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ABCD- GENE Score and Clinical Outcomes 
Following Percutaneous Coronary 
Intervention: Insights from the TAILOR- PCI 
Trial
Davide Capodanno , MD, PhD*; Dominick J. Angiolillo , MD, PhD*; Ryan J. Lennon , MS;    
Shaun G. Goodman , MD; Sang- Wook Kim , MD; Fearghas O’Cochlain, MD; Derek Y. So , MD;    
John Sweeney, MD; Charanjit S. Rihal , MD; Michael Farkouh, MD; Naveen L. Pereira , MD

BACKGROUND: In TAILOR- PCI, genotype- guided selection of P2Y12 inhibitors after percutaneous coronary intervention did not 
significantly reduce the risk of ischemic events at 12 months. The Age, Body Mass Index, Chronic Kidney Disease, Diabetes, 
and Genotyping (ABCD- GENE) score identifies patients with high platelet reactivity on clopidogrel at increased risk of is-
chemic events. The aim of this study was to investigate the value of the ABCD- GENE score for tailoring P2Y12 inhibitor selec-
tion after percutaneous coronary intervention.

METHODS AND RESULTS: In a post hoc analysis of the TAILOR- PCI, outcomes were analyzed by ABCD- GENE score and al-
location to genotype- guided or conventional P2Y12 inhibitor selection. Primary (death, myocardial infarction, or stroke) and 
secondary (cardiovascular death, myocardial infarction, stroke, stent thrombosis, or severe recurrent ischemia) outcomes 
were assessed. Among 3883 patients discharged on clopidogrel in the genotype- guided and conventional therapy groups, 
15.8% and 84.2% had high (≥10 points) or low (<10) ABCD- GENE scores, respectively. At 12 months, both the primary (5.2% 
versus 2.6%, P<0.001) and secondary outcomes (7.7% versus 4.6%, P=0.001) were significantly increased in patients with 
high ABCD- GENE score. Among 4714 patients allocated to genotype- guided or conventional therapy, the former did not 
significantly reduce the 12- month risk of the primary and secondary outcomes in both the high and low ABCD- GENE score 
groups (pinteraction=0.48 and 0.27, respectively).

CONCLUSIONS: Among patients with percutaneous coronary intervention on clopidogrel, the ABCD- GENE score was helpful 
in identifying those at higher risk. The ABCD- GENE score may potentially enhance the precision of tailored selection of P2Y12 
inhibitors, which needs to be confirmed in prospective investigations.

CLINICAL TRIAL REGISTRATION: URL: http://www.clini caltr ials.gov. Unique Identifier: NCT01742117.
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Dual antiplatelet therapy (DAPT), consisting of 
aspirin and an oral platelet adenosine diphos-
phate P2Y12 receptor inhibitor, is the standard of 

care after percutaneous coronary intervention (PCI).1 
Clopidogrel, the most widely prescribed oral P2Y12 

inhibitor, requires 2 steps of hepatic biotransformation 
by the cytochrome P450 (CYP) system to generate 
its active metabolite.2 The CYP2C19 enzyme plays a 
key role in this process as it is involved in both meta-
bolic steps. Genetic polymorphisms regulate CYP2C19 

Correspondence to: Dominick J. Angiolillo, MD, PhD, University of Florida College of Medicine- Jacksonville, 655 West 8th St, Jacksonville, Florida 32209. 
Email: dominick.angiolillo@jax.ufl.edu 

*D. Capodanno and D.J. Angiolillo are co- first authors.

For Sources of Funding and Disclosures, see page 10.

© 2022 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution- NonCommercial- NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non- commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0002-5156-7723
https://orcid.org/0000-0001-8451-2131
mailto:﻿
https://orcid.org/0000-0002-8366-8422
https://orcid.org/0000-0001-8068-2440
https://orcid.org/0000-0002-7208-8596
https://orcid.org/0000-0002-3909-5698
https://orcid.org/0000-0003-2044-4664
https://orcid.org/0000-0003-3813-3469
http://www.clinicaltrials.gov
mailto:dominick.angiolillo@jax.ufl.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2022;11:e024156. DOI: 10.1161/JAHA.121.024156 2

