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Abstract Background Elevated D-dimer concentrations are associated with an increased risk of
venous thromboembolism (VTE). However, they may also provide prognostic value.
The present analysis sought to study the association of D-dimer levels with VTE event
rates and the efficacy of betrixaban versus enoxaparin in the APEX trial.
Methods Hospitalized acutelymedically ill subjects (n ¼ 7,513) were randomized in a
double-dummy double-blind fashion to either extended-duration oral betrixaban
(80 mg once daily for 35–42 days) or standard dose subcutaneous enoxaparin
(40 mg once daily for 10 � 4 days) for venous thromboprophylaxis. D-dimer was
assessed using a central core laboratory measurement.
Results For every 0.25 µg/mL increase in D-dimer concentration, there was a 2% increase
in the relative risk of experiencing the primary efficacy endpoint (asymptomatic deep vein
thrombosis [DVT], symptomaticDVT, nonfatal pulmonaryembolism, orVTE-relateddeath)
in both the betrixaban (p < 0.001) and enoxaparin (p < 0.001) treatment arms. Among
D-dimer-positive (� 2 � upper limit of normal; corresponding to � 1.00 µg/mL) subjects,
extended-duration betrixaban reduced the risk of experiencing the primary efficacy
outcome (5.4% [n ¼ 124] vs. 7.6% [n ¼ 170]; odds ratio ¼ 0.69; 95% confidence interval:
0.55–0.88; absolute risk reduction ¼ 2.2%, number needed to treat ¼ 46, p ¼ 0.003).
There was no interaction between D-dimer and the treatment effect (pint ¼ 0.53).
Conclusion Extended-duration betrixaban was superior to standard-duration enox-
aparin, irrespective of D-dimer level at baseline. To prevent one VTE event, 46 D-dimer-
positive patients would need to be treated with betrixaban.
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Background

D-dimer is a fibrin degradation product and amarker for clot
formation and lysis. D-dimer is elevated in a wide variety of
illnesses, most notably venous thromboembolism (VTE),1–3

and is used as a diagnostic screening tool to exclude VTE
among subjects with a low-to-intermediate clinical prob-
ability of deep vein thrombosis (DVT) or pulmonary embo-
lism (PE).4–6 Elevated D-dimer levels are also associatedwith
an increased risk of recurrent VTE and mortality.7–10 Since
D-dimer concentration is often used to identify medical
subjects at a high risk of VTE, we hypothesized that D-dimer
may help identify subjects who might have a modifiable risk
and who might benefit from extended-duration thrombo-
prophylaxis following hospitalization for an acute medical
illness. The aims of this analysis were to evaluate the
association of D-dimer with VTE outcomes and to assess
possible modulation of the treatment effect of betrixaban
versus enoxaparin as a function of D-dimer concentration.

Methods

Study Design and Endpoints
The Acute Medically Ill VTE Prevention with Extended
Duration Betrixaban (APEX) trial was a randomized, dou-
ble-blind, double-dummy, active controlled, multinational
clinical trial that evaluated the efficacy and safety of
extended-duration VTE prophylaxis (ClinicalTrials.gov
identifier: NCT01583218). Acutely ill hospitalized medical
subjects at risk of VTE (n ¼ 7,513) were randomized to
standard-duration enoxaparin for 10 � 4 days (n ¼ 3,754)
or extended-duration betrixaban for 35 to 42 days
(n ¼ 3,759). The study design and primary results of the
APEX trial have been previously published.11,12

The primary efficacy outcome was the composite of
asymptomatic proximal DVT, symptomatic proximal or
distal DVT, symptomatic nonfatal PE, or death from VTE
through visit 3 or day 42. The primary efficacy outcome was
also assessed through the end of the study or day 77. The
primary safety endpoint of the study was major bleeding
through 7 days after discontinuation of study medication.
D-dimer levels were measured at the time of enrollment by
both central (CirQuest Labs, Memphis, Tennessee,
United States) and local laboratories. Quantitative D-dimer
methods employed at local sites include the turbidimetric
assay, enzyme-linked immunosorbent assay, and STA Liat-
est D-Di immunoturbidimetric assay (Diagnostica Stago,
Asnières-sur-Seine, France). At the central laboratory,
D-dimer was measured by the STA Liatest D-Di immuno-
turbidimetric assay (Diagnostica Stago, Asnières-sur-Seine,
France).

