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Purpose: Previous trials have demonstrated that ticagrelor was superior to clopidogrel in acute coronary syndrome (ACS) patients. However, several recent studies showed that ticagrelor was associated with a significantly higher risk of bleeding compared with clopidogrel, especially in East Asian patients. Low-dose ticagrelor might improve the safety of ACS patients in the Chinese population. Therefore, this study mainly explored the low-dose ticagrelor in Chinese ACS patients.

Methods: A total of 199 ACS patients were enrolled in this study. The maximum platelet aggregation rate induced by adenosine-5-diphosphate (ADP) was detected by light transmittance aggregometry (LTA). Platelet aggregation rate induced by ADP of more than or equal to 42.9% was defined as high on-treatment platelet reactivity (HPR) to P2Y12 inhibitors. All patients were followed up for at least 12 months. Clinical outcomes, changes of antiplatelet regimen, medication compliance and adverse reactions were collected.

Results: Patients were divided into three groups according to the P2Y12 inhibitors, including 87 cases in clopidogrel (75 mg once a day) group, 41 cases in ticagrelor 60 mg (twice a day) group, and 71 cases in ticagrelor 90 mg (twice a day) group. ADP-induced platelet aggregation rates in ticagrelor 60 mg group and 90 mg group were 28.4 (19.6, 42.9) and 22.33 (15.1, 34.7) respectively, which were significantly lower than those in clopidogrel group 49.3 (36.5, 61.0) with adjusted P < 0.001. At the same time, there was no significant difference in ADP-induced platelet aggregation rate between ticagrelor 60 mg and 90 mg group (adjusted P = 0.105). Compared with clopidogrel, the proportion of normal on-treatment platelet reactivity (NPR) of ticagrelor 60 mg and ticagrelor 90 mg were significantly higher than that of clopidogrel, and the proportion of NPR of ticagrelor 90 mg group was significantly higher than that of ticagrelor 60 mg group.

Conclusions: Patients of ticagrelor 60 mg and ticagrelor 90 mg had comparable platelet aggregation rates induced by ADP, and both of them had significantly more potent antiplatelet aggregation activity detected by LTA than clopidogrel.
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Introduction

Acute coronary syndrome (ACS) is a moderate to high fatal cardiovascular disease caused by atherosclerosis, which is one of the leading causes of morbidity and mortality worldwide (1). Dual antiplatelet therapy (DAPT) with aspirin plus P2Y12 inhibitor is the current standard therapy for patients with ACS to prevent major adverse cardiovascular or cerebrovascular events (MACCE) (2, 3).

Clopidogrel, an inactive prodrug, is converted into the active metabolite by two biotransformation steps and its antiplatelet activity is affected by gene polymorphism (4). Thus, clopidogrel is characterized by less potent and variable platelet inhibition. However, ticagrelor directly acts on platelet P2Y12 receptors without enzyme metabolism. When compared with clopidogrel, ticagrelor had a more potent and more predictable antiplatelet aggregation effect. And previous TRITON-TIMI 38 (5) and PLATO trials (6) had demonstrated that ticagrelor and prasugrel were superior to clopidogrel for a primary composite endpoint and that there was no significant difference in the risk of major bleeding between the potent P2Y12 inhibitors and clopidogrel in patients with STEMI and non-ST-elevation ACS. Thus, European and American College of Cardiology (ACC) guidelines suggest that the potent P2Y12 inhibitors ticagrelor and prasugrel are preferred over clopidogrel which only is used when ticagrelor and prasugrel are contraindicated or not available. Recently, several studies showed that ticagrelor was associated with a significantly higher increased the risk of dyspnea, major bleeding and bradycardia events compared with clopidogrel (7–11). And the compliance of patients with ticagrelor had been proved to be lower than that with clopidogrel, which also brought challenges for long-term treatment of ticagrelor (12, 13). Clinical studies also suggested that the de-escalation of antiplatelet therapy in patients with ACS might bring more benefits (14, 15). In addition, compared with Caucasian patients, East Asian patients have a lower rate of ischemic events and a higher rate of bleeding events after PCI, despite a higher on-treatment platelet reactivity, which is referred to as the “East Asian paradox” (16). Therefore, low-dose ticagrelor might improve the safety of ACS patients in the Chinese population. Ticagrelor 60 mg has previously been proved to have comparable efficacy to standard-dose ticagrelor in patients with stable coronary artery disease and have a lower risk of bleeding (17). However, clinical guidelines only recommend ticagrelor 60 mg for patients with ACS after 12 months (18). Thus, there is still a lack of clinical evidence for ACS patients to use low-dose ticagrelor within 12 months. Therefore, this study mainly explored the safety and efficacy of low-dose ticagrelor in Chinese ACS patients.



