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Background: Dual antiplatelet therapy (DAPT) score is used to stratify ischemic and bleeding risk for antiplatelet therapy after percutaneous coronary intervention (PCI). This study assessed the association between the DAPT score and clinical outcomes in acute coronary syndrome (ACS) patients who were treated with P2Y12 inhibitor monotherapy.

Methods: A total of 498 ACS patients, with early aspirin discontinuation for various reasons and who received P2Y12 inhibitor monotherapy after PCI, were enrolled during the period from January 1, 2014 to December 31, 2018. The efficacy and safety between those with low (<2) and high (≥2) DAPT scores were compared during a 12-month follow-up after PCI. Inverse probability of treatment weighting was used to balance the covariates between the two groups. The primary endpoint was a composite outcome of all-cause mortality, recurrent ACS or unplanned revascularization, and stroke within 12 months. The safety endpoint was major bleeding, defined as Bleeding Academic Research Consortium (BARC) 3 or 5 bleeding.

Results: The primary composite endpoint occurred in 11.56 and 14.38% of the low and high DAPT score groups, respectively. Although there was no significant difference in the primary composite endpoint between the two groups in the multivariate Cox proportional hazards models, the risk of recurrent ACS or unplanned revascularization was significantly higher in the high DAPT score group (adjusted hazard ratio [HR]: 1.900, 95% confidence interval [CI]: 1.095–3.295). The safety outcome for BARC 3 or 5 bleeding was similar between the two groups.

Conclusions: Our results indicate that ACS patients receiving P2Y12 monotherapy with high DAPT score had an increased risk of recurrent ACS or unplanned revascularization.

Keywords: P2Y12 inhibitor, acute coronary syndrome, DAPT score, P2Y12 inhibitor monotherapy, clinical outcome


INTRODUCTION

Dual antiplatelet therapy (DAPT) with aspirin and P2Y12 inhibitor is the foundation therapy for acute coronary syndrome (ACS). Current guidelines recommend 12-month DAPT for patients with ACS who have received percutaneous coronary intervention (PCI) (1–3). However, DAPT-associated bleeding has raised concerns because bleeding complications increase the risk of morbidity and mortality (4–6). As patient-tailored antiplatelet therapy has become necessary, the DAPT score was developed to help physicians select patients who would benefit the most from longer or shorter DAPT after PCI (7). The DAPT scoring system includes eight positive predictors (smoking, diabetes, myocardial infarction [MI] at presentation, prior PCI or MI, paclitaxel-eluting stent, stent diameter <3 mm, congestive heart failure or left ventricular ejection fraction <30%, and vein graft stent) and one negative predictor (age) (7). For patients with a high DAPT score (≥2), who had an increased ischemic risk, treatment with extended DAPT beyond 1 year resulted in a reduction in ischemic events but without an increase in bleeding (7). The DAPT score has been validated as useful for stratifying ischemia and bleeding risk in other patient groups, including Asian patients, outside the derivation cohort of the DAPT trial (8–10). Although there were some controversial results regarding its discriminating ability in one study (11), the DAPT score seems to be a clinically useful tool for determining DAPT duration after PCI.

Recently, several randomized trials evaluated the efficacy and safety of very short duration DAPT (1–3 months) followed by P2Y12 inhibitor monotherapy in patients who underwent PCI for stable coronary artery disease (CAD) and/or ACS (12–16). The rationale for using a very short period of aspirin therapy is that the benefits of intensive antiplatelet therapy with DAPT generally outweigh the risk of bleeding in the first few weeks after ACS or PCI, when the thrombogenic potential is still high. However, this benefit dissipates over time after that period and the antiplatelet potency could be enough with P2Y12 inhibitor monotherapy during later periods (6, 17). Overall, these clinical trials demonstrated a significant reduction in bleeding with P2Y12 inhibitor monotherapy vs. standard 12-month DAPT but no significant difference in terms of major adverse cardiovascular events (MACEs) (18). Among these clinical trials, TICO study was the first performed in Asia, which compared ticagrelor monotherapy after 3 months of DAPT vs. standard 12-month DAPT in ACS patients undergoing PCI (16). The risk of major bleeding was decreased in the ticagrelor monotherapy group but the rate of MACEs was similar to standard DAPT. Since Asian patients carry a higher bleeding risk with DAPT (19), very short DAPT followed by P2Y12 inhibitor monotherapy may be an alternative choice for Asian ACS patients.

