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ARTICLE INFO ABSTRACT

Keywords: Background: ST-segment elevation myocardial infarction (STEMI) patients are treated with dual antiplatelet
CYP2C19 therapy comprising aspirin and a P2Y;5 inhibitor. Clopidogrel is widely used in these patients in several areas
STEMI

worldwide, such as Middle East, but is associated to sub-optimal platelet inhibition in up to 1/3 of treated pa-

l():if \dogrel tients. We investigated a CYP2C19 genotype-guided strategy to select the optimal P2Y;5 inhibitor.
Tic:grelir Methods: This prospective randomized clinical trial included STEMI patients. The standard-treatment group

P2Y12 inhibitor received clopidogrel, while the genotype-guided group were genotyped for CYP2C19 loss-of-function alleles and
carriers were prescribed ticagrelor and noncarriers were prescribed clopidogrel. Primary outcome was a com-
bined ischemic and bleeding outcome, comprising myocardial infarction, non-fatal stroke, cardiovascular death,
or Platelet Inhibition and Patient Outcomes major bleeding one year after STEMI.

Results: STEMI patients (755) were randomized into a genotype-guided- (383) and standard-treatment group
(372). In the genotype-guided group, 31 patients carrying a loss-of-function allele were treated with ticagrelor,
while all other patients in both groups were treated with clopidogrel. Patients in the genotype-guided group had
a significantly lower risk of primary outcome (odds ratio (OR) 0.34, 95% confidence interval (CI) 0.20-0.59,),
recurrent myocardial infarction (OR 0.25, 95%CI 0.11-0.53), cardiovascular death (OR 0.16, 95%CI0.06-0.42)
and major bleeding (OR 0.49, 95%CI 0.32-0.74). There was no significant difference in the rate of stent
thrombosis (OR 0.85, 95%CI 0.43-1.71).

Conclusion: A genotype-guided escalation of P2Y12 inhibitor strategy is feasible in STEMI patients treated with
clopidogrel and undergoing PCI and is associated with a reduction of primary outcomes compared to conven-
tional antiplatelet therapy.

1. Introduction risk of atherothrombotic complications [1-3]. The cytochrome P450
enzyme, encoded by the CYP2C19 gene, in the liver is the most impor-

Dual antiplatelet therapy (DAPT) in the form of a P2Y;5 inhibitor (e. tant enzyme that converts clopidogrel into its active metabolite [4].

g. clopidogrel, ticagrelor or prasugrel) and acetylsalicylic acid is pre- These active metabolites inhibit the P2Y; 5 receptors on platelets leading
scribed to ST-segment elevation myocardial infarction (STEMI) patients to inhibition of platelet aggregation. Previously, clopidogrel was the
who undergo percutaneous coronary intervention (PCI) to decrease the standard P2Yj, receptor inhibitor of choice to treat STEMI patients
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[5,6]. However, approximately 20-30% of the population carry loss-of-
function (LoF) alleles, of which the CYP2C19*2 allele is the most com-
mon [7-10]. Carrying LoF alleles while being treated with clopidogrel is
associated with high on-treatment platelet reactivity and an increased
risk of adverse clinical outcomes [11,12].

Prasugrel and ticagrelor are two P2Y;, inhibitors, and unlike clopi-
dogrel, platelet reactivity in treated patients is more predictable and not
influenced by CYP2C19 alleles [13,14]. In the Platelet Inhibition and
Patient Outcomes (PLATO) and the Trial to Assess Improvement in
Therapeutic Outcomes by Optimizing Platelet Inhibition with Prasu-
grel-Thrombolysis in Myocardial Infarction (TRITON-TIMI 38), tica-
grelor and prasugrel proved to reduce ischemic event rates compared to
clopidogrel [15,16].

