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Background: Patients with acute coronary syndrome (ACS) who are carrying CYP2C19 loss-of-function alleles de-
rive less benefit from clopidogrel treatment. Despite this, in elderly patients, clopidogrel might be preferred over
more potent P2Y12 inhibitors due to a lower bleeding risk.Whether CYP2C19 genotype-guided antiplatelet treat-
ment in the elderly could be of benefit has not been studied specifically.
Methods: Patients aged 70 years and olderwith known CYP2C19*2 and *3 genotypewere identified from the POP-
ular Genetics and POPular Age trials. Noncarriers of loss-of-function alleles treated with clopidogrel were com-
pared to patients, irrespective of CYP2C19 genotype, treated with ticagrelor and to clopidogrel treated carriers
of loss-of-function alleles. We assessed net clinical benefit (all-cause death, myocardial infarction, stroke and
Platelet Inhibition and Patient Outcomes (PLATO) major bleeding), atherothrombotic outcomes (cardiovascular
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death, myocardial infarction, stroke) and bleeding outcomes (PLATO major and minor bleeding).
Results: A total of 991 patients were assessed. There was no significant difference in net clinical benefit (17.2% vs.
15.1%, adjusted hazard ratio (adjHR) 1.05, 95% confidence interval (CI) 0.77–1.44), atherothrombotic outcomes
(9.7% vs. 9.2%, adjHR 1.00, 95%CI 0.66–1.50), and bleeding outcomes (17.7% vs. 19.8%, adjHR 0.80, 95%CI
0.62–1.12) between clopidogrel in noncarriers of loss-of-function alleles and ticagrelor respectively.
Conclusion: In ACS patients aged 70 years and older, therewas no significant difference in net clinical benefit and
atherothrombotic outcomes between noncarriers of a loss-of-function allele treated with clopidogrel and pa-
tients treatedwith ticagrelor. The bleeding rate was numerically; though not statistically significant, lower in pa-
tients using clopidogrel.

© 2021 Published by Elsevier B.V.
1. Introduction

In patients with acute coronary syndrome (ACS), dual antiplatelet
therapy (DAPT) plays an essential role in preventing recurrent ather-
othrombotic events [1]. Although clopidogrel is stillwidely used in com-
bination with aspirin, The Platelet Inhibition and Patient Outcomes
(PLATO) [2] and Trial to Assess Improvement in Therapeutic Outcomes
by Optimizing Platelet Inhibition with Prasugrel Thrombolysis in Myo-
cardial Infarction (TRITON TIMI) 383 trials demonstrated superiority of
ticagrelor and prasugrel, respectively, over clopidogrel in preventing
atherothrombotic events in patients with ACS. Therefore, current guide-
lines favor these more potent platelet inhibitors over clopidogrel [4,5].
However, patients treated with ticagrelor or prasugrel are at a higher
bleeding risk compared to patients treated with clopidogrel [2,3],
which is even more pronounced in elderly patients [6]. The Clopidogrel
versus Ticagrelor or Prasugrel in Patients Aged 70 years or older with
non-ST-elevationAcuteCoronary Syndrome (POPular Age) trial showed
that in elderly patients, DAPT with clopidogrel has similar results as
DAPT with the more potent platelet inhibitors in terms of ischemic
events, while bleeding events were lower [7].

Clopidogrel is a prodrug which is converted to its active metabolite
by CYP P450 hepatic enzymes [8]. Approximately 30% of the Caucasian
population showan inadequate response to clopidogrelwhenmeasured
with platelet function tests, which is associated with a worse clinical
outcome [9]. At least part of this variation in drug efficacy can be ex-
plained by genetic variations, of which the CYP2C19*2 and *3 loss-of-
function alleles are themost important [10]. For ticagrelor and prasugrel
no relevant gene-drug interaction have been found [11,12]. Although
the correlation of CYP2C19 genotype and clinical outcome was not
assessed in the POPular Age trial so far, it can be hypothesized that also
in elderly patients CYP2C19 genotype influences the balance between
benefit and harmwhen themore potent P2Y12 inhibitors are prescribed
in comparison to clopidogrel.