Methods


Study population

ACS patients admitted to the Anzhen Hospital of Capital Medical University from March 2018, to December 2020, were enrolled in the cohort study. Patients were assessed for eligibility for enrollment based on the following inclusion criteria: (1) more than 18 years old; (2) they were diagnosed with ACS, the diagnosis of ACS included unstable angina (UA), non-ST segment elevation myocardial infarction (NSTEMI), and ST-elevation myocardial infarction (STEMI) according to the American Heart Association/American College of Cardiology (AHA/ACC) criteria; (3) patients with life expectancy >1 year. The exclusion criteria were as follows: (1) contraindication to antiplatelet agents (aspirin, clopidogrel or ticagrelor); (2) with active bleeding, bleeding diseases or hematologic disorder; (3) severe hepatic or renal insufficiency (creatinine clearance rate <30 ml/min); (4) total platelet count less than 100 × 109/L; (5) severe anemia (hemoglobin <60 g/L); (6) concomitant administration of other antiplatelet or anticoagulation agents; (7) interruption or change of antiplatelet agents during the follow-up. The study had been approved by the Medical Clinical Research Ethics Committee of Beijing Anzhen Hospital and patient privacy was protected. All patients signed informed consent before they were recruited.



Platelet function test

The whole blood samples were collected with citrate anticoagulant tubes, and the platelet function was detected by light transmittance aggregometry (LTA). The tubes were preserved and pretreated at laboratory temperature of 25°C within 4 h. The tube was centrifuged at 4,000–5,000 r/min for 5 min to obtain platelet-rich plasma (PRP). Then the remaining plasma that was platelet poor plasma (PPP) was obtained at 22,500 r/min for 15 min. PRP and PPP were used as a reference for establishing the 100% and baseline optical density, respectively. PPP was added to PRP. The platelet concentration was diluted to 2 × 105/μL, and 6 μmol/L adenosine-5-diphosphate (ADP, Rolf Greiner Biochemica, Flacht, Germany) was added to induce platelet aggregation. Then, the platelet aggregation was measured by Chrono-Log LumeAggregometer (model 700, hronoLog, Havertown, Pennsylvania, USA) at instrument temperature of 36.5–37.5°C. The absolute change in optical density was recorded in intervals of 10 min. Aggregation was expressed as the maximum percent change in light transmittance from baseline.



Definition of high on-treatment platelet reactivity

ADP-induced platelet aggregation rate of more than or equal to 42.9% was defined as high on-treatment platelet reactivity (HPR) to P2Y12 inhibitors. The definition of the cut-off value was based on the results of the previous study (19). The primary endpoint occurred more frequently in patients with ADP-induced platelet aggregation rate ≥ 42.9% at 1-year follow-up than that with ADP-induced platelet aggregation rate <42.9%.



Follow-up

All patients were followed up for at least 12 months. Clinical outcomes, changes of antiplatelet regimen, medication compliance and adverse reactions were collected during the follow-up by telephone interview, WeChat or clinic visit. Clinical outcomes included bleeding events and dyspnea events. Moderate bleeding events were defined as Bleeding Academic Research Consortium (BARC) class 2, and severe bleeding events were defined as BARC class 3 or higher (20). Severe dyspnea events were defined as incapacitating dyspnea, with the inability to perform normal activities (21).



