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Abstract

Background Patients with heart failure, reduced ejection fraction (HFrEF) and sinus rhythm have a
heightened risk of stroke. Whether anticoagulation benefits these patients is uncertain. In this post-
hoc analysis of COMMANDER-HF trial we evaluated how a previously validated risk model
consisting of three variables (history of prior stroke, insulin-treated diabetes, and NTproBNP)
would perform, compared to plasma D-dimer, for stroke prediction and estimation of the benefit of

low-dose rivaroxaban.

Methods and results Stroke risk and treatment effect were computed across risk score and plasma
D-dimer tertiles. Risk score was available in 2,928 (58%) of the COMMANDER-HF population.
Over a median follow-up of 512 (342-747) days, 60 patients experienced a stroke (14.6 per 1000
patient-years). The risk model did not identify patients at higher risk of stroke and showed a low
overall prognostic performance (C-index=0.53). The effect of rivaroxaban on stroke was
homogeneous across risk score tertiles (P-interaction=0.67). Among patients in whom the risk score
was estimated, D-dimer was available in 2,343 (80%). D-dimer had an acceptable performance for
stroke prediction (C-index=0.66) and higher plasma D-dimer concentrations were associated with
higher rates of stroke (i.e. T3 vs. T1, HR 3.65 [95%CI 1.59-8.39], P=0.002). Treatment with low-
dose rivaroxaban reduced the incidence of stroke in patients at highest risk by D-dimer levels (i.e.

>515 ng/mL; HR 0.42 [95%CI 0.18-0.95], P-interaction=0.074), without any safety concern.

Conclusions In our analysis, plasma D-dimer concentrations performed better than a previously
described three-variable risk score for stroke prediction in patients with HFrEF, a recent clinical
worsening and sinus rhythm as enrolled in the COMMANDER-HF trial. In these patients, a raised

plasma D-dimer concentration identified patients who might benefit most from rivaroxaban.
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Introduction

Atrial fibrillation increases the risk of stroke in the general population and in patients with heart
failure (HF). However, stroke also occurs in HF patients in sinus rhythm [1]. Blood stasis,
secondary to low cardiac output, atrial and ventricular remodelling, venous dilatation, an altered
haemostatic profile and atherosclerotic arterial disease fulfil the criteria for Virchow’s triad in
patients with HF and a reduced left ventricular ejection fraction (HFrEF) [2]. The constellation of
these structural and physiological alterations lead to a prothrombotic state that heightened the risk
of arterial and venous thromboembolic events, including stroke. Despite this promising rationale for
the use of anticoagulant therapy in HF, low dose rivaroxaban (2.5 mg twice daily) in the
COMMANDER-HF trial (N=5.022, HFrEF, coronary artery disease, and sinus rhythm) did not
reduce the composite of first occurrence of death, stroke, or myocardial infarction compared to
placebo over a median follow-up of 21 months [3]. In post hoc analysis, rivaroxaban significantly
reduced the risk of stroke by 36% (HR 0.64, 95% CI1 0.43-0.95) [4], and of all-cause stroke or TIA
by 32% (HR 0.68, 95% CI 0.49-0.94) [5] compared with placebo, but at a cost of increased non-
fatal bleeding. Identifying a subgroup of HFrEF patients at sufficiently high risk of stroke might
provide a favourable benefit-to-risk balance for prophylactic anticoagulation. In a recent pooled
patient-level cohort of the PARADIGM-HF, ATMOSPHERE, and DAPA-HF trials, including
12,751 ambulatory patients with HFrEF and sinus rhythm, Kondo et al. explored the predictive
value of a simple risk model for stroke, consisting of three variables (history of prior stroke, insulin-
treated diabetes, and plasma N-terminal pro-B-type natriuretic peptide level [NTproBNP]). The risk
model successfully identified HF patients in sinus rhythm at higher risk of stroke (i.e. fifth quintile
vs. first quintile: HR 3.73 [95% CI 2.58-5.38]), providing a good discrimination (C-index 0.84) [6].
Authors postulated that in this high-risk subgroup, prophylactic anticoagulation might have a
beneficial risk/benefit ratio for stroke prevention. Our group has also demonstrated that patients
from the COMMANDER-HF trial, with worsening HF, reduced ejection fraction, coronary heart

disease and sinus rhythm at higher risk of stroke, defined as a D-dimer level >515 ng/mL, may



derive benefit from anticoagulation. Indeed, in this subgroup rivaroxaban significantly reduced the
risk of stroke by 64% [7]. The aim of the present analysis was to evaluate how the risk model
previously developed [8] and then deployed by Kondo et al. [6] would perform, compared to the D-
dimer based risk score, for stroke prediction and estimation of the benefit of low-dose rivaroxaban

in the COMMANDER-HF population.