A strategy in which the antiplatelet treatment was chosen based on
CYP2C19 genotype, although in a cohort of patients with ST-segment el-
evation myocardial infarction (STEMI), was evaluated in the The
Genotype-Guided Antiplatelet Therapy in ST-Segment Elevation Myo-
cardial Infarction Patients – Patient Outcome after Primary Percutane-
ous Coronary Intervention (POPular Genetics) trial [13]. In this trial, a
genotype-guided strategy was found to be non-inferior compared to
standard treatment with ticagrelor or prasugrel for a net clinical benefit
outcome and ischemic events, while bleeding eventswere lower.While
both atherothrombotic and bleeding event rates are higher in elderly
patients, and bleeding events have shown to be strongly correlated to
a worse clinical outcome [14], the use of genetic testing may improve
clinical decision making in selecting patients who benefit most from
clopidogrel versus prasugrel or ticagrelor treatment.

In the present analysis, containing ACS patients aged 70 years and
older derived from the POPular Age and POPular Genetics trial cohorts,
we compare the use of clopidogrel in noncarriers of CYP2C19 loss-of-
function alleles with ticagrelor, irrespective of CYP2C19 genotype and
we assess the effect of CYP2C19 loss-of-function alleles in clopidogrel
treated elderly patients.
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2. Methods

2.1. Study design

The detailed design and results of the POPular Age and POPular Ge-
netics trials have been published previously [15,16]. In brief, the POPu-
lar Genetics trial was an open label, assessor blinded, randomized
controlled trial performed in 10 centers in the Netherlands, Belgium
and Italy. Between 2012 and 2018, 2488 patients with STEMI undergo-
ing primary PCI aged 21 years and older were included. Patients were
randomized within 48 h of primary PCI to either a standard treatment
arm (treatment with ticagrelor or prasugrel for one year), or to the
genotype-guided arm (treatment adjustment after rapid CYP2C19 ge-
netic testing). In the genotype-guided arm, patients carrying a
CYP2C19*2 or *3 loss-of-function allele were treated with ticagrelor or
prasugrel, while noncarriers (*1/*1) were treated with clopidogrel.
The POPular Age trial was an open label, assessor blinded, randomized
controlled trial performed in 12 centers in the Netherlands. Between
2013 and 2018, 1002 patients with non-ST-segment elevation myocar-
dial infarction (NSTEMI) and unstable angina aged 70 years and older
were included.Within 72 h after hospital admission, patients were ran-
domized to either treatment with clopidogrel, or to treatment with
ticagrelor or prasugrel. In both trials, follow-updurationwas12months.
An institutional reviewboard at all study sites approved the trials and all
patients provided written informed consent.

In both trials, blood sampleswere collected for genotyping purposes,
althoughonlythesamplesderivedfrompatients inthegenotypingarmof
the POPular Genetics trialwere genotyped prospectively. All other sam-
ples were genotyped after study completion for the CYP2C19*2 and *3
loss-of-function alleles. In the POPular Age trial, blood sampleswere not
collected in all participating hospitals and are therefore not available for
all patients. Genotypingwas performed by LGC Biosearch Technologies
(Hoddesdon, United Kingdom) using a KASP genotyping assay.

2.2. Statistical analysis

The current analysis was pre-specified in both trials, although this
sub-analysis was not prospectively powered. Therefore, the number of
patients is based on the available patients of 70 years and older in
whom CYP2C19 genotype was available in the study cohorts. The fol-
lowing outcome parameters were assessed: (1) a net clinical benefit
outcome, consisting of all-cause death, myocardial infarction, stroke
and PLATO major bleeding; (2) an atherothrombotic outcome,
consisting of cardiovascular death, myocardial infarction and stroke;
and (3) a bleeding outcome, consisting of PLATO major and minor
bleeding. Other outcomes were the individual components of the com-
posite outcomes. The outcome definitions were identical to the defini-
tions used in both main trials, in which a blinded event committee
adjudicated all adverse clinical events.

