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Introduction

Atherothrombosis, comprising coronary artery disease (CAD) or peripheral artery disease (PAD), remains the leading cause of death worldwide [START_REF]Top 10 causes of death[END_REF][START_REF] Townsend | Cardiovascular disease in Europe 2015: epidemiological update[END_REF][START_REF] Benjamin | Heart Disease and Stroke Statistics-2018 Update: A Report From the American Heart Association[END_REF]. Despite continuous improvement in the outcomes of acute coronary syndromes (4), the prognosis of stable patients with atherothrombosis can still be enhanced [START_REF] Dorresteijn | Development and validation of a prediction rule for recurrent vascular events based on a cohort study of patients with arterial disease: the SMART risk score[END_REF][START_REF] Kaasenbrood | Distribution of Estimated 10-Year Risk of Recurrent Vascular Events and Residual Risk in a Secondary Prevention Population[END_REF][START_REF] Abtan | Residual Ischemic Risk and Its Determinants in Patients With Previous Myocardial Infarction and Without Prior Stroke or TIA: Insights From the REACH Registry[END_REF][START_REF] Bhatt | Comparative determinants of 4-year cardiovascular event rates in stable outpatients at risk of or with atherothrombosis[END_REF]. According to guidelines [START_REF] Trialists | Aspirin in the primary and secondary prevention of vascular disease: collaborative meta-analysis of individual participant data from randomised trials[END_REF][START_REF] Montalescot | ESC guidelines on the management of stable coronary artery disease: the Task Force on the management of stable coronary artery disease of the European Society of Cardiology[END_REF][START_REF] Aboyans | ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial Diseases, in collaboration with the European Society for Vascular Surgery (ESVS): Document covering atherosclerotic disease of extracranial carotid and vertebral, mesenteric, renal, upper and lower extremity arteriesEndorsed by: the European Stroke Organization (ESO)The Task Force for the Diagnosis and Treatment of Peripheral Arterial Diseases of the European Society of Cardiology (ESC) and of the European Society for Vascular Surgery (ESVS)[END_REF], antithrombotic treatment of stable patients with atherothrombosis is currently limited to single antiplatelet therapy with either aspirin or clopidogrel. To reduce the residual ischemic risk of patients with stable CAD or PAD, several antithrombotic strategies, including potent antiplatelet agents with or without oral anticoagulants, have been evaluated in this setting recently [START_REF] Hiatt | Ticagrelor versus Clopidogrel in Symptomatic Peripheral Artery Disease[END_REF][START_REF] Eikelboom | Rivaroxaban with or without Aspirin in Stable Cardiovascular Disease[END_REF][START_REF] Bonaca | Long-term use of ticagrelor in patients with prior myocardial infarction[END_REF]. Specifically, the COMPASS trial [START_REF] Eikelboom | Rivaroxaban with or without Aspirin in Stable Cardiovascular Disease[END_REF] demonstrated the efficacy of a combination of low-dose rivaroxaban 2.5 mg twice daily and aspirin 100 mg once daily in reducing ischemic events in a broad population of patients with stable CAD or PAD.

However, this strategy was associated with an approximately 70% relative increase in major bleeding. Thus, identifying subgroups associated with the highest ischemic and lowest bleeding risks among COMPASS-eligible patients would be important. COMPASS used a set of clinical enrichment criteria to identify patients at high ischemic risk, but the relative impact of these characteristics on risk of ischemic or bleeding events is unclear.

In the present analysis, using data from the REduction of Atherothrombosis for Continued Health (REACH) Registry, a large international study of >65,000 outpatients with stable vascular disease, we sought to assess whether clinical subgroups could be identified in a COMPASS-eligible population, which would have a disproportionate increase in ischemic relative to bleeding risk. We assumed that the risk-benefit ratio of adding low-dose rivaroxaban to aspirin would be optimized in such a subgroup of the overall population.