In the TICO study, there was a significant interaction between P2Y12 monotherapy vs. standard DAPT and the presence of multivessel disease for the primary outcome (16). In the post-hoc analysis of patients with ST elevation MI in the TICO trial, the incidence of MACEs was slightly higher in the ticagrelor monotherapy group compared with 12-month DAPT in those who underwent complex PCI (4.9 vs. 2.7%) (17). Although P2Y12 inhibitor monotherapy was recommended as an optional antiplatelet strategy with standard DAPT in the 2020 European Society of Cardiology Guidelines for the management of ACS (1), there is no useful clinical outcome-predictive tool for choosing between different strategies. The efficacy of P2Y12 inhibitor monotherapy in high risk ischemic patients is also unknown. The aim of this study was to evaluate the association between DAPT score and clinical outcomes in a cohort of ACS patients undergoing PCI and who received P2Y12 inhibitor monotherapy.



METHODS


Study Population

This was a multicenter, retrospective, registration study and the detailed study design was published previously (20). In brief, we retrospectively recruited ACS patients who were admitted to the 8 major teaching hospitals in Taiwan from January 2014 to December 2018. Patients were eligible if they were ≥18 years old, were admitted with a major diagnosis of ACS, including ST elevation MI, non-ST elevation MI or unstable angina, received PCI with a bare metal stent (BMS) and/or contemporary drug-eluting stent (DES) implantation during hospitalization, survived to discharge, regularly followed up in an outpatient clinic for at least 1 year after discharge, and aspirin discontinuation within 6 months. We only studied a subset of ACS patients in whom aspirin was discontinued prematurely. In all enrolled patients, aspirin was prematurely discontinued within 6 months after PCI at the physician's discretion for different reasons. P2Y12 inhibitor monotherapy was used thereafter in all patients with either clopidogrel 75 mg daily or ticagrelor 90 mg twice daily. Prasugrel was not available during the study period in Taiwan. The exclusion criteria were patients with (1) a life-threatening malignancy with a life expectancy of <1 year, (2) hematological disease with bleeding tendency, (3) treatment with immunosuppressive agents, and (4) concomitant use of oral anticoagulation therapy.

All the clinical data, including coronary risk factors, major disease history, PCI procedures, and medications were collected from the patients' electrical medical records according to a pre-determined study protocol. The timing of aspirin discontinuation was obtained from the records of medications and the aspirin treatment duration was calculated accordingly. If possible, the reasons for aspirin discontinuation were also collected from the electronic medical records. For all included patients, the DAPT scores were calculated as previously reported (7). The DAPT score was calculated by assigning points according to the patients' characteristics, including age (0 for age <65 years, −1 for age 65–74 years, and −2 for age ≥75 years), smoking habit (1 for yes and 0 for no), diabetes mellitus (1 for yes and 0 for no), MI at presentation (1 for yes and 0 for no), prior PCI or MI (1 for yes and 0 for no), paclitaxel-eluting stent (1 for yes and 0 for no), stent diameter <3 mm (1 for yes and 0 for no), congestive heart failure or left ventricular ejection fraction <30% (2 for yes and 0 for no), and vein graft stent (2 for yes and 0 for no) (7). All the enrolled patients were divided into 2 groups according to their DAPT score: low (<2) or high (≥2) DAPT score. A high DAPT score (≥2) indicated that patients are at high ischemic risk and the ischemic benefits of prolonged DAPT therapy outweigh the bleeding risks. This study was conducted according to the principles expressed in the Declaration of Helsinki and was approved by the Institutional Medical Ethics Committee of National Cheng Kung University Hospital (IRB: A-ER-107-375). The principal investigators in all participating hospitals followed the study protocol strictly and the patients who did not meet the inclusion criteria were not included in this study.