Quality control

The accuracy and completeness of data were ensured using the following strategies. First, researchers were trained before the launch of the project to guarantee that the processes of data collection and follow-up were in accordance with standard procedures. Second, platelet function tests were performed by other laboratory technicians who were not involved in the study. And they were blinded to the medication and group of patients. Third, baseline information and clinical characteristics were collected from electronic medical records, and clinical events were verified by at least two clinicians who were blinded to the medication and group of patients.



Statistical analysis

All statistical analyses were performed with SPSS 23.0 and GraphPad Prism 8. The Kolmogorov-Smirnov test was used to assess whether continuous data were normal distribution or not. Continuous data of normal distribution were presented as means ± SD (standard deviation) and were analyzed by the Student's t-test. Non-normally distributed continuous variables were presented as medians and quartiles and were analyzed by the Wilcoxon test. Categorical data were presented as count and percentage and were analyzed by the Chi-square test. Logistic regression analysis was used to adjust concomitant variables. Statistical significance was attached to P values <0.05 to allow for group comparisons.




Results


Patients characteristics

According to the inclusion and exclusion criteria, a total of 199 ACS patients (116 UA, 22 NSTEMI, and 11 STEMI) were enrolled in this study. Figure 1 showed the screening process in this study. The patients were divided into three groups according to the P2Y12 inhibitors, including 87 cases in the clopidogrel (75 mg once a day) group, 41 cases in the ticagrelor 60 mg (twice a day) group, and 71 cases in the ticagrelor 90 mg (twice a day) group. The median follow-up time was 496 (range 389–623) days. Demographic characteristics, cardiovascular risk factors and concomitant medication information of the three groups are shown in Table 1. The mean age of the patients was 59.6 ± 9.7 years, 73.4% were male, 64.3% were hypertensive and 28.1% were diabetic. All patients were treated with aspirin throughout the treatment period. The results showed that there were statistically significant differences in age, the proportion of smokers and ACS type among the three groups. Meanwhile, there were no significant differences among other variables.


[image: Figure 1]
FIGURE 1
 Flowchart of cohort selection. ACS, acute coronary syndrome.



TABLE 1 Baseline demographic and clinical characteristics of included patients.
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Measures of p2y12 inhibitors response

Platelet function was assessed after at least 1 month of dual antiplatelet therapy in all patients. The maximum platelet aggregation rate induced by ADP in three groups was detected by the LTA method. Figure 2 presented the distribution of ADP-induced platelet aggregation rates among the three groups. ADP-induced platelet aggregation rates in ticagrelor 60 mg group and 90 mg group were 28.4 (19.6, 42.9) and 22.33 (15.1, 34.7), respectively, which were significantly lower than those in clopidogrel group 49.3 (36.5, 61.0) with adjusted P < 0.001. At the same time, there was no significant difference in ADP-induced platelet aggregation rate between ticagrelor 60 mg and 90 mg group (adjusted P = 0.105).


[image: Figure 2]
FIGURE 2
 ADP-induced platelet reactivity expressed in clopidogrel, ticagrelor 60 mg and ticagrelor 90 mg groups. The dashed lines indicate threshold values for high platelet reactivity. Solid lines with error bars indicate mean ± SD. ADP, adenosine diphosphate. * Adjusted risk factors of age, smoke by linear regression model.




High on-treatment platelet reactivity

The maximum platelet aggregation rate induced by ADP ≥ 42.9% was defined as HPR, and the rate <42.9% was considered to achieve the effect of antiplatelet therapy and was defined as normal on-treatment platelet reactivity (NPR). There were 56 (64.4%) patients with HPR in clopidogrel group, 10 (24.4%) patients in ticagrelor 60 mg group and 6 (8.5%) patients in ticagrelor 90 mg group. Compared with clopidogrel, the proportion of NPR of ticagrelor 60 mg and ticagrelor 90 mg were significantly higher than that of clopidogrel (adjusted OR 5.762, 95% CI 2.458–13.508, P < 0.001 and adjusted OR 21.204, 95% CI 7.860–57.201, P < 0.001), and the proportion of NPR of ticagrelor 90 mg group were significantly higher than that of ticagrelor 60 mg group (adjusted OR 3.623, 95% CI 1.174–11.185, P = 0.025) (Table 2).


