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Essentials

» Factor XI is a potential target for anticoagulation.

» The association between factor XI and venous throm-
bosis recurrence was tested in a cohort study.

e Low factor XI was associated with reduced risk of
recurrent venous thrombosis.

* A sex-and age-adjusted linear association between D-
Dimer and factor XI was found.

Summary. Background and objectives: Low factor XI
activity (FXIa) reduces the risk of venous thromboem-
bolism (VTE), and FXI is regarded as a potential target
for anticoagulation. Patients/methods: We studied the
relationship between FXIa and VTE in 851 patients with
unprovoked VTE in whom anticoagulation had been
stopped. Results: Recurrent VTE was recorded in 265
patients. The sex-adjusted and age-adjusted hazard ratio
(HR) of recurrence was 0.94 (95% confidence interval
[CI] 0.89-0.99) for each decrease of 10 IU dL~" in FXIa.
The HRs of recurrence were 0.73 (95% CI 0.54-0.99) for
patients with FXIa below the 34th percentile, and 1.05
(95% CI 0.79-1.39) for patients with FXIa between the
34th and 67th percentiles, as compared with patients with
higher FXIa. The probability of recurrence was lower
among patients with FXIa below the 34th percentile than
in patients with higher FXIa (P = 0.029). At 10 years, the
probabilities of recurrence were 31%, 43% and 41%
among patients with FXIa below the 34th percentile, with
FXIa between the 34th and 67th percentiles, or with
higher FXIa, respectively. We found a significant sex-
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adjusted and age-adjusted linear association between D-
dimer levels, measured 3 weeks after anticoagulation, and
FXIa. When patients’ age and sex are taken into account,
a patient with 10 TU dL™' lower FXIa is expected to
have a 2.79% (95% CI 0.95-4.59%) lower D-dimer value
(P =0.003). Conclusions: Our findings of a lower throm-
bosis risk and less pronounced hemostatic system activa-
tion among patients with low FXla is in line with the
concept that FXI is a promising target for anticoagula-
tion.

Keywords: cohort study; D-dimer; factor XI; recurrence;
venous thromboembolism.

Introduction

Factor XI, after being activated by thrombin or, alter-
natively, via the contact activation pathway, activates
FIX, which then triggers FX activation, thrombin
generation and, ultimately, clot formation. High FXI
activity (FXIa) confers an increased risk of a first
venous thromboembolism (VTE), whereas low FXla
protects against thrombosis [1,2]. Animal experiments
and clinical studies in humans suggest that FXI is a
promising target for anticoagulant therapy [3].
Patients who received an FXI-directed antisense
oligonucleotide before elective knee arthroplasty, for
instance, experienced VTE less often than patients
given enoxaparin [4].

To determine whether an association exists between
FXIa and thrombosis risk, we followed a cohort of
patients with a first, unprovoked VTE and evaluated the
likelihood of them experiencing recurrence in relation to
their FXIa levels.

Methods

In an ongoing cohort study performed at the General
Hospital Vienna, Austria, patients aged > 18 years with
an objectively diagnosed first symptomatic VTE, recruited
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between January 1992 and September 2008, were followed
after they had stopped receiving anticoagulant treatment.
The study design has been reported in detail elsewhere
[5]. The ethics committee of the Medical University of
Vienna approved the study. Patients with VTE provoked
by surgery, trauma, pregnancy, female hormone use, or
cancer, patients with with strong thrombophilia, or
patients requiring antithrombotic therapy, including
aspirin for reasons other than VTE, were excluded. Three
weeks after anticoagulation, FXIa was measured in fresh
plasma with a one-stage clotting assay. D-dimer levels
were determined in blood obtained 3 weeks after antico-
agulation by use of an immunoassay (Asserachrom D-
Dimer; Diagnostica Stago, Asnieres sur Seine, France).
The day of discontinuation of oral anticoagulants was
defined as the day of study entry. Patients were provided
with detailed written information on the symptoms of
VTE, and were instructed to report to one of the throm-
bosis centers if they had symptoms. All women were
strongly discouraged from using contraceptive pills or
hormone replacement therapy. Patients were observed at
3-month intervals for the first year and every 6 months
thereafter. The study endpoint was objectively confirmed
recurrent VTE.

