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Abstract
Background: Although P2Y12 inhibitor monotherapy has emerged as a promising alternative for dual anti-
platelet therapy (DAPT), there remains concern regarding the safety of clopidogrel monotherapy.
Aims: We sought to investigate clinical outcomes of clopidogrel monotherapy in patients with and without 
on-treatment high platelet reactivity (HPR).
Methods: In the SMART-CHOICE study, three-month DAPT followed by P2Y12 inhibitor monotherapy 
was compared with 12-month DAPT in patients undergoing percutaneous coronary intervention. A plate-
let function test was performed for 833 patients with clopidogrel-based therapy. The primary endpoint was 
major adverse cardiovascular and cerebrovascular events (MACCE: a composite of all-cause death, myo-
cardial infarction, or stroke) at 12 months.
Results: Overall, 108 (13.0%) patients had HPR on clopidogrel. Patients with HPR had a significantly 
higher rate of MACCE than patients without HPR (8.7% vs 1.5%, adjusted HR 3.036, 95% CI: 1.060-
8.693, p=0.038). The treatment effect of clopidogrel monotherapy for the 12-month MACCE was not sig-
nificantly different compared with DAPT among patients with HPR (8.0% vs 9.4%, adjusted HR 0.718, 
95% CI: 0.189-2.737, p=0.628) and without HPR (2.2% vs 0.9%, adjusted HR 2.587, 95% CI: 0.684-9.779, 
p=0.161; adjusted p for interaction=0.170).
Conclusions: Clopidogrel monotherapy showed treatment effects comparable to DAPT for MACCE 
in patients with or without HPR. However, HPR was significantly associated with an increased risk of 
MACCE in clopidogrel-treated patients regardless of maintenance of aspirin. Clinical Trial Registration: 
Comparison Between P2Y12 Antagonist Monotherapy and Dual Antiplatelet Therapy After DES (SMART-
CHOICE) (ClinicalTrials.gov: NCT02079194).

KEYWORDS

• adjunctive 
pharmacotherapy

• clinical research
• drug-eluting stent



EuroIntervention 2
0

2
1
;17:e

8
8

8
-e

8
9

7

e889

Impact of HPR on clopidogrel monotherapy

Abbreviations
CI confidence interval
DAPT dual antiplatelet therapy
HPR high platelet reactivity
HR hazard ratio
MACCE major adverse cardiovascular and cerebrovascular events
PCI percutaneous coronary intervention
PFT platelet function test
PRU platelet reactivity unit

Introduction
The cornerstone of treatment for patients undergoing percutaneous 
coronary intervention (PCI) is antiplatelet therapy1,2. Previous stud-
ies have consistently reported that prolonged dual antiplatelet ther-
apy (DAPT) can reduce myocardial infarction and stent thrombosis. 
However, it also increases the risk of bleeding compared to DAPT 
for a short or standard duration followed by aspirin monother-
apy3-5. The optimal duration of DAPT has not yet been determined, 
although numerous trials have been conducted on this issue. In this 
regard, P2Y12 inhibitor monotherapy after a short duration of DAPT 
has emerged as a promising novel alternative treatment strategy6.

Several randomised trials have consistently reported that a short 
duration of DAPT followed by P2Y12 inhibitor monotherapy and 
conventional DAPT have comparable protective effects against 
recurrent ischaemic events, leading to reduced risk of bleeding 
in patients undergoing PCI7-11. The Smart Angioplasty Research 
Team: Comparison Between P2Y12 Antagonist Monotherapy vs 
Dual Antiplatelet Therapy in Patients Undergoing Implantation of 
Coronary Drug-Eluting Stents (SMART-CHOICE) trial has dem-
onstrated that three-month DAPT followed by P2Y12 inhibitor 
monotherapy is non-inferior to 12-month DAPT for the composite 
of all-cause death, myocardial infarction, and stroke in patients 
receiving contemporary drug-eluting stents (DES)8.

Clopidogrel was predominantly used as a P2Y12 inhibitor for 
DAPT in the SMART-CHOICE trial. However, there remain con-
cerns about clopidogrel monotherapy among patients with on-
treatment high platelet reactivity (HPR). It is well known that 
patients with HPR show an increased risk of ischaemic events12. 
Although a routine platelet function test (PFT) has not been rec-
ommended in contemporary practice, a PFT was assessed in some 
of the patients enrolled in the SMART-CHOICE trial. In this con-
text, this study sought to investigate whether the effects of clopi-
dogrel monotherapy would be similar to clopidogrel-based DAPT 
for patients with or without HPR.

Editorial, see page 865

Methods
STUDY DESIGN AND POPULATION
The study design and main results of the SMART-CHOICE trial 
have been reported previously8,13. Briefly, SMART-CHOICE was 
a multicentre, randomised clinical trial that demonstrated the 
non-inferiority of P2Y12 inhibitor monotherapy after three-month 
DAPT to 12-month DAPT for the composite of ischaemic events 

in patients receiving current-generation DES (ClinicalTrials.gov: 
NCT02079194). Detailed enrolment criteria are available in a pre-
vious report8. The institutional review board at each participating 
centre approved the trial protocol. All participants provided writ-
ten informed consent.

