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Abstract

Purpose: To assess the efficacy and safety of betrixaban for venous thromboembolism (VTE) prophylaxis among criti-
cally ill patients.

Methods: The APEX trial randomized 7513 acutely ill hospitalized patients to betrixaban for 35-42 days or enoxa-
parin for 104 days. Among those, 703 critically ill patients admitted to the intensive care unit were included in the
analysis, and 547 patients who had no severe renal insufficiency or P-glycoprotein inhibitor use were included in the
full-dose stratum. The risk of VTE, bleeding, net clinical benefit (composite of VTE and major bleeding), and mortality
was compared at 35-42 days and at 77 days.

Results: At 35-42 days, extended betrixaban reduced the risk of VTE (4.27% vs 7.95%, P=0.042) without causing
excess major bleeding (1.14% vs 3.13%, P=0.07). Both VTE (3.32% vs 8.33%, P=0.013) and major bleeding (0.00% vs
3.26%, P=0.003) were decreased in the full-dose stratum. Patients who received betrixaban had more non-major
bleeding than enoxaparin (overall population: 2.56% vs 0.28%, P=0.011; full-dose stratum: 3.32% vs 0.36%, P=0.010).
Mortality was similar at the end of study (overall population: 13.39% vs 16.19%, P=0.30; full-dose stratum: 13.65% vs
16.30%, P=10.39).

Conclusions: Compared with shorter-duration enoxaparin, critically ill medical patients who received extended-
duration betrixaban had fewer VTE without more major bleeding events. The benefit of betrixaban was driven by pre-
venting asymptomatic thrombosis and offset by an elevated risk of non-major bleeding. The APEX trial did not stratify
by intensive care unit admission and the present study included a highly selected population of critically ill patients.
These hypothesis-generating findings need to be validated in future studies.
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Introduction

Venous thromboembolism (VTE) is a preventable yet
common complication among critically ill patients. The
increased risk of VTE in the intensive care unit (ICU)
setting may be attributed to multiple factors that col-
lectively constitute Virchow’s triad [1]. First, critically ill
patients with prolonged immobilization, cardiopulmo-
nary failure, intra-abdominal hypertension, or the use of
neuromuscular blocking agents are prone to blood stasis.
Second, factors such as sepsis, inflammation, chronic
kidney disease, transfusion, and erythropoietin-stimulat-
ing agents could promote a hypercoagulable state. Lastly,
sepsis, inflammation, chronic kidney disease, vasoactive
agents, central venous catheter, and surgical injury have
been associated with endothelial dysfunction. Without
prophylactic measures, the incidence of deep vein throm-
bosis (DVT) in ICU patients ranges from 13% to 31% [2].
Previous randomized controlled trials demonstrate that
DVT risk may be minimized to a risk of 11-15.5% with
low molecular weight heparin or low-dose unfraction-
ated heparin [3-5].

Critically ill patients are also at an increased risk of
bleeding due to underlying comorbidities, admitting ill-
ness, and the use of medications or interventions that
may cause hemorrhage. In a prospective multicenter
registry (IMPROVE; International Medical Prevention
Registry on Venous Thromboembolism) that enrolled
acutely ill hospitalized medical patients, ICU stay was
shown to be an independent predictor for both VTE and
bleeding [6, 7]. The concurrent risk of VTE and bleeding
in this vulnerable population poses a conundrum in the
decision of thromboprophylaxis, as anticoagulation may
come at the expense of bleeding. Few head-to-head trials
have compared the efficacy and safety of pharmacological
thromboprophylaxis agents, particularly in the medical
ICU setting [8, 9]. Furthermore, little is known about the
effect of direct oral anticoagulants for VTE prophylaxis
among these high-risk patients.

