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Abstract
Several studies have investigated the association between P2Y12 reaction unit (PRU) value and major adverse cardiovascular 
events (MACEs) in patients with ischemic heart disease, but there is no well-established consensus on the utility of PRU 
value. Furthermore, the optimal PRU cut-off value varied with studies. One reason may be that the endpoints and observa-
tion periods differed, depending on the study. This study aimed to investigate the optimal cut-off and predictive ability of the 
PRU value for predicting cardiovascular events, while considering different endpoints and observation periods. We surveyed 
a total of 338 patients receiving P2Y12 inhibitors and measured PRU during cardiac catheterization. Using time-dependent 
receiver operating characteristic analysis, we evaluated the cut-off and area under curve (AUC) of the PRU value for two 
MACEs (MACE ①: composite of death, myocardial infarction, stent thrombosis, and cerebral infarction; MACE ②: composite 
of MACE ① and target vessel revascularization) at 6, 12, 24 and 36 months after cardiac catheterization. MACE ① occurred 
in 18 cases and MACE ② in 32 cases. The PRU cut-off values at 6, 12, 24, and 36 months were 257, 238, 217, and 216, 
respectively, for MACE ① and 250, 238, 209, and 204, respectively, for MACE ②. The AUCs at 6, 12, 24, and 36 months 
were 0.753, 0.832, 0.718, and 0.717, respectively, for MACE ① and 0.724, 0.722, 0.664, and 0.682, respectively, for MACE 
②. The optimal cut-off and predictive ability of PRU values for cardiovascular events varied depending on different endpoints 
and duration of the observation periods. A relatively high PRU value is effective for short-term event suppression, but a low 
value is required for long-term event suppression.

Keywords P2Y12 reaction unit · Time-dependent receiver-operating characteristic analysis · Optimal cut-off value · Major 
adverse cardiovascular event

Introduction

In patients with ischemic heart disease, high treatment plate-
let reactivity (HPR) has been found to be significantly asso-
ciated with cardiovascular events on P2Y12 inhibitor ther-
apy [1, 2]. The VerifyNow P2Y12 assay is a reliable, fast, 
and sensitive test suitable for monitoring platelet inhibition 
during P2Y12 inhibitor therapy [3–5]. Several studies have 
investigated the association between the P2Y12 reaction 

unit (PRU) value, as measured by the VerifyNow P2Y12 
assay, and cardiovascular events in patients with ischemic 
heart disease. However, there is no well-established consen-
sus regarding the availability and reliability of PRU values. 
Previous reports have demonstrated the association between 
the PRU value and cardiovascular events [6–13]. However, 
some reports have refuted the association between the PRU 
value and cardiovascular events [14–17]. Therefore, there 
are conflicting reports regarding the association between 
PRU value and cardiovascular events. One potential reason 
for this might be the difference in the endpoints and obser-
vation periods in numerous studies. Few investigations have 
simultaneously examined the association between the PRU 
cut-off values for cardiovascular events and different end-
points/observation periods.
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Receiver operating characteristic (ROC) analysis is a 
commonly used method for evaluating the cut-off value for 
continuous variables for a single endpoint event. However, 
a typical ROC analysis cannot integrate the effect of time 
in the analysis. Previous studies have used ordinary ROC 
analyses to investigate the PRU cut-off value. However, the 
observation duration could significantly impact the study 
results and affect the occurrence of cardiovascular events. 
If the analysis is performed after considering the course of 
time, it would be necessary to take the drop-out cases into 
account as well. Time-dependent ROC analysis enables esti-
mation of the cut-off values of independent variables for the 
occurrence of endpoints, while considering drop-out cases 
over the course of time [18]. The predictive ability of the 
cut-off value is evaluated using the area under the curve 
(AUC). Therefore, it is meaningful to evaluate the predictive 
ability of independent variables for event outcomes incor-
porating the course of time, using time-dependent ROC 
analysis.

This study aimed to investigate the optimal cut-off and 
predictive ability of the PRU value for predicting cardio-
vascular events, considering both the differences in end-
points and observation periods using time-dependent ROC 
analysis.

Materials and methods

Study population

The study population comprised 338 patients with ischemic 
heart disease receiving clopidogrel (75 mg/day) or prasugrel 
(3.75 mg/day) who underwent cardiac catheterization at The 
Jikei University Hospital from September 2017 to January 
2020. The exclusion criteria were P2Y12 inhibitor taken for 
less than 7 days or a hematocrit value ˂ 20% or ˃ 60%.