Statistical Analysis
Analyses were performed using SAS version 9.4 (Cary, North
Carolina, United States). In this substudy, a positive D-dimer
was defined as � 2 � upper limit of normal (ULN) (corre-
sponding to � 1.00 µg/mL) as measured by the central
laboratory. If the central D-dimer was missing, the value

was imputed using the local laboratory measurement.
D-dimerwas analyzed as both a categorical variable (positive
[� 2 � ULN] or negative [< 2 � ULN]) and as a continuous
variable. Analyses were further stratified by dosing criteria
(severe renal dysfunction or strong concomitant P-glycopro-
tein inhibitor use, or neither) within the D-dimer-positive
and D-dimer-negative groups.

Baseline characteristics were compared across D-dimer
tertiles (T1: < 0.85 µg/mL; T2: � 0.85 to < 1.89 µg/mL;
T3: � 1.89 µg/mL) and stratified by treatment arms. Values
for continuous variables were reported as the mean � stan-
dard deviation or median and interquartile range when
specified. Values for categorical variables were reported as
the number and proportion. A two-sample t-test was used
to evaluate the difference in means for continuous variables
between treatment groups within each tertile. Analysis
of variance and Kruskal–Wallis tests (if median reported)
were used to test the difference of means across tertiles.
A chi-square test was used for the analysis of categorical
variables.

Efficacy was assessed in the modified intention-to-treat
(mITT) population, which consists of all subjects who were
administered at least one dose of study drug and in whom
follow-up assessment data were evaluable on one or more
efficacy components. A comparison to the MAGELLAN trial
was performed tomatch themethodology used in that study,
using only central D-dimer (not imputing local D-dimer if
central is missing) and the primary efficacy outcome popu-
lation, which includes all patients in the mITT population
who had assessment of all components of the primary
efficacy endpoint. All efficacy analyses used treatment as
stratified. The safety endpoints were analyzed within the
safety population, which included all randomized subjects
who received any portion of either study drug. All safety
analyses used treatment as received.

The risk of VTEwasmodeled using D-dimer concentration
in a logistic regression model, within each treatment arm.
Logistic regression was used to determine the increase in
odds of VTE comparing betrixaban to enoxaparin stratified
by D-dimer category. The independent relationship between
D-dimer and VTE was assessed by fitting a multivariate
model. To control for possible confounders of VTE, a stepwise
selection approach at a significance threshold of p < 0.15
was applied. The covariates were retained in the final model
if the adjusted p-value was < 0.05, which included age,
duration of hospitalization, prior VTE, and previous throm-
boprophylaxis � 96 hour. Finally, the interaction term of
D-dimer (as both a categorical and continuous variable) on
the treatment effect was tested.

Results

Baseline Characteristics
Baseline characteristics were well-balanced across D-dimer
tertiles and between treatment arms (►Table 1). There were
three subjects in the betrixaban arm and four subjects in the
enoxaparin arm that were missing both central and local
laboratory measurements.
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D-dimer and Efficacy Outcomes
For every 0.25 µg/mL unit increase in D-dimer concentra-
tion, there was a significant increase in the relative risk of a
VTE event (odds ratio [OR] ¼ 1.02; 95% confidence interval
[CI]: 1.01–1.03; p < 0.001). This was true in both the betrix-
aban (OR ¼ 1.02 [95% CI: 1.01–1.03]; p < 0.001) and enox-
aparin (OR ¼ 1.02 [95% CI: 1.01–1.03]; p < 0.001) treatment
arms. In a multivariate analysis adjusting for other variables
associated with the primary endpoint, D-dimer concentra-
tion as a continuous variable remained independently asso-
ciated with VTE events (OR ¼ 1.02 [95% CI: 1.01–1.03];
p < 0.001; ►Table 2). There was no significant interaction
betweenD-dimer concentration as a continuous variable and
the treatment effect (pint ¼ 0.87; ►Table 3).

