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Overview

Despite the significant improvement in treatment options, cardiovascular disease (CVD)
continues to be one of the leading causes of morbidity and mortality in the United States for almost
a century.' As clinical outcomes in patients with CVD improve, the prevalence of older, sicker
patients with CVD and multiple comorbidities will continue to increase. This carries a significant
burden on the healthcare system, costing the United States an estimated $273 billion in medical
costs every year.* Additionally, this population of patients with CVD are at an increased risk of a

recurrent event, warranting close observation.

The increasing availability of more potent antithrombotic medication carries a significant
therapeutic benefit in patients with acute coronary syndrome (ACS). However, this increased
benefit comes with potentially significant side effects. Rivaroxaban, a factor Xa inhibitor, has been
shown to improve cardiovascular outcomes in patients with ACS, albeit with an increased risk of
bleeding.® With the approval of rivaroxaban in Europe for patients with ACS, the number of
patients on rivaroxaban is expected to increase. Despite the overall increased benefit and bleeding
risk of rivaroxaban in a general population of patients with ACS, the individual risk may vary.
Theoretically, rivaroxaban would have the greatest benefit in patients who are at a very high risk
of another cardiovascular event but are at a very low risk of a bleeding event. While certain
demographic characteristics may help risk stratify patients, this process can be further refined by

incorporating biomarkers.

Biomarkers, such as troponin and B-type natriuretic peptide (BNP), have been previously
used to aid in the diagnosis and prognostication of patients with various medical conditions such
as heart failure. We aim to show how biomarkers can also be used in risk stratifying patients in a

way that has not been established in common clinical practice. Rather than focus on biomarkers



which require highly specialized assays to detect, the focus was on laboratory investigations that
could be, and would have likely been ordered, in a typical clinical setting. This thesis will focus
on both ischemic and bleeding outcomes, both highly relevant in a clinical setting. Additionally,
we will demonstrate the applicability of these biomarkers in a new and growing population of
patients with ACS, those who are also on rivaroxaban. Ultimately, our aim is to highlight the

potential of biomarkers in aiding a physician decide on the appropriate treatment.
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ABSTRACT

D-dimer has been used as both a diagnostic and prognostic biomarker in the assessment of patients
with venous thromboembolism (VTE), but its prognostic value in the setting of arterial acute
coronary syndromes (ACS) and the ability of pharmacotherapy to reduce D-dimer in ACS is less
well characterized. It was hypothesized that elevated baseline D-dimer would be associated with
poor clinical outcomes in ACS, and that Factor Xa inhibition with Rivaroxaban would reduce D-
dimer acutely and chronically. The ATLAS ACS TIMI-46 trial assessed the safety and efficacy of
rivaroxaban compared to placebo among ACS patients. A subset of subjects had a D-dimer
measured at baseline (N=1,834, 52.5%). A univariate and multivariable logistic regression
assessed the relation between baseline D-dimer and a composite endpoint of cardiovascular death,
myocardial infarction, or stroke through 6 months. The Wilcoxon rank sum test was used to
compare change in D-dimer level between the treatment groups from baseline. Baseline D-dimer
was associated with the composite efficacy outcome in a univariate logistic regression (OR=1.15,
95%CI:1.03-1.29, p=0.015) and a multivariable logistic regression (OR=1.13, 95%CI:1.00-1.28,
p=0.048). Rivaroxaban administration lowered D-dimer levels compared to placebo after
administration of the first dose of study drug (p=0.026), at day 30 (p<0.001) and day 180
(p<0.001). In conclusion, elevated baseline D-dimer was associated with an increased risk of the
composite outcome within 6 months of the ACS event and administration of the Factor Xa inhibitor
rivaroxaban was associated with lower D-dimer levels compared to placebo after the first dose, at

day 30 and day 180.

KEY WORDS: Acute Coronary Syndrome; D-dimer; Rivaroxaban; Randomized Controlled Trial



INTRODUCTION

D-dimer is a highly sensitive biomarker of thrombosis, and is commonly used to rule out
the diagnosis of pulmonary embolism among patients deemed to be at low risk.!> In addition to
its role as a diagnostic biomarker in venous thromboembolism (VTE), D-dimer is also a prognostic
biomarker in the setting of VTE.*>7 The prognostic value of D-dimer in the arterial setting of acute
coronary syndromes (ACS) and the ability of pharmacotherapy to reduce D-dimer in ACS is less
well characterized. It was hypothesized that elevated baseline D-dimer would be associated with
poorer clinical outcomes in ACS, and that factor Xa inhibition with rivaroxaban could reduce D-
dimer acutely and chronically among subjects enrolled in ATLAS ACS-TIMI 46 trial (A
Randomized, Double-Blind, Placebo-Controlled, Multicenter, Dose-Escalation and Dose-
Confirmation Study to Evaluate the Safety and Efficacy of Rivaroxaban in Combination With
Aspirin Alone or With Aspirin and a Thienopyridine in Subjects With Acute Coronary

Syndromes).®
METHODS

The study design of the ATLAS ACS-TIMI 46 trial (Clinicaltrials.gov Identifier:
NCT00402597) has been previously described.® Briefly, the ATLAS ACS-TIMI 46 trial enrolled
3,491 subjects 1 to 7 days after hospitalization for an index ACS event. Eligibility criteria included
age 18 years or older, symptoms suggestive of ACS at rest of 10 minutes or longer, and a diagnosis
of ST-elevation myocardial infarction (STEMI), non-ST elevation myocardial infarction
(NSTEMI), or unstable angina (UA) with at least one of the following: raised cardiac enzyme
markers, 1 mm or more ST-segment deviation, or a Thrombolysis in Myocardial Infarction (TIMI)

risk score of 3 or more. Major exclusion criteria included hemoglobin < 100 g/L, platelet count <



90,000 x 10°/L, or a history of intracranial hemorrhage. Subjects were stratified based upon the
physician’s decision to administer aspirin monotherapy or dual antiplatelet therapy (aspirin plus a
thienopyridine). Subjects were then randomized to receive either rivaroxaban or placebo within
each stratum and dose. D-dimer levels were collected for a subset of subjects prior to the first
dose, 3 to 24 hours after first dose, and on study day 30 and 180. D-dimer levels were measured
using the STA-Liatest D-di assay. The STA-Liatest D-di assay is a rapid, automated immune-
turbidimetric assay that has been used for the quantitative assessment of D-dimer and is FDA
approved for aiding in the diagnosis of deep vein thrombosis and pulmonary embolism.” The
efficacy outcome was the composite of cardiovascular (CV) death, myocardial infarction (MI),

and stroke.

Descriptive statistics were reported as mean and standard deviation for normally distributed
continuous data, median and interquartile range (IQR) for non-normally distributed continuous
data, and frequencies and percentages for categorical data. The independent samples t-test, the
Wilcoxon rank sum test, and the chi-square test of independence assessed for differences in
baseline characteristics between the rivaroxaban group and the placebo group, as appropriate. The
association between baseline D-dimer and the composite of CV death, MI or stroke was assessed
in a univariate logistic regression model. A multivariable logistic regression was also developed
using backward selection. Variables with a p < 0.2 in the univariate analysis were included as
potential parameters in the backward selection process. Exit criteria was set at p > 0.2, though
treatment group was designated to remain in the model. The final model was assessed using the
Hosmer-Lemeshow goodness-of-fit test and tested for multicollinearity. The change in D-dimer
from baseline to each time point was calculated. The Wilcoxon rank sum test was used to assess

differences in median D-dimer levels between the treatment groups at baseline, after the first dose,
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on day 30 and day 180. The Wilcoxon rank sum test was also used to compare the change in D-
dimer from baseline to each time point (after the first dose, at day 30 and at day 180), between the

two treatment arms. All analyses were performed using SAS version 9.4.