This study was conducted in accordance with the prin-
ciples expressed in the Declaration of Helsinki and was 
approved by the Medical Ethics Committee of Jikei Univer-
sity School of Medicine [24-355[7121]. This was a retro-
spective study, and informed consent was not obtained from 
each patient. Instead, according to our institution’s routine 
ethical regulations, we posted a notice about the study design 
and contact information at a public location in our institu-
tion. In this public notification, we ensured that patients had 
the opportunity to refuse participation (opt-out) in this study.

Clopidogrel or prasugrel administration

All participants were being managed on a P2Y12 inhibitor 
because of a history of PCI or because they were sched-
uled for PCI. The duration of P2Y12 inhibitor adminis-
tration after cardiac catheterization was at the discretion 

of the treating physician in accordance with the Japanese 
guidelines. In addition, there were no stipulations regard-
ing the choice of P2Y12 inhibitor (clopidogrel or prasug-
rel), which was, therefore, chosen at the discretion of the 
physician.

Blood sampling and measurement of platelet 
function

We collected blood samples from the arterial sheath dur-
ing cardiac catheterization, which were immediately trans-
ferred into blood tubes. The effect of the P2Y12 inhibitor 
was assessed using the VerifyNow P2Y12 assay (Accumet-
rics, San Diego, CA, USA) between 10 min and 4 h after 
equilibration. The VerifyNow P2Y12 assay is a point-of-
care test designed to directly measure the effects of drugs 
on the P2Y12 receptor [4]. This device is a turbidimetric 
optical detection system that measures light transmit-
tance. P2Y12 inhibitor responsiveness was assessed by 
ADP-induced platelet aggregation and recorded as PRUs. 
Routine biochemical analyses, such as those for electro-
lytes, renal function, and liver function, as well as lipid 
and glucose profiles, were performed in a central labora-
tory at our hospital.

Endpoints

The study endpoints were first major adverse cardiovascu-
lar events (MACEs), and we defined two MACEs, namely, 
MACE ① and MACE ②. MACE ① was defined as the com-
posite of all-cause death, non-fatal myocardial infarction, 
stent thrombosis, and non-fatal cerebral infarction, and 
MACE ② was defined as the composite of all-cause death, 
non-fatal myocardial infarction, stent thrombosis, non-
fatal cerebral infarction, and target vessel revascularization 
(TVR). We evaluated the occurrence of endpoints at 6, 12, 
24, and 36 months after cardiac catheterization. Non-fatal 
myocardial infarction was defined as an increase in myo-
cardial deviant enzymes (creatine kinase MB, troponin I, or 
troponin T) and at least one of the following: symptoms of 
myocardial ischemia, novel ischemic electrocardiographic 
changes, evidence of novel local myocardial wall motion 
abnormalities consistent with myocardial ischemia on imag-
ing, and evidence of intracoronary thrombus on coronary 
angiography [19]. TVR was defined as performing revascu-
larization by PCI or coronary artery bypass grafting (CABG) 
of the target vessel.

In addition, we investigated the first major bleeding event. 
Bleeding was defined according to the Bleeding Academic 
Research Consortium (BARC) criteria [20]. Major bleeding 
was defined as BARC type 3 or 5.
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Statistical analysis

Continuous variables were expressed as mean ± standard 
deviation (SD) values or median values with the associated 
range. Categorical variables were expressed as percentages. 
The occurrence of events after cardiac catheterization was 
represented by the Kaplan–Meier curve. The survival analy-
sis between the two groups up to the first event at 6, 12, 24, 
and 36 months was performed using Cox regression models. 
P < 0.05 was considered statistically significant. All statisti-
cal analyses were performed using SPSS Statistics version 
25.0 (SPSS Inc., Chicago, IL, USA).

Time-dependent ROC analysis was used in this study. 
Ordinary ROC analysis is a well-established statistical 
method to evaluate the strength of the correlation between 
the independent variable, which is a continuous variable, 
and the outcome, which is a dichotomous variable. However, 
the ROC curve assumes that the disease outcome does not 
change over time. Nonetheless, it is important to consider 
that disease outcomes could be time dependent. Therefore, 
time-dependent ROC curve analysis was used to evaluate 
the predictive ability of the independent variable for time-
dependent disease outcomes [18]. In time-dependent ROC 
curve analysis, the individual disease outcomes are observed 
and updated at each time point. This curve is created using 
the sensitivity (t) and 1-specificity (t) obtained from the 
various cut-off values of the independent variables at time 
(t). A time-dependent ROC curve can be drawn at any time 
(t) using these measured values. The Youden index method 
is used to calculate the optimal cut-off value. The predic-
tive ability of the independent variables can be accurately 
evaluated by constructing ROC curves at several time points. 
Therefore, time-dependent ROC curve analysis is an efficient 
statistical method for precise evaluation of the outcome of 
independent variables. The time-dependent ROC was per-
formed using EZR (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), which is a graphical user 
interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria) [21]. More precisely, it is a modified ver-
sion of R commander designed to add statistical functions 
frequently used in biostatistics. We used the “survival ROC” 
package, written for R, to assess the optimal PRU cut-off 
value for preventing cardiovascular events [18].