Methods

Only patients with available measurement for the three components of Kondo et al’s stroke risk
model were included. The risk score was calculated as previously described by the equation:
(history of previous stroke) x 6.53 + (insulin-treated diabetes) x 7.39 + [logNTproBNP (pmol/L)] x
2.80 [8]. We divided the COMMANDER-HF population according to tertiles of risk model score
and D-dimer concentration, in order to allow the comparison of trends across different groups and
maintain statistical power for the analysis of non-frequent events such as stroke. Notably, we
decided to mirror D-dimer tertiles’ distribution as previously described by our group, where a
concentration in the upper tier was associated with a higher risk of stroke but also with an increased
benefit from rivaroxaban treatment [7]. The incidence rate of stroke (per 1000 patient-years) was
calculated during the trial follow-up period. The overall C-index for risk model and D-dimer was
estimated. Cox models were utilized to evaluate the risk of stroke across tertiles of Kondo et al’s
risk score and plasma D-dimer (with the lower tertile set as referent). The effect of low-dose
rivaroxaban on the risk of stroke was evaluated by assessing treatment interactions across tertiles in
the two risk models. A 2-sided P-value of <0.05 was considered significant. All analyses were

performed using SAS version 9.4 (TS1M1) (SAS Institute Inc., Cary, N.C., USA).

Results
The set of variables needed to estimate Kondo et al’s risk score was available in 2,928 (58%) of the

5,022 patients enrolled in COMMANDER-HF (main reason for exclusion was unavailability of



NTproBNP). Baseline clinical characteristics of the study population are depicted in Table 1. The
median (percentileys — 75) risk score was 17.4 (14.9-20.7). Three similarly distributed risk score
quantiles were defined: tertile 1 (T1) <15.7 (N=965); tertile 2 (T2) 15.7-19.4 (N=997); tertile 3 (T3)
>19.5 (N=966). Over a median follow-up of 512 (342-747) days, 60 patients experienced a stroke
(rate 14.6 per 1000 patient-years). Kondo et al’s stroke risk model was not able to identify patients
at higher risk (i.e. T3 vs. T1, HR 1.25 [95% CI 0.68-2.28]; P=0.442) and showed a low overall
prognostic performance (Harrell’s C-index =0.53 [95% CI 0.48-0.58]) (Figure 1A). The effect of
rivaroxaban on stroke was homogeneous across Kondo’s risk score tertiles (P for interaction = 0.67)
(Figure 1B). The comparison of the COMMANDER-HF patients in whom Kondo et al’s risk score
was calculated (N = 2,928) vs. those in whom it was not possible (N = 2,094) is showed in the
Table 2. No relevant differences were found between the two groups, although the patients in
whom the risk score was computed were slightly older (67 vs. 65 years), less often treated with
aspirin (92% vs. 94%) but more with dual antiplatelet therapy (36% vs. 33%) and had less
frequently a history of myocardial infarction (74% vs. 78%).

Among patients in whom the Kondo’s risk score was estimated, D-dimer was available in
2,343 patients (80%). No significant differences in baseline clinical characteristics were found
between the population explored for Kondo et al’s risk score and D-dimer score (Table 1). The
median D-dimer level was 375 (225-675) ng/mL and tertiles were distributed as follow: T1
<255ng/mL (N=745); T2 256-515 ng/mL (N=793); T3 >515 ng/mL (N=805). D-dimer had an
acceptable performance for stroke prediction (Harrell’s C-index =0.66 [95% CI 0.64-0.68]; A C-
index risk-score vs. D-dimer =0.12 [95% ClI, 0.01 - 0.23], P =0.034) (Figure 1A) and higher plasma
D-dimer concentrations were associated with higher rates of stroke (i.e. T3 vs. T2, HR 1.92 [95%
Cl 1.01-3.66], P =0.046 and T3 vs. T1, HR 3.65 [95% CI 1.59-8.39], P =0.002). This association
persisted also if D-dimer levels were considered as a continuous variable (HR for every 250 ng/mL
increase: 1.05 [95% CI 1.02-1.08], p<0.001). Treatment with low-dose rivaroxaban reduced the