Capodanno et al ABCD- GENE Score and Clinical Outcomes Following PCI

enzyme activity and thus modulate the pharmacoki-
netic and pharmacodynamic effects of clopidogrel.3 
Carriers of CYP2C19 loss- of- function (LOF) genotypes 
are associated with impaired clopidogrel metabolism 
and reduced clopidogrel- induced antiplatelet effects 
resulting in increased rates of high platelet reactivity 
(HPR) and thrombotic complications in patients under-
going PCI.4– 7

Ticagrelor, compared with clopidogrel, is a more 
potent oral P2Y12 inhibitor with reduced rates of HPR, 
a marker of thrombotic risk, and is associated with 
superior ischemic benefit.8– 11 Such benefit, however, 
comes at the expense of an increased risk of major 
bleeding. It has been suggested that reserving ticagre-
lor to patients with PCI in need of enhanced antithrom-
botic protection, such as those using clopidogrel- HPR 
and CYP2C19 LOF carriers, and using clopidogrel in 
the remainder (ie, patients without HPR and CYP2C19 
LOF non- carriers), would minimize the risk of bleeding, 
without trade- off in ischemic protection.11,12 Knowledge 
of CYP2C19 genotypes that are associated with HPR 
could therefore allow for the individualized use of P2Y12 
inhibiting therapy.13,14

In TAILOR- PCI, a large, randomized trial of PCI 
patients with LOF alleles, genotype- guided selection 
of the P2Y12 inhibitor, compared with conventional 

clopidogrel therapy, demonstrated a non- statistically 
significant reduction in the incidence of ischemic events 
at 12 months. Noteworthy was the hazard ratio (HR) of 
0.66 (95% CI, 0.43– 1.02) suggesting a treatment effect 
that the study was not powered to detect.15 In addition, 
post- hoc analyses suggested benefit at 3 months.

While the role of CYP2C19 LOF genotype on HPR 
is undisputed, a number of clinical factors also con-
tribute to on clopidogrel- HPR.2,11,16 Thus, the ability to 
identify high risk patients who are more likely to benefit 
from a genotype- guided approach to P2Y12 inhibitors 
could be enhanced by integrating both genetic and 
clinical variables associated with HPR. The Age, Body 
Mass Index, Chronic Kidney Disease, Diabetes, and 
Genotyping (ABCD- GENE) score has been recently in-
troduced as a simple tool integrating both genetic and 
clinical variables to identify patients using clopidogrel- 
HPR who are at increased risk of adverse ischemic 
events.17 This approach may augment the precision of 
a tailored strategy for using P2Y12 inhibitors.

In this post- hoc analysis of the TAILOR- PCI trial, we 
explored ischemic outcomes of PCI patients accord-
ing to their ABCD- GENE score (high versus low) and 
assignment to a genotype- guided or conventional ap-
proach for the selection of P2Y12 receptor inhibition. 
We hypothesized that the ABCD- GENE score is helpful 
in isolating a sizeable proportion of patients who may 
benefit from a genotype- guided approach for the se-
lection of DAPT.

METHODS

Data Source and Study Population
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request. The study design and main results of the 
TAILOR- PCI trial are published elsewhere.15,18 In brief, 
TAILOR- PCI was a multicenter trial that randomized 
5302 patients undergoing PCI for acute coronary syn-
dromes or stable coronary artery disease to rapid gen-
otyping to guide post- PCI selection of P2Y12 inhibiting 
therapy (ie, ticagrelor in carriers of CYP2C19 LOF gen-
otypes and clopidogrel in non- carriers) or conventional 
therapy with clopidogrel and with laboratory- based 
genotyping performed at 12 months. All patients were 
on a background of aspirin therapy. The primary analy-
sis in TAILOR- PCI was performed in the 1849 patients 
with CYP2C19 LOF genotypes (CYP2C19*2 and *3). At 
12 months, the HR for the primary end point (a com-
posite of cardiovascular death, myocardial infarction 
[MI], stroke, stent thrombosis, and severe recurrent 
ischemia) did not statistically significantly differ be-
tween the genotype- guided and conventional therapy 
groups. The trial was approved by the ethics boards of 
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Genotyping) score was helpful in identifying 
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participating sites. and all participants provided written 
informed consent.