Results

Clinical characteristics and lesion characteristics

Among 338 study participants, 314 (92.9%) patients had 
stable angina and 24 (7.1%) had acute coronary syndrome. 
The baseline characteristics of the overall study popula-
tion are presented in Table 1. There were 181 patients 

Table 1  Clinical characteristics

SD, standard deviation; BMI, body mass index; IHD, ischemic heart 
disease; Hb, hemoglobin; eGFR, estimated glomerular filtration rate; 
UA, uric acid; FBS, fasting blood sugar; HbA1c, hemoglobin A1c; 
TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-
C, low-density lipoprotein cholesterol; CRP, C-reactive protein; BNP, 
B-type natriuretic peptide; PRU, P2Y12 reaction unit; ACE, angio-
tensin-converting enzyme; ARBs, angiotensin receptor blockers; PPI, 
proton pump inhibitor

Characteristic Overall (n = 338)
Number (%) or mean ± SD 
or median [interquartile 
range]

Sex, male 300 (88.8)
Age (years) 65.5 ± 11.0
BMI (kg/m2) 24.7 ± 3.6
Current smoking 60 (17.8)
Family history of IHD 104 (30.8)
Hb (g/dL) 13.6 ± 1.8
Platelet count (×  103/μL) 217.5 ± 67.5
Creatinine (mg/dL) 1.15 ± 1.52
eGFR (mL/min/1.73  m2) 69.6 ± 22.7
UA (mg/dL) 5.7 ± 1.4
FBS (mg/dL) 112.9 ± 32.5
HbA1c (%) 6.3 ± 1.0
TG (mg/dL) 117.8 ± 64.1
HDL-C (mg/dL) 50.0 ± 14.2
LDL-C (mg/dL) 86.4 ± 23.4
CRP (mg/dL) 0.07 [0.03–0.19]
BNP (pg/mL) 31.3 [15.2–106.7]
PRU 177.2 ± 68.6
Old myocardial infarction 142 (36.9)
Cardiomyopathy 15 (4.4)
Arrhythmia 35 (10.4)
Valvular heart disease 12 (3.6)
Hypertension 252 (74.6)
Diabetes mellitus 130 (38.5)
Dyslipidemia 259 (76.6)
Hemodialysis 14 (4.1)
Medication
 Clopidogrel 181 (53.6)
 Prasugrel 157 (46.4)
 Aspirin 319 (94.4)
 Anticoagulant agent 24 (7.1)
 ACE inhibitors 123 (36.4)
 ARBs 137 (40.5)
 Beta blockers 209 (61.8)
 Calcium channel blockers 198 (58.6)
 Diuretics 69 (20.4)
 Statins 304 (89.9)
 PPI 303 (89.6)
 Oral antidiabetic agents 75 (22.2)
 Insulin 26 (7.7)
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taking clopidogrel (53.6%) and 157 patients taking prasu-
grel (46.4%). In addition, most of the patients were being 
managed using aspirin (94.4%), statins (89.9%), and 
proton pump inhibitors (89.6%). Mean duration of treat-
ment with P2Y12 inhibitor after cardiac catheterization 
was 305 days. The percentage of P2Y12 inhibitor use at 
6 months, 12 months, 24 months, and 36 months after 
cardiac catheterization was 66.6%, 35.3%, 8.7%, 2.0%, 
respectively.

The lesion characteristics are shown in Table 2. There 
were 433 lesions that were treated with PCI using drug-
eluting stents (88.9%). All stents were third-generation 
drug-eluting stents.