RANDOMISATION, PROCEDURE, AND MEDICAL TREATMENT
Patients were randomised to the P2Y12 inhibitor monotherapy group 
(aspirin plus a P2Y12 inhibitor for three months and a P2Y12 inhibitor 
alone thereafter) or the long-term DAPT group (aspirin plus a P2Y12 
inhibitor for at least 12 months) in a 1:1 ratio at the index procedure 
or at the follow-up visit within three months after the index proce-
dure. Coronary angiography and PCI were performed according to 
standard guidelines14. The diameter and length of the stent were not 
restricted, and the stents were limited to second-generation stents 
which allowed short-term DAPT8. Antithrombotic treatment related 
to PCI was also performed according to standard guidelines2. All 
patients received 300 mg of aspirin and 300-600 mg of clopidogrel 
as a loading dose orally before PCI, unless they had previously 
received these antiplatelet agents. When patients presented with an 
acute coronary syndrome, 60 mg of prasugrel, 180 mg of ticagre-
lor, or clopidogrel loading dose were used. After the procedure, all 
patients received DAPT with aspirin 100 mg once daily plus clopi-
dogrel 75 mg once daily or prasugrel 10 mg once daily or ticagre-
lor 90 mg twice daily for three months. Administration of aspirin 
was stopped at three months after the index procedure in the P2Y12 
inhibitor monotherapy group but was continued indefinitely in the 
DAPT group. Administration of the P2Y12 inhibitor was continued 
in both groups. Other medications, including beta-blockers, renin-
angiotensin system blockade and statins, were prescribed according 
to guidelines, if indicated2.

SELECTION OF P2Y12 INHIBITOR AND ON-TREATMENT 
PLATELET FUNCTION TEST
In the SMART-CHOICE trial, three kinds of P2Y12 inhibitor (clopi-
dogrel, ticagrelor, and prasugrel) were allowed. The selection of 
the P2Y12 inhibitor was left to the discretion of treating physicians. 
PFT was performed using a VerifyNow P2Y12 assay (Accumetrics 
Inc., San Diego, CA, USA) at 2-4 weeks after randomisation. The 
decision to perform a PFT was entirely at the discretion of the 
attending physician. VerifiyNow tests were performed by an expe-
rienced laboratory at each participating centre blinded to clinical 
data following the instructions of the device company. Regardless 
of the results of the PFT, patients were assigned to randomised 
arms until clinical events occurred.

For this post hoc analysis, HPR on clopidogrel was defined as 
a platelet reactivity unit (PRU) level of more than 275, based on 
previous studies for the same regional and racial population15,16. 
The cut-off value of HPR was re-evaluated within the study popu-
lation. Sensitivity analysis with different cut-off values of HPR 
(PRU >208) based on the latest expert consensus document12 
was also performed. Clinical outcomes between P2Y12 inhibitor 
monotherapy after three-month DAPT and 12-month DAPT were 
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compared among patients with or without HPR. We also compared 
outcomes between patients receiving clopidogrel and those receiv-
ing a potent P2Y12 inhibitor monotherapy (Figure 1).

STUDY ENDPOINTS AND DEFINITION
The primary endpoint was major adverse cardiovascular and cerebro-
vascular events (MACCE), defined as a composite of all-cause death, 
myocardial infarction, and stroke at 12 months. Secondary endpoints 
included each component of MACCE, cardiac death, stent thrombo-
sis, and bleeding events at 12 months after the index procedure. All 
clinical outcomes were defined according to the Academic Research 
Consortium, including the addendum to the definition of myocar-
dial infarction17. All deaths were considered cardiac unless an undis-
puted non-cardiac cause was present. Periprocedural cardiac enzyme 
level within 48 hours after the index procedure without concomitant 
ischaemic symptoms or electrocardiographic findings indicative of 
ischaemia was not counted as a clinical event. Stroke was defined 
as any non-convulsive focal or global neurologic deficit of abrupt 
onset lasting for more than 24 hours or leading to death, which was 
caused by ischaemia or haemorrhage within the brain. Stent throm-
bosis was defined as definite or probable stent thrombosis according 
to the Academic Research Consortium classification. Bleeding events 
were adjudicated and classified according to the Bleeding Academic 
Research Consortium classification18. Major bleeding was defined as 
Bleeding Academic Research Consortium type 3, 4, or 5 bleeding.

STATISTICAL ANALYSIS
All categorical variables are presented as numbers and relative fre-
quencies (percent). Continuous variables are presented as means 
and standard deviations or medians with first and third quar-
tiles, according to their distribution, which was checked by the 

Kolmogorov-Smirnov test and visual inspection of Q-Q plots. 
Discrete or categorical variables were analysed using the chi-square 
or Fisher’s exact test. Continuous variables were analysed using 
the Mantel-Haenszel statistic or analysis of variance to test differ-
ences according to their distribution. Post hoc analyses were not 
performed. Cumulative event rates were estimated with the Kaplan-
Meier method and compared using the log-rank test or the Breslow 
test. We censored patients who were lost to follow-up at the time of 
the last known contact. The optimal cut-off value of on-treatment 
PRU for predicting 12-month MACCE after the index procedure was 
determined to maximise sensitivity and specificity using receiver 
operating characteristic analysis. The derived cut-off value was vali-
dated using the maximally selected log-rank statistics as a sensitivity 
analysis. A Cox proportional hazards regression model was used to 
calculate the hazard ratio (HR) and 95% confidence intervals (CI). 
The assumption of proportionality was assessed graphically with 
a log-minus-log plot and tested by Schoenfeld residuals. Cox pro-
portional hazards models for all clinical outcomes satisfied the pro-
portional hazards assumption. Multivariable analysis was performed 
to evaluate the impact of HPR on 12-month MACCE according 
to clinical characteristics (Supplementary Table 1), and the final 
model included variables of age, sex, diabetes mellitus, smoking, 
previous stroke, chronic kidney disease, and left ventricular ejection 
fraction (LVEF). Multivariable analysis for evaluating the impact of 
treatment strategy was performed according to clinical characteris-
tics (Table 1), and the final model included variables of age and sex.