ABCD- GENE Score
The ABCD- GENE score integrates CYP2C19 LOF 
genotypes (6 points for 1 LOF allele, 24 points for 2 
LOF alleles) with 4 clinical risk factors influencing clopi-
dogrel response (age >75 years [4 points], body mass 
index >30  kg/m2 [4 points], chronic kidney disease 
[creatinine clearance <60 mL/min, 3 points], and dia-
betes [3 points]).17 The score was built from the data 
set of the GRAVITAS (Gauging Responsiveness With 
a VerifyNow P2Y12 Assay: Impact on Thrombosis and 
Safety) trial and validated for the pharmacodynamic 
outcome of HPR and for clinical outcomes (death and 
the composite of death, MI, or stroke) in 2 external data 
sets.17 The ABCD- GENE score ranges between 0 and 
38 points, with a high score (≥10 points) identifying pa-
tients treated with clopidogrel with a greater likelihood 
of having HPR and adverse ischemic events after PCI.17

Study Outcomes
The primary outcome of interest was the composite of 
death, MI, or stroke at 12 months after index PCI. The 
secondary outcome of interest was the composite of car-
diovascular death, MI, stroke, definite or probable stent 
thrombosis, or severe recurrent ischemia at 12 months 
after index PCI. These outcomes were chosen as they 
were the primary clinical end points in the ABCD- GENE 
score validation study and the TAILOR- PCI trial, respec-
tively.15,17,18 All- cause death and the composite of major 
or minor bleeding (as defined by the Thrombolysis in 
Myocardial Infarction criteria) were also analyzed.

Statistical Analysis
Continuous data are presented as mean (SD) un-
less otherwise noted and were compared using the 
Wilcoxon rank sum test. Categorical variables are pre-
sented as counts and proportions and were compared 
using the Chi- square test. The cumulative incidences of 
the primary and secondary outcomes at 12 months ac-
cording to ABCD- GENE score and/or treatment group 
(ie, genotype- guided, or conventional therapy) were 
calculated using the Kaplan‒ Meier method (time- to- 
first event) and compared using a permutation- based 
log- rank test. An exploratory analysis at 3 months was 
also conducted because of the strong effect for geno-
typing observed in the first 3 months of the main trial. 
Patients who withdrew or who were lost to follow- up 
were treated as censored at the date of their last con-
tact. Treatment effect estimates are presented as HRs 
with corresponding 95% CIs, using Firth correction in 
Cox regression models. The interaction between the 
treatment arm and ABCD- GENE score group was an-
alyzed for each study outcome. A sensitivity analysis 

was conducted considering recurrent events over the 
study time course.

Only subjects with complete data for the calculation 
of the ABCD- GENE score were eligible for analysis. 
Since the score was designed to indicate the poten-
tial for HPR on clopidogrel, only subjects discharged 
on clopidogrel were analyzed for the comparison of 
outcomes in high (≥10) versus low (<10) ABCD- GENE 
score groups. However, all eligible subjects regardless 
of medication at discharge were included in the anal-
ysis of genotype- guided versus conventional therapy, 
assessed within the ABCD- GENE score groups.

All hypotheses tests were 2- sided with a 0.05 type I 
error rate. All statistical analyses were conducted with 
the SAS software, version 9.4 (SAS Institute Inc).

RESULTS
Baseline Characteristics
Complete data for the calculation of the ABCD- GENE score 
were available in 4714 subjects. Among those discharged 
on clopidogrel (n=3883, Figure 1), the ABCD- GENE score 
ranged between 0 and 35 points (mean 5.2±5.5; median 
4, interquartile range, 0– 7). A total of 613 (15.8%) patients 
had a high ABCD- GENE score and 3270 (84.2%) had a 
low ABCD- GENE score. Self- reported adherence rates 
per follow- up days were 96.8% and 97.0% in patients with 
high and low ABCD- GENE score, respectively.

Table  1 summarizes baseline characteristics of 
such study patients according to ABCD- GENE score 
groups. In addition to expected differences in variables 
included in the ABCD- GENE score, patients with a 
high versus low score were more frequently women 
and East Asians, and more likely presented with hyper-
tension and history of heart failure or revascularization. 
Current smokers were more frequent among patients 
with a low ABCD- GENE score. Other clinical and an-
giographic variables were generally similar between 
patients with high and low ABCD- GENE scores.