incidence of stroke vs. placebo in patients at highest risk by D-dimer levels (i.e. T3, HR 0.42 [95%
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C10.18-0.95], P for interaction =0.074) (Figure 1B), without any safety concern (i.e. T3, P =0.447
for the principal safety outcome [composite of fatal bleeding or bleeding into a critical space,

bleeding events requiring hospitalization and major bleeding events]).

Discussion

In this analysis we showed that the three-variable risk score validated by Kondo et al. in patients
with HFrEF and sinus rhythm had a poor performance for stroke prediction in the COMMANDER-
HF population, which included unique features of a recent episode of worsening HF and a history of
coronary artery disease (differently from ATMOSPHERE and PARADIGM-HF, which enrolled
chronic stable HF patients). In contrast, we confirmed that higher plasma D-dimer concentrations
(tertile 3) identified patients with greater risk of stroke who benefited most from rivaroxaban
treatment in COMMANDER-HF population. D-dimer is a simple biomarker of thrombotic risk that
has predicted increases in stroke/systemic embolic events in patients with acute HF [9].
Furthermore, as demonstrated in the COMPASS trial, patients with HF and stable coronary artery
disease have a higher risk of stroke than those without HF, with greater stroke prevention efficacy
using low dose rivaroxaban plus aspirin [10]. Although, the stroke risk model as tested by Kondo et
al. works well for outpatients with chronic HFrEF, it seems to lose its prognostic value in patients
with worsening HFrEF and ischemic heart disease, such as those enrolled in COMMANDER-HF.
Why this is so remains speculative, but should be noted that the Kondo risk score includes plasma
NTproBNP, which may have a different prognostic significance in the acute compared to more
stable clinical settings. COMMANDER-HF recruited patients after a recent episode of worsening
HF and with an NTproBNP level >800 pg/mL. As a consequence, in our study the median
NTproBNP at baseline was higher compared to the study by Kondo et al. [6] (i.e. 2900 pg/mL vs
1243 pg/mL), possibly impairing the stroke prediction power of this risk score. In the
COMMANDER-HF population, the CHA,;DS,-VASc risk score was also a strong predictor of

stroke events, but id did not predict the effect of rivaroxaban on stroke (P for interaction >0.30) [5].



Major limitations were that these were not prespecified analyses in the original design of
any of the trials, the large number of patients that did not have a measurement of NT-proBNP in
COMMANDER-HF (which were collected only after a protocol amendment) [3], and differences in
patient characteristics amongst different trial populations and compared to the broader population

encountered in clinical practice.

Conclusion

We showed that use of plasma D-dimer concentrations may perform better than a previously
described three-variable risk score for stroke prediction in patients with HFrEF and sinus rhythm
with a recent clinical worsening as enrolled in the COMMANDER-HF trial. In these patients, a
raised plasma D-dimer concentration identified patients who might benefit most from rivaroxaban

treatment. This hypothesis warrants further investigation in a dedicated clinical trial.
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Figure 1. A) Harrell’s C-statistic showing the prognostic performance of risk score (red line) and

plasma D-dimer concentrations (blue line) on stroke risk. B) Treatment effect on stroke by tertiles

of risk score and plasma D-dimer concentrations. T1, tertile 1; T2, tertile 2; T3 tertile 3.
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Table 1. Baseline characteristics of the study population according to stroke risk scores

Kondo et al. D-dimer p-value
(N=2,928) (N=2,343)

Age, years 67 [60; 74] 67 [60; 75] 0.455
Age >65 years, n. (%) 1741 (59) 1404 (59) 0.733
Men, n. (%) 2213 (76) 1771 (76) 0.996
Body Mass Index, kg/m* 27.8+5.1 27.6+5.1 0.344
Systolic BP, mmHg 123+ 15 123+ 16 0.819
Diastolic BP, mmHg 73+9 7319 0.788
NYHA class, n. (%)

- 60 (2) 55 (2)

- 1284 (44) 1039 (44) 0.747

- 1471 (50) 1152 (50)

