
MEDLINE (Pubbed), Cochrane Collaboration of Clinical Trials,
and EMBASE until August 1, 2020, from articles reporting ran-
domized clinical frials with ticagrelor antiplatelet therapy Mo
language restriction was used. Broad search terms (ticagrelar,
AZD 6140, and stroke) were used and combined using the
boolean operator AMD.

Studies were included if the following criteria were fulfilled:
(1) randomized controlled trials, (2) assessing the clinical effi-
cacy or safety of an antiplatelet regime including ticagrelor
alone or as part of & dual antiplatelet therapy strateqy with
ficagrelor plus aspirin, and (3) reported on the occurrence of
stroke in minimum duration of 30 days (4) in patients with cere-
brovascular, coronary, or peripheral artery disease.

We encluded studies if any of the following criteria were
applied: {1) nonrandomized studies, (%) single-arm studies, (3)
outcomes of interest wera not reported or were impossible
to estract or calculate from published results, {4) comparing
merely the biological efficacy of the antiplatelet treatment, or
(5) duplicate publications.

Two investigators (AB. and D.T) independently evaluated
record fitles and abstracts of all citations in line with the PICO cri-
teria {patient/population, intervention, comparison and outcomes);
any discrepancies wera resolved by a third investigator (A KL

Far definitions of stroke, the internal definitions of the
included trials were used if compliant with focal loss of neurolog-
ical funciion caused by an ischemic or hemorrhagic event, with
residual symptoms lasting at least 24 hours or leading to death.

The primary efficacy outcome of our analysis was the oocur-
rence or recurnence of stroke induding ischemic or hemorrhagic
forms. Major bleeding and all-cause mortality were assessed
as main safety end points. Secondary outcomes included the
individual end points of ischemic stroke, hemorrhagic stroke,
and TIA myocardial intarction, major cerebral or cardiovascu-
lar event defined as the composite of death, M, and stroke,
and cardiovascular death. Additionally, data of disabling stroke
{defined as death or modified Rankin Scale score >1) were also
collected. Furthermore, safety outcomes as the frequency of
major and minor bleeding complications and intracranial bleed-
ing were also evaluated. In the case of the availability of multiple
major bleeding definiions, we extracted the Thrombolysis in
Myocardial Infarction (TIMI) major bleeding. The data from the
intenticr-to-treat analyses were extracted, and the end points
of interest were collected until the longest follow-up available.

The methodological qualities of the studies were also
assessed using the Cochrane Collaboration tool for assessing
the quality of randomized controlled trials.

NMA Modeling
Considering that the trials used different contral groups for
comparing outcomes of ticagrelor-medicated patients and that
the study arms included combination as well as monotherapy
with differant antiplatelets, we prespacified the use of multiple-
treatment NMA supplemented with component NMA modeling.
At the first level, each potential antiplatelet combination
was entered as an individual study arm, and data were pooled
in a multiple-treatment MMA that allows integration of direct
and indirect comparisons. We calculated the risk ratio (RR)

Stroke. 2021,522808-2816. DO 10,1 161/5TROKEAHA 1 20032670
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and its SE using a frequentist approach to construct an MMA
model accounting for the corelated treatment effects’* A
random-effects model was applied by adding the estimated
heterogeneity to the variance of each comparizon using an
adaptation of the DerSimonian-Laird estimator. The choice
of the random-eHects model was made based on the con-
sideration that the true preventive effect of anfithrombotic
treatment may vary from study to study influenced by the het-
erogeneity of the included trials.

Walues of I representing the amount of inconsistency and
Cochran Q stafistics and its coresponding £ measuring the
heterogeneity in the network were also calculated. '

A special case encountered in owr network was that treat-
ment arms may be combinations of other treatments or have
comman components. Theretore, the influence of individual
components was intended to be evaluated in an additive model
assuming that the effact of treatment combinations is the sum
of the etfects of its components'®

For easier interpretation, effect sizes are depicted in the
torm of forest plots with aspirin set as reference. Furthermore,
a comparative ranking of the treatments according to the
P-scores method (a frequentist analog of the surface under
the cumulztive ranking curve) was performed.™

The assumption of consistency that the direct evidence in
a network for the effect size between two treatments does
not differ from the indirect evidence was assessed by net
heat plots and by net splitting. The latter method splits our
network estimates into the contribution of direct and indirect
evidence, which allows controlling for inconsistency in spe-
cific comparisons.