The current analysis compared noncarriers of the CYP2C19*2 and *3
alleles treated with clopidogrel to patients treated with ticagrelor A
small number of prasugrel treated patients was therefore excluded. A
modified intention-to-treat analysis was performed in which patients
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were divided in a clopidogrel or a ticagrelor treated group, based on the
drug that was prescribed at discharge after the index hospital admis-
sion. Two additional analyses were performed. An on-treatment analy-
sis, in which patients were censored if they discontinued or switched
P2Y12 inhibitor therapy and an analysis in which patients treated with
oral anticoagulation were excluded. Additionally, outcomes in
clopidogrel treated patients were assessed according to CYP2C19 loss-
of-function allele carrier status and we assessed outcomes in the sub-
groups of the POPular Age and POPular Genetics trial separately.

Variables are presented as number (percentages) and mean ±
standard deviation, or median with an interquartile range. Missing
data was not imputed. Time-to-event curves were constructed using
the Kaplan-Meier method. Hazard ratios (HR) with 95% confidence
intervals (CI) were calculated using Cox proportional-hazard models.
To adjust for possible confounders, all baseline characteristics with a
p-value <0.10 were selected for univariate regression analysis. If
there was a significant interaction (p < 0.05) in the univariate analy-
sis, they were selected for multivariable regression analysis. The final
model included only those characteristics with a significant interac-
tion in the multivariable analysis. P-values <0.05 were considered
statistically significant. Data were analyzed using ‘R' (version 3.6.0
or later).

3. Results

Fig. 1 shows how the different subgroups were selected from the
two trials. For 1084 patients aged 70 years and older (548 patients
from the POPular Genetics trial and 536 patients from the POPular Age
trial) the CYP2C19 genotype was available. Of those, 401 were noncar-
riers of loss-of-function alleles treatedwith clopidogrel, 82were carriers
of loss-of-function alleles treatedwith clopidogrel and 590were treated
POPular Gene�cs 
& POPular Age
analysis

POPular Gene�cs
subgroup analysis

POPular 
Gene�cs 
N = 2471

Aged 70 years
N = 616

Genotype-
guided arm
N = 306

Standard 
treatment arm
N = 310

Genotype
Available
N = 548

Noncarriers of 
CYP2C19 LoF 

alleles treated 
with clopidogrel

N = 202

Treated with 
�cagrelor

N = 328

Treated w
�cagrel

N = 59

Carriers of 
CYP2C19 LoF
treated with 
clopidogrel

N = 10

Carriers of 
CYP2C19 LoF

alleles treated 
with clopidogrel

N = 82

Fig. 1. Flowchart. Flowchart of patient selection for the
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with ticagrelor. Baseline characteristics are presented in Table 1. The
mean agewas 77 years. In noncarriers of loss-of-function alleles treated
with clopidogrel, more female patients and a lower baseline hemoglo-
bin level were observed, compared to patients treated with ticagrelor.
Almost 10% of the elderly patients in this study received medical treat-
ment only, without coronary angiography, even though it was
suspected they had obstructive coronary artery disease. In 11% of pa-
tients who underwent coronary angiography, coronary artery disease
was found, but there was no clear target lesion, while another 10% of
patients who underwent coronary angiography, but not a PCI, either re-
ceived coronary artery bypass surgery or they were deemed unsuitable
for PCI, (e.g. due to the location or type of lesion and/or due to
comorbidities). The sensitivity analysis excluding patients with oral
anticoagulation included 345 clopidogrel and 530 ticagrelor treated pa-
tients. Baseline differences were similar to that of themain analysis. Be-
tween clopidogrel treated carriers and noncarriers of loss-of-function
alleles there were many different baseline characteristics, like higher
rates of dyslipidemia, prior PCI and prior stroke, in addition to the
more frequent diagnosis of NSTEMI and unstable angina at discharge
in the CYP2C19 loss-of-function allele carrier group and the less frequent
use of drug eluting stents and PCI in this group.

In the POPular Genetics subgroup, 616 patients aged 70 years and
older were available for analysis. Of those, 306 patients were in the
genotype-guided cohort and 310 patients were in the standard treat-
ment arm. Both groups were well balanced with regards to baseline
and procedural characteristics. In the POPular Age subgroup, CYP2C19
genotype was available in 536 patients. Of those, 199 patients were
noncarriers of a CYP2C19 loss-of-function allele treated with
clopidogrel, and 265 patients were treated with ticagrelor. Groups
were well balanced, except for more peripheral arterial disease in the
ticagrelor treated patients.
POPular Age
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different subgroup analyses. LoF: Loss-of-function.