All analyses were two-tailed, and clinical significance was 
defined at p<0.05. All statistical analyses were performed using 
SPSS for Windows, Version 22 (IBM Corp., Armonk, NY, USA) 
and R version 3.6.0 (R Foundation for Statistical Computing, 
Vienna, Austria).

SMART-CHOICE
(ClinicalTrials.gov: 02079194)

833 with assessment of on-treatment PRU

2,993 patients were randomised
March 2014 - July 2017

1,495 patients
with P2Y12 inhibitor monotherapy

1,498 patients
with long-term DAPT

1,508 with no assessment of 
on-treatment PRU were excluded

  62 prasugrel
268 ticagrelor 1,165 clopidogrel 1,176 clopidogrel

330 potent P2Y12
inhibitor monotherapy

725 non-HPR
(PRU ≤275)

108 HPR
(PRU >275)

  65 prasugrel
257 ticagrelor

Figure 1. Study flow. DAPT: dual antiplatelet therapy; HPR: high platelet reactivity; PRU: platelet reactivity unit
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Results
Between March 2014 and July 2017, a total of 2,993 patients 
were enrolled. Of these, 1,495 were randomly assigned to receive 
P2Y12 inhibitor monotherapy and 1,498 were randomly assigned 
to receive 12-month DAPT (Figure 1). Clopidogrel was used 
as a P2Y12 inhibitor in 2,341 (78.2%) patients, and prasugrel or 
ticagrelor as a potent P2Y12 inhibitor was used in 652 (21.8%) 
patients.

CUT-OFF VALUE FOR HPR AMONG PATIENTS RECEIVING 
CLOPIDOGREL
A PFT was performed for 833 (35.6%) patients receiving 
clopidogrel at a mean of 27 days after the index procedure. 

The optimal cut-off value of HPR on clopidogrel for predict-
ing 12-month MACCE was more than 275 PRU in this popula-
tion (Supplementary Figure 1), confirming that the cut-off value 
of HPR suggested previously was an appropriate determinant for 
predicting 12-month MACCE. The baseline characteristics of the 
patients divided according to the derived cut-off value are summa-
rised in Supplementary Table 1.

BASELINE CHARACTERISTICS OF THE STUDY POPULATION
Table 1 summarises the baseline characteristics of the study pop-
ulation according to the treatment strategy (short-term DAPT 
followed by P2Y12 inhibitor monotherapy vs long-term DAPT) 
and on-treatment PRU on clopidogrel. Of 833 patients receiving 

Table 1. Baseline characteristics of the study population.

Non-HPR (≤275) n=725 HPR (>275) n=108

Long-term  
DAPT

P2Y12 inhibitor 
monotherapy

p-value
Long-term  

DAPT
P2Y12 inhibitor 
monotherapy

p-value
356/725 
(49.1%)

369/725 
(50.9%)

55/108 (50.9%) 53/108 (49.1%)

Test for 
PRU

PCI-to-test, days 26.7±24.1 28.7±24.9 0.278 20.4±18.9 25.0±30.7 0.382

PRU value 172.0±63.2 177.2±62.1 0.266 313.4±42.2 311.0±31.2 0.737

General 
characteris-
tics

Age, years 63.6±10.1 65.0±9.9 0.068 69.5±8.7 70.5±7.6 0.525

Men 271 (76.1) 270 (73.2) 0.408 18 (32.7) 31 (58.5) 0.013

Body mass index, kg/m2 24.5±2.8 24.3±2.9 0.624 24.2±3.1 24.4±3.1 0.724

Comorbidi-
ties

Hypertension 220 (61.8) 218 (59.1) 0.501 37 (67.3) 34 (64.2) 0.889

Diabetes mellitus 125 (35.1) 136 (36.9) 0.681 28 (50.9) 23 (43.4) 0.556

Dyslipidaemia 149 (41.9) 158 (42.8) 0.851 23 (41.8) 20 (37.7) 0.813

Current smoking 57 (16.0) 68 (18.4) 0.445 4 (7.3) 7 (13.2) 0.483

Previous revascularisation 49 (13.8) 55 (14.9) 0.740 10 (18.2) 4 (7.5) 0.174

Previous stroke 26 (7.3) 23 (6.2) 0.670 7 (12.7) 6 (11.3) 1.000

Previous myocardial 
infarction 21 (5.9) 19 (5.1) 0.780 1 (1.8) 2 (3.8) 0.974

Chronic kidney disease 8 (2.2) 10 (2.7) 0.872 6 (10.9) 2 (3.8) 0.295

LVEF, % 61.4±9.9 62.5±9.2 0.147 60.9±9.8 57.4±12.1 0.113

Clinical 
presenta-
tion

Stable ischaemic heart 
disease 205 (57.6) 214 (58.0)

0.971
26 (47.3) 22 (41.5)

0.683
Acute coronary syndrome 151 (42.4) 155 (42.0) 29 (52.7) 31 (58.5)

Location of 
lesions

Left main 5 (1.4) 13 (3.5) 0.093 2 (3.6) 1 (1.9) 1.000

Left anterior descending 
artery 229 (64.3) 236 (64) 0.979 37 (67.3) 32 (60.4) 0.585

Left circumflex 94 (26.4) 95 (25.7) 0.906 13 (23.6) 12 (22.6) 1.000

Right coronary artery 135 (37.9) 122 (33.1) 0.197 17 (30.9) 17 (32.1) 1.000

Lesion 
complexity

Calcified 58 (16.3) 63 (17.1) 0.842 15 (27.3) 16 (30.2) 0.903

Bifurcation 51 (14.3) 60 (16.3) 0.525 5 (9.1) 4 (7.5) 1.000

Thrombotic 14 (3.9) 18 (4.9) 0.655 2 (3.6) 5 (9.4) 0.405

Use of intravascular 
ultrasound 81 (22.8) 78 (21.2) 0.677 18 (32.7) 14 (26.4) 0.612