Due to its lower costs, clopidogrel is still widely prescribed in STEMI
patients in the Middle East and other less developed areas in the world.
Cardiovascular disease is highly prevalent in the Eastern Province of
Saudi Arabia due to improvements in wealth standards in the past de-
cades [17-20]. It is therefore of interest to see, whether a CYP2C19
genotype-guided strategy in STEMI patients undergoing PCI is feasible
and improves patient outcomes in this setting. The primary objective of
which was to assess the efficacy, complication free survival and safety of
the CYP2C19 genotype-guided antiplatelet treatment strategy compared
to conventional clopidogrel treatment.

2. Materials and methods
2.1. Trial design

The trial design has been published previously [21]. Patients were
recruited from King Fahd Hospital of the University and King Fahd
Military Medical Complex (KFMMC) in the Eastern Province of Saudi
Arabia. The trial protocol was approved by the Ethical Committee of
Imam Abdulrahman Bin Faisal University. All patients signed a written
informed consent. An independent data and safety monitoring board
monitored the trial and had full access to all data. A second independent
committee reviewed and adjudicated all cardiovascular-related end
points. The trial was supported by King Abdulaziz City for Science and
Technology (KACST).

2.2. Population

Patients between 18 and 70 years of age with STEMI and symptoms
lasting between 30 min and 12 h who had undergone PCI were eligible
for inclusion. Inclusion/exclusion criteria are provided in Supplemen-
tary Table S1. Clinical and demographic data were collected from the
patients' medical records. In patients with the CYP2C19*2 LoF allele, it
was necessary for the therapy to be changed and therefore, the treating
physicians were not blinded to group allocation.

2.3. Randomization and study procedure

Patients were randomized on a 1: 1 ratio by a schedule generated by
a biostatistician. Patients were asked to participate in the trial imme-
diately post STEMI. The choice of stent, loading dose or oral P2Y;5 in-
hibitors, access site and other periprocedural interventions were at the
discretion of the treating physician. Patients were randomized to either
a genotype-guided strategy or to the conventional therapy group. In the
genotype-guided group, CYP2C19 genotyping using a Spartan RX system
(Spartan Bioscience Inc.), was carried out for all patients (Supplemen-
tary Fig. S1). Those patients who did not carry the CYP2C19 *2 allele
were given clopidogrel (75 mg once daily), while those patients who
were carriers of the CYP2C19 *2 allele were prescribed ticagrelor (90 mg
twice daily) according to local protocol. In the standard-treatment
group, CYP2C19 genotyping was carried out at the end of the study
period and these patients were treated with clopidogrel (75 mg once
daily) according to standard care. Patients in both groups were treated
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with dual antiplatelet therapy for at least 12 months after STEMI. To
validate the results, 10% of the samples collected were genotyped using
TagMan StepOnePlus Assay at the Department of Clinical Biochemistry
at Imam Abdulrahman bin Faisal University.

2.4. End points

Study-related events were collected for 12 months after STEMI by
residents. An independent committee comprising consultants from the
Department of Internal Medicine, blinded to the study groups and the
type of P2Y75 inhibitor prescribed to each group, reviewed and adjudi-
cated all cardiovascular-related end points. Definition of the end points
used can be found in the supplementary appendix [22,23].

The primary outcome of the trial was the composite of cardiovas-
cular death, recurrent myocardial infarction, non-fatal stroke and major
bleeding defined according to PLATO at 12 months after STEMI (Sup-
plementary Table S2) [24]. Secondary outcomes were the individual
components of the primary outcome in addition to all strokes, stent
thrombosis, all-cause death and target vessel revascularization
[9,21-23].