To assess publication bias, & comparisomadjusted fun-
nel plot—an extension of the common funnel plot in cases of
multiple-treatment comparison—was used displaying Egger
test results in support'? with the additional use of the Cochrane
Collaboration assessment toal.

The clustering of the treatment arms was assessed usi ng
the astimated relative risk compared with aspirin in the near-
est neighbor analysis. An explorative analysis was parformed
to mssess the potential impact of background risk on the
estimated freatment eftect Within this, risk of stroke of the
study population using clopidogral plus aspirin therapy was
calculated, and this confinuous variable was used to construct
regressor in & Bayesian metaregression analysis. Additional
exploratory analyses included stratification and subgrowping
based on the included patient populstion, multilevel meta-
analysis, and multivariste meta-analysis of direct comparizons
using structural equation modeling.

Al calculations were performed with the R statistical soft-
ware package, version 363 (R Development Core Team,
2010), software using the packages meta 4.11-0, netmeta
1.2-0, and gemtc 0.8-4." Fz005 was considered to represent
statistical significance.

RESULTS

The literature search resulted in 1335 citations of which
26 were compliant with the inclusion criteria (Figure | in
the Data Supplement). Twenty-six randomized controlled
trials involving 124495 patients (range, 48-21162)
were included in the analysis. Clinical characteristics of

Stoka. 202152:2800=2816. DOI: 1011681 /STROKEAHA 120032670
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the populations and procedural data are shown in Table |
in the Data Supplement Tabla Il in the Data Supplemeant
presents the main characteristics of the involved trials.

Fatients were recruited to the trials due fo nonse-
vere ischemic stroke or TIA'™'% acute coronary syn-
drome ™" high risk for acute coronary syndrome, ™38
peripheral artery disease,” coronary artery bypass graft
surgery, 83 known coronary artery disease,*®4' or trans-
catheter aortic valve implantation®? Six treatment arms
were identified using aspirin or the P2Y12 inhibitors
clopidogrel, prasugrel, or ticagrelor in monotherapy or
combined with aspirin. The & antiplatelet treatment arms
allowed 15 possible pairwise comparisons of which 7
were implemented in the incuded trials (Figure 1).

The dose of the long-term P2Y 12 inhibitor treatment
was different in the frials using 30 mg BID or 60 mg
BID for ticagrelor, 75 mg OD for clopidogrel, and 10
mg OD for prasugrel. Aspirin was administered in a low
dose (T5—150 mg).

Analysis of bias showed high quality of the source
information with a low probability of bias. Mo obvious pub-
lication bias was found in Figures [l and Il in the Data Sup-
plement. Neither net heat plots nor net-splitting analyses
mevealed major inconsistencies between direct and indi-
rect evidence (Figures IV and V in the Data Supplemnent).

Association Between Ticagrelor Treatment and
Clinical Qutcomes

In the 26 trials, 3035 (2.43%) stroke events were
reported. Compared with aspirin monotherapy, stroke risk
was significantly 23% lower with aspirin plus clopidogrel
and 20% lower with aspirin plus ticagrelor (A+T) combi-
nations, With ticagrelor alone and with the combination
of aspirin and prasugrel, stroke risk was also lower (11%
and 24%, respectively) but 14% higher with clopidogrel
monotharapy; however, these latter results did not reach
the level of significance (Figure 1; Table [l in the Data
Supplement). The data were consistent (I°, 0% [0.0%—
34.290]) and without significant heterogeneity neither
within designz nor between designs (P=06828 and
P=0.8351, respectively).