Incidence rates of MACE ① and MACE ②

A total of 14 patients died, three developed non-fatal myo-
cardial infarction, one developed cerebral infarction, and 
14 underwent TVR during the 36-month follow-up period. 
Stent thrombosis did not occur. The cumulative incidence 
rates of MACE ① at 6, 12, 24, and 36 months were 1.8%, 
3.0%, 3.8%, and 5.3%, respectively (Fig. 1A). The cumula-
tive incidence rates of MACE ② at 6, 12, 24, and 36 months 
were 2.4%, 5.0%, 8.0%, and 9.5%, respectively (Fig. 1B).

Time‑dependent ROC curves of the PRU values 
for MACE ① and MACE ②

Figure 2 illustrates the ROC curves for MACE ① and MACE 
② at 6, 12, 24, and 36 months using time-dependent ROC 
analysis. The optimal PRU cut-off values for MACE ① at 6, 
12, 24, and 36 months were 257, 238, 217, and 216, respec-
tively. The optimal PRU cut-off values for MACE ② at 6, 12, 
24, and 36 months were 250, 238, 209, and 204, respectively. 
The optimal PRU cut-off values differed between MACE ① 
and MACE ②, except at 12 months. The optimal PRU cut-off 
values for MACE ① and MACE ② tended to decrease over 
time. The AUC for MACE ① and MACE ② at 6, 12, 24, and 
36 months were 0.753, 0.832, 0.718, and 0.717, and 0.724, 
0.722, 0.664, and 0.682, respectively.

Changes in AUC over time using time‑dependent 
ROC analysis

Figure 3 depicts the AUC for MACE ① and MACE ②, plot-
ted monthly by time-dependent ROC analysis. AUC for 
MACE ② tended be lower than that for MACE ① in most 
observation periods.

Figure 4 shows the incidence rates of MACE ① and 
MACE ② in the two groups divided according to the optimal 

Table 2  Lesion characteristics

LMT, left main trunk; LAD, left anterior descending; LCX, left cir-
cumflex; RCA, right coronary artery; SVG, saphenous vein graft; 
PCI, percutaneous coronary intervention

Characteristics Overall (n = 487)
Number (%) or mean ± SD

Target lesion site
 LMT 13 (2.7)
 LAD 242 (49.7)
 LCX 91 (18.7)
 RCA 139 (28.5)
 SVG 2 (0.4)

PCI procedure
 Drug eluting stent 433 (88.9)
 Number of stents 1.23 ± 0.50
 Average stent diameter (mm) 3.12 ± 0.50
 Total stent length (mm) 30.30 ± 17.65
 Drug-coated balloon 54 (11.1)

Fig. 1  Incidence rates of MACE ① and MACE ②. A The cumula-
tive incidence rates for MACE ① (composite of all-cause death, non-
fatal myocardial infarction, stent thrombosis, and non-fatal cerebral 
infarction) at 6, 12, 24, and 36 months were 1.8%, 3.0%, 3.8%, and 
5.3%, respectively. B The cumulative incidence rates for MACE ② 

(composite of all-cause death, non-fatal myocardial infarction, stent 
thrombosis, non-fatal cerebral infarction, and TVR) at 6, 12, 24, and 
36  months were 2.4%, 5.0%, 8.0%, and 9.5%, respectively. MACE, 
major adverse cardiovascular event; TVR, target vessel revasculariza-
tion
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PRU cut-off values at 6, 12, 24, and 36 months of follow-up. 
The incidence rate of MACE ① in patients with PRU val-
ues above the optimal cut-off value was significantly higher 
than that in patients at or below the optimal PRU cut-off 
value in all time periods examined (6 months: 0.7% vs. 

9.3%, hazard ratio [HR] 14.0, 95% confidence interval [CI] 
2.6–74.6, P = 0.002; 12 months: 0.7% vs. 13.8%, HR 20.3, 
95% CI 4.3–95.4, P < 0.001; 24 months: 1.6% vs. 11.3%, HR 
7.5; 95% CI 2.3–24.4, P = 0.01; 36 months: 2.3% vs. 14.8%, 
HR 6.4, 95% CI 2.4–17.0, P < 0.001). Similar results were 
observed in MACE ② (6 months: 1.4% vs. 10.2%, HR 7.7, 
95% CI 2.1–28.5, P = 0.002; 12 months: 2.5% vs. 17.2%, 
HR 7.5, 95% CI 2.8–19.7, P < 0.001; 24 months: 4.5% vs. 
16.8%, HR 4.0, 95% CI 1.8–8.5, P < 0.001; 36 months: 5.1% 
vs. 19.2%; HR 3.9, 95% CI 1.9 –17.0, P < 0.001).