Follow-Up

The follow-up information was mainly obtained from the electronic medical records of the participating hospitals. The two major clinical outcomes of ischemic and bleeding endpoints were defined. The ischemic outcome is a composite endpoint of all-cause mortality, recurrent ACS or unplanned revascularization, and stroke within 12 months after the index PCI. All components of the composite endpoint were separately defined as secondary endpoints. All patients were followed up for at least 12 months after discharge or until one of the composite endpoints occurred. All these endpoint ischemic events were documented in the medical records of the patients and reported by the physicians who were responsible for patient follow-up. Recurrent ACS was defined as readmission to a hospital for management of new onset ST elevation MI, non-ST elevation MI, or unstable angina. Unplanned revascularization was defined as the first unexpected revascularization after discharge, including re-do PCI or a coronary artery bypass graft (CABG) after the index PCI due to new onset ischemic symptoms. Stroke, including ischemic or hemorrhagic stroke, was diagnosed by the occurrence of new-onset neurological symptoms and signs from neuroimaging studies. The bleeding outcome was defined as the occurrence of major bleeding as specified by the Bleeding Academic Research Consortium (BARC) type 3 and 5 bleedings (21).



Statistical Analysis

Continuous variables were expressed as mean ± standard deviation and categorical variables were expressed as numbers and percentages. We used an unpaired Student's t-test for continuous variables and a chi-squared test for categorical variables to make comparisons between groups. The inverse probability of treatment weights (IPTW) method based on propensity scores was used to adjust for the imbalances in clinical characteristics between the groups, while preserving the sample size (22, 23). The propensity score was calculated according to the probability conditional at baseline characteristics, including age, sex, ST elevation MI status, diabetes mellitus, hypertension, hyperlipidemia, smoker, previous MI, previous PCI, previous CABG, previous ischemic stroke, previous hemorrhagic stroke, chronic kidney disease without dialysis, end stage renal disease with dialysis, heart failure, atrial fibrillation, peripheral artery disease, left ventricular ejection fraction, coronary angiography (CAG) finding, PCI procedure, location of treated lesion, stent, and medications.

In the IPTW model, we used the propensity score to generate patient-specific stabilized weights and to control for covariate imbalances. The propensity-score weight was calculated as the inverse of the propensity score for each patient. Comparisons of the clinical characteristics, CAG findings and PCI procedures, and medications between the groups were evaluated via absolute standardized mean difference (ASMD), which was calculated as the mean or proportion of a variable divided by the pooled estimate of the standard deviation of that variable. An ASMD >0.1 indicated a significant difference between the two groups. Cox proportional-hazard models were then adjusted for differences in the treatment groups using IPTWs derived from the propensity score, which was designated as the IPTW model. In the IPTW model after matching, the clinical characteristics with an ASMD >0.1 were put into the multivariate Cox proportional-hazards model for further adjustment. Because we already divided the groups by low and high DAPT scores, the criteria for the DAPT score were not in the multivariate model. Adjusted variables included body mass index >30, previous ischemic stroke, end-stage renal disease with dialysis, atrial fibrillation, CAG finding, PCI procedure, location of treated lesion, BMS, and statin use. Adjusted hazard ratios (HRs) and 95% CIs were calculated. We used the same Cox proportional hazards model to estimate the p values for interactions in the subgroup analysis. The SAS statistical package (version 9.4 for Windows; SAS Institute, Cary, NC, USA) was used for all analyses.




RESULTS

A total of 498 ACS patients (mean age 70.18 ± 12.84 years, men: 71.3%), who received PCI with stent implantation during hospitalization and survived to discharge, were included during the study period. There were 199 patients (40%) with low (<2) DAPT scores and 299 patients (60%) with high (≥2) DAPT scores. The mean time for aspirin treatment duration was similar between the low and high DAPT score groups (37.76 ± 52.67 vs. 41.90 ± 57.54 days, p = 0.471). Table 1 illustrates the reasons for premature discontinuation of aspirin. The most common reason for stopping aspirin was gastrointestinal bleeding (46.59%) with a similar percentage in both groups. Aspirin allergy and gastrointestinal upset were also common reasons for stopping aspirin. Aspirin allergy was significantly more common in the group with high DAPT score (p = 0.048), while gastrointestinal upset and discomfort were similar in both groups. Old age, anemia, or chronic use of oral non-steroidal anti-inflammatory drugs or steroids were other reasons for stopping aspirin. Unfortunately, the definite reason for stopping aspirin could not be identified in some patients from their medical records as this was a retrospective study.