Table 1
Baseline characteristics.

Characteristics Clopidogrel noncarrier
N = 401

Ticagrelor
N = 590

P value Clopidogrel LoF allele carriers
N = 82

P value

Age (years, mean ± SD) 77.0 ± 5.4 77.0 ± 5.4 0.84 78.0 ± 5.1 0.09
Female sex 161 (40.1) 189 (32.0) 0.01 32 (39.0) 0.95
BMI (kg/m2, mean ± SD) 26.3 ± 3.98 26.5 ± 3.77 0.54 26.4 ± 3.55 0.87
Creatinine clearance (eGFR CKD-EPI) <60 ml/min/1.73 m2 127 (31.8) 165 (28.2) 0.25 24 (29.3) 0.76
Hemoglobin at admission (mmol/l, mean ± SD) 8.40 ± 0.83) 8.54 ± 0.92) 0.02 8.51 ± 0.98 0.34

Medical history
Current smoker 64 (16.1) 112 (19.2) 0.24 10 (12.3) 0.50
Hypertension 250 (62.3) 357 (60.5) 0.61 56 (69.1) 0.30
Dyslipidemia 143 (35.8) 234 (39.8) 0.22 41 (50.0) 0.02
Diabetes Mellitus 81 (20.2) 128 (21.7) 0.63 25 (30.5) 0.06
Myocardial infarction 73 (18.2) 107 (18.2) 1.0 21 (25.6) 0.16
PCI 52 (13.0) 95 (16.1) 0.22 19 (23.2) 0.03
CABG 40 (10.0) 56 (9.5) 0.89 13 (15.9) 0.17
Stroke 10 (2.5) 20 (3.4) 0.54 7 (8.5) 0.02
Peripheral arterial disease 27 (6.8) 54 (9.2) 0.21 8 (9.8) 0.47
Bleeding 16 (4.0) 20 (3.4) 0.74 5 (6.1) 0.38

CYP2C19 genotype
Normal metabolizer 402 (100) 375 (63.6) 0 (0)
Intermediate metabolizer 0 (0) 189 (32.0) 75 (91.5)
Poor metabolizer 0 (0) 17 (3.9) 7 (8.5)

At discharge
Diagnosis 0.13 <0.001
Unstable angina 17 (4.3) 22 (3.8) 9 (11.1)
NSTEMI 177 (44.4) 225 (38.4) 56 (69.1)
STEMI 202 (50.6) 328 (56.0) 10 (12.3)
Aspirin 349 (88.4) 529 (90.7) 0.27 70 (86.4) 0.76

P2Y12 inhibitor
Clopidogrel 383 (100) 0 (0) 69 (100)
Ticagrelor 0 (0) 554 (100) 0 (0)
Oral anticoagulation 56 (14.0) 60 (10.2) 0.09 14 (17.1) 0.58
Beta blocker 304 (77.0) 451 (77.4) 0.95 62 (76.5) 1.00
Ace inhibitor 241 (61.0) 372 (63.8) 0.41 52 (64.2) 0.68
ARB 73 (18.5) 109 (18.7) 1.0 13 (16.0) 0.72
Statin 375 (93.8) 553 (94.2) 0.87 72 (87.8) 0.10

Procedural characteristics
CAG performed 365 (91.0) 557 (94.4) 0.17 71 (86.6) 0.35
Femoral access site 125 (34.2) 184 (33.0) 29 (40.8)
Radial access site 240 (65.8) 366 (65.7) 42 (59.2)
Multivessel disease 213 (53.2) 330 (56.1) 0.41 41 (50.0) 0.68
POBA 10 (2.5) 9 (1.5) 0.39 2 (2.4) 1.00
Bare metal stent 12 (3.0) 20 (3.4) 0.87 0 (0) 0.23
Drug eluting stent 267 (66.6) 419 (71.0) 0.16 44 (53.7) 0.04