RESULTS

A total of 3,491 subjects were randomized in the ATLAS ACS-TIMI 46 trial. Of the
randomized subjects, 1,834 subjects (52.5%) had a baseline assessment of D-dimer with 1,226 in
the rivaroxaban group (66.8%) and 608 in the placebo group (33.2%). Of the patients with a
baseline D-dimer, 1,668 (90.1%) had a D-dimer measurement 3 to 24 hour following the first

administration of the study drug, 1,587 (86.5%) at day 30 and 1,273 (69.4%) at day 180.

Baseline characteristics between the rivaroxaban group and the placebo group were well
balanced. However, subjects in the rivaroxaban group had a higher creatinine clearance than the

placebo group and a higher proportion of the rivaroxaban group were from Western Europe (Table

1.

A total of 75 subjects (4.1%) in this analysis experienced CV death, MI or stroke within 6
months (Placebo: 29 subjects (4.8%); Rivaroxaban: 46 subjects (3.8%)). Baseline D-dimer was
associated with an increased risk of the composite efficacy outcome in a univariate logistic
regression (OR = 1.15, 95% CI: 1.03-1.29, p = 0.015) (Table 2). In a multivariable model that
adjusted for baseline D-dimer, treatment group, baseline creatinine clearance, study stratum
(aspirin vs. aspirin + thienopyridine use), diabetic status and percutaneous coronary intervention
(PCI) at baseline, baseline D-dimer remained associated with an increased risk of the composite

ischemic endpoint (OR = 1.13, 95% CI: 1.00-1.28, p=0.048) (Table 2). The model demonstrated
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good fit (Hosmer-Lemeshow goodness-of-fit test p = 0.118) and there was no evidence of

multicollinearity.

Baseline D-dimer levels did not differ between the treatment arms (p = 0.37) (Table 1).
Subsequently, median D-dimer levels remained lower throughout the course of the study in the
rivaroxaban group as compared to the placebo group (p=0.026, p <0.001 and p <0.001 after the
first dose, on Day 30 and on Day 180, respectively) (Figure 1). At 3 to 24 hours after the first
dose of study drug, while there was no change in the median D-dimer in the rivaroxaban group,
the median D-dimer level increased in the placebo group (0.00 pg/ml vs. 0.02 pg/ml, p < 0.001).
Moreover, reductions in D-dimer were significantly greater among the rivaroxaban group
compared to the placebo group at day 30 and day 180 (Day 30: -0.13 pg/ml vs. -0.05 pg/ml, p <

0.001; and Day 180: -0.14 pg/ml vs. -0.06 pg/ml, p <0.001) (Figure 2).
DISCUSSION

Higher baseline D-dimer levels were associated with an increased risk of CV death, MI or
stroke within six months among ACS patients. Specifically, for every unit pg/ml increase in
baseline D-dimer the odds of experiencing a major adverse cardiac event (MACE) increased by
13% to 15%. Rivaroxaban administration was also associated with lower D-dimer levels

compared to placebo at 3 to 24 hours after the first dose, at day 30 and at day 180.

The findings of this analysis extend the previous observations that demonstrate an
association between D-dimer levels and risk of cardiovascular outcomes in patients with
VTE, %11 atrial fibrillation,'? peripheral arterial disease,'® stable coronary artery disease,'* and
ACS.'>16 Despite rivaroxaban’s proven benefit in ACS patients!’, the findings of this analysis

demonstrate that the correlation between high D-dimer levels and an increased cardiovascular
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event rate still holds. D-dimer not only serves as an indicator of thrombotic activity, but has been
shown to correlate with thrombus size and burden in the setting of VTE.!®!° Thrombosis plays an
important role in the pathophysiology of ACS. Disruption of the atherosclerotic plaque and the
resulting exposure of blood to sub-endothelial collagen, tissue factor, and other pro-coagulant
molecules triggers the coagulation cascade leading to occlusion of the coronary artery and
subsequent ischemia.?’ In some patients, plaque disruption may lead to intermittent vessel
occlusion and ischemia by a labile thrombus resulting in UA. In others, the formation of a fixed
thrombus with a more chronic occlusion can result in an acute MI.>! Previous studies describing
the prevalence of higher D-dimer levels in patients with an acute MI as compared to UA?? further
support the hypothesis that increasing thrombotic activity correlates with a more severe form of
ACS. Therefore, increasing D-dimer levels in the setting of ACS may indicate a poorer prognosis.

Elevated D-dimer is non-specific and may be observed in a wide spectrum of clinical
conditions (VTE, pregnancy, aortic dissection, cancer, ischemic cardiovascular disease, cardiac
arrest, shock, disseminated intravascular coagulation), as well as severe infection and
inflammation.?> The association between increased inflammation among ACS patients and a
higher risk of MACE has been well described.?* Thus, although baseline D-dimer levels may
reflect both increased thrombotic activity as well as inflammation, increased activity in both
pathways may result in a higher risk of MACE.

The present study demonstrates that baseline D-dimer is associated with MACE and that
Rivaroxaban reduces D-dimer levels. The reduction in D-dimer activity due to Rivaroxaban
administration may explain at least in part the reduction in the risk of MACE among ACS patients
ATLAS ACS-TIMI 51.!7 Rivaroxaban, a factor Xa inhibitor, interrupts the intrinsic and extrinsic
pathway of the coagulation cascade, ultimately inhibiting thrombin formation, subsequent

13



fibrinolysis and the production of D-dimer.® Considering that D-dimer has a half-life of 8 hours,?
a decrease in D-dimer levels within the first 24 hours of study drug administration is plausible.
Similarly, previous studies have demonstrated a reduction in D-dimer levels with various
anticoagulants including heparin,?® warfarin,?” and apixaban.?8

D-dimer is commonly utilized in patients with acute chest pain to rule out potentially life-
threatening conditions such as pulmonary embolism and acute aortic syndrome.?*?° Higher D-
dimer levels have also been associated with higher Global Registry of Acute Coronary Events
(GRACE) scores.’® The present study adds to the evidence base suggesting that D-dimer, which
is easily accessible in most health care settings at a low cost, could be used to risk stratify ACS

patients.

While this study demonstrated that rivaroxaban reduces D-dimer levels and that higher D-
dimer levels were associated with an increased risk of ischemic events, the association between
the therapeutic effect of rivaroxaban with the reduction in D-dimer from baseline remains
unknown. A biomarker, such as D-dimer, may help identify patients who derive the largest
treatment benefit from rivaroxaban. D-dimer has been previously used to enrich clinical trials that
evaluated anticoagulant use in patients at high risk for VTE.!” The findings of the current analysis
support its use as a biomarker to similarly enrich ACS clinical trials. This approach may increase

the anticipated event rate and subsequently reduce sample size and cost.

This is a post-hoc exploratory analysis. D-dimer levels were measured in 52.5% of the
subjects enrolled in the ATLAS ACS-TIMI 46 trial, and subjects were only followed for up to 180
days. While subjects who did not have a baseline D-dimer measurement were more likely to have
a STEMI as the index event, receive dual antiplatelet therapy and receive PCI, baseline

characteristics and event rates were generally similar between the two groups (Supplementary
14



Table 1). The range in sample collection times from the index event was not controlled for in the
analysis and may contribute to the increased variability observed in the D-dimer measurements at
baseline, compared to measurements taken at day 30 and day 180. The analysis focused on the
association between D-dimer levels and ischemic events. Bleeding risk was not assessed. The

benefit of rivaroxaban should be balanced against its increased bleeding risk.