Methods

COMPASS-Eligible Population in the REACH Registry

REACH was a large prospective, observational, international registry enrolling patients >45 years of age with established vascular disease (CAD, PAD, or cerebrovascular disease [CVD]) or with at least three atherosclerotic risk factors [START_REF] Ohman | The REduction of Atherothrombosis for Continued Health (REACH) Registry: an international, prospective, observational investigation in subjects at risk for atherothrombotic events-study design[END_REF]. From December 2003 until June 2004, >65,000 patients were included worldwide and followed annually up to 4

years. An institutional review board approved the REACH Registry and all participants gave written informed consent.

Patients were considered to have CAD if they had a history of stable angina, unstable angina, myocardial infarction (MI), or coronary revascularization (either coronary artery bypass grafting or percutaneous coronary intervention). Documented PAD consisted of >1 of the following: history of current intermittent claudication with ankle-brachial index <0.9, lower-limb artery angioplasty, stenting or peripheral artery bypass graft or previous amputation affecting the lower limb. Of note, COMPASS included only CAD patients with multivessel disease, and asymptomatic carotid stenosis >50% qualified for PAD in COMPASS but not in REACH.

The method used to identify the COMPASS-eligible population in the REACH Registry has been described [START_REF] Darmon | External applicability of the COMPASS trial: an analysis of the reduction of atherothrombosis for continued health (REACH) registry[END_REF]. Briefly, we selected patients with CAD and/or PAD in the overall REACH cohort, in whom all criteria required for evaluation of COMPASS eligibility were evaluable. First, we applied the main exclusion criteria for COMPASS within the context of how data were captured in the REACH case report form: high bleeding risk evaluated using the REACH bleeding risk score, severe renal failure (estimated glomerular filtration rate [eGFR] <15 ml/min), need for dual antiplatelet therapy (DAPT) for an acute coronary syndrome <12 months ago, oral anticoagulant therapy, and history of ischemic stroke in the past year. Then, we used the COMPASS inclusion criteria to identify the COMPASS-eligible population: (i) PAD patients, regardless of age; (ii) CAD patients aged >65 years; (iii) CAD patients aged <65 with at least one additional risk factor ("enrichment criterion") (i.e., documented atherosclerosis or documented prior revascularization involving at least two vascular beds) or with at least two additional risk factors (i.e., current smoker, diabetes mellitus, heart failure, eGFR <60 ml/min, or non-lacunar ischemic stroke >1 year).

Patients with CAD aged <65 years with no enrichment criteria were thus not eligible for COMPASS and constituted the "COMPASS no enrichment criteria" population.

Definition of Clinically Relevant Subgroups

Within the COMPASS-eligible population, we identified the following clinically relevant subgroups based on the COMPASS enrichment criteria at inclusion: diabetes mellitus, age >65 years, asymptomatic carotid stenosis >70%, PAD, history of heart failure, renal impairment (eGFR <60 ml/min, by the Cockcroft and Gault formula), current smoking status, and history of ischemic stroke.

Primary and Secondary Outcomes

The ischemic outcome for this analysis was a composite of cardiovascular death, MI, or stroke at 4 years (which was the maximum follow-up in the REACH Registry). The bleeding outcome was the 4-year rate of serious bleeding, defined as any bleeding requiring transfusion, hospitalization for transfusion, or hemorrhagic stroke.

Statistical Analysis

Baseline characteristics are expressed as mean ± standard deviation (SD) for continuous variables and categorical variables as frequency and percentage. Baseline characteristics and outcomes were compared between subgroups according to the presence or absence of the variable of interest, to allow statistical comparison between mutually exclusive subgroups. Continuous and categorical baseline variables were compared using analysis of variance and chi-square tests, respectively. Serious bleeding risk and recurrent ischemic event risk were assessed using the REACH bleeding risk [START_REF] Ducrocq | Risk score to predict serious bleeding in stable outpatients with or at risk of atherothrombosis[END_REF] and recurrent ischemic event [START_REF] Wilson | An international model to predict recurrent cardiovascular disease[END_REF] scores.