Baseline characteristics of patients aged 70 years and older from both the POPular Age and POPular Genetics trial with acute coronary syndrome in whom the CYP2C19 genotype was
known, stratified according to P2Y12 inhibitor treatment and LoF carrier status.
All variables were expressed as number (%), unless specified.
ACS: Acute coronary syndrome, ARB: Angiotensin II receptor blocker, BMI: Body mass index, CABG: Coronary artery bypass surgery, CAG: Coronary angiography, LoF: Loss-of-function,
NSTEMI: Non-ST elevation myocardial infarction, PCI: Percutaneous coronary intervention, POBA: Plain old balloon angioplasty, STEMI: ST-elevation myocardial infarction.
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Results are presented in Table 2, Fig. 2 and Fig. 3. The variables in-
cluded in themultivariable regression analysis to adjust for baseline dif-
ferences are presented in Table S1 in the supplementary appendix. After
adjustment for differences in baseline characteristics between the
groups, therewas no statistically significant difference in the net clinical
benefit outcome (17.2% vs. 15.1%, adjusted hazard ratio (adjHR) 1.05,
95%CI, 0.77–1.44, p = 0.76) (Fig. 2A), thrombotic outcome (9.7% vs.
9.2%, adjHR 1.00, 95%CI, 0.66–1.50, p = 0.98) (Fig. 2B), and bleeding
outcome (17.7% vs. 19.8%, adjHR 0.83, 95%CI, 0.62–1.12, p = 0.23)
(Fig. 2C), in noncarriers of loss-of-function alleles treated with
clopidogrel compared to patients treated with ticagrelor irrespective
of CYP2C19 genotype. Results for the on-treatment analysis and the
analysis excluding patients treated with oral anticoagulation are pre-
sented in Fig. 3 and in Table S2 in the supplementary appendix.

There were no significant differences between the clopidogrel
treated noncarriers group and the small clopidogrel treated carriers of
loss-of-function alleles group (Table 2) in the net clinical benefit out-
come (17.2% vs. 20.7%, HR 0.96, 95%CI, 0.56–1.63, p=0.87), thrombotic
13
outcome (9.7% vs. 13.4%, HR 0.83, 95%CI, 0. 42–1.64, p = 0.60) and
bleeding outcome (17.7% vs. 22.0%, HR 0.80, 95%CI 0.47–1.33, p=0.39).

Results for the subgroup analysis of the POPular Age andPOPularGe-
netics trial cohorts are presented in Fig. 3 and in Table S3 in the supple-
mentary appendix. In both analyses, there are no significant differences
in any of the outcomes.

4. Discussion

In this pre-specified sub analysis from the POPular Genetics and
POPular Age trials, we compared the use of clopidogrel in noncarriers
of CYP2C19 loss-of-function alleles with the use of ticagrelor in patients
with ACS aged 70 years and older. No statistically significant differences
were found for both atherothrombotic and bleeding outcomes. Never-
theless, the finding of a comparable atherothrombotic event rate
(adjHR 1.00) combined with a numerically, though not statistically sig-
nificant, lower number of bleeding events in the clopidogrel treated pa-
tients without CYP2C19 loss-of-function allele (adjHR 0.83) is clinically



Table 2
Main outcomes.

Outcome Clopidogrel
noncarrier
(N = 401)

Ticagrelor
(N = 590)

Hazard ratioa

(95% CI)
P
valuea

Clopidogrel LoF allele
carrier
(N = 82)

Hazard ratio
CI)

P
value

Net clinical benefit outcome
All-cause death, MI, stroke, PLATO major bleeding 69 (17.2) 89 (15.1) 1.05

(0.77–1.44)
0.76 17 (20.7) 0.96

(0.56–1.63)
0.87

Thrombotic outcomes
Combined outcome (cardiovascular death, MI,
stroke)

39 (9.7) 54 (9.2) 1.00
(0.66–1.50)

0.98 11 (13.4) 0.83
(0.42–1.64)

0.60

Cardiovascular death 14 (3.5) 12 (2.0) 1.58
(0.73–3.42)