Clinical Outcomes of Patients With High 
or Low ABCD- GENE Scores Treated With 
Clopidogrel
At 12  months, the risk of the primary composite out-
come of death, MI, or stroke was significantly increased 
in patients with high ABCD- GENE score (5.2% versus 
2.6%, HR, 2.04; 95% CI, 1.35– 3.07; P<0.001) compared 
with those with low ABCD- GENE score (Figure 2 and 
Table 2). The magnitude of the point estimate was similar 
for patients with (HR, 2.08; 95% CI, 1.34– 3.23) and with-
out (HR, 2.06; 95% CI, 0.68– 6.28) an acute coronary 
syndrome (P for interaction=0.99). The effect estimate 
remained significant and was larger in magnitude in the 
sensitivity analysis that took the risk of recurrent events 
into account (HR, 2.32; 95% CI, 1.61– 3.37; P<0.001). 
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Compared to CYP2C19 LOF non- carriers, the presence 
of 1 (HR, 0.99; 95% CI, 0.63– 1.55) or 2 (HR, 1.01; 95% 
CI, 0.42– 2.86) LOF alleles in isolation did not predict the 
risk of future events (Figure 3).

The results of the secondary outcomes for patients 
with high or low ABCD- GENE- score are shown in 
Table 2. The risk of the secondary composite outcome 
was significantly increased in patients with high ABCD- 
GENE score in both the analyses of time to first event 
and recurrent events. Patients with high ABCD- GENE 
score had an increased risk of major or minor bleeding 
(HR, 2.04; 95% CI, 1.06‒ 3.94; P=0.033). At 3 months, 
the risk of the primary composite outcome was signifi-
cantly increased in patients with a high ABCD- GENE 
score (HR, 1.98; 95% CI, 1.08– 3.65; P=0.027), while 
the risk of the secondary composite outcome was not 
(HR, 1.57; 95% CI, 0.94– 2.66; P=0.086).

Clinical Outcomes by Treatment 
Randomization in ABCD- GENE Score 
Subgroups
Of 4714 patients randomized in the TAILOR- PCI trial 
with complete data for the calculation of the ABCD- 
GENE score, 1014 had a high ABCD- GENE score, 

and 3700 had a low ABCD- GENE score (Figure  1). 
At 12 months, the risk of the primary composite out-
come was not significantly reduced in the genotype- 
guided therapy arm compared with the conventional 
therapy arm in both the high (3.7% versus 5.2%; HR, 
0.70; 95% CI, 0.38– 1.28) and low (2.4% versus 2.7%; 
HR, 0.91; 95% CI, 0.60– 1.37; P value for interac-
tion=0.49) ABCD- GENE score subgroups (Table  3 
and Figure 4), although both the absolute and rela-
tive treatment effects were nominally larger in pa-
tients with high ABCD- GENE score. Similarly, there 
was no significant treatment- by- group interaction 
for the secondary composite outcome (p for inter-
action=0.27, Table  3), but both treatment estimates 
were directionally more in favor of genotype- guided 
therapy in patients with high ABCD- GENE score. All- 
cause death and major or minor bleeding were also 
not significantly associated with a significant treat-
ment interaction (Table 3). No statistically significant 
treatment interactions were also noted at 12 months 
in sensitivity analyses restricted to CYP2C19 LOF al-
lele carriers, where the treatment estimates for the 
primary and secondary composite end points in the 
high and low ACBD- GENE score groups were similar 
(Table 4).

Figure 1. Study flowchart.
A total of 4714 patients randomized in the TAILOR- PCI trial had complete data for the calculation of the ABCD- GENE score. Of them 
1014 had a high (≥10) ABCD- GENE score and 3700 (<10) had a low ABCD- GENE score. A total of 3883 patients were discharged 
on clopidogrel (613 and 3270 with high and low ABCD- GENE scores, respectively). ABCD- GENE indicates Age, Body Mass Index, 
Chronic Kidney Disease, Diabetes, and Genotyping.
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At 3 months, the risk of the primary composite out-
come in the primary cohort was not significantly re-
duced in the genotype- guided therapy arm compared 
with the conventional therapy arm in patients with low 
ABCD- GENE score (1.0% versus 1.3%; HR, 0.79; 95% 
CI, 0.43– 1.45), while it was significantly reduced in 

patients with a high ABCD- GENE score (0.6% versus 
2.6%; HR, 0.26; 95% CI, 0.08– 0.86), although the sta-
tistical interaction was formally not significant (P value 
for interaction=0.11). Similarly, the risk of the second-
ary composite outcome was significantly reduced in 
the genotype- guided therapy arm compared with the 

