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Abstract

Background: The inflammatory biomarker interleukin-6 (IL-6) is associated with mor-
tality in atrial fibrillation (AF).

Objective: To investigate if repeated IL-6 measurements improve the prognostica-
tion for stroke or systemic embolism, major bleeding, and mortality in anticoagulated
patients with AF.

Methods: IL-6 levels by ELISA were measured at study entry and at 2 months in
4830 patients in the Apixaban for Reduction in Stroke and Other Thromboembolic
Events in Atrial Fibrillation (ARISTOTLE) trial with 1.8 years median follow-up. In the
Randomized Evaluation of Long-Term Anticoagulation Therapy (RE-LY) trial, IL-6 was
measured at study entry, 3, 6, and 12 months in 2559 patients with 2.0 years median
follow-up. Associations between a second IL-6 measurement and outcomes, adjusted
for baseline IL-6, clinical variables, and other cardiovascular biomarkers, were ana-
lyzed by Cox regression.

Results: Median IL-6 levels were 2.0 ng/L (interquartile range [IQR] 1.30-3.20) and
2.10 ng/L (IQR 1.40-3.40) at the two time-points in ARISTOTLE, and, in RE-LY,
2.5 ng/L (IQR 1.6-4.3), 2.5 ng/L (IQR 1.6-4.2), 2.4 ng/L (IQR 1.6, 3.9), and 2.4 ng/L
(IQR 1.5, 3.9), respectively. IL-6 was associated with mortality; hazard ratios per 50%
higher IL-6 at 2 or 3 months, respectively, were 1.32 (95% confidence interval, 1.23-
1.41; P < .0001) in ARISTOTLE, and 1.11 (1.01-1.22, P = .0290) in RE-LY; with im-
proved C index from 0.74 to 0.76 in ARISTOTLE, but not in the smaller RE-LY cohort.
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1 | INTRODUCTION

Atrial fibrillation (AF) is a well-known risk factor for stroke and mor-
tality.»? Anticoagulation treatment markedly reduces these events
in patients with AF.>* Biomarkers of inflammatory activity, such as
interleukin-6 (IL-6) and C-reactive protein, are associated with cardi-
ovascular events in healthy individuals and in patients suffering from
various cardiac diseases other than AF.>8 In patients with AF, a single
measurement showing higher levels of the inflammatory biomarkers
C-reactive protein and, even more consistently, IL-6 has been as-
sociated with increased risk of mortality, independently of clinical
risk factors and other cardiovascular biomarkers.”® However, the
variability of inflammatory biomarkers over time, and the associa-
tions between serial measurements of inflammatory biomarkers and
cardiovascular events have previously not been described in larger
cohorts of patients with AF.

In this study, we aimed to investigate changes in the IL-6
concentration over both short- and long-term follow-up, up
to 12 months. Further, we aimed to assess the associations be-
tween a second IL-6 measurement obtained after short-term fol-
low-up (2-3 months) and stroke or systemic embolism, bleeding,
and mortality, and evaluate if the additional information gained
from a second IL-6 measurement improved the prognostication
for these outcomes, on top of baseline measurements, in patients
with AF on anticoagulation treatment within the serial biomarker
substudies of the Apixaban for Reduction in Stroke and Other
Thromboembolic Events in Atrial Fibrillation (ARISTOTLE) trial*
and the Randomized Evaluation of Long-Term Anticoagulation
Therapy (RE-LY) trial.*?

2 | METHODS
2.1 | Study design and participants

In the ARISTOTLE trial, 18 201 patients with AF and at least one
additional risk factor for stroke were randomized to apixaban or
warfarin for stroke prevention; details have been published pre-
viously.*%*® Biomarker samples of IL-6 were available from 4830

patients at study entry and at 2 months, with a median follow-up

lism, or major bleeding.