In conclusion, elevated baseline D-dimer was associated with an increased risk of CV
death, MI, or stroke within 6 months of an index ACS event. Administration of rivaroxaban was
associated with lower D-dimer levels compared to placebo at 3 to 24 hours after the first dose, at

day 30 and day 180.
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Table 1. Baseline characteristics

Variable Placebo Rivaroxaban

(N= 608) (N= 1226) p-value
Age, mean £ SD (years) 579+9.7 57.2+9.7 0.130
Body mass index, mean + SD (kg/m?) 284+4.9 28.7+4.9 0.110
Creatinine clearance, mean + SD (mL/min) 95.8+31.6 99.9 +32.6 0.012
Baseline D-dimer (ug/ml) 0.39 (0.24-0.73) 0.42 (0.24-0.78) 0.370
Men 455 (75%) 954 (78%) 0.150
Race 0.330
White 576 (95%) 1180 (96%)
Black 7 (1.2%) 9 (0.7%)
Asian 12 (2.0%) 13 (1.1%)
Other race 13 (2.1%) 24 (2.0%)
Region 0.019
Americas 103 (17%) 211 (17%)
Western Europe 113 (19%) 303 (25%)
Eastern Europe 301 (50%) 559 (46%)
Other race 91 (15%) 153 (13%)
Diabetes mellitus 114 (19%) 227 (19%) 0.890
Hypertension 345 (57%) 693 (57%) 0.900
Prior myocardial infarction 130 (21%) 264 (22%) 0.950
Smoker 376 (62%) 770 (63%) 0.690
Index event
ST-elevation myocardial infarction 303 (50%) 617 (50%) 0.840
Non-ST elevation myocardial infarction 194 (32%) 359 (29%) 0.250
Unstable angina pectoris 111 (18%) 250 (20%) 0.280
Percutaneous coronary intervention at 361 (59%) 729 (60%) 0.970
index event
Stratum 0.660
Aspirin 166 (27%) 323 (26%)
Aspirin + Thienopyridine 442 (73%) 903 (74%)
Medications
Beta-blocker 542 (89%) 1111 (91%) 0.320
Angiot.ensin.converting enzyme inhibitor 497 (8.7%) 972 (79%) 0210
or angiotensin receptor blocker
Statin 530 (87%) 1082 (88%) 0.500
Calcium channel blocker 78 (13%) 189 (15%) 0.140
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Table 2. Univariate and multivariate logistic regression models of the composite outcome of

cardiovascular death, MI and stroke by 180 days in patients

Variable Univariate Model Multivariate Model
OR (95% CI) p-value OR (95% CI) p-value

Baseline D-dimer (ug/ml) 1.15(1.03 - 1.29) 0.015 1.13(1.0-1.28)  0.048

Treatment (Rivaroxaban v. Placebo) 0.78 (0.48 — 1.25) 0.300 0.91(0.55-1.51) 0.708

Age (Years) 1.05(1.02-1.08)  <0.001

Sex (Female v. Male) 1.31(0.78 - 2.19) 0.310

Body mass index (kg/m?) 0.99 (0.94 - 1.04) 0.580

Creatinine clearance 0.98 (0.97 - 0.99) <0.001 0.98 (0.97-0.99) <0.001

Ethnicity (Hispanic/Latino v. Not

Hispani(}:l/IEatirll)o) 1.25(0.44 -3.51)  0.670

Black v. White 1.58 (0.21-12.15)  0.970

Asian v. White - 0.980

Other Race v. White 2.09 (0.63 — 6.98) 0.970

Region

Americas (Yes v. No) 0.74 (0.37 — 1.45) 0.380

Eastern Europe (Yes v. No) 1.95(1.21 -3.15) 0.006

Western Europe (Yes v. No) 0.64 (0.34 - 1.20) 0.160

Other Region (Yes v. No) 0.56 (0.24 - 1.29) 0.170

Diabetes mellitus (Yes v. No) 1.51 (0.89 —2.58) 0.130 1.53(0.88-2.67) 0.131

Hypertension (Yes v. No) 1.89 (1.14-3.14) 0.014

;r;‘))r myocardial infarction (Yes v. 1.65(1.00-2.74) 0050 142 (0.83—2.41) 0.199

Smoker (Yes v. No) 0.51(0.32-0.81) 0.005

Index Event

Non-ST elevation myocardial

infarction v. Unstabl}e, angina pectoris 1.32(0.65-2.67) 0.570

ST-elevation .myocardlgl infarction v. 129 (0.67 — 2.49) 0.640

Unstable angina pectoris

il e;g?:ﬁ:gt“(s;;“’v“lﬁ)mterven“On A 029(0.17-047)  <0.001 0.58(0.29—1.16) 0.121

Stratum (Aspirin v. Dual antiplatelet 3.74(2.34—-597)  <0.001 1.97 (1.03—3.75) 0.041

therapy)

Beta-blocker (Yes v. No) 1.27 (0.54 -2.97) 0.580

Angiotensin converting enzyme

inhibitor or angiotensin receptor 1.47 (0.77 - 2.81) 0.250

blocker (Yes v. No)

Statin (Yes v. No) 0.64 (0.35-1.19) 0.160

Calcium channel blocker (Yes v. No) 1.50 (0.84 — 2.67) 0.180
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Figure 1 - Cumulative Distribution of D-dimer by Treatment Group at Each Assessment
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Figure 2 - Change in Median D-dimer from Baseline by Treatment Group at Each Assessment
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Supplementary Table 1 - Comparison of Baseline Characteristics and Incidence of Endpoints in

Patients With and Without a Baseline D-dimer

Variable Baseline D-dimer  No Baseline D-

Present (N=1834)  dimer (N=1657)  P™Valu®
Age, mean £ SD (years) 57.4+9.7 57.3+93 0.770
Body mass index, mean + SD (kg/m?) 28.6+4.9 28.5+4.7 0.590
Creatinine clearance, mean £ SD (mL/min) 98.6 +£32.3 99.0 +30.9 0.700
Baseline D-dimer (ug/ml) 1409 (77%) 1286 (78%) 0.580
Men 80 (4.4%) 42 (2.5%) 0.003
White 1756 (96%) 1566 (95%) 0.008
Black 16 (0.9%) 26 (1.6%)
Asian 25 (1.4%) 42 (2.5%)
Other race 37 (2.0%) 23 (1.4%)
Region <0.001
Americas 314 (17%) 215 (13%)
Western Europe 416 (23%) 433 (26%)
Eastern Europe 860 (47%) 828 (50%)
Other race 244 (13%) 181 (11%)
Diabetes mellitus 341 (19%) 332 (20%) 0.280
Hypertension 1038 (57%) 959 (58%) 0.460
Prior myocardial infarction 394 (22%) 342 (21%) 0.540
Smoker 1146 (63%) 1021 (62%) 0.600
Index event
ST-elevation myocardial infarction 920 (50%) 901 (54%) 0.013
Non-ST elevation myocardial infarction 553 (30%) 489 (30%) 0.680
Unstable angina pectoris 361 (20%) 267 (16%) 0.006
i’s;ttltaneous coronary intervention at index 1090 (59%) 1130 (68%) <0.001
Stratum <0.001
Aspirin 489 (27%) 272 (16%)
Aspirin + Thienopyridine 1345 (73%) 1385 (84%)
Medications
Beta-blocker 1653 (90%) 1481 (50%) 0.460
Angioten§in converting enzyme inhibitor or 1469 (30%) 1356 (82%) 0.190
angiotensin receptor blocker
Statin 1612 (88%) 1477 (89%) 0.250
Calcium channel blocker 267 (15%) 291 (18%) 0.016
Endpoints
Cardiovascular death 22 (1.2%) 19 (1.2%) 0.885
Myocardial infarction 53 (2.9%) 58 (3.5%) 0.305
Stroke 9 (0.5%) 3 (0.2%) 0.118
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Composite endpoint (Cardiovascular death,
myocardial infarction or Stroke)

75 (4.1%)

70 (4.2%)

0.842
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ABSTRACT

Background: The association between white blood cell (WBC) count and bleeding events in
patients who have an acute coronary syndrome is not well established. The aim of this analysis is
to assess the association between WBC count and the occurrence of short- and long-term bleeding

and ischemic events in patients on either rivaroxaban or placebo.