The rate of the CV death, MI, or stroke was evaluated at 4-year by Kaplan-Meier estimates and the 4-year rate of serious bleeding was evaluated with observed events.

Multivariable analysis was performed for the combined ischemic endpoint using a Cox model, and for serious bleeding events using a logistic model. Each enrichment criterion was included in the multivariable model, to test its performance for the prediction of ischemic and bleeding events. A p-value of <0.05 was considered as significant.

Y.E. had full access to all the data in the study and takes responsibility for its integrity and the data analysis.

Results

Baseline Characteristics

Within the overall REACH Registry population of 65,531 patients, 31,873 (48.6%) had PAD and/or CAD and complete data allowing precise evaluation of their eligibility for inclusion in the COMPASS trial. Among these, 16,875 patients (52.9%) were COMPASSeligible: 14,260 (84.5%) patients had CAD: 11,192 had CAD alone, and 3,068 had both PAD and CAD.

The majority of patients (81.5%) were >65 years, 41.0% had diabetes, 40.2% had moderate renal failure, and 33.7% had PAD (Figure 1). The prevalence of current smoking and heart failure was 13.8% and 13.3%, respectively; 11.1% of patients had a history of ischemic stroke and 8.7% had asymptomatic carotid stenosis.

Patient baseline characteristics according to the different subgroups in the COMPASSeligible population are reported in Table 1. Based on the REACH Registry bleeding risk score and recurrent ischemic event score, the subgroup with heart failure had the highest risks of bleeding (8.7±1.2) and recurrent ischemic events (13.7±2.4).

Ischemic Outcomes

The 4-year rate of cardiovascular death, MI, or stroke was 14.9% (95% CI: 14.2-15.6) for the overall COMPASS-eligible population and 7.7% (95% CI: 6.9-8.6) in the "COMPASS no enrichment criteria" population. When considered separately, the presence of each enrichment criterion was associated with a significant increase in the rate of the combined ischemic outcome (Figure 2). Specifically, patients with a history of heart failure, stroke, or moderate renal failure were all at markedly increased risk of an ischemic event:

25.0% (95% CI: 22.7-27.4) with vs. [START_REF] Eikelboom | Rivaroxaban with or without Aspirin in Stable Cardiovascular Disease[END_REF] In multivariable analysis, each enrichment criterion was associated with a higher risk of cardiovascular death, MI, or stroke, except for asymptomatic carotid stenosis >70% (HR: 1.0; 95% CI: 0.9-1.2; p=0.57) (Table 2).

Bleeding Outcome Rate

Serious bleeding rates at 4 years for the COMPASS-eligible population and for each of the subgroups are reported in Figure 2. Serious bleeding rates at 4 years were 2.2% (95% CI: 2.0-2.4) in the COMPASS-eligible population and 0.8% (95% CI: 0.6-1.1) in the "COMPASS no enrichment criteria" population. Several enrichment criteria were not associated with a significant increase in the rate of serious bleeding at 4 years: history of PAD (2.3% [95% CI: 1.9-2.7] with vs. 2.1% [95% CI: 1.8-2.4; p=0.36] without PAD) and current smokers (2.2% [95% CI: 1.6-2.8] for smokers vs. 2.2% [95% CI: 1.9-2.4; p=0.85] for nonsmokers). All of the other enrichment criteria significantly increased the 4-year rate of serious bleeding.

In multivariable analysis, age >65 years (HR: 1.7; 95% CI: 1.3-2.3; p<0.0001), diabetes (HR: 1.3; 95% CI: 1.1-1.5; p=0.031), history of heart failure (HR: 1.4; 95% CI: 1.1-1.8; p=0.003), chronic kidney disease (HR: 1.3; 95% CI: 1.1-1.6; p=0.012), and PAD (HR:

1.4; 95% CI: 1.1-1.8; p=0.010) were associated with a higher risk of serious bleeding (Table 2). In contrast, asymptomatic carotid stenosis >70% (HR: 1.2; 95% CI: 0.9-1.7), current smoking (HR: 1.2; 95% CI: 0.9-1.7), and history of ischemic stroke (HR: 1.2; 95% CI: 1.0-1.6) were not associated with a higher risk of bleeding (Table 2).