There were no consistent associations with second IL-6 and stroke or systemic embo-
Conclusions: Persistent systemic inflammatory activity, assessed by repeated IL-6

measurements, is associated with mortality independent of established clinical risk

factors and other strong cardiovascular biomarkers in anticoagulated patients with

anticoagulants, atrial fibrillation, inflammation, interleukin-6, mortality, stroke

Essentials

e Interleukin-6 (IL-6) is associated with mortality in pa-
tients with atrial fibrillation (AF).

e Repeated IL-6 measurements were conducted in
ARISTOTLE and RE-LY trial participants.

o Higher IL-6 levels 2-3 months after study entry were as-
sociated with increased mortality.

e |n patients with AF, IL-6 assessment at any time adds rel-

evant information on risk of mortality.

time of 1.8 years. In the RE-LY trial, 18 113 patients with AF and
at least one additional risk factor for stroke were randomized to
dabigatran or warfarin for stroke prevention; details have been
published previously.'>'* Biomarker samples of IL-6 were avail-
able from 2559 patients at study entry and at any postbaseline
time-point at 3, 6, and 12 months, with a median follow-up time of
2.0 years. Both cohorts consisted of consecutive patients at par-
ticipating sites who met all inclusion criteria of the main trial and
accepted to participate in the serial biomarker substudy with addi-
tional sample collections. Approval by the appropriate ethics com-
mittees was obtained at all sites. All participants provided written
informed consent.

2.2 | Outcomes

In both the ARISTOTLE and RE-LY trials, the primary outcome was
stroke or systemic embolism and the primary safety outcome was
major bleeding events, adapted from the International Society on
Thrombosis and Haemostasis criteria. Clinical events committees
blinded for study treatment adjudicated all outcomes using pre-
specified criteria.’>'* The present study investigated the associa-
tion of a second IL-6 measurement at 2 months in the ARISTOTLE
and at 3 months in the RE-LY trials, with the subsequent outcomes
stroke or systemic embolism, major bleeding events, and all-cause

mortality.



AULIN ET AL.

2.3 | Biochemical methods

Venous blood samples were obtained in citrate tubes before start of
study treatment and at 2 months in the ARISTOTLE substudy cohort
and at 3, 6, and 12 months in the RE-LY substudy cohort. In both
trials, all tubes were centrifuged immediately and plasma samples
frozen in aliquots and stored at -70°C until analyzed centrally at
the Uppsala Clinical Research Center Laboratory, Uppsala, Sweden.
Plasma concentrations of high-sensitivity IL-6 were analyzed using
an ELISA technique, R&D Systems Inc, Minneapolis, MN. The local
coefficient of variation for this method is 12% at 0.43 ng/L and 8% at
4.9 ng/L. The methodology of the other cardiovascular biomarkers
adjusted for in the statistical models have been described in detail
previously and were analyzed as follows: cardiac troponin | with the
high-sensitivity assay by ARCHITECT i1000SR (Abbott Diagnostics)
and N-terminal B-type natriuretic peptide (NT-proBNP) with the
Cobas Analytics €601 Immunoanalyzer (Roche Diagnostics) using
high-sensitivity assays; cystatin C with the ARCHITECT ci8200;
growth-differentiation factor-15 (GDF-15) with the Elecsys precom-
mercial assay kit PO3 from Roche Diagnostics with the same stand-
ardization as the recently introduced routine reagent.%>18

2.4 | Statistical analyses

Summary of demographics and baseline characteristics by randomized
treatment and in total for the participants in the ARISTOTLE serial
biomarker substudy, and in the RE-LY serial biomarker substudy, were
summarized using frequencies for categorical variables and median
and 25th and 75th percentiles for continuous variables for the 4830
ARISTOTLE patients and 2517 RE-LY patients with available meas-
urements at both study entry and at 2 or 3 months, respectively. IL-6
measurements were natural log-transformed before analysis. IL-6 over
time by randomized treatment groups was presented as geometric
means and treatment group differences as ratios of geometric means.
The intraclass correlation coefficient was calculated using variance
components from linear mixed models with patient as random effect.
The intraclass correlation coefficient is the proportion of the total vari-
ance in log(IL-6) that is accounted for by the between-patient variance.
The associations between the second IL-6 measurements and out-
comes were investigated using Cox proportional hazards regression,
excluding all events before the second measurement of IL-6 in both
cohorts. Analyses of major bleeding events only included patients on
study treatment. Four different multivariable models (0, A, B, and C)
were used. Model 0 included month 2 IL-6 (ARISTOTLE) or month 3
IL-6 (RE-LY), baseline IL-6, and randomized treatment. Model A in-
cluded for the outcome of stroke/systemic embolism in addition to the
covariates in model O heart failure, diabetes, previous stroke/systemic
embolism/transient ischemic attack, hypertension, history of vascular
disease, gender, and age. For the outcome of all-cause mortality, model
A also included systolic blood pressure, cystatin C (renal function), and
smoking status. For major bleeding events, in addition to the covariates