When analyzed as a categorical variable, a positive
D-dimer (� 2 � ULN; corresponding to � 1.00 µg/mL) was
associated with an increased VTE risk (6.5% [n ¼ 294] vs.
3.2% [n ¼ 93]; OR ¼ 2.10 [95% CI: 1.66–2.67]; p < 0.001).
After adjustment for age, duration of hospitalization, prior
VTE, and previous thromboprophylaxis � 96 hours, D-dimer
remained an independent correlate of VTE events (OR ¼ 2.03
[95% CI: 1.59–2.58]; p < 0.001; ►Table 2). Among positive
D-dimer subjects (� 2 � ULN), extended-duration betrixa-
ban reduced the risk of the primary efficacy outcome versus
enoxaparin (5.4% [n ¼ 124] vs. 7.6% [n ¼ 170]; OR ¼ 0.69
[95% CI: 0.55–0.88]; p ¼ 0.003) through visit 3. The number
of subjects needed to treat to prevent one VTE event among
D-dimer positive subjects was 46 (absolute risk reduction
[ARR] ¼ 2.2%; ►Fig. 1). Among subjects with negative
D-dimer (< 2 � ULN), there were numerically but not signi-
ficantly fewer VTE events among subjects treated with
betrixaban. There was no significant interaction between
D-dimer category and the treatment effect (pint ¼ 0.53;
►Table 3).

The primary efficacy outcome was also assessed through
the end of study or day 77. Among subjects with D-dimer
� 2 � ULN (corresponding to � 1.00 µg/mL), betrixaban
significantly reduced the risk for VTE compared with enox-
aparin (6.7% [n ¼ 129] vs. 9.4% [n ¼ 182]; OR ¼ 0.68 [95% CI:
0.54–0.86]; p ¼ 0.001; ►Fig. 1). The number needed to treat
to prevent one VTE event through 77 days among D-dimer-
positive subjects was 38 (ARR ¼ 2.7%). Subjects who were
D-dimer negative experienced numerically but not signi-
ficantly fewer VTE events. There remained no significant
interaction between D-dimer category and the treatment
effect through the end of the study at 77 days (pint ¼ 0.57;
►Table 4).

D-dimer and Safety Outcomes
Among subjects in the safety population, D-dimer concen-
tration was not significantly associated with either major
bleeding or the composite of major or CRNM bleeding in
either treatment arm.

Discussion

Increasing baseline D-dimer concentration as a continuous
variable was associated with an increased risk of VTETa
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Table 3 Interaction of D-dimer category or D-dimer concentration and treatment effect through visit 3

Outcomea Enoxaparin Betrixaban Odds ratio (95%
CI)

p-Valueb p-Value for
interactionc

p-Value for
interactiond

Primary efficacy outcome

�2 � ULN n/N (%) 170/2,236 (7.6) 124/2,291 (5.4) 0.69 (0.55–0.88) 0.003 0.53 0.87

<2 � ULN n/N (%) 52/1,480 (3.5) 41/1,427 (2.9) 0.82 (0.54–1.24) 0.33

Significant results (p-value < 0.05) are expressed in bold.
aThe primary efficacy outcome is a composite of asymptomatic proximal DVT, symptomatic proximal or distal DVT, symptomatic nonfatal PE, or
death from VTE through visit 3 or day 42.

bThe associations of treatment and efficacy outcomes were found using logistic regression and stratified by dosing criteria (severe renal dysfunction,
concomitant P-glycoprotein inhibitor, or neither).

cInteraction for D-dimer category.
dInteraction for D-dimer concentration.