- IV 112 (4) 97 (4)
Previous M, n. (%) 2177 (74) 1713 (73) 0.309
Previous stroke, n. (%) 280 (10) 234 (10) 0.606
Hypertension, n. (%) 2185 (75) 1746 (75) 0.931
Diabetes mellitus, n. (%) 1210 (41) 965 (41) 0.919
LVEF, % 32+7 32+7 0.492
LVEF <35%, n. (%) 1802 (62) 1457 (62) 0.616
eGFR, mL/min/1.73 m?2 68 + 23 68 + 23 0.827
eGFR <60 mL/min/1.73m" 1117 (38) 902 (38) 0.796
Haemoglobin, g/dL 134+17 134+ 17 0.658
NTproBNP, pg/mL 2850 [1505; 6288] 2872 [1518; 6310] 0.994
ACEI/ARB, n. (%) 2702 (92) 2156 (92) 0.724
ARNI, n. (%) 30 (1) 24 (1) 0.999
Aspirin, n. (%) 2707 (92) 2164 (92) 0.900
DAPT, n. (%) 1057 (36) 1057 (36) 0.877
Beta Blockers, n. (%) 2724 (93) 2174 (93) 0.729
MRA, n. (%) 2253 (77) 1808 (77) 0.851
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Diuretics, n. (%)

2913 (99)

2332 (99)

0.825

Rivaroxaban allocation, n. (%)

1437 (49)

1136 (48)

0.929

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor

blockers; ARNI, angiotensin receptor neprilysin inhibitor; BNP, b-type natriuretic peptide BP,
blood pressure; DAPT, dual antiplatelet therapy; eGFR, estimated glomerular filtration rate; LVEF,

left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NTproBNP, N-

terminal pro b-type natriuretic peptide.

Table 2. Comparison of the patients with versus without all variables to estimate Kondo et al’s risk

score available

Total, N=5022 With all variables Without all p-value
available variables available
(N=2,928) (N=2,094)

Age, years 67 [60; 74] 65 [58; 74] <0.001
Age >65 years, n. (%) 1741 (59) 1122 (54) <0.001
Men, n. (%) 2213 (76) 1659 (79) 0.002
Body Mass Index, kg/m* 27.8+5.1 27.6+5.2 0.359
Systolic BP, mmHg 123 + 15 122 + 15 <0.001
Diastolic BP, mmHg 73+9 73+ 10 0.678
NYHA class, n. (%)

- 60 (2) 89 (4)

- 1284 (44) 934 (45) <0.001

- 1471 (50) 991 (47)

- IV 112 (4) 80 (4)
Previous M, n. (%) 2177 (74) 1626 (78) 0.007
Previous stroke, n. (%) 280 (10) 173 (8) 0.111
Hypertension, n. (%) 2185 (75) 1598 (76) 0.170
Diabetes mellitus, n. (%) 1210 (41) 842 (40) 0.428
LVEF, % 32+7 32+7 0.997
LVEF <35%, n. (%) 1802 (62) 1264 (60) 0.411
eGFR, mL/min/1.73 m? 68 + 23 68 + 24 0.792
eGFR <60 mL/min/1.73m" 1117 (38) 828 (39) 0.318
Haemoglobin, g/dL 134+17 13.6+1.8 0.007
NTproBNP, pg/mL 2850 [1505; 6288] - NA
ACEI/ARB, n. (%) 2702 (92) 1958 (93) 0.096
ARNI, n. (%) 30 (1) 11 (0.5) 0.047
Aspirin, n. (%) 2707 (92) 1968 (94) 0.034
DAPT, n. (%) 1057 (36) 689 (33) 0.018
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Beta Blockers, n. (%) 2724 (93) 1918 (92) 0.058
MRA, n. (%) 2253 (77) 1587 (76) 0.340
Diuretics, n. (%) 2913 (99) 2086 (99) 0.496
Rivaroxaban allocation, n. (%) 1437 (49) 1070 (51) 0.157

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blockers; ARNI, angiotensin receptor neprilysin inhibitor; BNP, b-type natriuretic peptide BP,
blood pressure; DAPT, dual antiplatelet therapy; eGFR, estimated glomerular filtration rate; LVEF,
left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NTproBNP, N-
terminal pro b-type natriuretic peptide.
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