The risk of ischemic stroke was significantly reduced
with ticagrelor plus aspirin (RR, 0.80 [35% CI, 0.71-
0.89)). Ticagrelor monotherapy also resulted in a
decreasing trend in the risk of ischemic stroke (RR, 0.88
[88% CI, 0.77-1.00); A=0.08) In the case of hemor-
rhagic stroke, none of the freatments influenced the risk
significantly. Combination ticagrelor to aspirin increased
the rsk of intracranial bleeding with 53% (RR, 153
[858% CI, 1.16-2.03]; A=0.05). Data of ischemic stroke
were consistent and homogenous, while in the case of
hemorrhagic stroke, moderate heterogenaity was seen
(1%, 47%; Table 1).

Twanty three trials reparted 5194 (4.90 %) mertal
ity events. Compared with aspirin, mortality was 20%
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Figure 1. Network layout and the results of the primary end points.

Matwaork graphs depict the overall structure of compansons of primarny end points in our network. The numbers and the thickness of the edges
correspond 1o the number of studies a specific comparizon was tested withine The blue triangles mark the multianm trals of the network. A=C,
Forest phots show the results of the randesmeeffects network meta-analyses as compansons with aspinn (A) monotherapy sot as reference (D=FL

C indicates copidogrel; P prasugrel; RR, nsk ratio; and T, tieagralor.

higher with aspirin plus clopidogrel and showed a
decreasing trend with aspirin plus prasugrel (RR, 0.78
[95% CI, 0.59-1.03]). With the other treatments, the
differance remained <10% and did not reach the level
aof statistical significance (Figure 1). Low degree of
heterogeneity was noted in mortality data (I, 12.3%
[0.0%0—47.194]).

Twenty-one frials reported 2811 (2.5%) major
bleeding events classified by the individual frial defi-
nitions. Compared with aspirin alone, major bleeding
was in similar ranges with antiplatelet monotherapies
while the relative risk was twice higher with combined
antiplatelet therapies (Figure 1). Low-degree inconsis-
tency was noted for major bleeding data (1%, 10.2%
[0.0%—45.9%]).

Analyses of the clinical outcomes suggested clustar-
ing of treatment arms with anfiplatelet monotherapies

separating from combination therapies (Figure 2L
Metaregression analyses did not find a signal for an
important interaction between the background risk of
the included population and the risk of stroke or major
bleeding using the different antiplatelet regimes (Fig-
ure VI in the Data Supplement). Subgroup analyses
stratified according to the inclusion conditions showed
data consistent in all strata with more effective stroke
reduction of the ticagrelor-plus-aspinin combination, as
well as the higher risk of bleeding. Met adverse clinical
evant data showed a higher level of inconsistency and
variances with nonsignificant relations except for the
benefit of ticagrelor plus aspirin in acute corenary syn-
drome trials (Table V in the Data Supplement). In accor-
dance with the metaregression analysis, subgrouping,
and multilevel analysis reflected consistent results (Fig-
ure VIl in the Data Supplement). Further exploratory

Table 1. MWMA Results of the Secondary Outcomes

[Somtomouiomes — Jaer —— [we e e v ]
Ischemic stroke 080 (0.7 1-0.88)" 081 {0.63-1.08) 088 (0.8-1.741) 1.16 (0.88-1.50] Q.80 [0.76-1.02)
Hemaormhagic stroke 0.8 (DUEZ-1.42) 0.70 (0.36—1.38] 037 (0.084-1.68] b4 [0.27-1.63)
MACCE LB (0.78-1.06) 0.86 i0.76-1.19] 082 (0.67-1.60] .83 (0.60-1.18] .85 [0.70-1.08)
Myocardial infarction 084 (068-1.0%) 0.96 (0.74-1.25) D62 (0.41-0.84) 078 (052-1.18) ol (0E1-1.11)
CW mortality 0.8 (082-1.18 1.08 {0U85-1.38) 083 (0.80-1.43) 1.00 (0.37-1.23)
Major and minor blseding 2B (204-397)" 2.04 {1.56-2.82) 1.96 (0.85-3.99) 121 (0.73-2.0%) 1306 (1.08-1.78)
Minar bleeding 417 (2.90-6.00)" a27 {217-482)" 186 (0.18-17.68) 246 (1.14-6.22)" .08 (1.61-6.88)*
Intracranial hemorhage: 1.53 (1.1 6-2.08)" 0.96 {058-1.67) 126 (0.04-40.48) UGG (0.28-1/56) 0UET (0.32-1.35)