Methods: This is a post-hoc analysis of the ATLAS ACS-TIMI 51 trial. A subset of patients had
a WBC count measurement at baseline (N= 14,231, 91.6%). A univariate and multivariate cox
proportional hazard model was constructed to determine if there is an association between WBC
count at baseline and a composite efficacy outcome of Thrombolysis in Myocardial Infarction
(TIMI) major and minor bleeds at 30 days and 1 year. A similar multivariate model was
constructed to assess the association between WBC count and a composite of cardiovascular death,

myocardial infarction and stroke.

Results: WBC count at baseline was associated with an increased risk of the composite bleeding
outcome at 30 days (Adjusted HR 1.09 95% CI 1.01 — 1.17, p =0.019) but not at 1 year (Adjusted
HR 1.02 95% CI 0.97 — 1.08, p = 0.409). WBC count was also associated with an increased risk
of the composite ischemic endpoint at 30 days (Adjusted HR = 1.07, 95% CI: 1.03-1.12, p =0.002)

and at 1 year (Adjusted HR 1.05 95% CI 1.02 — 1.08, p = 0.001 at 1 year).

Conclusions: WBC count at baseline was associated with an increased risk of the composite
bleeding endpoint by 30 days but not at 1 year. The association between WBC count and the

increased risk of the composite ischemic endpoint was significant at 30 days and 1 year.
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INTRODUCTION

An elevated white blood cell (WBC) count, a marker for inflammation, has been associated
with an increased risk of ischemic events in the setting of acute coronary syndrome (ACS).!? A
high WBC count contributes to an increased thrombotic risk through mechanisms including
increased platelet activation, production of prothrombotic tissue factors and activation of the
extrinsic coagulation pathway.*>* When treating patients with ACS or after percutaneous coronary
intervention (PCI), there is a need to balance the therapeutic efficacy of antithrombotic medication
with the increased bleeding. Previous studies have shown that 1-10% of patients who either have
ACS or undergo PCI have a bleeding event.® Identifying factors associated with an increased risk

of bleeding in this population could aid physician in making clinical decisions.

Recently, there have been reports of an association between increased WBC count and
bleeding in patients. While the mechanism behind the increased bleeding risk in patients with a
high white blood cell count is not well known, this finding has been reported in patients with non-
ST elevation myocardial infarction (NSTEMI)® and patients undergoing percutaneous coronary
intervention (PCI)’. This association has yet to be described in a more general population of
patients with acute coronary syndrome (ACS), not all of whom are treated with PCI. Additionally,
it is not known if this association between white blood cell count and an increased bleeding risk is

modified by rivaroxaban.

The aim of this analysis was to assess the association between WBC count and the
occurrence of bleeding and ischemic events in the ATLAS ACS-TIMI 51 trial (A Randomized,
Double-Blind, Placebo-Controlled, Event-Driven Multicenter Study to Evaluate the Efficacy and

Safety of Rivaroxaban in Subjects With a Recent Acute Coronary Syndrome).
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METHODS

This was a post-hoc analysis of the ATLAS ACS-TIMI 51 trial. The study design of
ATLAS ACS-TIMI 51 (Clinicaltrials.gov Identifier: NCTO00809965) has been previously
described.!® Briefly, the ATLAS ACS-TIMI 51 trial was a double blind, placebo-controlled trial
that enrolled 15, 526 subjects within 7 days of hospitalization for an ACS event. Major exclusion
criteria included a platelet count of less than 90,000 per cubic millimeter, a hemoglobin level of
less than 10 g per deciliter, creatinine clearance of less than 30 ml per minute at the time of
screening, clinically significant gastrointestinal bleeding within 12 months before randomization,
previous intracranial hemorrhage, and a history of ischemic stroke or transient ischemic attacks in
patients who were taking both aspirin and a thienopyridine. Randomization was stratified based
on the physician’s decision to administer either aspirin monotherapy or dual antiplatelet therapy
(aspirin plus a thienopyridine). Subjects were randomly assigned to receive twice daily doses of
either 2.5 mg or 5 mg of rivaroxaban or placebo. WBC levels were measured in a subset of patients

prior to the first dose of study drug.

Descriptive statistics were reported as mean and standard deviation for continuous data and
frequencies and percentages for categorical data. The independent samples t-test and the chi-square
test of independence assessed for differences in baseline characteristics between the rivaroxaban
group and the placebo group, as appropriate. The association between baseline WBC count, as a
continuous outcome, and a composite bleeding endpoint of (Thrombolysis in Myocardial
Infarction) TIMI major or minor bleeding by 30 days was assessed in a univariate cox proportional
hazard model. A multivariable cox proportional hazard model was also developed using backward
selection. Variables with a p <0.2 in the univariate analysis were included as potential parameters

in the backward selection process. Exit criteria was set at p > 0.2, though treatment group and
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baseline WBC were designated to remain in the model. Univariate and multivariate models
assessing the association between baseline WBC count and the bleeding endpoint by 1 year, a
composite ischemic endpoint of myocardial infarction (MI), cardiovascular death and ischemic
stroke by 30 days, and the same composite ischemic endpoint by 1 year were also built. If the
association between WBC count and the outcome was significant, effect modification for the
potential effect of rivaroxaban on the outcome was assessed. Non-linear associations between
WBC count and both the bleeding and ischemic composite outcome was assessed using restricted
cubic splines in the univariate model. Additionally, we compared outcomes in patients with high
and normal/low white blood cell count, with a high WBC defined as greater than 11,000 x 10° / L,

using the same parameters selected in the previous models.
RESULTS
Measurement of White Blood Cells

Of the 15,526 patients randomized, 14,231 (91.7%) had a baseline WBC measurement with
9,468 (66.5%) randomized to rivaroxaban and 4,763 (33.5%) randomized to placebo. The WBC
measurements ranged between 1.47 x 10° / L and 48.72 x 10° / L. The mean and median WBC

measurements were 7.94 x 10° / L and 7.67 x 10° / L respectively.
Baseline Characteristics

Baseline characteristics in patients with a high and low white blood cell count at baseline
can be seen in Table 1. Out of the patients in the sub-study, 1,282 (9.01%) had a WBC count
greater than 11.0 x 10° / L. Patients with a high WBC count (> 11 x 10° / L) were more likely to
be younger, have a higher creatinine clearance rate, smoke, have diabetes, and have a STEMI as

the index event.
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WBC Count and the composite bleeding outcome

A total of 60 subjects (0.4%) and 204 subjects (1.4%) experienced the composite bleeding
outcome by 30 days and 1 year respectively. WBC count was associated with a major or minor
bleeding event at 30 days (Adjusted HR 1.08 95% CI 1.01 — 1.17, p=0.019) (Table 2). For every
1 x 10°/ L increase in the baseline WBC, the odds of experiencing either a major or minor bleeding
event by 30 days increased by 8-9%. However, this association was not significant at 1 year
(Adjusted HR 1.02 95% CI10.97 — 1.08, p = 0.409) (Table 3). There was no evidence of interaction
between rivaroxaban and WBC count on the occurrence of a major bleeding event at 30 days (p =
0.574). WBC as a dichotomous variable yielded similar results (Adjusted HR 2.06 95% CI 1.04 —
4.10, p=10.039 at 30 days and Adjusted HR 1.37 95% C10.89 —2.12, p = 0.156 at 1 year) (Figure
1). A non-linear relationship between WBC count and the composite bleeding outcome was not

identified using restricted cubic splines.
WBC count and the composite ischemic outcome

A total of 248 subjects (1.7%) and 797 subjects (5.6%) experienced the composite ischemic
outcome by 30 days and 1 year respectively. Baseline WBC was associated with an increased risk
of the composite ischemic outcome in at 30 days (Adjusted HR = 1.07, 95% CI: 1.03-1.12, p =
0.002) and 1 year (Adjusted HR = 1.05, 95% CI: 1.02-1.08, p = 0.001) (Tables 4 and 5). There
was no evidence of interaction between rivaroxaban and WBC on the occurrence of an ischemic
event at the two time points (p = 0.107 at 30 days and p = 0.78 at 1 year). However, while an
increasing WBC count was associated with an increased risk of ischemic events at 30 days and 1
year, WBC as a dichotomous variable did not achieve statistical significant at 30 days (Adjusted

HR 1.44 95% CI 0.99 — 2.10, p = 0.058) but did so by 1 year (Adjusted HR 1.28 95% CI 1.02 —
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1.62, p = 0.033 at 1 year) (Figure 2). A non-linear relationship between WBC count and the

composite ischemic outcome was not identified using restricted cubic splines.
DISCUSSION

A higher WBC count was associated with an increased risk of either a TIMI major or TIMI
minor bleed by 30 days. For every unit (10°/ L) increase in the WBC count, the risk of experiencing
a TIMI major or minor bleeding event increases by 8% to 9%. However, this association was not
significant by 1 year. Additionally, a higher WBC count was associated with a statistically

significant increased risk of either M1, cardiovascular death or stroke by 30 days and 1 year.