2.5. Statistical analysis

Prior to the trial, a sample size calculation was performed. The
estimated event rate of the primary outcome for the genotype-guided
arm was 9%, while the estimated event rate for the standard-
treatment group was 13.6% [9,23]. Using a power of 80% and an
alpha level of 0.05, 1484 patients were required. Accounting for po-
tential drop-outs, 1500 patients were scheduled to be included in the
trial, equally distributed between both groups. After the trial was
completed, we re-estimated the power to detect significant differences in
event rates between the genotype-guided group and standard-treatment
group based on the actual sample size achieved in the study. The event
rates were defined by the occurrence of the events of interest within 12
months after STEMI. With the final sample size of 375 in the genotype-
guided arm and 312 in the standard-treatment group, assuming event
rates in the standard-treatment group of 15.5% (combined ischemic and
bleeding), 8.7% (recurrent MI) 7.6% (cardiovascular death) and 3.5%
(non-fatal stroke), there is 80% power at an alpha level of 0.05 to detect
a reduction in event rates in the genotype-guided group, assuming
events rates of 8.6% (combined ischemic and bleeding), 3.6% (Recur-
rent MI), 2.9% (cardiovascular death) and 0.53% (non-fatal stroke).

Comparisons of patient characteristics between the genotype-guided
group and standard-treatment group were performed using two-sample
t-test, ¥2 contingency test, and Fisher's exact test where appropriate.
Nonparametric methods were used to test the difference in median for
variables that are not normally distributed including SBP, DBP, heart
rate, weight and BMI, with the summary statistics for these variables
expressed as median (interquartile range, IQR). The analysis followed
the intent-to-treat principle and included all patients eligible and ran-
domized. Logistic regression was employed to test the differences for the
primary and secondary outcomes between the genotype-guided group
and standard-treatment group and to calculate the odds ratio (OR) with
95% confidence intervals. Potential confounding factors, including pa-
tient characteristics and STEMI parameters that showed a statistical
difference between the genotype-guided group and standard-treatment
group were also included in logistic regression as covariates when
testing for the main effect (randomization to genotype-guided group or
standard-treatment group). Time-to-event curves were constructed with
the use of the Kaplan-Meier method. Differences between the survival
curves were compared with the use of the log-rank test. Cox proportional
hazards model was used to calculate hazard ratios with 95% confidence
intervals. All P-values represent the results of two-sided tests. P-values
<0.05 were considered statistically significant. All data analyses were
performed using NCSS version 21.0.1 software [25].
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3. Results

Over the period from April 2013 through December 2020, a total of
755 eligible patients, clinically diagnosed with STEMI, were selected to
participate in the study. Due to duplication of randomization and
providing only oral consent, 68 were excluded from the analysis.
Therefore, a total of 687 patients were randomly assigned, 375 to the
genotype-guided group and 312 to the standard-treatment group (Sup-
plementary Fig. S1). All patients underwent PCI, the majority of whom
were male (80.8%). The baseline characteristics, including cardiovas-
cular risk factors and medical history, were well matched between the
groups (Table 1). Patients in the genotype-guided group were slightly
taller (165.38 + 8.55) and heavier (80 [72, 90]) compared to the
standard-treatment group (163.84 + 8; 78 [70, 88]). However, no dif-
ference in BMI was detected between the two groups (p = 0.15).

The genotyping procedure was timed in both hospitals on the first 50
patients included in the study at each hospital. Results of genotyping
were submitted to the treating cardiologist within 90-120 min from the
start of the PCI procedure. The PCI characteristics were compared be-
tween the genotype-guided and standard-treatment groups (Table 2).
The majority of PCI characteristics, including approaches taken,