Ischemic and Bleeding Outcomes According to Multiple Enrichment Criteria

Accumulation of enrichment criteria was associated with a dramatic increase in the rate of cardiovascular death, MI, or stroke. Ischemic outcome for patients with one enrichment criterion was 7.0% (95% CI: 5.6-8.7), increasing to 12.5% (11.1-14.1) with two criteria, 16.6% (95% CI: 14.7-18.6) with three criteria, and 21.8% (95% CI: 19.9-23.9) with >4 criteria.

The accumulation of enrichment criteria only led to a modest increase in the risk of serious bleeding events over time: 1.5% (95% CI: 0.9-2.1) with one criterion; 1.8% (95% CI:

1.3-2.
2) with two criteria; and 2.0% (95% CI: 1.5-2.6) with three criteria. Only the presence of >4 enrichment criteria led to an increase in the rate of serious bleeding (3.2%; 95% CI: 2.6-3.9) (Central Illustration).

Discussion

In a large international cohort of COMPASS-eligible patients from the REACH Registry of stable atherothrombotic patients, the presence of any of the COMPASS enrichment criteria produced a consistent increase in ischemic and bleeding risks. However, the presence of multiple enrichment criteria was associated with a greater absolute increase in ischemic risk than bleeding risk.

Whereas some criteria, individually, were associated with a higher increase in the rate of ischemic events than others (i.e., heart failure compared with current smoking status), in return they conferred a higher increase in bleeding risk. The relative increase in ischemic and bleeding risks was approximately of the same magnitude for each criterion. Thus, it was difficult to clearly identify any single criterion with a more favorable trade-off between ischemic and bleeding risks. However, the addition of multiple enrichment criteria dramatically increased the risk of cardiovascular death, MI, or stroke, with a more modest impact on the risk of serious bleeding. There was an approximate 5% increase in the risk of cardiovascular death, MI, or stroke with the addition of each enrichment criterion, until patients accumulated >4 criteria. In contrast, there was no significant increase in the rate of serious bleeding for patients with up to three criteria.

The rationale for defining these clinically relevant subgroups was based on the enrichment criteria for enrollment in COMPASS. Indeed, these criteria were chosen by the investigators to increase the residual ischemic risk of patients, and particularly those who were at very low risk of recurrent ischemic events (i.e., CAD patients aged <65 years). As previously published ( 16), patients who did not have these enrichment criteria had a lower rate of recurrent ischemic and bleeding events.

Since the publication of the COMPASS trial [START_REF] Boden | Will COMPASS Point to a New Direction in Thrombotic Risk Reduction in Patients With Stable Cardiovascular Disease[END_REF][START_REF] Fox | Anti-thrombotic options for secondary prevention in patients with chronic atherosclerotic vascular disease: what does COMPASS add?[END_REF], there remain concerns about the increase in bleeding risk with rivaroxaban plus aspirin, which, as expected, come from the use of more intensive antithrombotic treatment. Therefore, this treatment regimen may not be indicated or suitable for every patient with stable vascular disease or even to every patient fulfilling the COMPASS enrollment criteria [START_REF] Ohman | Secondary prevention shifts into second gear[END_REF]. Both the European Medicines Agency and the Food and Drug Administration have approved rivaroxaban 2.5 mg twice daily added to aspirin 75-100 mg once daily for the prevention of atherothrombotic events in adults with CAD or symptomatic PAD at high risk for ischemic events. Hence, given the wide range of patients eligible for rivaroxaban according to this broad label, identifying which clinical profiles are associated with the best trade-off between ischemia and bleeding would be important.