For the statistical analysis, continuous variables are
reported as mean and standard deviation, and categori-
cal variables as frequency and percentage. D-dimer val-
ues are reported as median and interquartile range
(IQR), as the distribution was skewed, and were log-
base-2-transformed before the statistical analysis. Median
and quartiles of the follow-up distribution were esti-
mated with the reverse Kaplan—Meier method. Survival
methods were used to analyze the risk of recurrent VTE.
Patients were censored at the end of the follow-up per-
iod (i.e. at the time of withdrawal), if they left the
study, or at the time of their last visit, if they were lost
to follow-up. The probability of recurrence was esti-
mated with the Kaplan-Meier method. Similarly, we
estimated the probability of recurrence stratified by risk
group. To compare recurrence times between groups of
patients, we applied the log-rank test. Multivariable Cox
proportional-hazards models were used to analyze the
association between FXIla and the risk of recurrent
VTE. Analyses were adjusted for age and sex. To flexi-
bly model the relationship between the risk of recurrent
VTE and FXIa, i.e. to avoid the assumption of linearity,
restricted cubic splines were used. A non-linear effect
was considered to be present if the additional parameter
significantly improved the model in which linear rela-
tionships only were assumed. Additionally, the effect of
FXIa on D-dimer levels was examined by linear regres-
sion adjusted for age and sex. Two-sided P-values of
<5% were considered to be statistically significant. spss
(version 24; IBM, Armonk, NY, USA) and R (ver-
sion 3.4.0; Foundation for Statistical Computing,
Vienna, Austria) were used.
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Results and discussion

The patient population consisted of 815 patients (age,
53.1 & 14.2 years; 277 [34%] women; duration of antico-
agulation 7.3 £+ 2.6 months) with unprovoked deep vein
thrombosis (DVT) (n =491, 60%) or pulmonary embo-
lism (PE) (n = 324, 40%) who were followed for a median
of 8.5 years (IQR 3.5-12.2 years) after discontinuation of
oral anticoagulation. A total of 352 patients left the study
during follow-up: 193 required long-term antithrombotic
treatment for reasons other than VTE; 12 became preg-
nant and were started on thromboprophylaxis; 27 died
for reasons other than PE; 36 patients received a diagno-
sis of cancer; 23 patients withdrew their consent; and 61
patients were lost to follow-up.

In the total cohort, FXIa ranged from 51 IU dL™' to
231 TU dL~!. FXIa was not correlated with age (r = 0.05,
P =0.141), but women had higher FXIa than men
(110 + 26 TU dL™" versus 105 & 21 TU dL™', P = 0.007).
Two hundred and sixty-five of the 815 patients had recur-
rent VTE during follow-up. We estimated the effect of
FXIa on recurrence by using a Cox model adjusted for age
and sex. We accounted for a possibly non-linear relation-
ship between FXIa and risk of recurrence by using a
restricted cubic spline function with four knots. The likeli-
hood ratio test showed that a linear approximation was suffi-
cient to describe the relationship (P = 0.645). We found that
patients with lower FXIa had a significantly lower risk of
recurrence: the adjusted hazard ratio (HR) of recurrence was
0.94 (95% confidence interval [CI] 0.89-0.99; P = 0.018) for
each decrease of 10 TU dL™" in FXIa (Fig. 1).

When we calculated adjusted HRs of recurrence accord-
ing to FXIa tertiles, the HRs were 0.73 (95% CI 0.54-0.99;
P = 0.045) for patients with FXIa below 96 U dL™' (34th
percentile, mean FXIa 83 IU dL™") and 1.05 (95% CI
0.79-1.39; P =10.743) for patients with FXIa between
96 TU dL~"and 115 TU dL™' (67th percentile, mean FXIa
106 TU dL™") as compared with patients with FXIa higher
than 115 TU dL~! (mean FXIa 132 TU dL ).

According to Kaplan—Meier estimation, the cumulative
probabilities of recurrence at 1, 5 and 10 years were 8.7%
(95% CI 6.7-10.7), 25.2% (95% CI 21.8-28.4), and
38.4% (95% CI 34.2-42.3), respectively. The log-rank test
showed a significant association between the three patient
groups according to their FXIa and recurrence time
(P =0.029; Fig. 2). At 10 years, the probabilities of
recurrence were 31.4% (95% CI 24.3-37.9) among
patients with FXIa below 96 IU dL™', 42.5% (95% CI
34.9-49.2) among patients with FXIa between 96 IU
dL™" and 115 TU dL™', and 41.1% (95% CI 33.5-47.8)
among patients with FXIa higher than 115 IU dL™".