Multivessel intervention 101 (28.4) 98 (26.6) 0.643 14 (25.5) 8 (15.1) 0.272

Multi-lesion intervention 123 (34.6) 110 (29.8) 0.198 16 (29.1) 11 (20.8) 0.437

Total number of stents 1.5±0.8 1.5±0.8 0.587 1.5±0.8 1.3±0.7 0.189

Total stent length, mm 39.3±22.5 38.2±22.5 0.530 41.0±27.8 34.8±19.2 0.177

Values expressed as mean±SD or number (%). HPR: high platelet reactivity; LVEF: left ventricular ejection fraction; PRU: platelet reactivity unit
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clopidogrel, 108 (13.0%) patients had HPR, including 53 patients 
(49.1%) in the P2Y12 inhibitor monotherapy group and 55 (50.9%) 
in the long-term DAPT group. There was no significant difference 
in the on-treatment PRU level according to the treatment strategy 
(DAPT 313.4±42.2 vs P2Y12 inhibitor monotherapy 311.0±31.2, 
p=0.737) in patients with HPR. Among patients with HPR on 
clopidogrel, the proportion of men was higher in the clopidogrel-
based monotherapy than in the DAPT group (58.5% vs 32.7%, 
p=0.013). There was no significant difference in other baseline 
characteristics according to the treatment strategy among patients 
without HPR on clopidogrel.

CLINICAL OUTCOMES ACCORDING TO HPR ON 
CLOPIDOGREL AND DAPT DURATION
The median follow-up duration of the study population was 
365 days. HPR was related to an increased risk of MACCE com-
pared to non-HPR (adjusted HR 3.036, 95% CI: 1.060-8.693, 
p=0.038) (Central illustration, Supplementary Table 2). The 
effect of clopidogrel monotherapy was not significantly differ-
ent from that of clopidogrel-based long-term DAPT for MACCE 
among patients with HPR (8.0% vs 9.4%, adjusted HR 0.718, 95% 
CI: 0.189-2.737, p=0.628) or without HPR on clopidogrel (2.2% 
vs 0.9%, adjusted HR 2.587, 95% CI: 0.684-9.779, p=0.161) 
(Table 2, Figure 2). In the landmark analysis for the three-month 
landmark point, results also showed that the clopidogrel mono-
therapy was comparable to long-term DAPT (Supplementary 

Figure 2). For bleeding events (Figure 3), long-term DAPT showed 
an increased risk of events compared to clopidogrel monotherapy 
for patients in the non-HPR group. However, the interaction term 
was not significant (adjusted p for interaction=0.416). Results 
of subgroup analysis (Supplementary Figure 3) for 12-month 
MACCE rates between clopidogrel monotherapy and DAPT were 
generally consistent across multiple subgroups. Furthermore, when 
we defined HPR with a different cut-off value of 20812, the risk of 
12-month MACCE with clopidogrel monotherapy was also similar 
to that with DAPT regardless of HPR (Supplementary Figure 4).

COMPARISON OF OUTCOMES WITH PATIENTS RECEIVING 
POTENT P2Y12 INHIBITOR MONOTHERAPY
Baseline characteristics of the 330 patients receiving potent P2Y12 
inhibitor monotherapy are summarised in Supplementary Table 3. 
The rate of MACCE in patients receiving short-term DAPT fol-
lowed by monotherapy using a potent P2Y12 inhibitor was 2.2%, 
significantly lower than that in those with HPR on clopidogrel 
(2.2% vs 8.7%, HR 0.250, 95% CI: 0.093-0.671, p=0.006) (Central 
illustration). When we compared the effects of potent P2Y12 inhib-
itor monotherapy to those with a clopidogrel-based strategy, a con-
sistently lower rate of MACCE occurred in the group receiving 
clopidogrel, regardless of clopidogrel monotherapy or long-term 
DAPT with clopidogrel (HR vs clopidogrel monotherapy 0.281, 
95% CI: 0.082-0.961, p=0.043 and HR vs clopidogrel with aspirin 
0.225, 95% CI: 0.071-0.708, p=0.011) (Supplementary Figure 5).

Table 2. Comparison of 12-month clinical outcome according to the treatment strategy (clopidogrel-based monotherapy vs long-term 
DAPT) within clopidogrel strata and HPR.

HPR on clopidogrel Non-HPR on clopidogrel

Adjusted 
p-value for 
interaction

Long- 
term  
DAPT

P2Y12 
inhibitor 
mono-
therapy

Crude HR 
(95% CI)

p-value
Adjusted*  

HR (95% CI)
p-value

Long-term 
DAPT

P2Y12 
inhibitor 
mono-
therapy

Crude  
HR (95% CI)

p-value
Adjusted*  

HR (95% CI)
p-value

n=55 n=53 n=356 n=369

MACCE¶ 9.4% (5) 8.0% (4) 0.806 
(0.217-3.003) 0.748 0.718 

(0.189-2.737) 0.628 0.9% (3) 2.2% (8) 2.587 
(0.686-9.752) 0.160 2.587 

(0.684-9.779) 0.161 0.170

All-cause 
death 5.7% (3) 3.8% (2) 0.666 

(0.111-3.988) 0.657 0.706 
(0.115-4.342) 0.707 0.6% (2) 0.3% (1) 0.483 

(0.044-5.323) 0.552 0.456 
(0.041-5.044) 0.522 0.807

Cardiac 
death 5.7% (3) 3.8% (2) 0.666 

(0.111-3.988) 0.657 0.706 
(0.115-4.342) 0.707 0.6% (2) 0.3% (1) 0.483 

(0.044-5.323) 0.552 0.456 
(0.041-5.044) 0.522 0.807

Myocardial 
infarction 3.8% (2) 0% (0) 0 (0-inf) 0.999 0 (0-inf) 0.999 0.3% (1) 1.1% (4)