Table 1. Reasons for premature discontinuation of aspirin.
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Table 2 shows a comparison of baseline characteristics between the low and high DAPT score groups before and after matching. Since age, smoking, diabetes, prior PCI, prior MI, left ventricular ejection fraction <30%, and stent diameter <3 mm are the criteria included in the DAPT scoring system, it is natural to see a younger age and a higher proportion of these clinical characteristics in the high DAPT score group even after matching. The following characteristics, including body mass index, previous ischemic stroke, end stage renal disease with dialysis, atrial fibrillation, CAG finding, PCI procedure, location of treated lesion, use of stent, and use of statins, were also different between the groups and were further adjusted in the multivariate Cox proportional-hazards model for outcome evaluation.


Table 2. Baseline characteristics of patients with different DAPT scores.
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All patients were followed up by the physicians who enrolled the patients. The mean duration of follow-up was 341.68 ± 67.58 and 330.97 ± 86.62 days in the low and high DAPT score groups, respectively (p = 0.123). Table 3 shows the clinical outcomes during the 12-month follow-up after the index PCI. The composite ischemic outcome occurred in 11.56% of the low and 14.38% of the high DAPT score group and there was no significant difference between the groups after multivariate adjustment (adjusted HR: 1.169, 95% CI: 0.832–1.643). For the secondary endpoint, there was also no significant difference in stroke and all-cause death between the two groups. However, the risk of recurrent ACS or unplanned revascularization was significantly higher in the high DAPT score group (adjusted HR: 1.900, 95% CI: 1.095–3.295) compared with the low DAPT score group. BARC 3 and 5 bleeding occurred in 3.02% of the low and 4.01% of the high DAPT score group. There was no significant difference in BARC 3 and 5 bleeding (adjusted HR: 1.206, 95% CI: 0.623–2.335) between the two groups.


Table 3. Clinical outcomes at 12-months follow-up.
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Figure 1 shows the subgroup analysis results regarding sex, clopidogrel or ticagrelor, hypertension, chronic kidney disease, 3-vessel disease, single or multiple-lesion intervention, and DES between the two groups. The criteria in the DAPT score, such as age, smoking, diabetes, prior PCI, prior MI, left ventricular ejection fraction <30%, and stent diameter <3 mm, were not used for the subgroup analysis. In the subgroup analysis, patients with high DAPT score had a higher risk of primary composite endpoint in the subgroups of chronic kidney disease, 3-vessel disease, and DES (p for interaction <0.05). There was a borderline interaction between those treated with ticagrelor or clopidogrel (p for interaction = 0.052).


[image: Figure 1]
FIGURE 1. Subgroup analysis of the effect of different dual antiplatelet therapy scores on primary composite endpoints. CAG, coronary angiography; CKD, chronic kidney disease; DES, drug-eluting stent; PCI, percutaneous coronary intervention.




DISCUSSION

In this study, we assessed the association between the DAPT score and the clinical outcomes in ACS patients receiving P2Y12 inhibitor monotherapy after index PCI. We found that the DAPT score was useful for determining the ischemic risk in these patients. Although previous clinical trials found that the efficacy of P2Y12 inhibitor monotherapy for preventing ischemic events was comparable to standard 12-month DAPT, the present study demonstrated that patients with high DAPT score still had a significantly higher rate of recurrent ACS or unplanned revascularization compared with those with low DAPT score.

After its development in the DAPT trial, the DAPT score has been extensively investigated with regard to its ability to stratify ischemic risk in a wide variety of patient groups who have received PCI (8–11). Most of the studies confirmed that patients with a high DAPT score have a higher incidence of ischemic events when compared with patients with a low DAPT score. For the strategy of very short DAPT (1–3 months) followed by P2Y12 inhibitor monotherapy, the influence of the DAPT score remains unclear. GLOBAL LEADERS trial is a randomized study comparing 1 year of DAPT therapy (aspirin plus clopidogrel or ticagrelor) followed by 1 year of aspirin monotherapy with 1 month of DAPT therapy (aspirin plus ticagrelor) followed by 23 months of ticagrelor, among patients undergoing PCI for stable CAD or ACS (12). A recent study analyzed the clinical outcomes from the second year follow up with aspirin or ticagrelor monotherapy in the GLOBAL LEADERS trial. It demonstrated that patients with high DAPT score had a significantly higher rate of the composites of MI or stent thrombosis (0.70% vs. 1.55%, p < 0.0001) and a similar rate of BARC type 3 or 5 bleeding (24). The authors concluded that the DAPT score can stratify ischemic risk but not bleeding risk in a contemporary PCI population during the second year.