in the model for all-cause mortality, the model included hemoglobin
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and use of nonsteroidal anti-inflammatory drugs/antiplatelets. Model
B included the same covariates as in model A with addition of the
cardiac biomarkers troponin | and NT-proBNP. Model C included the
same covariates as in model B with addition of the biomarker GDF-15.
Relative hazard with 95% confidence interval (Cl) bounds was plotted
according to continuous IL-6 level at month 2 in ARISTOTLE and month
3 in RE-LY, with the median as reference point. The model was fitted
using restricted cubic splines, adjusted for baseline IL-6.

Complete case analysis was implemented for both studies. In the
ARISTOTLE trial, there were <1% missing data on covariates. In the
RE-LY trial, 74% had complete data on all covariates, including other
biomarkers, available and the analyses of models A-C were thus car-
ried out on this analysis set. Because the number of events in the
RE-LY trial were few, shrinkage was applied to the models by penal-
ized maximum likelihood estimation. The shrinkage parameter was
for each model based on approximate degrees of freedom chosen to
obtain 1 degree of freedom per 10 events.

The increased discriminative value of a second IL-6 measurement
was investigated by estimating the C index for survival data? for
models with established clinical risk factors, including baseline IL-6,
and the other biomarkers troponin I, NT-proBNP, and GDF-15, with
and without a second IL-6 at 2 months (ARISTOTLE) or 3 months
(RE-LY).

The effects of treatment assignment on outcome in relation to
inflammation marker level were investigated by using a Cox model
including randomized treatment, inflammation marker level, and the
interaction between treatment and inflammation marker level. All
statistical tests were two-tailed and performed at the 0.05 signifi-
cance level. Because the analyses were exploratory, no adjustments
for multiple comparisons were performed. All analyses were per-
formed using SAS version 9.4 for Windows (SAS Institute Inc) and R
version 3.5 (The R Foundation).

3 | RESULTS
3.1 | Baseline characteristics and demographics

Baseline characteristics and demographics are presented in
Table S1 A,B. In ARISTOTLE, the median age of the patients was
70 years (interquartile range [IQR] 63, 76) and approximately 34%
were women. In RE-LY, the median age was 72 years (IQR 66, 77) and
approximately 35% were women. In both cohorts, the study treat-
ment groups were well balanced regarding physical measurements
and comorbidities.

3.2 | Distribution and changes of IL-6 levels over
time in AF

In ARISTOTLE, the median IL-6 level was 2.0 ng/L (IQR 1.30, 3.20) at
entry. At 2 months follow-up, the median level was higher at 2.10 ng/L
(IQR 1.40, 3.40; n = 4830). The ratio of geometric means (95% ClI) for
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Events HR (95%Cl) per
Outcome/Study/Model n (%ly) 50% increase P-value
Stroke/SE ARISTOTLE
Model 0 4830 95 (1.08) _— 1.14 (1.00-1.29)  .0444
Model A 4830 95(1.08) —— 1.14 (1.00-1.29) .0518
Model B 4830 95(1.08) = 1.11(0.98-1.26) .11
Model C 4830 95 (1.08) = 1.10(0.97-1.25) 15
Stroke/SE RELY
Model 0 2511 65 (1.53) L 1.03(0.90-1.17) .65
Model A 1854 40 (1.35) 1.00 (0.85-1.18) .97
Model B 1854 40 (1.35) 1.00 (0.85-1.18) .97
Model C 1854 40 (1.35) 0.99 (0.84-1.17) .94
Major bleeding ARISTOTLE
Model 0 4814 193 (2.34) _ 111 (1.02-1.21)  .0217
Model A 4762 192 (2.35) —_—— 1.09 (0.99-1.20)  .0726
Model B 4762 192 (2.35) e 1.09 (0.99-1.19)  .0870
Model C 4762 192 (2.35) T— 1.08 (0.98-1.18) .12
Major bleeding RELY
Model 0 2461 113 (2.91) — 1.14 (1.04-1.24)  .0066
Model A 1796 76 (2.86) —_— 1.13(1.02-1.26)  .0250
Model B 1796 76 (2.86) S — 1.13(1.02-1.26)  .0230
Model C 1796 76 (2.86) — 1.12(1.01-1.24)  .0390
Death
Model 0 4830 278 (3.13) _ 1.33 (1.25-1.42) <.0001
Model A 4793 274 (3.11) —_— 1.32 (1.24-141)  <.0001
Model B 4793 274 (3.11) — 1.32 (1.23-142)  <.0001
Model C 4793 274 (3.11) —— 1.32 (1.23-141) <0001
Death RELY
Model 0 2517 163 (3.79) — 1.10(1.02-1.19)  .0134
Model A 1853 108 (3.61) = 1.12(1.02-1.23)  .0150
Model B 1853 108 (3.61) — 112 (1.02-1.23)  .0190
Model C 1853 108 (3.61) e 112 (1.02-1.22)  .0290
1 1 1 1 1 1 1