Incidence of major bleeding

Major bleeding events occurred in seven (2.1%) patients dur-
ing the 36-month follow-up period. There was no statisti-
cal difference in bleeding event rates between low and high 
platelet reactions.

Discussion

In this study, we evaluated the optimal PRU cut-off value 
for predicting two endpoints. The optimal PRU cut-off value 
at 6, 12, 24, and 36 months for MACE ① were 257, 238, 
217, and 216, and for MACE ② were 250, 238, 209, and 

Fig. 2  Time-dependent ROC curves of the PRU values for MACE 
① and MACE ② at 6, 12, 24, and 36  months during follow-up. A 
Time-dependent ROC curve for MACE ① (composite of all-cause 
death, non-fatal myocardial infarction, stent thrombosis, and non-fatal 
cerebral infarction) at 6  months. B Time-dependent ROC curve for 
MACE ① at 12  months. C Time-dependent ROC curve for MACE 
① at 24  months. D Time-dependent ROC curve for MACE ① at 
36 months. E Time-dependent ROC curve for MACE ② (composite 

of all-cause death, non-fatal myocardial infarction, stent thrombosis, 
non-fatal cerebral infarction, and TVR) at 6 months. F Time-depend-
ent ROC curve for MACE ② at 12 months. G Time-dependent ROC 
curve for MACE ② at 24  months. H Time-dependent ROC curve 
for MACE ② at 36  months. ROC, receiver operating characteristic; 
MACE, major adverse cardiovascular event; PRU, P2Y12 reaction 
unit; TVR, target vessel revascularization

Fig. 3  Changes in AUC over time using time-dependent ROC analy-
sis. The AUC of the PRU value for MACE ① (composite of all-cause 
death, non-fatal myocardial infarction, stent thrombosis, and non-
fatal cerebral infarction) and MACE ② (composite of all-cause death, 
non-fatal myocardial infarction, stent thrombosis, non-fatal cerebral 
infarction, and TVR) were plotted monthly from the start of follow-
up to 36 months. MACE, major adverse cardiovascular event; PRU, 
P2Y12 reaction unit; TVR, target vessel revascularization; ROC, 
receiver operating characteristic; AUC, area under the curve
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204, respectively. The optimal PRU cut-off values for both 
endpoints were high during the early observation period 
but decreased as time progressed. We confirmed that the 
optimal PRU cut-off value changed depending on different 
endpoints and over time. Moreover, the predictive ability of 
PRU values remained high during the observation period for 
both endpoints and tended to be higher for MACE ① than 
for MACE ②. The PRU value is a useful index; however, 
the predictive ability of the PRU value varies, depending 
on the endpoint.

Only a few long-term studies over 1 year have investi-
gated the predictive ability of PRU cut-off values for car-
diovascular events. In this study, we investigated the optimal 
PRU cut-off value for cardiovascular events over a long-term 
observation period of 36 months using time-dependent ROC 
analysis. The optimal PRU cut-off value at 36 months was 
216 for MACE ① and 204 for MACE ②.The long-term opti-
mal PRU cut-off value tended toward 208, which is the com-
monly used cut-off value for cardiovascular events [8, 11, 13, 
15]. Therefore, the results of this study may support those of 
previous studies. We conducted evaluations over a period of 
3 years; however, in the case of longer observation periods 
like 5 or 10 years, lower PRU values may be necessary to 
reduce cardiovascular events. Further studies are warranted 
in the future to clarify this.

The PRU value is an HPR index in patients receiving 
P2Y12 inhibitors, and several studies have demonstrated an 
association between HPR, arteriosclerosis, and inflamma-
tion. Chirumamilla et al. reported that HPR is associated 
with greater coronary artery atherosclerotic disease burden 
and plaque calcification using pre-intervention volumetric 
intravascular ultrasound imaging. [22]. Gori et al. revealed 
that HPR was associated with elevated inflammatory 
cytokine levels in patients with acute coronary syndrome 

undergoing PCI on dual antiplatelet therapy [23]. Bernloch-
ner et al. reported that HPR was associated with elevated 
levels of C-reactive protein (CRP), white blood cell count, 
and fibrinogen in patients with ischemic heart disease under-
going PCI [24]. Hori et al. reported that a high CRP level 
was associated with mortality in patients with myocardial 
infarction[25]. The potential reason for PRU values being 
highly predictive of cardiovascular events and a low PRU 
value being required for long-term event suppression may be 
that PRU values are associated with the quality and quantity 
of atherosclerosis, inflammation, and coagulation [26].