Table 1
Baseline characteristics of patients participated in the clinical trial.
Parameter Genotype- Standard- p-
guided group treatment Value
group
Total number of patients 375 312
Age (Mean =+ SD) 56.74 +£11.84  55.47 +11.22 0.15
Male Sex, (N (%)) 303 (80.8) 252 (80.8) 0.99
BMI (Median [IQR]) 32.7] 29.1 [25.4, 0.15
33.5]
Cardiovascular risk factors
Current smokers, (N (%)) 157 (48.6) 127 (46.5) 0.49
Hypertension, treated, (N (%)) 254 (82.7) 220 (83.3) 0.85
Hypercholesterolemia, treated, 142 (86.1) 83 (83.8) 0.62
(N (%))
Sickle Cell Anemia, (N (%)) 9(3.4) 4(.7) 0.27
Diabetes (N (%)) 262 (89.4) 200 (84.4) 0.09
Family history, 1 family 75 (33.3) 65 (28.8) 0.29
members, (N (%))
Medical history
Myocardial infarction, (N (%)) 196 (54.4) 163 (54.7) 0.95
Left ventricular ejection fraction
after PCIL, (N (%))
Good >50% 216 (65.7) 167 (66) 0.39
Moderate (>30% < 50%) 95 (28.9) 79 (31.2)
Bad <30% 17 (5.2) 7 (2.8)
Proven_PAD, (N (%)) 8(2.3) 10 (3.5) 0.40
CABG, (N (%)) 20 (5.5) 21 (6.9) 0.44
Stomach ulcer, (N (%)) 3(0.8) 6 (2) 0.31
Renal failure, (N (%))" 10 (2.8) 9(3) 0.85
Bleeding tendency, (N (%)) 11 (3.1) 4(1.3) 0.19
Active malignancy, (N (%)) 2 (0.6) 1(0.3) 1.00
Medication on discharge
Clopidogrel (N (%)) 338 (90.9) 309(100) 6.10E-
10
Ticagrelor (N (%)) 34 (9.1) 0(0)
Aspirin (N (%)) 369 (98.4) 310 (99.4) 0.3
Statin (N (%)) 375 (100) 312 (100) 1.0
Beta blockers (N (%)) 375 (100) 312 (100) 1.0
ACE inhibitor (N (%)) 355 (94.7) 301 (96.5) 0.26
Warfarin (N (%)) 29 (7.7) 19 (6.1) 0.4
CYP2C19 metabolizer status
Intermediate/poor metabolizers, 104 (31) NA
(N (%)
Normal or rapid metabolizers, (N 232 (69) NA

(%))

PCL: percutaneous coronary intervention; ACE Inhibitor: Angiotensin-converting
enzyme inhibitor.

@ Renal Failure: defined according to Kidney Disease Outcomes Quality
Initiative (KDOQI).
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Table 2

PCI Characteristics and Antiplatelet Use (Class 1- No evidence of heart failure;
Class 2- Findings consistent with mild to moderate heart failure; Class 3- Overt
pulmonary edema; Class 4- Cardiogenic shock) (LAD-Left anterior descending
artery; LCx- Left circumflex artery; RCA- Right coronary artery; RI- Ramus
intermedius artery) (GP IIb/Illa inhibitors- Glycoprotein IIb/IIIa inhibitors).

Parameter Genotype-guided Standard-treatment p-
group group Value
Total number of patients 375 312
Access site, (N (%))
Femoral, (N (%)) 74 (20.2) 42 (14.3) 0.05
Radial, (N (%)) 292 (79.8) 251 (85.7)
PCI performed, (N (%)) 185 (74.9) 141 (74.6) 0.94
Culprit Lesion, (N (%))
LAD 237 (63.2) 172 (55.1) 0.001
LCx 51 (13.6) 30 (9.6)
RCA 91 (24.3) 105 (33.6)
RI 0 (0) 5(1.6)
Type of Stent implanted (N~ 360 (98.9) 285 (99.7) 0.39
(%))
Stent Brand, (N (%))
Drug eluting stent 267 (97.1) 198 (93.4) 0.025
Bare metal stent 6 (2.2) 14 (6.6)
Others 2(0.7) 0(0)
Killip Class, (N (%))
Class 1 No CHF 311 (90.9) 265 (95.3) 0.13
Class 2 Rales 18 (5.3) 7 (2.5)
Class 3 Pulmonary 10 (2.9) 3(1.1)
Edema
Class 4 Cardiogenic 3(0.9) 3(1.1)
Shock
Trombosuction, (N (%)) 42 (12.9) 54 (18.6) 0.03
GP IIb/Illa inhibitors, (N 152 (44.3) 150 (52.1) 0.06
(%))
Complications, (N (%)) 14 (3.7) 9(2.9) 0.54