0.8 0.9

1 11 12 13 14 15

Hazard ratio

FIGURE 1 Theimpact of second measurement of IL-6 level on outcomes in both the ARISTOTLE and RE-LY serial biomarker substudies.
Cox proportional hazards model adjusted for baseline IL-6 level, randomized treatment, baseline characteristics, and other biomarkers at
baseline according to model O, A, B, and C, respectively. Model O included month 2 IL-6 (ARISTOTLE) or month 3 IL-6 (RE-LY), baseline

IL-6, and randomized treatment. Model A included for the outcome of stroke/systemic embolism in addition to the covariates in model O
heart failure, diabetes, previous stroke/systemic embolism/transient ischemic attack, hypertension, history of vascular disease, gender,

and age. For the outcome of all-cause mortality, model A also included systolic blood pressure, cystatin C (renal function), and smoking
status. For major bleeding events, in addition to the covariates in the model for all-cause mortality, the model included hemoglobin and

use of nonsteroidal anti-inflammatory drugs/antiplatelets. Model B included the same covariates as in model A with addition of the cardiac
biomarkers troponin | and NT-proBNP. Model C included the same covariates as in model B with addition of the biomarker GDF-15.

month 2 in relation to baseline was 1.05 (1.03-1.06) and the intraclass
correlation coefficient was 0.59. Comparison between randomized
treatment groups, adjusted for baseline IL-6 level, showed a slightly
lower increase in IL-6 levels in the apixaban treated group compared

with the warfarin treated group at 2 months; geometric mean 2.18 ng/L

(95% Cl, 2.13-2.23) vs 2.26 ng/L (95% Cl, 2.20-2.31), respectively, a
ratio of geometric means of 0.96 (95% Cl, 0.93-1.00, P = .0351).

In RE-LY, the median IL-6 level was 2.5 ng/L (IQR 1.6, 4.3;
n = 2517) at entry, 2.5 ng/L (IQR 1.6, 4.2; n = 2517) at 3 months,
2.4 ng/L(IQR 1.6, 3.9; n = 1040) at 6 months, and 2.4 ng/L (IQR 1.5,
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3.9; n = 1039) at 12 months. The ratio of geometric means (95% Cl)
was for month 3 in relation to baseline 1.00 (0.97-1.03), month 6/
baseline 0.93 (0.89-0.97), and month 12/baseline 0.90 (0.87-0.94).
The intraclass correlation coefficient for baseline versus the month 3
measurement was 0.47. Comparison between randomized treatment
groups, adjusted for baseline IL-6 level, showed no significant differ-
ence between treatment groups at 3 months (P = .26).