Resulis are RRs (955 Cls) from the NMA betwesn the column defining indervention vs aspirin monatherapy. Hares, RR =1 maans that the column-defined breabment
is worse compared with aspiin. & indicates aspirin; CV, cardiovasoular; MACCE, major adverse: cardiac and cerebrovascular events; NMA, network meta-analysis: P,

prasugrel; RR, risk rabic; and T, ticagrekc
Bl vzl
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Figure 2. Cluster analysis of the included treatment arms.

A depicts the retative rick of stroke and magor bleeding with their respective Cls related fo aspirin manotherapy. Both the risk rabio values and
the P seore values showed a strong negative corelation between stroke and major blesding risk (R, —0.871; A=0024 and R, —0880; A=0015,
respectively). B shows the 3-dimensional projection of the prediclor space of the nearest neighbor analysis derived from the analysis of the 11
aralyzed prediciors. The plot shows discemible clustering of combened therapies and monotherapies. A indicates aspiring ASA, aspinn alane; C,

clopidogrel: P prasugrel; and T, ticagrelor.

analyses attempting aggregate analyses of prevention
and bleeding rade-off neither at the level of disabling
conditions nor with multivariate analysis of direct com-
parisons explored significant differences (Figure VI in
the Data Supplement).

Ranking of Treatment Strategies

Clopidogrel plus aspirin and ticagrelor plus aspirin were
ranked as the most effective strategies for the preven-
tion of stroke (P score, 0.79 and 0.73, respectively). For
the prevention of ischemic stroke, the ranking for A+T
was higher (P score, 072 and 081, respectively; Table
IV in the Data Supplement). Ranking with regard to the
major bleeding or stroke prevention showed opposite
tendencies (R, —0.879; A=0.021; Figure 2). Regarding
major bleeding, aspirin was ranked as the safest strategy
(P score, 0.82; Table 1V in the Data Supplameant).

Effect of the Individual Antiplatelets in the
Component NMA Models

The component analysis reflected that the use of each
anfiplatelet agent conveyed the reduction of stroke rigk,
but this affect reached the level of statistical significanoe
only in the case of ticagrelor. An important increase in
bleeding risk was characteristic for all drugs; however, no
important change in morality risk was detected (Table 2).

DISCUSSION

In a multiple-treatreent NMA of 26 trials including 124496
patients, we found further evidence that the choice of anti-
platelet strateqy influences the risk of stroke in patients
with high thrombotic risk Within this comprehensive anaby-
sis of randomized trials testing ticagrelor in a wide range of
clinical scanarios, we found that ticagrelar plus aspirin, as

Table 2. Effect of the Individual Antiplatelet Drugs in the Supplementary Component Network Meta-Analysis Models

Aspirin —0.10 0.26 1o 0.08) 0.2084 0,72 (0.41 ta 1.08) <10.0001 007 (—0.18 1o 0.31) 06043
Clopdogrel —0.13 [—0.22 to 0.08) 01482 070 (0,46 fo 0.04) <0.0081 010 (006 to 02E) e
Prasugrnel —0.27 (—0.84 1o 0.30) 03488 . (0.32 to 1.08) OLa003 —0.23 {—0.54 to 0.07] 01282
Ticagrelor —0.22 [0.32 10 —0.13) <D0001 0.7 (0.67 to 0.97) <0.0001 000 =011 o) o.gao0e
Inconsstency (17 O (0.0% bo 34 2% 2% (0U0% to 45.9%) 3% (0.0% b 41 10)

Heterogeneity

Additive model 0BT 03308 02981
Siandard model B8R 0L27a4 h ]