In clinical practice, residual risk assessment (whether ischemic or bleeding) in patients with vascular disease is of critical importance, and is recommended in guidelines for the management of patients [START_REF] Montalescot | ESC guidelines on the management of stable coronary artery disease: the Task Force on the management of stable coronary artery disease of the European Society of Cardiology[END_REF][START_REF] Amsterdam | AHA/ACC Guideline for the Management of Patients with Non-ST-Elevation Acute Coronary Syndromes: a report of the American College of Cardiology/American Heart Association Task Force on Practices[END_REF]. With the improved outcomes of acute coronary syndromes and/or percutaneous coronary intervention, risk evaluation has now moved from the immediate post-percutaneous coronary intervention period [START_REF] Granger | Predictors of hospital mortality in the global registry of acute coronary events[END_REF][START_REF] Subherwal | Baseline risk of major bleeding in non-STsegment-elevation myocardial infarction: the CRUSADE (Can Rapid risk stratification of Unstable angina patients Suppress ADverse outcomes with Early implementation of the ACC/AHA Guidelines) Bleeding Score[END_REF][START_REF] Genereux | Quantification and impact of untreated coronary artery disease after percutaneous coronary intervention: the residual SYNTAX (Synergy Between PCI with Taxus and Cardiac Surgery) score[END_REF] to longer-term [START_REF] Gallone | Medical Therapy for Long-Term Prevention of Atherothrombosis Following an Acute Coronary Syndrome: JACC State-of-the-Art Review[END_REF]. Risks score have been developed to evaluated ischemic and bleeding risk in stable patients [START_REF] Ducrocq | Risk score to predict serious bleeding in stable outpatients with or at risk of atherothrombosis[END_REF][START_REF] Wilson | An international model to predict recurrent cardiovascular disease[END_REF]. However, there is a substantial overlap between the criteria used for calculation of these scores, making them difficult to use for decision-making in clinical practice. In case of the presence of a criterion identified as a risk factor for both ischemic and bleeding events, the relative trade-off between ischemic and bleeding is unclear. In that context, there is a lack for a global, easy and fast approach for quantitative assessment of ischemic and bleeding risk altogether, in stable vascular patients. It is likely that, for most physicians, there is an asymmetry in the perception of the benefit-risk for anticoagulation whereby prevention of an ischemic event (which has not occurred) may be undervalued relative to the risk of treatment causing a bleed. This reinforces the desire from clinicians to identify patients in whom the risk of ischemic event overwhelmingly exceeds the risk of bleeding. Given our observation of a disproportionate increase in ischemic versus bleeding risk in patients with multiple enrichment criteria, such patients would be expected to derive an improved benefit-risk ratio from low-dose rivaroxaban.

Strengths and Limitations

One of the main strengths of our study is to provide data from a broad outpatient population, enrolled in an international observational cohort. It is well established that patients enrolled in randomized controlled trials are highly selected, without much comorbidity and with a closer follow-up than they would have received in everyday clinical practice [START_REF] Lee | Representation of elderly persons and women in published randomized trials of acute coronary syndromes[END_REF][START_REF] Britton | Threats to applicability of randomised trials: exclusions and selective participation[END_REF]. For these reasons, physicians are often reluctant to use a treatment strategy that has proven effective in a randomized controlled trial because of concern regarding external applicability [START_REF] Steg | External validity of clinical trials in acute myocardial infarction[END_REF][START_REF] Rothwell | External validity of randomised controlled trials: "to whom do the results of this trial apply?[END_REF]. In that regard, the REACH Registry was an international registry of outpatients with atherothrombosis, matching the characteristics for the COMPASS target population, but without any intervention from the investigators, thus more closely reflecting the everyday clinical management of these patients [START_REF] Bhatt | Advancing the care of cardiac patients using registry data: going where randomized clinical trials dare not[END_REF].

There are limitations to our analysis. First, we tested absolute risks of ischemic and bleeding events but did not test the actual benefits and risks of rivaroxaban in these subgroups. This would require replicating this analysis in the original COMPASS database.