Table 1. Baseline Characteristics of Study Patients Discharged on Clopidogrel According to ABCD- GENE Score Groups

Variable

High (≥10)  
ABCD- GENE score  
(n=613)

Low (<10)  
ABCD- GENE score  
(n=3270) P value

Age at PCI, y (SD) 65.9 (12.4) 61.9 (10.5) <0.0001

Sex

Men 410 (66.9%) 2506 (76.6%) <0.0001

Women 203 (33.1%) 764 (23.4%)

Body mass index, n (SD) 31.2 (6.7) 28.8 (6.1) <0.0001

Race or ethnicity

White 369 (60.2%) 2173 (66.5%) 0.0002

East Asian 167 (27.2%) 644 (19.7%)

South Asian 30 (4.9%) 126 (3.9%)

Black 17 (2.8%) 77 (2.4%)

Hispanic or Latino 14 (2.3%) 115 (3.5%)

Other/Unknown 16 (2.6%) 135 (4.1%)

Cardiovascular risk factors

Diabetes 285 (46.5%) 776 (23.7%) <0.0001

Hypertension 442 (72.1%) 2035 (62.2%) <0.0001

Dyslipidemia 341 (55.6%) 1715 (52.4%) 0.15

Smoking status

Current smoker 107 (18.0%) 833 (25.9%) 0.0002

Former/recent 217 (36.5%) 1056 (32.8%)

Never smoked 271 (45.5%) 1326 (41.2%)

Prior history

Heart failure 86 (14.0%) 240 (7.3%) <0.0001

Myocardial infarction 100 (16.3%) 478 (14.6%) 0.28

PAD 22 (3.6%) 88 (2.7%) 0.22

PCI 170 (27.7%) 757 (23.1%) 0.01

CABG 61 (10.0%) 237 (7.2%) 0.02

Stroke or TIA 22 (3.6%) 88 (2.7%) 0.22

COPD 30 (4.9%) 126 (3.9%) 0.23

Creatinine clearance <60 mL/min 200 (32.6%) 222 (6.8%) <0.001

Multivessel disease 265 (43.2%) 1361 (41.6%) 0.46

Hospital presentation

Stable CAD 123 (20.1%) 585 (17.9%) 0.05

Unstable Angina/NSTEMI 380 (62.0%) 1990 (60.9%)

STEMI 110 (17.9%) 695 (21.3%)

CYP2C19 status (no. of *2 alleles)

0 166 (27.4%) 2804 (87.1%) <0.0001

1 356 (58.7%) 416 (12.9%)

2 84 (13.9%) 0 (0.0%)

Data are shown as n (%) if not otherwise indicated.
ABCD- GENE indicates Age, Body Mass Index, Chronic Kidney Disease, Diabetes, and Genotyping; CABG, coronary artery bypass grafting; CAD, coronary 

artery disease; COPD, chronic obstructive pulmonary disease; CYP, cytochrome P450; NSTEMI, non– ST- segment– elevation myocardial infarction; PAD, 
peripheral artery disease; PCI, percutaneous coronary intervention; STEMI, ST- segment– elevation myocardial infarction; and TIA, transient ischemic attack.
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conventional therapy arm in patients with high ABCD- 
GENE score (0.8% versus 3.4%; HR, 0.26; 95% CI, 
0.09– 0.74) but not in patients with low ABCD- GENE 
score (1.8% versus 2.0%; HR, 0.90; 95% CI, 0.56– 1.45; 
P value for interaction=0.034).

DISCUSSION
The key findings of this post hoc analysis of the TAILOR- 
PCI trial can be summarized as follows. First, in a large 
sample of patients discharged on clopidogrel from a 
trial of genetic testing to guide the selection of P2Y12 
inhibitors, the ABCD- GENE score identified a sizeable 
proportion of individuals (ie, 1 out of 6) with a higher 
risk of death, MI, or stroke at 12 months. Secondly, the 
absolute and relative treatment effects at 12 months 
of genotype- guided therapy versus conventional 
therapy appeared nominally larger in patients with a 
high ABCD- GENE score, but these results were not 

statistically significant. Therefore, these findings must 
be considered exploratory in nature and only gener-
ate the hypothesis that the ABCD- GENE score might 
help in isolating a subset of patients at increased risk of 
clinical events after PCI, who may benefit from escala-
tion of DAPT because of increased baseline risk that is 
not only attributable to their genetic make- up, but also 
attributable to the presence of specific demographic 
and clinical factors.