3.3 | Second IL-6 measurement and association
with outcomes

Inthe ARISTOTLE substudy cohort, during follow-up, after 2 months,
there were a total of 95 strokes or systemic embolic events with a
yearly event rate of 1.08%, 193 major bleeding events with a yearly
event rate of 2.34%, and 278 deaths with a yearly event rate of
3.13%. In Cox proportional hazards model adjusted for baseline
IL-6 level, randomized treatment, and baseline characteristics, there
were no significant associations between increasing IL-6 levels and
the outcomes of stroke or systemic embolism and major bleeding
events. For all-cause mortality, a significant association was seen
with increasing IL-6 level at 2 months with a hazard ratio (HR) of 1.32
(95% Cl, 1.24-1.41; P < .0001) per 50% higher IL-6 level at 2 months.
The association remained unchanged after extending the multivari-
able adjustment by adding the cardiovascular biomarkers troponin I,
NT-proBNP, and GDF-15 to the model, HR 1.32 (95% Cl, 1.23-1.41;
P <.0001) per 50% higher IL-6 level at 2 months (Figure 1). Relative
hazard for all-cause mortality according to continuous month 2 IL-6

level, adjusted for baseline IL-6 level, are shown in Figure 2.

24 L
1.5 L

Relative hazard

0.2+ F

1 3 10
Month 2 IL-6 (ng/L)

FIGURE 2 Relative hazard for all-cause mortality according to
month 2 IL-6, adjusted for baseline IL-6, in the ARISTOTLE serial
biomarker substudy. Reference point is median IL-6 at month 2,
95% confidence bounds are shown.
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In the RE-LY substudy cohort, during follow-up, after 3 months,
there were a total of 65 strokes or systemic embolic events with a
yearly event rate of 1.53%, 113 major bleeding events with a yearly
event rate of 2.91%, and 163 deaths with a yearly event rate of
3.79%. In Cox proportional hazards model adjusted for baseline IL-6
level, randomized treatment, and baseline characteristics, no signif-
icant association was seen between the risk of stroke or systemic
embolism and increasing IL-6 level at 3 months. For major bleed-
ing events, a significant association was seen with increase of IL-6
level at 3 months, HR 1.13 (95% Cl, 1.02-1.26; P = .0250) per 50%
higher IL-6 level at 3 months. The association remained essentially
unchanged after extending the multivariable adjustment by adding
the cardiovascular biomarkers troponin I, NT-proBNP, and GDF-15
to the model, HR 1.12 (95% Cl 1.01-1.24; P = .0390) per 50% higher
IL-6 level at 3 months. For all-cause mortality, a significant association
was also seen with increase of IL-6 level at 3 months, HR 1.12 (95% ClI,
1.02-1.23; P =.0150) per 50% higher IL-6 level at 3 months. The asso-
ciation remained essentially unchanged after extending the multivari-
able adjustment by adding the cardiovascular biomarkers troponin |,
NT-proBNP, and GDF-15 to the model, HR 1.11 (95% Cl, 1.01-1.22;
P =.0290) per 50% higher IL-6 level at 3 months (Figure 1). Relative
hazard for all-cause mortality according to continuous month 3 IL-6

level, adjusted for baseline IL-6 level, is shown in Figure 3.

3.4 | Discriminative value of a second IL-6
measurement

In ARISTOTLE, addition of information from a second IL-6 measure-

ment at 2 months to a model consisting of baseline IL-6 level and

1

5 1 1
3 L
2 L
1.5 -
el
S 1
N
(]
=
[0
=
0.5 -
[0)
o
0.2 L

T T T

1 3 10
Month 3 IL-6 (ng/L)

FIGURE 3 Relative hazard for all-cause mortality according
to month 3 IL-6, adjusted for baseline IL-6, in the RE-LY serial
biomarker substudy. Reference point is median IL-6 at month 3,
95% confidence bounds are shown.
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study treatment improved the C index for all-cause mortality sub-
stantially from 0.65 to 0.70. Even in presence of clinical character-
istics and other cardiovascular biomarkers, the C index for all-cause
mortality was improved from 0.74 to 0.76 when adding information
from the second IL-6 measurement to the model (Table 1).

In RE-LY, addition of information from a second IL-6 measure-
ment at 3 months to a model including baseline IL-6 level and study
treatment improved the C index for major bleeding events from 0.58
to 0.61. In presence of clinical characteristics and other cardiovas-
cular biomarkers, the improvement of the C index for major bleeding
events was attenuated, from 0.72 to 0.73. For all-cause mortality,
the addition of information from a second IL-6 measurement at
3 months to the model did not result in improvement of the C index
(Table 2).