Second, although the REACH Registry is a large international study, it was conducted more than a decade ago, and the prognosis of atherothrombotic patients has improved over this time. The rate of prescription of guideline-recommended secondary prevention therapies was lower in the COMPASS-eligible population in REACH than in the actual COMPASS trial (79.0% vs. 87.1% for aspirin, 55.6% vs. 70.0% for beta-blockers, 75.4% vs. 89.4% for statins and 66.8% vs. 70.8% for angiotensin converting enzyme inhibitors/angiotensin receptor blockers), but this did not affect outcomes in patients receiving all four classes. Thus, the magnitude of the increase in ischemic and bleeding risks in the different subgroups could be different in contemporary patients. However, our intention was to compare these subgroups with the whole range of patients eligible for enrollment in the COMPASS trial, and, therefore, the relative increase in ischemic and bleeding events is likely to be comparable. Third, there were missing data in patients with heart failure (n = 7,042 patients), asymptomatic carotid stenosis (n=7,821), and current smoking status (n=170), which could have, at least in part, biased the results in these subgroups. These patients with missing data were not included in the analysis for the ischemic and bleeding outcomes.

Additionally, the definition of serious bleeding in the REACH Registry comprised bleeding requiring hospitalization and/or transfusion or hemorrhagic stroke. This cannot be compared to the definition of major bleeding used in most antithrombotic trials [START_REF] Mehran | Standardized bleeding definitions for cardiovascular clinical trials: a consensus report from the Bleeding Academic Research Consortium[END_REF], such as the modified International Society of Thrombosis and Haemostasis [START_REF] Schulman | Definition of major bleeding in clinical investigations of antihemostatic medicinal products in surgical patients[END_REF] criteria used in the COMPASS trial. However, the majority of the bleeding definitions used in clinical trials considered any hemorrhagic stroke or the need for transfusion as "major" bleeding events. Finally, our data only suggest that certain clinical conditions are associated with a higher ischemic and bleeding risk in a population eligible for enrollment in COMPASS, but who were receiving aspirin only. How the ischemic and bleeding risks will evolve when initiating low-dose rivaroxaban, particularly in these subgroups of patients, is highly speculative. Indeed, this observational analysis only pertains to risk assessment in a COMPASS-eligible population, and cannot make inferences regarding the actual benefits and risks of rivaroxaban in the cohort, and in each subgroup, as rivaroxaban was not used in the REACH Registry.

Conclusion

In the overall COMPASS-eligible population, there was significant heterogeneity in terms of ischemic and bleeding risks. Taken separately, no single enrichment criterion appeared associated with a more favorable trade-off between ischemic and bleeding risks than in the overall COMPASS population. However, the subgroup with multiple enrichment criteria had a higher absolute increase in ischemic than in bleeding risk, and appears to be potentially good group for the addition of low-dose rivaroxaban to the standard regimen of aspirin for secondary prevention.

Perspectives

Competency in Patient Care: The presence of multiple criteria including advanced age, diabetes, and heart failure identifies patients at higher absolute risk of ischemic than bleeding events who may derive greater benefit from treatment with the combination of low-dose rivaroxaban plus aspirin over aspirin alone.

Translational Outlook: Prospective studies of patients initiating low-dose rivaroxaban are needed to assess the balance of safety and efficacy with this strategy. of serious bleeding. We observed a continuous increase of the absolute risk of ischemic events with increasing number of enrichment criteria, while the increase in bleeding risk was more modest. As expected, few patients had only one enrichment criterion, but the distribution between patients with, 2, 3, or more than 4 enrichment criteria was homogeneous. 
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  Illustration: Four-Year Rate of Primary Ischemic and Secondary Bleeding Events According to the Presence of >1 Enrichment Criteria. The blue bar represents the 4-year rate of cardiovascular death, myocardial infarction, or stroke, and the red bars the 4year rate of serious bleeding. eGFR: estimated Glomerular Filtration Rate.
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