Risk difference (955 CO.
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compared with aspirin alone, was associated with a signifi-
cant risk reduction of stroke (20%). Data of this analysis
showed an important trade-off betwesn stroke prevention
and bleeding risk Thus, when the risk of major bleeding
was taken into consideration, the probability of being the
best choice of treatment was the highest for aspirin mono-
therapy, whensas it was the lowest for A+T. Additionally,
this combination significantly increased the risk of intracra-
nial bleeding. We found important clustering of clinical end
points among antiplatelet monotherapies and combina-
tions, while in models considering the components of the
combinations, the highest stroke prevention potential and
the highest bleeding risk were attributable to ticagralor.

Flatelet-driven thrombotic events play a pivotal role in
the devalopment of ischamic vascular events. Earlier anal-
yses found favorable results for aspirin as initial therapy in
the preventicn of ischemic stroke** However, acpirin alone
fails to prevent ischemic events in patients at higher risk
of recurrences like in cases with recent minor siroke or
TIA or in patients with acute coronary syndrome.* Later
development in antiplatelet therapy aimed at inhibition of
alternative pathways including the P2Y12 receptor-medi-
ated activation and in combination with aspirin offering
a greater reduction of thromboembolic complications. In
TASS (Ticlopidine Aspirin Stroke Study), ticlopidine alone
was superior to aspirin with 2 21% risk reduction of fatal
and nonfatal stroke. However, due to its unfavorable side
effects and with the availability of more tolerable ADP
inhibitors, tickopidine is used scarcely in the clinical praxis.
Consequently, as no study was performed comparing
ticlopidine to ticagrelor, data of ticlopidine studies ware not
included in our NMA*S Moreover, with reassuring data on
the reduction in ischemic events seen in acute coronary
gyndrome, the question was raised whether the intensifi-
cation of antiplatelet therapy could be similarly beneficial
in the prevention of ischemic stroke.

Our findings are partly in line with previous meta-analy-
ses indicating that icagrelor was more effective in reducing
combined ischemic and hemorrhagic stroke compared with
other antiplatelet regimens in patients with coronary artery
disease, cerebrovascular disease, or peripheral artery dis-
ease and extended these with the observation that stroke
prevention potential is consistently reflected in trials with
ticagrelor freatment regardiess of the inclusion condition
Importantly, prevention and bleeding trade-off show duster-
ing at the level of antiplatelet monotherapies and combina-
tions. P2Y 12 inhibitor and aspirin combination show mose
effective stroke prevention, but its use is associated with
an increase in the risk of bleeding. This risk includes intra-
rranial hiaeding that is significantly higher with ticagrainr
and aspirine The analysis did not show impartant benefits of
icagrelor-based comiination when compared with clopido-
grel Met advarse clinical events showed only benefit among
studies with acute coronary syndrome patients*®

Our network analysis included some trials that also
applied prasugrel—another effective but irmeversible
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F2¥12 blocking agent in combination with aspirin. It is
important to note that in the fundamental TRITON-TIMI
38 trial (Trial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet Inhibiticn With Pra-
sugrel-Thrombaolysis in Myocardial Infarction), increas-
ing the risk of bleeding events including fatal bleeding
was found in patients with a history of TIA or strokeS
Although TRITOM-TIMI was not powered for poststrokes
TIA events, and only a limited percentage of patients had
a history of cerebrovascular disease, prasugrel is contra-
indicated for them.® As all included trials were performed
after TRITOM-TIMI 38, TIA or stroke was a contraindica-
tion for prasugrel treatment while ticagrelor was applied
even among the highest risk for intracranial bleeding
like those with recent stroke. We believe that the clini-
cal applicability of prasugrel among patients with earlier
cerebrovascular events remains to be studied in greater
detail. The magnitude of its treatment effect is, however,
at thi range of the other P2Y 12 inhibitors when applied
in patients without a cerebrovascular history.