3.5 | Outcomes in relation to study treatment and
biomarker subgroups

There were no significant interactions between study treatment and
biomarker levels regarding any of the evaluated outcomes in either
trial (Figures S1 and S2).

4 | DISCUSSION

The main finding in the present substudy based on two separate
cohorts of patients with AF on effective oral anticoagulation treat-
ment suggests that a persistent systemic inflammatory activity, as-

sessed by repeated IL-6 measurements, is associated with mortality

C Index Model Excluding

Outcome Model IL-6 Month 2 Level
Stroke/Systemic 0 0.55
embolism A 0.64
B 0.73
C 0.74
Major bleeding 0 0.54
events A 0.66
B 0.66
C 0.67
All-cause mortality 0 0.65
A 0.69
B 0.74
C 0.74

C Index Model Including

independent of established clinical risk factors and other strong
cardiovascular biomarkers. This study also added new insights into
the variability of IL-6 concentrations in patients with AF, with small
changes in median IL-6 concentration up to 1 year. Together, these
results suggest that a single IL-6 measurement, irrespective of when
measured, adds relevant information on risk of mortality. However,
no consistent associations were seen with repeated measurements
of IL-6 and stroke or systemic embolism and bleeding, respectively.

To our knowledge, neither the degree of changes in IL-6 over
time nor their associations with different clinical events and mor-
tality have previously been studied in larger cohorts of patients with
AF, particularly not in presence of established clinical risk factors
and other strong cardiovascular biomarkers. We adjusted for tropo-
nin I, NT-proBNP, and GDF-15, on top of clinical variables, biomark-
ers previously shown to be independent and powerful markers of
adverse outcomes in patients with AF.*®2° Recently, a small study of
117 Japanese patients with AF, randomized to rivaroxaban or dabig-
atran, serially measured IL-6 up to 12 months to assess the anti-in-
flammatory effects of the two oral anticoagulants. They reported
similar IL-6 levels as in the present study with no significant asso-
ciation between IL-6 levels and bleeding events. However, neither
association to stroke nor mortality was assessed due to the extreme
low number of events.?*

The lack of association with a repeated IL-6 measurement and
stroke or systemic embolism in the present study is in line with
our previous finding of single IL-6 measurements in patients with
AF.1° Hence, the usefulness of IL-6 in clinical practice for improved
prognostication of risk for stroke or systemic embolism in patients
with AF seems limited.”*° For bleeding events, the results were in-

consistent between the two substudy cohorts, with a significant

TABLE 1 Cindex, before and after
addition of IL-6 level at 2 months to

IL-6 Month 2 Level

0.58
0.65
0.72
0.74
0.57
0.66
0.67
0.67
0.70
0.72
0.76
0.76

models including baseline IL-6 level,
baseline characteristics, and other
biomarkers at baseline in the ARISTOTLE
serial biomarker substudy

Note: Model 0 included month 2 IL-6, baseline IL-6, and randomized treatment. Model A for stroke/
systemic embolism included month 2 IL-6, baseline IL-6, randomized treatment, heart failure, diabetes,
previous stroke/systemic embolism/transient ischemic attack, hypertension, history of vascular
disease, gender, and age. For all-cause mortality and major bleeding events, systolic blood pressure
and cystatin C and smoking were also included. For major bleeding events, hemoglobin and use of
NSAIDS/antiplatelets were also included. Model B: Same covariates as in model A with addition of
Troponin | and NT-proBNP. Model C: Same covariates as in model B with addition of GDF-15.
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TABLE 2 Cindex, before and after
addition of IL-6 level at 3 months to
models including baseline IL-6 level,
baseline characteristics, and other
biomarkers at baseline in the RE-LY serial
biomarker substudy

Outcome

Stroke/Systemic
embolism

Major bleeding
events

All-cause mortality

jm | 2293

C Index Model Excluding C Index Model Including

Model IL-6 Month 3 Level IL-6 Month 3 Level
0 0.58 0.58
0 0.58 0.61
A 0.69 0.70
B 0.69 0.71
C 0.72 0.73
0 0.65 0.65
A 0.70 0.70
B 0.73 0.73
C 0.74 0.74