proportion of percutaneous transluminal angioplasty performed, stent
implanted, Killip class, and proportion of patients with complications,
were found to be similar between the two groups (Table 2). A higher
proportion of patients had had trombosuction in the standard-treatment
group (18.6%) compared to the genotype-guided group (12.4%) (p =
0.03). Bare metal stent use was found to be more frequent in the
standard-treatment group (6.6%) compared to the genotype-guided
group (2.2%) (p = 0.025). However, neither trombosuction nor bare
metal stent use was found to be associated with the primary outcome (p
= 0.7 and 0.89, respectively) and not included in later analysis as po-
tential confounder.

In the genotype-guided group, 31.5% of patients were found to be
carriers of CYP2C19 LoF polymorphisms and were intermediate or poor
metabolizers of clopidogrel (Table 1). Only 31 out of 104 intermediate
or poor metabolizers (28.8%) received ticagrelor as antiplatelet therapy,
while 100% of patients in the standard-treatment group were prescribed
clopidogrel. Despite the low rate of ticagrelor use in the genotype-
guided group, CYP2C19 genotype guided therapy significantly
improved both the primary and other secondary outcomes (Table 3).
Compared to patients in the standard-treatment group, patients in the
genotype-guided group had a significantly reduced risk of the primary
outcome OR 0.34, 95% CI 0.20-0.59, recurrent MI OR 0.35 95% CI
0.17-0.70, and cardiovascular death OR 0.24 95% CI 0.10-0.58. Kaplan-
Meier estimated cumulative incidence curves in the genotype-guided
and standard-treatment groups for the primary outcome in KFHU pa-
tients was shown in Fig. 1. KFMC patients were excluded from this
analysis due to missing follow-up event dates. The difference in inci-
dence rate between genotype-guided and standard-treatment groups are
statistically significant with HR 7.14 95% CI 4.96-10.3. Additionally,
patients in the genotype-guided group also had a significantly reduced
risk of target vessel revascularization (OR 0.58 95% CI 0.43-0.79), all-
cause death (OR 0.24 95% CI 0.10-0.58), and the combination of all
secondary end points (OR 0.54 95% CI 0.38-0.75). However, there was
no significant difference in stroke risk (OR 0.41 95% CI 0.15-1.10), stent
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Table 3

Effects of CYP2C19 Directed Antiplatelet Use on Major Adverse Cardiovascular
Events within 1-year post-PCL. All outcomes were confirmed by an independent
adjudication committee. Combination of MACE included death, myocardial
infarction, stent thrombosis, stroke or major bleeding defined according to

Platelet Inhibition and Patient Outcomes Criteria.
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thrombosis (OR 0.85 95% CI 0.43-1.71) Or target vessel revasculariza-
tion (0.58 95% CI 0.43-0.79) between the two groups.

4. Discussion

The aim of this trial was to investigate whether a strategy using a
point-of-care CYP2C19 genotype system to guide P2Y;5 inhibitor ther-
apy is feasible and could improve patient outcomes compared to con-
ventional therapy with clopidogrel in patients with STEMI undergoing
PCI. We found a significant reduction in the primary outcome and the
individual components, such as cardiovascular death and recurrent MI,
however there was no difference in the risk of stroke.