This study revealed that the predictive ability of the PRU 
value for cardiovascular events varied with different end-
points. The AUC for MACE ②, which comprised MACE 
① and TVR, tended to be lower than that for MACE ① at 
almost all observation periods. TVR was mainly performed 
at the stable lesion in this study. Stable lesions could have 
weaker associations with inflammation, thrombosis, and 
unstable plaque than acute lesion do. Therefore, the addi-
tion of TVR to MACE ① may reduce the AUC and impact 
the predictive ability of the PRU value. Furthermore, TVR 
might be affected by the PCI or CABG procedures. As a 
result, we performed a similar analysis using an endpoint 
with MACE③ (the composite of MACE ① and spontaneous 
coronary events in TVR). Spontaneous coronary events were 
defined as those not related to PCI or CABG procedures. 
MACE③ occurred in 25 patients. The predictive ability of 
the PRU value for MACE③ was more accurate than that for 
MACE ② and similar to that for MACE ① (data not shown).

Faster and stronger platelet inhibition is required to pre-
vent the occurrence of thrombotic events, especially during 
the acute phase of acute coronary syndrome. However, this 
study showed that long-term event suppression required a 
lower PRU value than did short-term event suppression. This 
could be because stent thrombosis did not occur during the 
follow-up period and there was a low percentage (7.1%) of 
acute coronary syndrome cases in this study.

In several studies, cardiovascular events were reduced by 
assessing the results of a platelet function test and appro-
priately adjusting the dose of P2Y12 inhibitor or switching 
to other P2Y12 inhibitors in patients with HPR [27–32]. It 
may be possible to reduce long-term cardiovascular events 
in patients taking P2Y12 inhibitors, who have a high PRU 
value, by adjusting the dose of the P2Y12 inhibitor or 
switching to other P2Y12 inhibitors.

Our study had a few limitations. This study was a single-
center retrospective study. Multi-center prospective studies 
are required to confirm the findings of this study. In addi-
tion, the sample size may not be sufficient for this study. 
We believe that it is important to use a larger sample size 
in future studies. The choice of P2Y12 inhibitor was left at 
the discretion of the attending physician; therefore, there 
may be selection bias in this study. Further, all the patients 

Fig. 4  Time-to event curves of MACE ① and MACE ②. By using the 
time-dependent ROC analysis, the optimal PRU cut-off value for pre-
dicting MACE ① (composite of all-cause death, non-fatal myocardial 
infarction, stent thrombosis, and non-fatal cerebral infarction) and 
MACE ② (composite of all-cause death, non-fatal myocardial infarc-
tion, stent thrombosis, non-fatal cerebral infarction, and TVR) at 6, 
12, 24, and 36 months was estimated. Furthermore, the target patients 
were divided into two groups based on the calculated optimal PRU 
cut-off value for each period, and the Kaplan–Meier curve was cre-
ated. A Time-to-event curve of MACE ① from the start of follow-up 
to 6  months. B Time-to-event curve of MACE ① from the start of 
follow-up to 12 months. C Time-to-event curve of MACE ① from the 
start of follow-up to 24 months. D Time-to-event curve of MACE ① 
from the start of follow-up to 36 months. E Time-to-event curve of 
MACE ② from the start of follow-up to 6 months. F Time-to-event 
curve of MACE ② from the start of follow-up to 12 months. G Time-
to-event curve of MACE ② from the start of follow-up to 24 months. 
H Time-to-event curve of MACE ② from the start of follow-up to 
36 months. MACE, major adverse cardiovascular event; HR, hazard 
ratio; PRU, P2Y12 reaction unit; ROC, receiver operating characteris-
tic; CI, confidence interval; TVR, target vessel revascularization

◂
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in this study were Japanese. Reportedly, there are several 
gene polymorphisms of CYP2C19 in Asians [33]. In particu-
lar, CYP2C19 is involved in the metabolism of clopidogrel. 
Therefore, the PRU cut-off value to predict cardiovascular 
events may differ among races, thereby reducing the gener-
alizability of these findings. Notably, we used 3.75 mg/day 
of prasugrel, which is commonly used as the maintenance 
dose in Japan, but it is smaller than the dose used in other 
countries.

Conclusions

This study demonstrated that the optimal cut-off and pre-
dictive ability of the PRU value for cardiovascular events 
varied, depending on different endpoints and duration of the 
observation period. We showed that a relatively high PRU 
value is effective for short-term event suppression; however, 
a low value is required for long-term event suppression.
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