The ABCD- GENE score enhances the predictive 
ability of genotype testing for on clopidogrel- HPR by 
adding clinical variables (ie, age, body mass index, 
chronic kidney disease, and diabetes) that are also 
associated with clopidogrel response.17 In particular, 
using a cutoff value of 10 points, the score identifies 
with high specificity and positive predictive value the 
probability of on clopidogrel- HPR. Given the estab-
lished association of its components with clinical out-
comes, the score was also found to predict recurrent 

Figure 2. Incidence of death, myocardial infarction, or stroke in patients discharged on clopidogrel with high ABCD- GENE 
score ≥10 or <10.
ABCD- GENE indicates Age, Body Mass Index, Chronic Kidney Disease, Diabetes, and Genotyping; CVA, cerebrovascular accidents; 
HR, hazard ratio; and MI, myocardial infarction. The shaded areas represent 95% CIs for the survival curves.
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atherothrombotic events in patients with acute cor-
onary syndromes.17 This predictive ability was con-
firmed in the present study, including a broad cohort 
of patients undergoing PCI, where patients with a 
high ABCD- GENE score had a 2- fold higher risk of 
hard clinical events, with no interaction based on clin-
ical presentation (acute or chronic coronary artery 
disease). The score also predicted bleeding, which 
is not surprising given the inclusion of clinical vari-
ables that are linked with bleeding (ie, age, chronic 
kidney disease) and also emerged as univariate pre-
dictors in exploratory analyses of our data set (data 

not shown). Of interest, genotyping alone did not pre-
dict the occurrence of adverse clinical outcomes in 
our study. Such finding was unexpected in light of the 
well- established association between CYP2C19 LOF 
alleles, on clopidogrel- HPR, and thrombotic com-
plications in prior studies.3 However, it may suggest 
that a consistent link with the low incidence of clin-
ical outcomes in the modern coronary artery stent-
ing era may be more elusive without consideration of 
other factors that contribute to ischemic risk. Hence, 
the addition of age, body mass index, renal function 
and diabetes increases the predictivity of genotype 

Table 2. Clinical Outcomes in Patients With High or Low ABCD- GENE- Score

Variable

High (≥10)  
ABCD- GENE score  
(n=613)

Low (<10)  
ABCD- GENE score  
(n=3270) HR (95% CI) P value

Time to first event analysis

All- cause death, MI, or stroke 31 (5.2%) 84 (2.6%) 2.04 (1.35– 3.07) <0.001

Cardiovascular death, MI, stroke, definite or 
probable ST, or severe recurrent ischemia

46 (7.7%) 146 (4.6%) 1.74 (1.25– 2.43) 0.001

All- cause death 11 (1.8%) 32 (1.0%) 1.92 (0.97– 3.79) 0.060

Major/minor bleeding 12 (2.0%) 33 (1.0%) 2.04 (1.06, 3.94) 0.033

Recurrent events analysis

All- cause death, MI, or stroke 38 (6.5%) 90 (2.9%) 2.32 (1.61– 3.37) <0.001

Cardiovascular death, MI, stroke, definite or 
probable ST, or severe recurrent ischemia

57 (9.7%) 162 (5.1%) 1.90 (1.43– 2.52) <0.001

Estimates are calculated by the Kaplan– Meier method.
ABCD- GENE indicates Age, Body Mass Index, Chronic Kidney Disease, Diabetes, and Genotyping; HR, hazard ratio; MI, myocardial infarction; and ST, stent 

thrombosis.