Note: Model O included month 3 IL-6, baseline IL-6, and randomized treatment. Model A for stroke/
systemic embolism included month 3 IL-6, baseline IL-6, randomized treatment, heart failure,
diabetes, previous stroke/systemic embolism/transient ischemic attack, hypertension, history of
vascular disease, gender, and age. For all-cause mortality and major bleeding events, systolic blood
pressure and cystatin C and smoking were also included. For major bleeding events, hemoglobin
and use of NSAIDS/antiplatelets were also included. Model B: Same covariates as in model A with
addition of Troponin | and NT-proBNP. Model C: Same covariates as in model B with addition of
GDF-15. Shrinkage was applied to the models to obtain approximately 1 degree of freedom per 10

events.

association only in the RE-LY substudy. This may be due to chance
or that these cohorts were not identical, with differences in baseline
characteristics and study treatments. It may also imply that the asso-
ciations are weak. The association between a second IL-6 measure-
ment and mortality was more robust. Repeated measurements of
cardiovascular biomarkers reflecting cardiac stress and dysfunction
(ie, troponin and NT-proBNP) have previously shown to improve the
prognostication of cardiovascular events and mortality in patients
with AF.?% In the present study, a second IL-6 measurement provided
independent prognostic information for mortality after adjustment
for baseline IL-6 level, clinical risk factors, and these strong cardio-
vascular biomarkers. The significant but weaker association of a
second IL-6 measurement and mortality in the RE-LY cohort may be
due to the smaller sample size. The persistent association between
higher IL-6 and higher risk of mortality could possibly reflect an
overall burden of disease and a persistent state of low-grade sys-
temic inflammation in patients with AF.

The present ARISTOTLE substudy demonstrated a smaller increase
in mean IL-6 concentration at 2 months in the group treated with apix-
aban compared with the group treated with warfarin. One potential
explanation for this could be a possible link between factor Xa and the
expression of pro-inflammatory cytokines such as IL-6.2%?* Apixaban,
a direct and specific oral factor Xa inhibitor, may more strongly inhibit
the induction of pro-inflammatory cytokines by factor Xa than the
more general vitamin K antagonist properties of warfarin. Further, ad-
ministration of warfarin has been linked to an increase in IL-6 in experi-
mental animal models.?” Taken together, this may provide a hypothesis
for the minor, but still statistically significant, difference in mean IL-6
concentration between the treatment arms in the ARISTOTLE sub-
study. However, these results need to be interpreted with caution as

there were no significant interactions between study treatments and

IL-6 level regarding any of the evaluated outcomes. In the RE-LY sub-
study, no significant difference was seen in mean IL-6 concentration
between treatment groups during follow-up.

Strengths of this study include the analyses of two large, prospec-
tive, closely monitored cohorts with rigorously adjudicated outcomes,
and that influence of confounding factors were minimized by adjust-
ments for a wide range of established conventional risk factors and
conditions, and for other strong predictive cardiovascular biomarkers.
This study also has some limitations. It is a clinical trial cohort of AF pa-
tients on oral anticoagulation treatment with at least one additional risk
factor for stroke and the results may therefore not be generalizable to
the broader AF population. The numbers of strokes were modest and
there were too few deaths to conduct robust analyses regarding dif-
ferent causes of deaths. Information of other inflammatory conditions
was not collected. Further, albeit a statistically significant difference,
the clinical value of a slightly lower IL-6 concentration observed in the
apixaban treated group compared with the warfarin treated group is
not fully clear. It is also worth noting that, as there is variability of IL-6
within patient, repeated measurements will improve risk prediction
because an averaged measurement always characterizes a marker bet-
ter through reduction of measurement error. Also, the setting of the
present study does not permit conclusions regarding the mechanism
behind the association between IL-6 and mortality in patients with AF
and the technique to analyze IL-6 is at present not broadly available for

clinical use.

5 | CONCLUSION

Persistent systemic inflammatory activity, assessed by repeated

IL-6 measurements, is associated with mortality independent of
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established clinical risk factors and other strong cardiovascular bio-
markers in patients with AF on oral anticoagulation treatment. IL-6
levels were fairly stable over time in both study cohorts suggesting
that a single IL-6 measurement, irrespective when measured, adds
relevant information on risk of mortality. No significant interactions
were seen between effects of study treatment (apixaban, dabigatran,
or warfarin) and biomarker level regarding any of the outcomes.
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