TABLE 2 Platelet reactivity in patients with ACS.
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Adverse events

All patients were followed up for more than 1 year. No death or myocardial infarction occurred during the follow-up period. There was one patient in clopidogrel group who was hospitalized for ischemic stroke 2 months after enrollment and continued dual antiplatelet therapy after discharge. Due to the small sample size and the low incidence of cardiovascular adverse events, this study did not compare the cardiovascular adverse events among the groups (Table 3).


TABLE 3 The occurrence of bleeding and dyspnea events in ACS patients.
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Discussion

This study compared the efficacy and safety of ticagrelor 60 mg, ticagrelor 90 mg and clopidogrel in patients with ACS, and discussed the application of ticagrelor de-escalation strategy in patients with ACS. The main results showed that: (1) ADP-induced platelet aggregation rates of ticagrelor 60 mg and ticagrelor 90 mg were significantly lower than that of clopidogrel 75 mg in patients with ACS. (2) ADP-induced platelet aggregation rate of ticagrelor 60 mg was slightly higher than that of ticagrelor 90 mg, but there was no significant difference.

In this study, the age of patients in ticagrelor 90 mg group was lower than clopidogrel group and ticagrelor 60 mg group. This reason might be that younger patients had a lower risk of bleeding, and clinicians preferred to select the stronger P2Y12 inhibitor. The mean age of the ACS patients in the study was about 60 years, which seemed to be younger than Caucasian populations, but it was similar to that of ACS patients from the previous studies in China (22–24). The main reasons include: (1) China a developing country, many patients do not receive sufficient medical care, such as follow-up visits by family doctors, careful monitoring of blood glucose and blood pressure; (2) Many patients in China are heavy manual workers, which is also an important risk factor for ischemic heart disease (25). At the same time, the proportion of smokers in ticagrelor 90 mg group is higher. Although previous studies showed that these factors had a small effect on the ADP-induced platelet aggregation rate measured by LTA (26), we adjusted for these confounding factors, which had no significant effect on the final results. LTA is a common platelet aggregation test to evaluate antiplatelet function in vitro, even if it has some limitations, such as poor repeatability and tedious procedures. And high platelet aggregation rate has been proved to be an independent risk factor for adverse cardiovascular disease (18). Thus, the ADP-induced platelet aggregation rate measured by LTA was applied as an alternative outcome to assess the effectiveness of P2Y12 inhibitors.

The results of our study were basically consistent with previous studies. The STEEL-PCI study, a randomized controlled trial of 180 patients with SCAD after PCI, compared the antiplatelet aggregation effects of ticagrelor 90 mg, ticagrelor 60 mg and clopidogrel 75 mg (17). The results showed that the antiplatelet aggregation activities of ticagrelor 90 mg and ticagrelor 60 mg were better than that of clopidogrel, even in patients who were not carriers of CYP2C19 loss-of-function alleles. PEGASUS-TIMI54 is a large, international multicenter randomized controlled trial involving 21,000 patients with SCAD with previous myocardial infarction (1–3 years) (18). The study compared ticagrelor 90 and 60 mg with placebo, respectively, and confirmed that ticagrelor combined with low-dose aspirin reduced the risk of cardiovascular adverse events (including cardiovascular death, myocardial infarction or stroke). Another study from PEGASUS-TIMI 54 trial compared the platelet inhibition for ticagrelor 60 and 90 mg with placebo, and it focused on the long-term prevention of ischemic events in patients with prior myocardial infarction (27). Although the main results were similar to the previous study, the control group of our study was clopidogrel instead of placebo and we focused on patients with ACS instead of SCAD.

Some previous studies also explored the antiplatelet aggregation activity of low-dose ticagrelor in the Chinese population. Li et al. compared platelet inhibition rates of low-dose ticagrelor 45 mg, standard-dose of ticagrelor 90 mg and clopidogrel in Chinese healthy volunteers (26). The results showed that there was no significant difference in platelet inhibition rate between the low-dose ticagrelor group and the standard-dose ticagrelor group, and both were significantly higher than those in the clopidogrel group.