Despite the lower bleeding rate in our study, our findings were consistent with previous
studies in patients with NSTEMI and PCI.%* Although in our study, this finding was mainly driven
by the occurrence of TIMI major bleeding events and not TIMI minor bleeding (Supplementary
Tables 1-4). Additionally, we were able to show that when looking at high versus low white blood
cell count, patients with a high white blood cell (greater than 11 x 10° / L) were almost twice as
likely to bleed than those with a white blood cell count less than 11 x 10° / L. With the increasing
use of more potent antithrombotic and antiplatelet agents, there is a need to recognize that an
increased white cell count can assist physicians in estimating bleeding risk when deciding treating
patients. Whether this association is causal is not known. An increased WBC count, through
modulation of the coagulation pathway, is typically associated with an increased thrombus risk!’,
not an increased bleeding risk. One potential explanation could be that the increased WBC count
may reflect increased myocardial injury and ultimately, a more intense antithrombotic regimen
and higher bleeding risk. In this study, patients with a higher WBC count were more likely to have

a STEMI as their index event and undergo PCI. In these patients, the increased bleeding risk could
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partly be explained by the use of peri-procedural anticoagulation during the procedure. This is
supported by the fact that in our study, PCI was associated with an increased risk of major or minor
bleeding. However, we did include PCI in our multivariable model and the association between
white blood cell count and bleeding still remained significant. Another potential explanation for
this association would be that an increased WBC count could reflect another unmeasured
confounder associated with bleeding. Although patients with a higher WBC count were more
likely to bleed, other factors known to be associated with an increased bleeding risk such as
increased age or a lower creatinine clearance were more likely seen in patients with a lower white
blood cell count in this study. This could be either due to a higher WBC count directly causing an
increased bleeding risk, or the presence of an unmeasured confounder present in patients with a

higher WBC count causing this increased risk.

The association between white blood cell count and ischemic events has been previously
described. A high WBC is thought to contribute to a prothrombotic state through various
mechanisms including: (1) Modulation of platelet activity; (2) Formation of prothrombotic tissue
factors; (3) Direct endothelial injury; (4) Activation of the extrinsic pathway.>* However, what is
of interest is that while the association between white blood cell count and bleeding was significant
during the first 30 days, the association between white blood cell count and increased ischemic
events remains significant up to a year after the ACS event. This may suggest that the underlying
mechanism driving bleeding differed from that which lead to a higher risk of a recurrent ischemic
event. As can be seen in both figures, there was a greater increase in the absolute risk difference
at 30 days and 1 year with the ischemic outcome (0.71% difference at 30 days versus 1.22% at 1
year, 72% increase) than with the bleeding outcome (0.42% difference at 30 days versus 0.5% at

1 year, 20% increase). This would be consistent with previous studies that have shown that patients
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with ACS continue to have an inflammatory component, that can persist for up to 1 year, even
after resolution of the acute event.'? However, it would appear that a greater proportion of patients
with a high WBC count bled earlier on, and the proportion of newer bleeds from 30 days and
onwards was almost the same in both groups. This could indicate that the underlying mechanism
driving bleeding is only significant early on in the clinical process. As previously described, the
increased bleeding risk with a higher WBC could be attributed to patients receiving a more

intensive initial treatment regimen including PCI and the risks associated with it.

Unlike the association between white blood cell count and increased thrombotic risk, the
underlying mechanism linking WBC count and bleeding is still not known. Although this
mechanism is not well understood, there is still a potential to incorporate WBC count into current
risk scores to further optimize bleeding risk prediction. Both Mehran et al and Costa et al have
demonstrated that WBC count can be used in bleeding risk score calculators. This could be
extended to building a risk prediction model that can be used for a more general population of
patients with ACS. Future research could focus on identifying the mechanism underlying the
increased bleeding risk with higher WBC counts as well as well as understanding its utility in

helping guide medical therapy.

The current post-hoc analysis is exploratory. The range in blood collection times from the
onset of the index event was not controlled for in the analysis. Only 1,282 (9.01%) of the
population had a WBC count > 11,000 10°/ L and as such, if rivaroxaban is more effective in
patients with a higher WBC count, this study may not detect it. Additionally, we did not include
cardiac biomarkers into the model as the readings were unavailable. We were unable to use the

cardiac biomarkers to adjust for infarct size.
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In conclusion, a high WBC count was associated with an increased risk of either a major
or minor bleeding event by 30 days but not 1 year. A high WBC is associated with an increased
risk of either cardiovascular death, myocardial infarction or stroke by 30 days and 1 year. Whether
or not the association between WBC count and the increased bleeding risk is causal, there is still

a potential to incorporate WBC count into future bleeding risk calculators.
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Table 1. Baseline characteristics

WBC <11 x 10°/L

WBC >11 x 10°/L

(N= 12,947) (N=1,284) EEIUE
WBC level, mean+ SD —10°/L 7.47+1.69 12.80 £2.25 <0.001
Age, mean + SD — years 62.0+9.14 59.7+9.38 <0.001
Body Mass Index, mean + SD — kg/m* 27.6£4.77 28.2+£5.10 <0.001
Creatinine Clearance, mean £SD — mL/min 88.1 £29.16 91.0+33.3 0.004
Treatment Arm, n (%) 0.039
Experimental (Rivaroxaban) 8,647 (66.8%) 821 (63.9%)
Placebo 4300 (33.2%) 463 (36.1%)
Male, n (%) 9,659 (74.6%) 957 (74.5%) 0.96
Race, n (%) <0.001
White 9,451 (73.0%) 1,010 (78.7%)
Black 93 (0.7%) 4 (0.3%)
Asian 2,786 (21.5%) 213 (16.6%)
Other 617 (4.8%) 57 (4.4%)
Region, n (%) <0.001
Americas 2,090 (16.1%) 237 (18.5%)
Western Europe 2,248 (17.4%) 305 (23.8%)
Eastern Europe 5,364 (41.4%) 439 (34.2%)
Other 3,245 (25.1%) 303 (23.6%)
Medical History
Diabetes, n (%) 4,054 (31.3%) 498 (38.8%) <0.001
Hypertension, n (%) 8788 (67.9%) 827 (64.4%) 0.038
Hypercholesterolemia, n (%) 6,348 (49.0%) 585 (45.6%) 0.018
Prior myocardial infarction, n (%) 3,554 (27.5%) 308 (24.0%) 0.008
History of heart failure, n (%) 1,439 (11.1%) 101 (7.9%) <0.001
Atrial fibrillation, n (%) 120 (0.9%) 12 (0.9%) 0.98
Smoker, n (%) 5,237 (40.4%) 649 (50.5%) <0.001
Chronic kidney disease, n (%) 312 (2.4%) 22 (1.7%) 0.12
Prior transient ischemic attack, n (%) 112 (0.9%) 10 (0.8%) 0.75
Prior stroke, n (%) 244 (1.9%) 15 (1.2%) 0.07
Index Event, n (%) <0.001
STEMI 6,390 (49.4%) 754 (58.7%)
NSTEMI 3,328 (25.7%) 303 (23.6%)
Unstable Angina 3,229 (24.9%) 227 (17.7%)
PCI at Index Event, n (%) 7,684 (59.3%) 863 (67.2%) <0.001
Positive biomarkers at baseline, n (%) 10,525 (81.3%) 1,122 (87.4%) <0.001
Stratum, n (%) <0.001