3.854 
(0.431-
34.480)

0.228
3.667 

(0.408-
32.912)

0.246 0.998

Stroke 3.9% (2) 4.2% (2) 0.513 
(0.046-5.653) 0.585 0.983 

(0.124-7.791) 0.987 0% (0) 0.8% (3) 0 (0-inf) 0.999 0 (0-inf) 0.999 0.998

Stent 
thrombosis 1.8% (1) 0% (0) 0 (0-inf) 0.999 0 (0-inf) 1.000 0% (0) 0% (0) – – – – –

BARC 2-5 
bleeding 5.8% (3) 3.8% (2) 0.664 

(0.111-3.973) 0.654 0.936 
(0.143-6.111) 0.945 5.1% (18) 1.9% (7) 0.370 

(0.155-0.887) 0.026 0.368 
(0.153-0.882) 0.025 0.416

Major 
bleeding‡ 0% (0) 3.8% (2) 0 (0-inf) 0.999 0 (0-inf) 0.999 1.4% (5) 0.5% (2) 0.384 

(0.074-1.978) 0.252 0.366 
(0.071-1.888) 0.230 0.997

The cumulative incidence of clinical outcomes is presented as Kaplan-Meier estimates during a median follow-up of 365 days. The number of patients with specific events is also presented in 
parentheses. *Multivariable analysis after adjusting for age and sex. ¶ MACCE includes all-cause death, any myocardial infarction, and stroke. ‡ BARC type 3 to 5 bleeding. BARC: Bleeding 
Academic Research Consortium; HPR: high platelet reactivity; MACCE: major adverse cardiac and cerebrovascular events; PRU: platelet reactivity unit
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Discussion
The present study evaluated clinical outcomes of patients receiving 
clopidogrel-based antiplatelet therapy with or without HPR using 
data from the SMART-CHOICE trial. Overall, approximately 13% 
of patients with clopidogrel had HPR. They had a higher risk of 
12-month MACCE than those with non-HPR on clopidogrel (Central 
illustration). Compared with 12-month DAPT, clopidogrel mono-
therapy had comparable MACCE regardless of HPR on clopidogrel. 
Meanwhile, potent P2Y12 inhibitor monotherapy was found to be asso-
ciated with a reduced risk of MACCE compared with clopidogrel-
based antiplatelet therapy among patients with HPR on clopidogrel.

Clopidogrel is a prodrug that requires metabolism to inhibit the 
P2Y12 receptor19. Response to clopidogrel is variable. In a sub-
stantial proportion of patients, the response to clopidogrel is inad-
equate12,20. As a result, concerns about clopidogrel monotherapy 
have been raised, especially in patients with HPR on clopidogrel. 
The use of potent P2Y12 inhibitors may be an alternative for these 
patients. However, ticagrelor and prasugrel are indicated only in 
patients with acute coronary syndrome and clopidogrel is the most 
widely used P2Y12 inhibitor in real-world practice21. Therefore, 
to investigate the effect of clopidogrel monotherapy according 
to on-treatment HPR is of great clinical importance. Although 
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Figure 2. Comparison of 12-month MACCE rate according to HPR on clopidogrel. The cumulative incidence of MACCE at 12 months was 
compared between the long-term DAPT and monotherapy groups for those (A) with HPR (>275) or (B) without HPR (≤275) among patients 
on clopidogrel. * Multivariable analysis after adjusting for age and sex. CI: confidence interval; DAPT: dual antiplatelet therapy; HPR: high 
platelet reactivity; HR: hazard ratio; PRU: platelet reactivity unit
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Figure 3. Comparison of 12-month BARC 2-5 bleeding rate according to HPR on clopidogrel. The cumulative incidence of BARC 2-5 
bleeding at 12 months was compared between the long-term DAPT and monotherapy groups for those (A) with HPR (>275) or (B) without 
HPR (≤275) among patients on clopidogrel. * Multivariable analysis after adjusting for age and sex. BARC: Bleeding Academic Research 
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one-month DAPT followed by clopidogrel monotherapy reduced 
a composite of cardiovascular and bleeding events in the Short and 
Optimal Duration of Dual Antiplatelet Therapy After Everolimus-
Eluting Cobalt-Chromium Stent (STOPDAPT)-2 trial10, no data 
on the safety of clopidogrel monotherapy in patients with HPR 
on clopidogrel are available. Therefore, we performed a post hoc 
study of the SMART-CHOICE trial to compare clopidogrel mono-
therapy with clopidogrel plus aspirin among patients with or with-
out HPR on clopidogrel.

In this study, patients with HPR on clopidogrel had a signifi-
cantly higher risk of MACCE than those without HPR on clopi-
dogrel. This result is in line with previous studies showing that 
HPR on clopidogrel is independently associated with stent throm-
bosis and MI22. However, continuation of aspirin was not associated 
with favourable outcomes in patients with HPR on clopidogrel or 
in those with non-HPR on clopidogrel. There are several explana-
tions for these results. First, besides PRU level, patients with HPR 
on clopidogrel have a higher risk profile than those with non-HPR 
on clopidogrel. Therefore, maintenance of aspirin might not ade-
quately improve clinical outcomes of patients with HPR on clopi-
dogrel. In these patients, the use of potent P2Y12 inhibitors instead 
of clopidogrel might be more rational than extending the dura-
tion of aspirin treatment. In the present analysis, patients receiving 
potent P2Y12 inhibitor monotherapy had comparable outcomes to 
those with non-HPR on clopidogrel. They showed better outcomes 
than those with HPR on clopidogrel regardless of the maintenance 
of aspirin. Recently, the Ticagrelor with Aspirin or Alone in High-
Risk Patients after Coronary Intervention (TWILIGHT) trial dem-
onstrated that, among high-risk patients who underwent PCI and 