0.25 3 (3.7) 0.96
(0.28–3.35)

0.95

Stroke 5 (1.2) 16 (2.7) 0.44
(0.16–1.20)

0.11 3 (3.7) 0.34
(0.08–1.42)

0.14

Myocardial infarction 25 (6.2) 31 (5.3) 1.14
(0.67–1.93)

0.64 6 (7.3) 1.04
(0.43–2.56)

0.93

Stent thrombosis 1 (0.2) 1 (0.2) 1.48
(0.09–23.6)

0.78 0 (0) – –

Bleeding outcomes
PLATO major & minor bleeding 71 (17.7) 117 (19.8) 0.83

(0.62–1.12)
0.23 18 (22.0) 0.80

(0.47–1.33)
0.39

PLATO major 28 (7.0) 37 (6.3) 1.04
(0.64–1.70)

0.88 8 (9.8) 0.71
(0.32–1.56)

0.39

PLATO minor 48 (12.0) 86 (14.6) 0.79
(0.56–1.13)

0.20 10 (12.2) 0.92
(0.47–1.83)

0.81

The combined subgroup analysis of the POPular Genetics and POPular Age compares clopidogrel in noncarriers of CYP2C19 LoF alleles with with ticagrelor treated patients. Additionally,
they were compared to clopidogrel treated carriers of LoF alleles. All patients are aged 70 years and older.
LoF: Loss-of-function, MI: Myocardial infarction, PLATO: Platelet Inhibition and Patient Outcomes.

a Hazard ratio is adjusted for sex, baseline hemoglobin level and the use or oral anticoagulation at discharge (See Table S1 in the supplementary appendix for more details).
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relevant. Additionally, we identified numerically less atherothrombotic
events and bleeding events in noncarriers of CYP2C19 loss-of-function
alleles treated with clopidogrel compared to carriers of loss-of-function
alleles, though, in this very small subgroup with many baseline differ-
ences, these differences were not statistically significant. Therefore,
any real conclusions cannot be made based on this data.

These results are in accordancewith the elderly subgroup analysis of
the TRITON-TIMI 38 trial (n = 1809), comparing prasugrel with
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0%

5%

10%

15%

20%

0 45 90 135 180 225 270 315 360

N
et

 c
lin

ic
al

 b
en

ef
it clopidogrel

ticagrelor

Time (days)

p = 0.23
0%

5%

10%

15%

20%

25%

0 45 90 135 180 225 270 315 360
Time (days)

PL
AT

O
 b

le
ed

in
g clopidogrel

ticagrelor

A B

C

Fig. 2. Time to event curves. Cumulative event rates of the net clinical benefit outcome (defin
thrombotic outcome (defined as cardiovascular death, myocardial infarction and stroke; 2B)
coronary syndrome, PLATO: platelet inhibition and patient outcomes.

14
clopidogrel, which found a lower bleeding risk in clopidogrel treated pa-
tients of 75 years and older [3]. In contrast, the subgroup analysis of the
PLATO trial, studying the use of ticagrelor in the elderly population (n=
2878), showed a benefit of ticagrelor in reducing ischemic events, with-
out significantly increasing the risk of bleeding, although fatal bleeding
and non-CABG relatedmajor bleedingwere higher in the elderly treated
with ticagrelor [17]. These results were confirmed in the Bremen STEMI
registry, which included 1087 STEMI patients aged 75 years older
p = 0.98
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Fig. 3. Outcomes of all analyses. A forest plot displaying all the main outcomes from the different sub analyses from the POPular Genetics and POPular Age trials. adjHR: adjusted
Hazard ratio.
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treated with primary PCI, comparing ticagrelor to clopidogrel [18]. This
benefit with ticagrelor was not found in the POPular Age trial (n =
1002), studying patients of 70 years or older with non-ST elevation
ACS [7]. While thrombotic risk was not statistically different with the
use of ticagrelor or clopidogrel, the bleeding rate was lower in the
clopidogrel treated patients. These results are strengthened by the
large (n = 14,005), nationwide SWEDEHEART registry including pa-
tients of 80 years and olderwith ACS [19]. Although the evidence is con-
flicting, which for some part might be due to differences in patient
selection, selection of different age groups and development and im-
provement of drug-eluting stents, enhanced secondary prevention and
improved intervention techniques in the past decade decreasing ische-
mic risk, itmight be concluded that themore potent P2Y12 inhibitors are
not superior for all elderly patients with ACS regarding net clinical ben-
efit outcomes, and clopidogrel is a reasonable alternative.