Three weeks after discontinuation of oral anticoagu-
lation, median D-dimer levels were 308 ng mL~' (IQR
209-508 ng mL~"), 331 ng mL~' (IQR 219-557 ng mL ")
and 362 ng mL~' (IQR 245-560 ng mL™") in patients
with FXIa below 96 TU dL™", between 96 IU dL~! and
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Fig. 1. Age-adjusted and sex-adjusted hazard ratios for risk of recurrent venous thromboembolism (VTE) according to different factor XI
activity (FXIa) levels. The recurrence risk steadily declined with decrease in FXIa. The correspondence between the non-parametric estimation
(solid line) with 95% confidence intervals (dashed line) and linear (dash/dotted line) approximation suggests a linear relationship between FXIa

and the risk of recurrent VTE.

115 TU dL', and higher than 115 TU dL™", respectively.
To investigate a potential association between FXIa and
D-dimer, we fitted a linear regression model adjusted for
age and sex. Indeed, the sex-adjusted and age-adjusted
regression coefficient of FXIa (for each 10 TU dL™') was
equal to 0.04 (95% CI 0.01-0.07) and was significantly dif-
ferent from 0 (P =0.003), which means that, when
patients’ age and sex are taken into account, a patient with
10 IU dL™" lower FXla is expected to have a 2.79%
(95% CI: 0.95-4.59%) D-dimer value. R*> was equal to
0.28.

Our data show a significant linear relationship between
the risk of recurrent VTE and FXIa according to restricted
cubic spline function, and agree with studies of patients
with a first VTE. In a case—control study of 474 patients,
subjects with FXIa above the 90th percentile had a more
than two-fold higher chance of experiencing DVT than
patients with FXIa equal to or below that value [6]. In the
Longitudinal Investigation of Thromboembolism Etiology
study, a significant linear relationship between VTE and
FXIa was found: individuals in the highest quintile had an
approximately two-fold higher chance of experiencing VTE
than subjects in the lowest quintile [7]. A lower incidence of
VTE was found in 219 subjects with severe FXIa deficiency
than in four population-based studies [8]. In a cohort
study, only three of 1235 individuals with FXIa of
<50 1U dL ' experienced VTE, whereas VTE was recorded
in 94 of 8958 subjects with higher FXIa for an age-adjusted
hazard ratio of 0.14 (95% CI 0.04-0.44) [2]. In a case—con-
trol study of 1010 women, carriers of F// rs2289252 had a
1.8-fold higher risk of VTE recurrence than women without
the mutation [9].

Plasma levels of D-dimer reflect the extent of coagula-
tion and fibrinolysis activation, and are elevated in hyper-
coagulable states [10]. Conversely, low D-dimer levels after
completion of anticoagulant treatment have repeatedly
been shown to be associated with a lower risk of recurrent
VTE [11,12]. Our finding of a positive correlation between
FXIa and D-dimer level, ie. that a patient with
10 TU dL™" lower FXIa is expected to have 2.8% lower D-
dimer level, supports the concept that patients with lower
FXIa have less pronounced hemostatic system activation.

Our study has strengths and limitations. The study pop-
ulation was large and homogeneous, as we included > 850
high-risk patients, i.e. patients who had already had a first
unprovoked VTE. The median follow-up was 8.5 years,
with a maximum of 23 years. Patients in the lowest FXIa
tertile had a 27% decreased risk of recurrence than those
in the upper tertile, translating to a 9.7% lower absolute
incidence of recurrence. However, their recurrence risk
was still considerable in absolute terms. FXI measurement
therefore has no role in guiding clinical decisions, in par-
ticular estimating the optimal duration of secondary
thrombosis prophylaxis. One seeming limitation is that
none of our patients had FXIa below 50 IU mL~'. On
the one hand, this can be explained by the very low preva-
lence of severe FXIa deficiency. Another explanation —
well in line with our hypothesis — could be that individuals
with low FXIa are protected against VTE and are there-
fore not represented in our cohort. Similarly, in another
study, none of the subjects with FXIa beneath 30 IU dL ™'
experienced VTE [2].

Animal experiments and clinical studies in humans
indicate that FXI is a promising target for anticoagulant
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Fig. 2. Kaplan-Meier estimates of the risk of recurrent venous thromboembolism according to tertiles of factor XI activity (FXIa). The recur-
rence risk is significantly lower among patients with FXIa below the 34th tertile than among patients with higher FXIa levels.

therapy, as lowering of FXla prevents thrombosis with-
out causing substantial bleeding. Our finding of a lower
risk of recurrent VTE and of less pronounced hemostatic
system activation in patients with lower FXIa is in agree-
ment with such a concept.
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