Aspirin

900 (7.0%)

56 (4.4%)
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Aspirin + Thienopyridine

12,047 (93.0%)

1,228 (95.6%)

Medications
Beta-blocker, n (%) 8,575 (66.2%) 865 (67.4%) 0.41
ACE-I or ARB, n (%) 5,105 (39.4%) 471 (36.7%) 0.05
Statin, n (%) 10,777 (83.2%) 1,129 (87.9%) <0.001
Insulin, n (%) 1,834 (14.2%) 225 (17.5%) 0.001

Note: ACE-I = angiotensin converting enzyme inhibitor. ARB = angiotensin receptor blocker. MI = myocardial

infarction
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Table 2. Unadjusted and Adjusted Hazard Ratios for Association Between White Blood Cell Count and

the Composite Bleeding Outcome by 30 Days

Variable Unadjusted Adjusted
HR (95% CI) P Value | HR (95% CI) P
Value
White Blood Cell Count 1.09 (1.01 - 1.18) 0.024 1.09 (1.01-1.17) | 0.019
Rivaroxaban 2.25(1.17-4.32) 0.015 2.19(1.14-4.21) | 0.019
BMI 0.97 (0.92 - 1.03) 0.32
Age 1.05(1.02-1.08) | <0.001 | 1.04(1.00-1.08) | 0.034
Race Black or African (vs White) Null Null
Asian (vs White) 0.82 (0.43 -1.58) 0.552
Other (vs White) 0.65 (0.16 - 2.69) 0.557
Index event Unstable Angina (vs STEMI) 0.66 (0.33 - 1.36) 0.261
NSTEMI (vs STEMI) 1.21 (0.68 - 2.14) 0.512
PCI 1.69 (0.96 - 2.96) 0.068 1.61 (0.91-2.85) | 0.102
Diabetes 0.48 (0.25-0.92) 0.027 0.56 (0.29-1.09) | 0.086
Hypertension 0.96 (0.56 - 1.64) 0.884
Hypercholesterolemia 0.86 (0.52 - 1.43) 0.557
Heart Failure 0.92 (0.39-2.13) 0.837
Previous MI 0.67 (0.36 - 1.26) 0.215
Previous Stroke 0.96 (0.13 - 6.90) 0.965
Previous TIA Null Null
Renal Failure 0.70 (0.10 - 5.09) 0.73
Smoking 1.73 (1.04 - 2.88) 0.034 241 (1.41-4.14) | 0.001
Beta Blocker Use 1.01 (0.59 - 1.73) 0.963
ACE/ARB 0.67 (0.38 - 1.16) 0.148 0.69 (0.39-1.19) | 0.181
Insulin 0.38 (0.12 - 1.22) 0.105
Statin 0.97 (0.49 - 1.92) 0.938
Creatinine Clearance 0.98 (0.97 - 0.99) 0.001 0.99 (0.98 -1.00) | 0.126
Hemoglobin level 0.97 (0.96 - 0.99) 0.001 0.98 (0.96 - 1.00) | 0.013
Dual antiplatelet (vs Single antiplatelet) 2.09 (0.51 - 8.54) 0.307
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Table 3. Unadjusted and Adjusted Hazard Ratios for Association Between White Blood Cell Count and

the Composite Bleeding Outcome by 1 Year

Variable Unadjusted Adjusted
HR (95% CI) P Value | HR (95% CI) P
Value
White Blood Cell Count 1.02 (0.96 — 1.08) 0.523 1.02 (0.97-1.08) | 0.409
Rivaroxaban 3.22 (2.16—4.80) | <0.001 | 3.17(2.13-4.72) | <0.001
BMI 0.98 (0.95 - 1.01) 0.134
Age 1.04 (1.02-1.02) | <0.001 | 1.02 (1.00-1.04) | 0.030
Race Black or African (vs White) 1.78 (0.45 — 7.26) 0.410
Asian (vs White) 1.22 (0.88 — 1.69) 0.242
Other (vs White) 1.47 (0.83 — 2.59) 0.187 1.48 (0.84 —2.60) | 0.171
Index event Unstable Angina (vs STEMI) 0.75 (0.52 —1.08) 0.121
NSTEMI (vs STEMI) 1.06 (0.77 — 1.46) 0.739
PCI 1.97 (143 -2.70) | <0.001 | 1.88(1.35—-2.63) | <0.001
Diabetes 0.75 (0.55 - 1.03) 0.074
Hypertension 1.03 (0.77 — 1.39) 0.821
Hypercholesterolemia 0.93(0.70-1.22) | 0.589
Heart Failure 0.79 (0.49 — 1.29) 0.347
Previous MI 0.81 (0.58 —1.12) 0.198
Previous Stroke 0.61 (0.15 —2.45) 0.483
Previous TIA 0.57 (0.08 — 4.06) 0.574
Renal Failure 0.44 (0.11 -1.75) | 0.241
Smoking 1.12 (0.85 - 1.47) 0.436
Beta Blocker Use 0.90 (0.68 — 1.20) 0.489
ACE/ARB 1.00 (0.76 — 1.33) 0.974
Insulin 0.58 (0.34 — 0.98) 0.041 0.62 (0.37-1.05) | 0.077
Statin 0.87 (0.61 — 1.25) 0.458
Creatinine Clearance 0.99 (0.98 —0.99) | <0.001 | 0.99(0.98-1.00) | 0.033
Hemoglobin level 0.98 (0.98—0.99) | <0.001 | 0.99(0.98—-1.00) | 0.033
Dual antiplatelet (vs Single antiplatelet) 2.32 (1.03 —5.23) 0.042 1.75(0.75-4.09) | 0.192
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Table 4. Unadjusted and Adjusted Hazard Ratios for Association Between White Blood Cell Count and

the Composite Ischemic Outcome by 30 Days

Variable Unadjusted Adjusted
HR (95% CI) P Value | HR (95% CI) P
Value
White Blood Cell Count 1.06 (1.01 - 1.11) | 0.012 | 1.07 (1.03 -1.12) | 0.002
Rivaroxaban 0.69 (0.54 - 0.88) | 0.003 | 0.69 (0.54—0.88) | 0.003
BMI 1.01 (0.98-1.03) | 0.530
Age 1.03 (1.02 - 1.05) | <0.001 | 1.03 (1.02 —1.04) | <0.001
Race Black or African (vs White) NULL
Asian (vs White) 1.03 (0.76 — 1.40) | 0.840
Other (vs White) 1.25(0.74-2.11) | 0.409
Index event Unstable Angina (vs STEMI) | 0.77 (0.55-1.08) | 0.128 | 0.54 (0.39—-0.76) | <0.001
NSTEMI (vs STEMI) 1.23(0.93 -1.63) | 0.143
PCI 0.65 (0.51 -0.83) | <0.001 | 0.65(0.50—-0.85) | 0.001
Diabetes 1.25(0.97-1.62) | 0.082 | 1.33(1.03—-1.73) | 0.032
Hypertension 1.20 (091 -1.57) | 0.199
Hypercholesterolemia 0.72 (0.56-0.93) | 0.011
Heart Failure 1.61 (1.16—-2.25) | 0.005 | 1.32(0.92-1.89) | 0.128
Previous MI 1.40 (1.08-1.81) | 0.011 | 1.64(1.24—2.17) | 0.001
Previous Stroke 1.30(0.58 —2.91) | 0.529
Previous TIA 2.35(0.97-5.70) | 0.058 | 2.27(0.93-5.53) | 0.071
Renal Failure 1.33(0.66 —2.70) | 0.421
Smoking 1.02(0.79-1.31) | 0.889
Beta Blocker Use 1.05(0.80-1.36) | 0.732
ACE/ARB 0.92 (0.71 - 1.18) | 0.508
Insulin 1.43(1.03-2.00) | 0.033
Statin 0.93 (0.67-1.28) | 0.639
Creatinine Clearance 0.99 (0.99 - 1.00) | 0.001
Hemoglobin level 0.99 (0.98 —0.99) | <0.001 | 0.99 (0.98—1.00) | 0.009
Dual antiplatelet (vs Single antiplatelet) 0.69 (0.46 —1.06) | 0.087
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Table 5. Unadjusted and Adjusted Hazard Ratios for Association Between White Blood Cell Count and