completed three-month DAPT, ticagrelor monotherapy was asso-
ciated with a lower incidence of clinically relevant bleeding than 
ticagrelor plus aspirin, without showing a higher risk of death, 
MI, or stroke9. Second, in the SMART-CHOICE trial, patients 
exclusively received second-generation DES, which reduced 
stent thrombosis and MI significantly compared to first-genera-
tion DES. After three months of PCI with second-generation DES, 
uncovered struts were rare in an optical coherence tomography 
study23. In the SMART-CHOICE trial, three-month DAPT before 
clopidogrel monotherapy might have resulted in consistent P2Y12 
inhibitor monotherapy effects on MACCE regardless of the on-
treatment platelet reactivity on clopidogrel.

The proportion of patients with HPR on clopidogrel seemed to be 
low in this study compared to that in previous studies15,16. It is dif-
ficult to know the exact causes; the timing of PRU measurements 
might explain such results. While on-treatment PFT was evaluated 
at approximately four weeks after the index procedure in the pre-
sent analysis, previous studies reported PRU levels immediately or 
shortly after the index procedure24-27. Response to clopidogrel var-
ied significantly over time, being higher at baseline than at one 
month after PCI28. Although the optimal timing of PRU assessment 
remains controversial, in our opinion it is rational to allow sufficient 
time before measuring on-treatment platelet reactivity.

Limitations
This study has several limitations. First, the number of patients 
with HPR on clopidogrel and their rates of adverse events at 
12 months were relatively small to have adequate power to con-
firm our findings. Second, PFTs were not available at all centres 
and were performed based on clinicians’ discretion. As a result, 
not all patients underwent a PFT; 35.6% of patients receiving 
clopidogrel were assessed with a PFT. There is no doubt that there 
might be a selection bias. Patients at high risk who might benefit 
from conventional DAPT might have been excluded. Additionally, 
the study protocol did not define the exact time for blood collec-
tion according to the last clopidogrel administration. Furthermore, 
although CYP2C19 genotyping might be used as an optional tool 
for guiding antiplatelet therapy12,29, it was not available for this 
study. Third, the attending physicians selected the type of P2Y12 
inhibitor. Ticagrelor or prasugrel might have been prescribed 
instead of clopidogrel in patients whose clopidogrel monother-
apy might be inadequate to prevent adverse events. Although the 
selection of P2Y12 inhibitors was made at the time of randomi-
sation and before measuring on-treatment PRU on clopidogrel, 
there might potentially be selection bias in this analysis. Fourth, 
although the SMART-CHOICE trial was a randomised study, 
this was a post hoc study. Randomisation was not stratified by 
on-treatment platelet reactivity on clopidogrel. Although baseline 
characteristics were mostly well balanced between the groups, 
unmeasured factors might have affected study outcomes. Fifth, 
the cut-off value of HPR remains controversial and the previous 
expert consensus document has recommended PRU >20812,25,26. 
However, it should be noted that this cut-off value was based 

I. Non-HPR on clopidogrel
II. HPR on clopidogrel
III. Potent P2Y12 inhibitor monotherapy

Number at risk
Group I 725 721 718 714 589
Group II 108 101   99   97    85
Group III 330 319 314 309 263
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Central illustration. Comparison of 12-month MACCE rate 
according to on-treatment PRU level and type of P2Y12 inhibitor. The 
cumulative incidence of MACCE at 12 months was compared 
according to HPR among patients receiving clopidogrel. It was also 
compared to those who received potent P2Y12 inhibitor monotherapy. 
The incidence of 12-month MACCE was significantly higher in 
patients with HPR than in other groups. HPR: high platelet 
reactivity; MACCE: major adverse cardiovascular and 
cerebrovascular events; PRU: platelet reactivity unit
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Impact of HPR on clopidogrel monotherapy

on a Western population study30. For East Asians, previous stud-
ies have reported that the cut-off value was to be higher than for 
Westerners. Additionally, when we analysed patients with a cut-off 
for HPR of more than 208, results consistently showed no signifi-
cant difference in the treatment effect of clopidogrel monother-
apy regardless of HPR. Sixth, information on the use of aspirin or 
a P2Y12 inhibitor was assessed at each follow-up. In the SMART-
CHOICE trial, the overall adherence to the study protocol was 
79.3% in the P2Y12 inhibitor monotherapy group and 95.2% in the 
DAPT group. In the main paper, intention-to-treat and per-proto-
col analyses showed similar conclusions, suggesting that potential 
biases caused by differential adherence and treatment crossover 
are likely to be small. However, in the present study, it was hard 
to analyse exact drug adherence. Thus, these results were not free 
from non-adherence issues.

Conclusions
Although P2Y12 inhibitor monotherapy after short DAPT has 
emerged as a novel promising antiplatelet strategy after PCI, HPR 
on clopidogrel is one of the major concerns with clopidogrel mon-
otherapy. Our results indicated that clopidogrel monotherapy and 
clopidogrel plus aspirin showed comparable treatment effects for 
MACCE among patients with or without HPR. However, HPR on 
clopidogrel was significantly associated with an increased risk of 
MACCE in clopidogrel-treated patients regardless of maintenance 
of aspirin. A potent P2Y12 inhibitor rather than prolonged clopi-
dogrel-based DAPT can be considered for patients with HPR on 
clopidogrel. To validate this escalating strategy of P2Y12 inhibi-
tors according to the on-treatment PRU, large-scale and long-term 
clinical trials are needed.