The POPular Genetics trial found lower bleeding rates without in-
creasing atherothrombotic rates when using CYP2C19 genetic testing
compared to standard treatment with ticagrelor. These results also ap-
plied to the elderly subgroup, where no significant interaction was
found. The results from the combined POPular Genetics and POPular
Age subgroup analysis confirm themain results of the POPular Genetics
trial in this elderly subgroup, with similar atherothrombotic and lower
bleeding event rates in the clopidogrel group compared to the ticagrelor
group. This was not statistically significant due to the limited sample
size of this subgroup. The TAILOR PCI trial also investigated CYP2C19 ge-
netic testing and included patients who underwent PCI (82% because of
ACS, 18% with stable coronary artery disease) and randomized them to
the control arm or genotype-guided therapy arm. In the control arm
patients received clopidogrel, and in the genotype-guided arm patients
received clopidogrel if they were noncarriers of the CYP2C19*2 and *3
loss-of-function alleles or ticagrelor if they were carriers of these alleles
[20]. A numeric reduction was found in thrombotic events in carriers of
CYP2C19 loss-of-function alleles when treated with ticagrelor as com-
pared to clopidogrel, though this difference was not statistically
15
significant (p = 0.056), which is in agreement with the results of this
subanalysis [20]. However, there was also no significant benefit of the
genotype guided strategy in regard to the safety outcome, probably be-
cause they compared with clopidogrel in the control arm instead of
ticagrelor. The elderly subgroup analysis of patients aged 75 years and
older of the TAILORPCI trial (n=261) showed no significant interaction
[20]. Combining the results of the TAILOR PCI with this subgroup analy-
sis, specifying antiplatelet therapy by means of CYP2C19 genotyping
might be promising for improving clinical outcomes in the elderly ACS
patient, however further research is needed.

To this day, clopidogrel remains the most widely used platelet in-
hibitor in elderly patients with ACS [21–23]. Although most evidence
regarding elderly patients is based on subgroup analysis and is under-
powered, it might be concluded that the more potent P2Y12 inhibitors
prasugrel and ticagrelor are not superior in all elderly patients with
ACS regarding net clinical benefit outcomes, and clopidogrel could
be a reasonable alternative. This effect might be the strongest in pa-
tients without CYP2C19 loss-of-function allele, who are expected to
have optimal clopidogrel efficacy. A CYP2C19 genotype guided strategy
might be promising for improving clinical outcome in the elderly ACS
patient.

Several limitations to this study need to bementioned. Although this
is one of the largest analyses comparing clopidogrel with ticagrelor in
elderly patients with ACS and known CYP2C19 genotype, it was not
powered to find statistical differences between both treatment strate-
gies. In addition, both trials had an open-label design and the POPular
Age trial was not designed to compare a genotype-guided strategy
with standard treatment. Therefore, our results are hypothesis generat-
ing and should be interpreted with caution. Furthermore, since our
main analysis only included clopidogrel treated noncarriers of loss-of-
function alleles, results cannot be extrapolated to all clopidogrel treated
patients. Lastly, since we compared our data to ticagrelor treated pa-
tients only, it is unknown how outcomes compare to prasugrel treated
patients.
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5. Conclusion

In patients with ACS aged 70 years and older, there were no sig-
nificant differences in atherothrombotic or bleeding event rates be-
tween noncarriers of a CYP2C19 loss-of-function allele treated with
clopidogrel, and patients treated with ticagrelor irrespective of
CYP2C19 genotype. Nevertheless, the bleeding rate was numerically,
though not statistically significant, lower in clopidogrel treated patients.
Further research focusing on the value of CYP2C19 genotyping in this
specific and vulnerable group of patients might help to find an optimal
antiplatelet treatment for the elderly.
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