Fig. 1 Primary efficacy outcome for D-dimer-positive patients through visit 3 and end of study.

Fig. 2 Primary efficacy outcome for D-dimer-positive patients through day 35 in APEX and MAGELLAN.
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(asymptomatic DVT, symptomatic DVT, nonfatal PE, or VTE-
related death). As a categorical variable, a positive baseline
D-dimer (� 2 � ULN; corresponding to � 1.00 µg/mL) was
also associated with an increased risk of VTE in both uni-
variate and multivariate analyses. There was no modulation
of the treatment effect of betrixaban, however, as a function
of D-dimer concentration. While the interaction term was
negative, the event rates among D-dimer-positive patients
were greater than D-dimer-negative patients, and the abso-
lute risk reductionwas numerically greater among D-dimer-
positive patients. One would need to treat 46 D-dimer-
positive patients to prevent one event at 35 to 42 days and
38 D-dimer-positive patients to prevent one event through
the end of the study at 77 days.

These results validate the hypothesis-generating observa-
tions in prior studies.13,14 In the MAGELLAN trial, the inci-
dence of VTEwas 3.5 timesgreater for subjectswith a central
D-dimer � 2 � ULN compared with those with a central
D-dimer < 2 � ULN.14 As central D-dimer increased in
MAGELLAN, the absolute benefit of rivaroxaban over enox-
aparin increased.15 Among D-dimer-positive patients, there
was a nearly identical reduction in VTE comparing active
treatment to enoxaparin through days 35 to 42 or day 35 for
both the APEX and MAGELLAN trials (►Fig. 2). Thus, the
MAGELLAN trial could be viewed as hypothesis-generating
and APEX as validating the increased absolute VTE risk
reduction observed in D-dimer-positive patients. While
the efficacy results were quite similar between MAGELLAN
and APEX, with respect to safety in contrast, there was no
excess major bleeding associated with extended-duration
betrixaban, whereas there was excess major bleeding with
extended-duration rivaroxaban.

To optimize VTE risk stratification among acutemedically ill
patients,D-dimermeasurementcanalsobeused inconjunction
with risk assessment models. For instance, the IMPROVEDD
VTE risk score (incorporating D-dimer into the IMPROVE
score) has been demonstrated to improve the discrimination
and reclassification of the IMPROVE model.16 Adding D-dimer
measurement tothe IMPROVEscorehasalsobeenimplemented
in the enrollment criteria of an ongoing trial for preventing
hospital-associated VTE (Medically Ill Patient Assessment of
RivaroxabanVersus Placebo inReducing Post-DischargeVenous
Thrombo-Embolism Risk [MARINER]).17

Limitations

The cutoff for D-dimer was determined retrospectively,
although the cutoff of � 2 � ULN has been studied pre-
viously. Future prospective studies are required to validate
the findings from this post hoc analysis. It is unknown if a
D-dimer greater than 2 � ULN reflects the presence of clot at
baseline, since no ultrasoundwas performed at baseline. The
results obtained using central D-dimer resulting from a
single quantitative test format may differ from the results
obtained using local D-dimers, because different assays with
distinct sensitivities and specificities were used at different
sites.18

Only a single D-dimer measurement was available at the
time of enrollment, and no subsequent D-dimer measure-
ment was available to determine if betrixaban reduced
D-dimer concentrations greater than enoxaparin over time.
Likewise, the association of temporal changes in D-dimer
with clinical outcomes could not be evaluated. Whether
extending VTE prophylaxis at discharge or at the end of
parenteral therapy based on D-dimer concentration at that
time would improve VTE risk is not known.

Conclusion

Elevated baseline D-dimer is associated with a greater risk of
VTE events, both as a continuous variable and as a discrete
variable. Extended-duration betrixaban was superior to
standard-duration enoxaparin, regardless of D-dimer con-
centration at baseline.
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