It remains unchear whether the preventive effect of
ticagrelor is explainable with its more effective inhibition
of P2Y12-depandent platelet activation or with additional
effects like increase in adenosine levels due to an addi-
tional blockage via ENT-1 {equilibrative nucleoside trans-
parter 1} leading to platelet inhibition, inflammatony milieu
modulation, vasodilation, and protection from ischemia
and reperfusion injury* Orchestrated by these, ticagre-
lor may have additional protective affects on cerebral
ischemia-reperfusion. Additionally, to the potentially lower
bleading risk due to the reversible P2Y 12 inhibition, ani-
mal studies indicated neuroprotective effects of ticagralor
through endothelial MO synthase modulafion, resulting in
increased blaod flow and reducing infaret volume.*

Both the THALES trial and the subgroup analysis of the
SOCRATES frial (Ticagrelor Versus Aspirin in Acute Stroke
ar Transient lschemic Attack) support these findings indi-
cating a risk reduction of 32% with ticagrelor and 27%
with A+T over aspirin in patients with minor ischamic stroke
or high-rigk TIA™'? However, it is important to note that
these frials also found an important increase of bleeding
complications that may reduce or cancel out the ischemic
benefit. Funcional health status such as disabling stroke
outcome (defined as death or modified Rankin Scale score
=1) was reporbed only in the THALES and SOCRATES fri-
als. The analysis of this end point did not explore important
differences. The RR was 099 (0.93-1.06) in A+T versus
aspirin, 0.81 (O77-1.06) in ticagrelor versus aspirin com-
parigons, and estimated to be 1.10 (092-1.30) in A+T
wersis ficagrednr (Figure 1X in the Data Sopplemient)

Limitations
The present analysis should be interpreted consider-

ing some limitations. It is important to note that multiple
mechanisms may lead o the development of stroke and
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an impaortant minorty of these cases have a cardioem-
balic origin. Oral anticoagulation remains the treatment of
choice of thesa patients and due to interactions betwean
anficoagulant and antiplatelet therapies cases requiring
oral anticoagulation were excluded from these rials.

Al analyses were performed by pooling of the active
drug arms with various dosages; therefone, it limits our abil-
ity to assess how the differential effects of the dosage of
these drugs affect the outcomes. Furthemone, the included
studies reflected the problems of capturing bleeding events
and the lack of one overall accepted bleeding definition
gystam. In 14 trials, the TIMI criteria were used while in 10
other systems like the PLATO (Ticagrelor Compared With
Clopidogrel in Patients With Acute Coronary Syndromes
frial}, BARC (Bleeding Academic Research Consortiumy), or
GUSTO (Global Use of Strategies to Open Occluded Coro-
nary Arteries) were appled often in combinations.

The absence of patient-level data precludes adjust-
menis important confounders that might have remained
sources of heterogeneity between ftrials. This is also
true of the aspirin dose since potential ticagrelor-aspirin
interaction has been documented The study-level analy-
sis allows limited insight into the time relations of treat-
ment benefit. Moreover, the optimal time frame may differ
amaong pharmacological treatments and combinations.

Conclusions

Comprehensive analysis of clinical trials supports that the
use of ticagrelor as mono- or aspirin combined therapy
resulted in more effective stroke prevention in a high-
risk patient population. Our analyses also underscore the
importance of bleeding associated with intensified anti-
platelet tharapy. Highlighting the trade-off batween bleed-
ing risk and stroke prevention, the data show that besides
ischemic risk, bleeding risk should be assessed and con-
sidered. This lower risk of ischemic stroke with ticagralor
was counterbalanced with a higher risk of major bleed-
ing including an importantly increased risk of intracranial
bleeding. Signal of benefit supporting the use of ticagrelor
was neither present in the mortality nor in the combined
analyses of Echemic and bleading events. The decision
regarding the choice of antiplatelet agent and its duration
should be indvidualized according to the risks and ben-
efits of thi chosen treatment Wi believe that the develop-
ment of scoring tools stratifying patients according to their
bleading risk is essential to improve clinical outcomes in
cunjunclion wilh inbensified anliplabslel shoke prevention.
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