Prasugrel is not licensed in China, and therefore ticagrelor is the only novel P2Y12 inhibitor. Although ticagrelor is recommended as a first-line P2Y12 inhibitor, clopidogrel remains widely prescribed in China. A study by Li et al. reported that 89.3% of patients undergoing PCI were treated with clopidogrel in China (28). Clopidogrel has been on the market for a long time and it is more economical and accessible in China. Moreover, compared with Caucasian populations, patients from East Asia have a significantly higher risk of bleeding with a lower risk of ischemia (16). Thus, clinicians are more willing to choose clopidogrel to avoid major bleeding. However, some evidence showed that ticagrelor had cardioprotective effects against acute myocardial ischemia/reperfusion injury, reduced infarct size and the excessive inflammatory response to myocardial infarction beyond its inhibitory effects on platelet aggregation (29–31). Thus, optimizing long-term treatment with ticagrelor might bring more benefits to patients with ACS.

Improving the efficacy and safety of dual antiplatelet therapy in patients with ACS is the focus of optimizing the secondary prevention of cardiovascular disease. And the antiplatelet drug de-escalation strategy has gradually attracted increasing attention. TOPIC trial (32) and TWILIGHT trial (33) also explored the efficacy and safety of antiplatelet drug de-escalation therapy for patients after PCI. Although the therapy and time of de-escalation were different, these researches all suggested that antiplatelet de-escalation therapy might reduce the risk of bleeding events. Low-dose ticagrelor might be an alternative for antiplatelet therapy in patients with ACS. Ticagrelor 60 mg for ACS patients within 12 months is still off-label drug use in China, but it has been gradually used by clinicians to reduce the incidence of adverse events. Bleeding events and dyspnea events are the major limitations of the potent antiplatelet agent ticagrelor. In our study, the incidence of bleeding events was the highest in ticagrelor 90 mg and slightly lower in ticagrelor 60 mg. Similarly, the incidence of dyspnea in ticagrelor 60 mg was lower and the incidence of severe dyspnea and treatment interruption events decreased compared with that in ticagrelor 90 mg. Thus, the main results from this study provided some evidence to support ticagrelor 60 mg for ACS patients.

Due to the low incidence of adverse events, we did not further compare whether there was a significant difference in the incidence of events among the groups. STEEL-PCI trial (17) also showed that the rates of bleeding and dyspnea were lower with the ticagrelor 60 mg dose than with the ticagrelor 90 mg dose. In addition, a phase III, randomized, multicenter study is currently being conducted to investigate the efficacy of low-dose ticagrelor treatment, which focus on de-escalation antiplatelet strategies after 30 days following ACS (34). More evidence of low-dose ticagrelor is expected in the future.

This study also confirmed that there was no significant difference in antiplatelet aggregation rate after ticagrelor 90 mg de-escalation to 60 mg maintenance therapy, but the proportion of NPR in ticagrelor 90 mg group was significantly higher than that in ticagrelor 60 mg group. Limited by the sample size of this study, it is difficult to evaluate the clinical benefits of patients with a de-escalation strategy. The effect of 60 mg treatment with ticagrelor is expected, and we will further explore the efficacy and safety of antiplatelet degradation therapy in subsequent studies.



Limitations

There were still some limitations in this study: (1) This study is a single-center observational cohort study. Thus, there were potential publication bias and selection bias. We adjusted for related confounding factors by logistic regression analysis to balance these biases; (2) Due to the limitation of the small sample size of cases, ischemic cardiovascular events were not the primary endpoint in this study, with an alternative outcome of platelet aggregation rate induced by ADP; (3) Although all patients have been followed up at least 1 year, it is difficult to evaluate the cardiovascular adverse events and safety in patients with three different antiplatelet therapy due to the small sample size. Thus, more large sample studies are still needed to verify the efficacy and safety of low-dose ticagrelor.

In conclusion, the platelet aggregation rates of ticagrelor 60 mg and ticagrelor 90 mg were significantly lower than that of clopidogrel 75 mg in patients with ACS. And there was no significant difference between platelet aggregation rate of ticagrelor 60 mg and ticagrelor 90 mg.
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