Pharmacogenetic testing is rapidly becoming a standard procedure
in many hospitals as personalized medicine is now becoming widely
implemented. However, there are several concerns regarding imple-
mentation of pharmacological testing, such as the feasibility of testing in
a hospital set up and economic issues, which are an important limiting
factor in poorer countries. For STEMI patients undergoing PCI, the
current guidelines of the American College of Cardiology recommend
the use of a dual antiplatelet therapy composed of a P2Y;5 inhibitor,
with a preference for prasugrel or ticagrelor over clopidogrel, in com-
bination with aspirin [26,27]. However, due to the lower costs of clo-
pidogrel, it is still the most widely prescribed P2Y;5 inhibitor in Saudi
Arabia and many other countries [28]. It has been widely reported that
the use of clopidogrel is associated with a higher ischemic risk as some
patients carry the CYP2C19*2 LoF alleles which poorly metabolize
clopidogrel and thus these patients have a reduced capacity for bio-
activation of clopidogrel and impaired platelet inhibition [7]. In
contrast, genetic variants of CYP2C19 have no influence on the clinical
effectiveness of other P2Y;5 inhibitors, such as prasugrel or ticagrelor.
Despite the wealth of knowledge that we have about these variants,
CYP2C19 genotype-guided antiplatelet therapy remains controversial
due to the absence of large, randomized control trials.

The present study is the first clinical trial on the use of CYP2C19
genotype-guided antiplatelet therapy in the Middle East and in in STEMI
patients undergoing PCI. In addition, the present study demonstrates
that rapid genotyping in a clinical setting is feasible and would allow

— Standard of care group
— - Intervention group

Parameters Genotype- Standard- OR (95%CI)  p-
guided group treatment Value
group
Total number of 375 312
patients
Antiplatelet therapy
Clopidogrel 83 255 309 (100%)
(70.3) (99.2)
Ticagrelor 34 0(0) 0(0
(28.8)
Major Adverse
Cardiovascular
Events (MACE)
Primary outcome 21 (5.9) 47 (15.5) 0.34 9.49E-
(0.20-0.59) 05
Recurrent 12 (3.2) 27 (8.7) 0.35 0.003
Myocardial (0.17-0.70)
Infarction (MI)
Non-fatal stroke 6 (1.6) 11 (3.5) 0.44 0.11
(0.16-1.21)
Cardiovascular 7 (2.0) 23 (7.6) 0.24 0.0013
death (0.10-0.58)
Major bleeding 0 (0) 4 (1.3) NA NA
Secondary end
points
Stroke 6 (1.6) 12 (3.9) 0.41 0.075
(0.15-1.10)
Stent thrombosis 18 (5.4) 16 (6.3) 0.85 0.65
(0.43-1.71)
Target vessel 145 (38.7) 162 (51.9) 0.58 0.0005
revascularization (0.43-0.79)
All-cause Death 7 (2.0) 23(7.6) 0.24 0.0013
(0.10-0.58)
Combination of 128 (39.9) 137 (55.2) 0.54 2.90E-
all secondary end (0.38-0.75) 04
points
0.15
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Fig. 1. Kaplan-Meier estimated cumulative incidence curves and at-risk table in the genotype-guided and standard-treatment groups for combined ischemic and