Figure 3. Summary of results.
At 1 year, the risk of death, myocardial infarction, or stroke was significantly predicted by the ABCD- GENE score (high versus low) 
but not by the presence of 1 or 2 loss of function alleles. ABCD- GENE indicates Age, Body Mass Index, Chronic Kidney Disease, 
Diabetes, and Genotyping; BMI, body mass index; CKD, chronic kidney disease; HR, hazard ratio, LOF, loss of function; MI, myocardial 
infarction; and PCI, percutaneous coronary intervention.
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testing for on clopidogrel- HPR and improves the abil-
ity to predict ischemic events.17 Of note, although the 
ABCD- GENE score was originally derived and vali-
dated for the pharmacodynamic outcome of HPR and 

clinical outcomes in populations mostly composed of 
Whites, the predictive value of this score to identify 
HPR status was recently validated among Asians who 
were significantly represented in TAILOR PCI.19 These 

Table 3. Clinical Outcomes With Genotype- Guided Therapy or Conventional Therapy in Patients With High and Low 
ABCD- GENE- Score

Variable

High (≥10)  
ABCD- GENE score  
(n=1014)

Low (<10)  
ABCD- GENE score  
(n=3700)

PintGGT CT HR (95% CI) GGT CT HR (95% CI)

Time to first event analysis

All- cause death, MI, or stroke 3.7% 5.2% 0.70 (0.38– 1.28) 2.4% 2.7% 0.91 (0.60– 1.37) 0.49

Cardiovascular death, MI, stroke, definite or 
probable ST, or severe recurrent ischemia

5.8% 8.1% 0.70 (0.44– 1.14) 4.4% 4.5% 0.97 (0.71– 1.33) 0.27

All- cause death 1.0% 2.0% 0.53 (0.19– 1.52) 1.0% 1.0% 1.06 (0.55– 2.05) 0.27

Major/minor bleeding 1.9% 1.6% 1.13 (0.44– 2.91) 1.1% 1.0% 1.10 (0.59– 2.08) 0.97

Estimates are calculated by the Kaplan– Meier method.
ABCD- GENE indicates Age, Body Mass Index, Chronic Kidney Disease, Diabetes, and Genotyping; CT, conventional therapy; GGT, genotype- guided 

therapy; HR, hazard ratio; MI, myocardial infarction; and ST, stent thrombosis.

Figure 4. Incidence of death, myocardial infarction, or stroke in patients who received genotype- guided or conventional 
therapy by ABCD- GENE score groups.
At 1 year, the risk of death, myocardial infarction, or stroke was not significantly reduced in the genotype- guided therapy arm compared 
with the conventional therapy in both the high and low ABCD- GENE score g subgroups. ABCG- GENE denotes Age, Body Mass Index, 
Chronic Kidenye Disease, Diabetes, and Genotyping; CVA, cerebrovascular accidents; HR, hazard ratio; and MI, myocardial infarction.
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observations support the validity of the ABCD- GENE 
score across ethnicities.

The high predictive value of the ABCD- GENE score 
might be useful in selecting a proportion of patients, 
particularly those with acute coronary syndromes, for 
de- escalation from prasugrel or ticagrelor to clopido-
grel, which is a strategy suggested to reduce the risk 
of bleeding with no trade- off in ischemic events.4,14,20 
Similar to other standard- of- care laboratory assess-
ments, the use of rapid genetic testing assays allows 
obtaining results in a timely fashion for decision making 
on the choice of P2Y12 inhibitor at the time of PCI.21 
Although according to guidelines prasugrel and tica-
grelor remain the preferential options in patients with 
acute coronary syndromes, this means offering clopi-
dogrel rather than prasugrel or ticagrelor to patients 
with high bleeding but low ischemic risk, or in other 
clinical scenarios such as drug intolerance or cost is-
sues. The objective of the present study was to test the 
hypothesis that the ABCD- GENE score might be use-
ful in selecting candidates to the opposite and com-
plementary strategy, ie, escalating from clopidogrel to 
a more potent P2Y12 inhibitor to reduce the incidence 
of ischemic events. In a recent meta- analysis, guided 
escalation of antiplatelet therapy (ie, by means of gen-
otype or platelet- function testing) was found to reduce 
the incidence of ischemic events with no increase in 
bleeding events.14 In studies from that meta- analysis, 
escalation was achieved by a switch from clopidogrel 
alone to ticagrelor, prasugrel, double- dose clopidogrel, 
or addition of cilostazol; the results of our analysis are 
specific to escalation to ticagrelor.