Our study only included ACS patients receiving P2Y12 inhibitor monotherapy (ticagrelor or clopidogrel), and we observed the first year outcomes after PCI. We initially hypothesized that a high DAPT score would predict higher composite ischemic events, but the results were not as expected. The potential reasons for this are the limited follow-up time (12 months) and the small case number. However, we did find that the risk of recurrent ACS or unplanned revascularization was significantly higher in the high DAPT score group. In addition, our study also found that the DAPT score could not stratify bleeding risk in ACS patients undergoing PCI, which was similar to the results of the GLOBAL LEADERS trial (24). Subgroup analysis revealed that there were more ischemic events in the high DAPT score group with 3-vessel disease, and coronary anatomy complexity is a known risk factor for MACEs after PCI (25, 26).

Our study results indicate that early discontinuation of aspirin with P2Y12 inhibitor monotherapy should be the last resort for ACS patients with 3-vessel disease and a high DAPT score because the high ischemic risk is still a major concern. Overall, the patients receiving BMS deployment had higher ischemic events than those receiving DES deployment (recurrent ACS or unplanned revascularization: BMS 11.21 vs. DES 6.72%). However, in the subgroup analysis, we found that patients receiving P2Y12 inhibitor monotherapy with ticagrelor and DES deployment, had higher primary composite endpoints in the high DAPT score group. Probable reasons to explain this result are that the choice of P2Y12 inhibitor and stent in real-world practice are based on the clinician's experience and the local insurance system. Ticagrelor is more expensive than clopidogrel. A previous real-world observation study of ACS in Taiwan demonstrated that ticagrelor offers a better protective effect against ischemic events when compared with clopidogrel (27). However, BMS is still commonly used in Taiwan because the Taiwan National Health Insurance only reimburses the price of BMS. Patients using DES have to pay the price difference, which is around US$1,500 to US$2,000 for one DES (28). Therefore, it is likely that physicians in Taiwan are prone to choosing ticagrelor and DES for ACS patients with a higher ischemic risk and recurrent events.

To the best of our knowledge, this is the first study to assess the ability of the DAPT score to stratify ischemic and bleeding risk in ACS patients with P2Y12 inhibitor monotherapy undergoing PCI in Asia. However, our study did have several limitations. First, our study was a retrospective, nonrandomized, observational study. The unadjusted confounding factors were unavoidable, even though a propensity score-matched analysis was used to compensate for this. Second, the case number was relatively small in our study, which may have caused selection bias of the included patients. Standard 12-month DAPT is still the recommended therapy for ACS patients who undergo PCI in Taiwan (29). Therefore, it is difficult to collect large case numbers of patients with only P2Y12 inhibitor monotherapy from real-world practice. Third, there was only a 12-month follow-up after PCI. A longer follow-up duration may be necessary to determine the definite association of the DAPT score with the clinical outcomes. Fourth, although the guidelines recommend new-generation P2Y12 inhibitors and DES for ACS patients undergoing PCI, BMS and clopidogrel are still commonly used in Taiwan for various reasons. Our study results may be different if all patients were treated with ticagrelor and DES. Fifth, we did not know the exact cause of death in all 24 patients with mortality. Some patients died from sepsis/pneumonia, cancer, and respiratory failure, but not cardiovascular causes. Finally, our results may not be applicable to non-Asian patients.

In conclusion, ACS patients receiving early P2Y12 monotherapy with high DAPT score had a higher risk of recurrent ACS or unplanned revascularization compared with those with low DAPT score. The risk of major bleeding was similar between those with low and high DAPT scores. This study suggests that the DAPT score is validated for predicting cardiovascular events in ACS patients undergoing PCI with short DAPT treatment followed by P2Y12 inhibitor monotherapy.
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