major bleeding events in KFHU patients.
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informed antiplatelet therapy. Despite the low rate of ticagrelor use in
the genotype-guided group, CYP2C19 genotype-guided therapy signifi-
cantly improved both a combination of ischemic and major bleeding
events and a combination of all secondary end points. Although the
study included 104 patients with the LoF mutation, only 31 patients had
a change in drug therapy from clopidogrel to ticagrelor due to the un-
foreseen unavailability of ticagrelor in one of the hospitals due to eco-
nomic reasons, as mentioned previously. A number of studies in Europe
and the United States have shown the use of CYP2C19 genotype-guided
antiplatelet therapy in PCI patient is associated with a lower risk of
MACE in patients carrying the CYP2C19*2 LoF allele treated with pra-
sugrel or ticagrelor as an alternative to clopidogrel. An earlier study by
Claassens et al., (2019) which included 2488 STEMI patients, has shown
that a CYP2C19 genotype-guided based therapy was non-inferior to
standard treatment with ticagrelor or prasugrel in terms of thrombotic
events with a lower incidence of bleeding (de-escalation strategy) [9].
On the other hand, a study by Pereira et al., (2020) showed no signifi-
cant difference between the use of conventional clopidogrel therapy and
ticagrelor therapy in patients carrying CYP2C19 LoF alleles (escalation
strategy) [10]. However, only 50% of the patients included in the trial
were patients with MI, while the others were either stable CAD or un-
stable angina patients which have a lower ischemic risk. Additionally,
due to a lower-than-expected event rate, they recalculated their power
calculation as to not increase the number of patients needed in the trial
[10]. Contrary to the trial by Pereira et al., our results are in line with a
recently published meta-analysis by Galli et al., comparing guided-
therapy, either by genotyping or by using platelet function testing to
standard treatment [29,30]. It included 20,743 patients and concluded
that guided-therapy resulted in a significant reduction in MACE (relative
risk 0.78, 95% CI 0.63-0.95, P = 0.015). In 2019, before publication of
the aforementioned trials and meta-analysis, an expert consensus paper
was published on using platelet function and CYP2C19 genetic testing to
guide treatment in patients undergoing PCI [31]. Additionally, a recent
review by Galli et al. presents an overview of the latest literature [32].
These recent contributions support the clinical benefit of using genetic
or platelet function testing as a strategy, in combination with procedural
and patient characteristics, to personalize antiplatelet selection by either
escalation or de-escalation of treatment. An escalation strategy, like in
our trial, could help to reduce the ischemic burden without increasing
the bleeding risk in countries where clopidogrel is still standard therapy
or in patients with chronic coronary syndrome. A de-escalation strategy,
like the one investigated by Claassens et al., (2019) would be well suited
to reduce the bleeding risk, without increasing the ischemic risk in
countries where ticagrelor or prasugrel are the standard treatment. This
was confirmed by results from the meta-analysis by Galli et al. (2021)
[9,32]. The results of this study further strengthen the findings of this
meta-analysis.

5. Limitations

The trial has several limitations. First, is the open-label design.
However, in order to minimize the bias associated with this type of
design, the adjudicators were blinded to patient group assignment.
Another limitation was the small sample size of patients with the LoF
mutation who were changed from standard care to ticagrelor. Although
the study included 104 patients with the LoF mutation, only the 31
patients had a change in drug therapy from clopidogrel to ticagrelor due
to economic reasons. Furthermore, follow-up was not possible for all
patients, particularly during the COVID-19 pandemic which also hin-
dered reaching the target sample size of 1500. Moreover, the exact time
to event was not available for all patients, as this data could not be
obtained from the hospital records. This prevented us from including
these patients in the time-to-event rate analyses, but they were included
in the non-time dependent analyses. The CYP2C19*3 LoF allele is pre-
sent in the Saudi population, but due to its very low prevalence only the
CYP2C19 *2 allele was genotyped, which is a limitation to the study
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[33]. Another limitation is that it was not possible to obtain follow up
event date for patients from KFMMC site (our second trial site) to run
survival analysis to get estimates of HRs as the follow-up time did not
allow for this. After excluding KFMC patients, our study is under-
powered to detect all MACE component phenotypes (death, MI,
bleeding, and stroke). An anomaly of the current study is the lower rate
of bleeding in the genotype-guided group. It is not possible to hypoth-
esize on the reason for this as only 31 patients in this group were treated
with ticagrelor.

Despite these limitations, our results are in line with similar studies
and more importantly, this trial is the first of its kind to be conducted in
STEMI patients in the Middle East who have undergone PCI. Conse-
quently, this work provides significant information that will support
physicians in providing the optimal P2Y;5 inhibitor therapy in those
patients who have a LoF allele.

6. Conclusion

Among STEMI patients treated with clopidogrel and undergoing PCI,
a genotype-guided escalation of P2Y12 inhibitors strategy is feasible and
is associated with a reduction of the composite endpoint of cardiovas-
cular death, non-fatal stroke, recurrent myocardial infarction and
PLATO major bleeding, compared to conventional antiplatelet therapy.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2021.08.051.
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