Impact on daily practice
This substudy of SMART-CHOICE tested the clinical impact of 
high platelet reactivity (HPR) on clopidogrel of those who were 
treated with clopidogrel-based antiplatelet therapy after PCI. 
Clopidogrel monotherapy and clopidogrel plus aspirin showed 
comparable treatment effects on major adverse cardiovascular 
and cerebrovascular events (MACCE) among patients with or 
without HPR. However, HPR was significantly associated with 
an increased risk of ischaemic events. Dual antiplatelet therapy 
(DAPT) had no additional benefit in reducing ischaemic events. 
Potent P2Y12 inhibitor monotherapy rather than prolonged 
clopidogrel-based DAPT might be a rational antiplatelet strat-
egy in patients with HPR on clopidogrel. However, this strategy 
requires confirmation in a large clinical trial.
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Supplementary data 

Supplementary Table 1. Baseline characteristics according to HPR on clopidogrel. 

 Total population 
Non-HPR 

 (≤275) 

HPR 

(>275) 
p-value 

 n=833 725/833 (87.0%) 108/833 (13.0%)  

Test for PRU     

PCI-to-test, days 27.1±24.6 27.8±24.5 22.7±25.3 0.057 

PRU value 192.5±75.7 174.7±62.7 312.2±37.1 <0.001 

General characteristics     

Age, years 65.1±10.0 64.3±10.0 70.0±8.1 <0.001 

Men 590 (70.8) 541 (74.6) 49 (45.4) <0.001 

Body mass index, kg/m2 24.4±2.9 24.4±2.8 24.3±3.1 0.640 

Comorbidities     

Hypertension 509 (61.1) 438 (60.4) 71 (65.7) 0.340 

Diabetes mellitus 312 (37.5) 261 (36.0) 51 (47.2) 0.032 

Dyslipidaemia 350 (42.0) 307 (42.3) 43 (39.8) 0.695 

Current smoking 136 (16.3) 125 (17.2) 11 (10.2) 0.087 

Previous revascularisation 118 (14.2) 104 (14.3) 14 (13.0) 0.813 

Previous stroke 62 (7.4) 49 (6.8) 13 (12.0) 0.080 

Previous myocardial infarction 43 (5.2) 40 (5.5) 3 (2.8) 0.348 

Chronic kidney disease 26 (3.1) 18 (2.5) 8 (7.4) 0.014 

LVEF, % 61.6±9.8 62.0±9.6 59.2±11.1 0.020 



Clinical presentation    0.012 

Stable ischaemic heart disease 467 (56.1) 419 (57.8) 48 (44.4)  

Acute coronary syndrome 366 (43.9) 306 (42.2) 60 (55.6)  

Location of lesions     

Left main 21 (2.5) 18 (2.5) 3 (2.8) 0.746 

Left anterior descending artery 534 (64.1) 465 (64.1) 69 (63.9) 1.000 

Left circumflex artery 214 (25.7) 189 (26.1) 25 (23.1) 0.596 

Right coronary artery 291 (34.9) 257 (35.4) 34 (31.5) 0.485 

Lesion complexity     

Calcified 152 (18.3) 121 (16.7) 31 (28.7) 0.004 

Bifurcation 120 (14.4) 111 (15.3) 9 (8.3) 0.074 

Thrombotic 39 (4.7) 32 (4.4) 7 (6.5) 0.483 

Use of intravascular ultrasound 191 (23.0) 159 (22.0) 32 (29.6) 0.100 

Multivessel intervention 221 (26.5) 199 (27.4) 22 (20.4) 0.151 

Multi-lesion intervention 260 (31.2) 233 (32.1) 27 (25.0) 0.167 

Total number of stents 1.5±0.8 1.5±0.8 1.4±0.7 0.317 

Total stent length, mm 38.6±22.7 38.7±22.5 37.9±24.1 0.730 

Values expressed as mean±SD or number (%). 

HPR: high platelet reactivity; LVEF: left ventricular ejection fraction; PRU: platelet reactivity unit  

  



Supplementary Table 2. Clinical outcomes according to HPR on clopidogrel and potent P2Y12 inhibitor monotherapy. 

 

Non-HPR 

on clopidogrel 

n=725 

HPR 

on clopidogrel 

n=108 

Potent P2Y12 inhibitor 

 monotherapy 

n=330 

p-value 

MACCE† 1.5% (11) 8.7% (9) 2.2% (7) <0.001 

All-cause death 0.4% (3) 4.8% (5) 1.2% (4) <0.001 

Cardiac death 0.4% (3) 4.8% (5) 0.6% (2) <0.001 

Myocardial infarction 0.7% (5) 1.9% (2) 0.6% (2) 0.385 

Repeat revascularisation 2.7% (19) 2.1% (2) 1.0% (3) 0.223 

Stroke 0.4% (3) 4.0% (4) 0.3% (1) 0.007 

Stent thrombosis 0% (0) 0.9% (1) 0% (0) 0.008 

BARC 2-5 bleeding 3.5% (25) 4.8% (5) 1.3% (4) 0.079 

Major bleeding‡ 1.0% (7) 1.9% (2) 0.6% (2) 0.488 

The cumulative incidence of clinical outcomes is presented as Kaplan-Meier estimates during a median follow-up of 365.0 days. The number of patients with specific events is also presented 

in parentheses. The p-values were log-rank or Breslow p-value in survival analysis. 

† MACCE includes all-cause death, any myocardial infarction, and stroke. 
‡ BARC type 3 to 5 bleeding. 

BARC: Bleeding Academic Research Consortium; HPR: high platelet reactivity; MACCE: major adverse cardiac and cerebrovascular events; PRU: platelet reactivity unit



Supplementary Table 3. Baseline characteristics according to treatment strategy for the patients with HPR on clopidogrel and potent 

P2Y12 inhibitor monotherapy. 