the Composite Ischemic Outcome by 1 Year

Variable Unadjusted Adjusted
HR (95% CI) P Value | HR (95% CI) P
Value
White Blood Cell Count 1.02 (0.99 -1.05) | 0.138 1.05(1.02-1.08) | 0.001
Rivaroxaban 0.92(0.79-1.06) | 0.246 | 0.91 (0.78—-1.05) | 0.187
BMI 1.00 (0.98 —1.01) | 0.556
Age 1.03 (1.02-1.03) | <0.001 | 1.02(1.02-1.03) | <0.001
Race Black or African (vs White) 0.60 (0.19-1.86) | 0.374
Asian (vs White) 0.95(0.79-1.14) | 0.575
Other (vs White) 1.00 (0.72-1.39) | 0.999
Index event Unstable Angina (vs STEMI) | 0.94 (0.78 —1.12) | 0.474
NSTEMI (vs STEMI) 1.41 (1.20-1.66) | <0.001
PCI 0.56 (0.48 - 0.64) | <0.001 | 0.59(0.51-0.69) | <0.001
Diabetes 1.20 (1.04 - 1.38) | 0.015 1.20 (1.03-1.39) | 0.016
Hypertension 143 (1.22-1.68) | <0.001 | 1.14(0.96-1.35) | 0.125
Hypercholesterolemia 1.04 (091 -1.20) | 0.572
Heart Failure 2.03(1.70-2.41) | <0.001 | 1.41(1.17-1.70) | <0.001
Previous MI 1.85(1.61 —2.13) | <0.001 | 1.91 (1.63 —-2.23) | <0.001
Previous Stroke 2.01 (1.36-2.97) | <0.001 | 1.37(0.92-2.03) | 0.119
Previous TIA 1.31 (0.68 —2.52) | 0.422
Renal Failure 1.70 (1.18 —2.44) | 0.004
Smoking 1.00 (0.87 - 1.15) | 0.960
Beta Blocker Use 0.98 (0.84-1.13) | 0.761
ACE/ARB 0.92 (0.78 - 1.06) | 0.251
Insulin 1.36 (1.12-1.64) | 0.002
Statin 0.84 (0.70-1.00) | 0.052
Creatinine Clearance 0.99 (0.99-0.99) | <0.001
Hemoglobin level 0.99 (0.99-0.99) | <0.001 | 0.99(0.99—-1.00) | <0.001
Dual antiplatelet (vs Single antiplatelet) 0.70 (0.55-0.89) | 0.003
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Figure 1. Cumulative Incidence of TIMI Major or Minor Bleeding by 1 year
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Figure 2. Cumulative Incidence of Cardiovascular Death, Myocardial Infarction or Stroke by 1 year
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Supplementary Table 1. Unadjusted and Adjusted Hazard Ratios for Association Between White Blood

Cell Count and TIMI major bleeding by 30 Days

Variable Unadjusted Adjusted
HR (95% CI) P Value | HR (95% CI) P Value
White Blood Cell Count 1.12 (1.04 - 1.21) 0.003 1.10 (1.0.3-1.19) 0.008
Rivaroxaban 3.66 (1.29-10.40) | 0.015 3.55(1.24-10.11) | 0.017
BMI 0.99 (0.92 - 1.07) 0.831
Age 1.05 (1.01 - 1.09) 0.007 1.08 (1.04 - 1.13) | <0.001
Race Black or African (vs White) Null
Asian (vs White) Null
Other (vs White) Null
Index event  Unstable Angina (vs STEMI) 0.65 (0.26 — 1.63) 0.358
NSTEMI (vs STEMI) 0.83 (0.36 — 1.90) 0.660
PCI 3.00 (1.24 - 7.26) 0.015 2.77 (1.14 - 6.75) 0.025
Diabetes 0.47 (0.20 — 1.15) 0.098
Hypertension 0.58 (0.29-1.14) 0.115
Hypercholesterolemia 0.52 (0.25 -1.08) 0.081 0.57 (0.28 — 1.18) 0.129
Heart Failure 0.26 (0.04 — 1.88) 0.181
Previous M1 0.86 (0.39 — 1.90) 0.705
Previous Stroke 1.76 (0.24 — 12.89) 0.578
Previous TIA Null
Renal Failure Null
Smoking 2.48 (1.22-5.04) 0.012 3.43 (1.62 - 7.23) 0.001
Beta Blocker Use 1.16 (0.55 — 2.45) 0.687
ACE/ARB 0.67 (0.32 - 1.42) 0.299
Insulin 0.47 (0.11 - 1.96) 0.301
Statin 1.95 (0.59 — 6.38) 0.271
Creatinine Clearance 0.99 (0.98 — 1.00) 0.206
Hemoglobin level 0.99 (0.97 - 1.02) 0.569
Dual antiplatelet (vs Single antiplatelet) 2.30(0.31-16.83) 0.412
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Supplementary Table 2. Unadjusted and Adjusted Hazard Ratios for Association Between White Blood
Cell Count and TIMI major bleeding by 1 Year

Variable Unadjusted Adjusted
HR (95% CI) P Value | HR (95% CI) P
Value
White Blood Cell Count 1.03 (0.97 - 1.11) 0.300 1.04 (0.98 - 1.11) | 0.211
Rivaroxaban 492 (2.71-8.92) | <0.001 | 4.87(2.69—8.83) | <0.001
BMI 0.98 (0.94 — 1.02) 0.310
Age 1.03 (1.01 — 1.05) 0.002 1.04 (1.02 - 1.06) | <0.001
Race Black or African (vs White) 1.54 (0.21 — 11.06) 0.668
Asian (vs White) 1.45(0.97-2.17) 0.071 1.60 (1.06 —2.41) | 0.024
Other (vs White) 1.72 (0.86 — 3.41) 0.123 1.93 (0.97 -3.84) | 0.061
Index event  Unstable Angina (vs STEMI) 0.81 (0.52 -1.27) 0.360
NSTEMI (vs STEMI) 0.90 (0.59 - 1.37) 0.622
PCI 1.95 (1.30 - 2.90) 0.001 1.91 (1.28-2.86) | 0.002
Diabetes 0.69 (0.46 — 1.04) 0.075
Hypertension 0.88 (0.61 —1.27) 0.498
Hypercholesterolemia 0.80 (0.56 -1.13) 0.203
Heart Failure 0.48 (0.22 - 1.02) 0.057
Previous MI 0.99 (0.67 — 1.46) 0.950
Previous Stroke 0.99 (0.244-3.99) | 0.986
Previous TIA 0.92 (0.13 - 6.56) 0.931
Renal Failure 0.35(0.05 - 2.50) 0.296
Smoking 1.44 (1.01 —2.03) 0.042 1.68 (1.17—-2.42) | 0.005
Beta Blocker Use 0.92 (0.64 — 1.32) 0.644
ACE/ARB 0.91 (0.64 - 1.31) 0.627
Insulin 0.56 (0.28 — 1.10) 0.090 0.62 (0.31-1.23) | 0.170
Statin 0.98 (0.61 — 1.56) 0.923
Creatinine Clearance 0.99 (0.99 — 1.00) 0.015
Hemoglobin level 1.00 (0.99 - 1.01) 0.851
Dual antiplatelet (vs Single antiplatelet) 1.71 (0.70 — 4.18) 0.239
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Supplementary Table 3. Unadjusted and Adjusted Hazard Ratios for Association Between White Blood