Although the escalation strategy was not signifi-
cantly effective in TAILOR- PCI, benefit was suggested 
in the treatment effect (HR, 0.21) at 3  months, and 
the statistically neutral results of the study may be ex-
plained by a smaller than anticipated treatment effect 
(ie, 34% observed versus 50% predicted relative risk 
reduction with the initial genotyping strategy) which the 

study was not sufficiently powered to detect.15,22 We 
hypothesized that restricting the analysis to patients 
with a high ABCD- GENE score could identify a high- 
risk subgroup for future studies of guided escalation of 
DAPT, where the treatment effect of ticagrelor escala-
tion would be presumably even more pronounced. In 
our study, the CIs around the point estimate for each 
comparison of genotype- guided and conventional 
therapy in ABCD- GENE score subgroups were large. 
Still, the nominal relative risk reduction of all- cause 
death, MI, or stroke at 12 months with the genotype- 
guided therapy was 30% in patients with high ABCD- 
GENE score and 9% in those with low ABCD- GENE 
score, and the nominal relative risk reductions for the 
secondary composite outcome were 30% and 3%, 
respectively, suggesting the potential to identify those 
patients who could derive a benefit. Consistent with 
the results of TAILOR PCI, the relative risk reduction 
of the primary end point in patients with high ABCD- 
GENE score was magnified in the analysis at 3 months 
(ie, 77%), suggesting potential clinical implications in 
patients in whom short DAPT duration is being con-
sidered.1 However, the exploratory nature of these ob-
servations makes these findings hypothesis generating 
and warrants prospective investigation.

Study Limitations
Our findings must be interpreted with caution because 
the outcomes of subgroups from a neutral trial are 
prone to type I error (ie, false positives). Also, the large 
confidence intervals around treatment estimates may 
reflect a type II error (ie, false negatives). Even so, it 
remains plausible that patients with a higher ABCD- 
GENE score, a marker of adverse events, could be ex-
pected to benefit the most from a targeted escalation 
strategy; this hypothesis warrants further investigation 
in a dedicated trial. Our analysis at 3 months needs 
to be considered exploratory in nature and interpreted 
with caution as the TAILOR PCI trial was designed for 

Table 4. Clinical Outcomes With Genotype- guided Therapy or Conventional Therapy in Patients With High and Low ABCD- 
GENE- Score and Carriers of CYP2C19 Loss- of- Function Mutation

Variable

High (≥10)  
ABCD- GENE scores  
(n=856)

Low (<10)  
ABCD- GENE score  
(n=839)

PintGGT CT HR (95% CI) GGT CT HR (95% CI)

Time to first event analysis

All- cause death, MI, or stroke 3.2% 4.1% 0.76 (0.37– 1.57) 1.5% 1.9% 0.81 (0.28– 2.32) 0.93

Cardiovascular death, MI, stroke, definite or 
probable ST, or severe recurrent ischemia

5.4% 7.2% 0.73 (0.42– 1.26) 3.1% 4.7% 0.64 (0.31– 1.31) 0.78

All- cause death 1.0% 1.4% 0.67 (0.19– 2.36) 0.5% 1.0% 0.54 (0.10– 2.94) 0.84

Major/minor bleeding 1.3% 1.7% 0.72 (0.23– 2.25) 2.3% 1.2% 1.95 (0.65– 5.82) 0.21

Estimates are calculated by the Kaplan‒ Meier method.
ABCD- GENE indicates Age, Body Mass Index, Chronic Kidney Disease, Diabetes, and Genotyping; CT, conventional therapy; GGT, genotype- guided 

therapy; HR, hazard ratio; MI, myocardial infarction; and ST, stent thrombosis.
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12  months of DAPT. The majority of patients in this 
PCI cohort presented with acute coronary syndromes, 
which may limit the generalizability of our findings to 
patients undergoing PCI in the context of stable cor-
onary artery disease; however, our findings that the 
ABCD- GENE score isolates patients at higher risk 
were consistent irrespective of clinical presentation.

CONCLUSIONS
In a large population of patients undergoing PCI and 
discharged on clopidogrel, the ABCD- GENE score 
identified a subset at increased risk of ischemic events. 
Escalating to more potent P2Y12 inhibitors (prasugrel or 
ticagrelor) in patients with a high ABCD- GENE score 
and using clopidogrel in the remainder is a plausible 
working hypothesis for future investigation.
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