 HPR on clopidogrel Potent P2Y12 inhibitor 

monotherapy 

n=330 

 

 
Long-term DAPT 

n=55 

Monotherapy 

n=53 
p-value 

General characteristics     

Age, years 69.5±8.7 70.5±7.6 60.4 ± 10.4 <0.001 

Men 18 (32.7) 31 (58.5) 278 (84.2) 0.001 

Body mass index, kg/m2 24.2±3.1 24.4±3.1 24.7 ± 3.5 0.537 

Comorbidities     

Hypertension 37 (67.3) 34 (64.2) 186 (56.4) 0.217 

Diabetes mellitus 28 (50.9) 23 (43.4) 115 (34.8) 0.051 

Dyslipidaemia 23 (41.8) 20 (37.7) 162 (49.1) 0.224 

Current smoking 4 (7.3) 7 (13.2) 157 (47.7) 0.001 

Previous revascularisation 10 (18.2) 4 (7.5) 13 (3.9) 0.001 

Previous stroke 7 (12.7) 6 (11.3) 12 (3.6) 0.005 

Previous myocardial infarction 1 (1.8) 2 (3.8) 8 (2.4) 0.793 

Previous bleeding 3 (5.5) 4 (7.5) 8 (2.4) 0.110 

Chronic kidney disease 6 (10.9) 2 (3.8) 6 (1.8) 0.002 

LVEF, % 60.9±9.8 57.4±12.1 58.3 ± 11.4 0.237 

Clinical presentation    <0.001 

Stable ischaemic heart disease 26 (47.3) 22 (41.5) 25 (7.6)  

Acute coronary syndrome 29 (52.7) 31 (58.5) 305 (92.4)  



Location of lesions     

Left main 2 (3.6) 1 (1.9) 5 (1.5) 0.553 

Left anterior descending artery 37 (67.3) 32 (60.4) 195 (59.1) 0.517 

Left circumflex artery 13 (23.6) 12 (22.6) 91 (27.6) 0.659 

Right coronary artery 17 (30.9) 17 (32.1) 120 (36.4) 0.648 

Lesion complexity     

Calcified 15 (27.3) 16 (30.2) 44 (13.4) 0.001 

Bifurcation 5 (9.1) 4 (7.5) 57 (17.3) 0.075 

Thrombotic 2 (3.6) 5 (9.4) 48 (14.6) 0.058 

Use of intravascular ultrasound 18 (32.7) 14 (26.4) 110 (33.5) 0.590 

Multivessel intervention 14 (25.5) 8 (15.1) 79 (23.9) 0.330 

Multi-lesion intervention 16 (29.1) 11 (20.8) 99 (30.0) 0.385 

Total number of stents 1.5±0.8 1.3±0.7 1.5±0.8 0.351 

Total stent length, mm 41.0±27.8 34.8±19.2 39.2±23.1 0.339 

Values expressed as mean±SD or number (%). 

HPR: high platelet reactivity; LVEF: left ventricular ejection fraction; PRU: platelet reactivity unit 

 

 

 



 

Supplementary Figure 1. Determination of the cut-off value of PRU for predicting 12-month MACCE.  

The optimal cut-off value of on-treatment PRU for the occurrence of MACCE was 275. The PRU showed good diagnostic accuracy for 

MACCE at 12 months.  

MACCE: major adverse cardiac and cerebrovascular events; NPV: negative predictive value; PPV: positive predictive value; PRU: platelet 

reactivity unit



 

 

Supplementary Figure 2. Landmark analysis at the 3-month landmark point for MACCE. 

The landmark analysis showed consistent results that long-term DAPT showed no additional clinical benefit within and after 3 months in the 

patients with HPR or without HPR.  

DAPT: dual antiplatelet therapy; HPR: high platelet reactivity; MACCE: major adverse cardiac and cerebrovascular events; PRU: platelet 

reactivity unit 



 

 



Supplementary Figure 3. Subgroup analysis of 12-month MACCE. 

The primary endpoint was MACCE, a composite of all-cause death, myocardial infarction, or stroke. Event rates were based on Kaplan-Meier 

estimates; the rate is not the same as the ratio of the numerator and denominator. There were no significant differences between the treatment 

effects of clopidogrel monotherapy and DAPT across all subgroups.  

ACS: acute coronary syndrome; DAPT: dual antiplatelet therapy; HPR: high platelet reactivity; LVEF: left ventricular ejection fraction; 

MACCE: major adverse cardiovascular and cerebrovascular events; No.: number; PCI: percutaneous coronary intervention; PRU: platelet 

reactivity unit; SIHD: stable ischaemic heart disease 

  



 

 

 

Supplementary Figure 4. Comparison of 12-month MACCE rate according to different cut-off values of HPR on clopidogrel. 

The cumulative incidence of MACCE at 12 months was compared between long-term DAPT and monotherapy groups for those (A) with 

HPR (>208) or (B) without HPR (≤208) among patients on clopidogrel.  

*Multivariable analysis after adjusting for age and sex. 

CI: confidence interval; DAPT: dual antiplatelet therapy; HPR: high platelet reactivity; HR: hazard ratio; PRU: platelet reactivity unit 



 

Supplementary Figure 5. Prognostic impact of potent P2Y12 inhibitor monotherapy compared with the patients with HPR on clopidogrel. 

The potent P2Y12 inhibitor monotherapy was associated with a lower risk of MACCE at 12 months, regardless of treatment strategy 

(monotherapy or long-term DAPT) in the patients with HPR on clopidogrel. 

DAPT: dual antiplatelet therapy; HPR: high platelet reactivity  

 