Cell Count and TIMI minor bleeding by 30 Days

Variable Unadjusted Adjusted
HR (95% CI) P HR (95% CI) P
Value Value
White Blood Cell Count 1.01 (0.87-1.18) | 0.867 | 1.04(0.90—1.20) | 0.600
Rivaroxaban 1.51(0.64 —3.56) | 0.343 | 1.51(0.64—-3.56) | 0.343
BMI 0.96 (0.88—1.04) | 0.286
Age 1.05(1.00-1.10) | 0.015
Race Black or African (vs White) Null
Asian (vs White) 0.83(0.31-2.21) | 0.715
Other (vs White) 1.46 (0.34-6.24) | 0.607
Index event Unstable Angina (vs STEMI) 0.63 (0.21-1.94) | 0.425
NSTEMI (vs STEMI) 1.67 (0.75-3.72) | 0.210
PCI 1.03 (0.48 —2.20) | 0.940
Diabetes 0.46 (0.18-1.22) | 0.119 | 0.41(0.15-1.09) | 0.073
Hypertension 2.21(0.84-5.81) | 0.108 | 2.51(0.95-6.67) | 0.065
Hypercholesterolemia 1.40 (0.66 —2.96) | 0.379
Heart Failure 1.79 (0.68 —4.71) | 0.237
Previous MI 0.45(0.15-1.29) | 0.136 | 0.47(0.16—1.36) | 0.165
Previous Stroke Null
Previous TIA Null
Renal Failure 1.54 (0.21 - 11.36) | 0.670
Smoking 1.06 (0.50 —2.25) | 0.872
Beta Blocker Use 0.91(0.24-1.97) | 0.814
ACE/ARB 0.62 (0.27-1.41) | 0.255
Insulin 0.27 (0.04 - 1.98) | 0.198
Statin 0.58 (0.25-1.37) | 0.217
Creatinine Clearance 0.97 (0.95-0.98) | <0.001 | 0.98 (0.96—10.99) | 0.007
Hemoglobin level 0.96 (0.93 —0.98) | <0.001 | 0.97 (0.94—-0.99) | 0.007
Dual antiplatelet (vs Single antiplatelet) 1.94 (0.26 — 14.29) | 0.515
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Supplementary Table 4. Unadjusted and Adjusted Hazard Ratios for Association Between White Blood

Cell Count and TIMI minor bleeding by 1 Year

Variable Unadjusted Adjusted
HR (95% CI) P Value | HR (95% CI) P
Value
White Blood Cell Count 0.99 (0.90 — 1.09) 0.818 1.00 (0.91 -1.09) | 0.922
Rivaroxaban 1.89 (1.11 -3.23) 0.019 1.85(1.08 —3.15) | 0.025
BMI 0.97 (0.93 - 1.02) 0.281
Age 1.05(1.02-1.07) | <0.001
Race Black or African (vs White) 2.08 (0.29 — 14.98) 0.469
Asian (vs White) 0.92 (0.52 - 1.61) 0.762
Other (vs White) 1.06 (0.39 - 2.92) 0.910
Index event  Unstable Angina (vs STEMI) 0.61 (0.32-1.15) 0.128
NSTEMI (vs STEMI) 1.32 (0.81 -2.14) 0.267 1.58 (0.99 —2.52) | 0.053
PCI 2.11 (1.26 — 3.52) 0.005 1.86 (1.10-3.17) | 0.022
Diabetes 0.86 (0.53 — 1.40) 0.554
Hypertension 1.27 (0.78 — 2.08) 0.332
Hypercholesterolemia 1.10 (0.71 — 1.70) 0.680
Heart Failure 1.31 (0.69 — 2.47) 0.408
Previous MI 0.52 (0.29 - 0.95) 0.032 0.66 (0.36 —1.20) | 0.172
Previous Stroke Null
Previous TIA Null
Renal Failure 0.55 (0.08 —3.97) 0.556
Smoking 0.72 (0.45-1.15) 0.166
Beta Blocker Use 0.94 (0.59 —1.48) 0.778
ACE/ARB 1.09 (0.70 — 1.71) 0692
Insulin 0.59 (0.26 — 1.36) 0.215
Statin 0.72 (0.42 — 1.23) 0.224
Creatinine Clearance 0.98 (0.98 -0.99) | <0.001 0.99 (0.98 —1.00) | 0.008
Hemoglobin level 0.96 (0.95-0.98) | <0.001 0.97 (0.95-10.98) | <0.001
Dual antiplatelet (vs Single antiplatelet) 5.57 (0.77 —40.01) 0.088 3.89(0.52-28.87) | 0.185
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Summary of Conclusions

We demonstrated that when compared to placebo, rivaroxaban lowered D-dimer levels 3
to 24 hours after the first dose, at 30 days and 6 months. Additionally, a higher D-dimer level was
associated with an increased risk of a composite of cardiovascular death, myocardial infarction
and stroke. Also, a higher white blood cell count was associated with an increased risk of the
occurrence of either a TIMI major or minor bleeding event by 30 days but not by 1 year. Finally,
a higher white blood cell count was associated with an increased risk of either cardiovascular death,

myocardial infarction or stroke by 30 days and by 1 year.
Discussion and Perspectives

The two manuscripts demonstrate that both WBC and D-dimer, which are typically
available in most health care settings, could be used in a prognostic setting in patients with acute
coronary syndrome. When deciding on the appropriate antithrombotic treatment, there is a need to
appropriately stratify patients according to their bleeding and ischemic risk. We offer an additional

tool that can supplement the currently available methods of risk stratification.

To our knowledge, this is one of the largest cohort studies that investigated the association
between high white blood cell count and bleeding. One of the advantages of our studies is that they
encompass the entire spectrum of ACS patients, ranging from unstable angina to ST-elevation
myocardial infarction. Additionally, this is one of the first studies that assessed the effect of
rivaroxaban on D-dimer levels in patients with ACS. We believe that the studies above highlight
the potential use of biomarkers in risk prediction and can assist the clinician in weighing the risks

and benefits of treatment with potent antithrombotic medication.
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However, the studies do have their limitations. Patients with ACS, especially with the
improvement in clinical outcomes, can have multiple co-morbidities including renal failure and
hemoglobin. In both studies, patients with a very low creatinine clearance or hemoglobin were not
included. This would impact the generalizability of the results. This is especially relevant in the
second paper which incorporated hemoglobin into the multivariable models. Additionally, the
patients in ATLAS ACS TIMI 46 were on a higher dose of rivaroxaban as compared to the dose
approved in Europe for the secondary prevention of ACS. We are unable to say that, based on the
information we have, a lower dose of rivaroxaban would also lower D-dimer levels. Finally, we

were unable to show if a greater decrease in D-dimer translates to a greater benefit of rivaroxaban.

After demonstrating that both D-dimer and WBC count can be used to help risk stratify
patients, the next step would be to design a prospective study that aims to: (1) Assess whether a
greater decrease in D-dimer due to rivaroxaban translates to a lower risk of a recurrent
cardiovascular event; (2) Assess the practicality of using WBC count, D-dimer and hemoglobin
levels simultaneously in order to risk stratify patients in a pragmatic setting. The future goal is to
be able to incorporate biomarkers into currently used risk prediction models including the TIMI

and GRACE risk scores.
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