In certain hospitalized patients, the risk of VTE may
persist for weeks to months after hospital discharge
[10]. It has been estimated that 75% of VTE events occur
after hospital discharge, with a median time-to-event
of 19.5 days [11]. The APEX trial (Acute Medically Il
Venous Thromboembolism Prevention with Extended
Duration Betrixaban Trial; ClinicalTrials.gov identifier:
NCTO01583218) was conducted to examine the hypoth-
esis that extended prophylaxis with betrixaban will have a
positive risk/benefit profile over shorter prophylaxis with
enoxaparin for medical inpatients at increased risk of
VTE [12]. In this non-prespecified post hoc analysis, we
investigated the rates of VTE and bleeding events in criti-
cally ill medical patients admitted to the ICU during the
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Concurrent risk of VTE and bleeding among critically ill patients
poses a conundrum in thromboprophylaxis decision, as anticoagu-
lation comes at the expense of bleeding. Compared with shorter-
duration enoxaparin, critically ill medical patients who received
extended-duration betrixaban had fewer VTE but more clinically
relevant non-major bleeding events.

index hospitalization who were randomized to receive
betrixaban or enoxaparin. The study was presented at the
European Society of Cardiology Congress 2018 and pub-
lished as an abstract in the European Heart Journal [13].

Methods

APEX study design and endpoints

APEX was a multicenter, double-blind randomized con-
trolled trial that enrolled 7513 patients with the following
eligibility criteria: (1) hospitalized for an acute medi-
cal illness, including acute decompensated heart failure,
acute respiratory failure, acute infection, acute rheu-
matic disorder, acute disabling ischemic stroke; (2) age
75 years or more, age 60—74 years with b-dimer at least
two times the upper limit of normal range (ULN), or age
40-59 years with D-dimer at least two times the ULN and
a history of VTE or cancer; (3) anticipated severe immo-
bilization for at least 24 h followed by moderate or severe
immobilization for 3 days or more; and (4) anticipated
hospitalization for 3 days or more. Key exclusion crite-
ria included (1) a recent history of clinically significant
bleeding or severe trauma; (2) requiring major surgery
or invasive procedure within 3 months; (3) end-stage
renal disease with creatinine clearance (CrCl) of less
than 15 mL/min or requiring dialysis; (4) contraindica-
tion to anticoagulant therapy; and (5) concomitant dual
antiplatelet therapy with any two of the following: aspi-
rin, dipyridamole, or any thienopyridine. Patients were
randomly assigned in a 1:1 ratio to oral betrixaban for
35-42 days or subcutaneous enoxaparin for 10+4 days
[12]. Individuals who had a nasogastric or feeding tube in
place received betrixaban or matching placebo that was
dissolved in water and followed by a nutritional supple-
ment. Randomization of the APEX trial was generated
using random permuted blocks within geographic region,
stratified by both dosing criteria and entry criteria but
not ICU admission. Randomization methods, blinding
methods, and sample size calculation are provided in the
electronic supplementary material.

The study population in the present analysis included
patients with an acute medical illness who were either
(1) initially admitted to the ICU during the index hospi-
talization or (2) initially admitted to the ward and sub-
sequently transferred to the ICU because of clinical
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deterioration during the index hospitalization. The full-
dose stratum (betrixaban 80 mg daily vs enoxaparin
40 mg daily) comprised subjects who had a CrCl of at
least 30 mL/min and without concomitant use of strong
P-glycoprotein inhibitors.

The primary efficacy endpoint was the occurrence of
VTE, defined as a composite of asymptomatic proximal
DVT detected by compression ultrasound, symptomatic
DVT, non-fatal pulmonary embolism (PE), or VTE-
related mortality. The first secondary efficacy endpoint
was symptomatic VTE (a composite of symptomatic
DVT, non-fatal PE, or VTE-related mortality). The sec-
ond secondary efficacy endpoint was the composite of
asymptomatic proximal DVT, symptomatic DVT, non-
fatal PE, or death. The primary and secondary safety
endpoints were major bleeding and clinically relevant
non-major bleeding [14, 15]. Net clinical benefit was
defined as the composite of primary efficacy endpoint
(VTE) and primary safety endpoint (major bleeding).
Other prespecified endpoints such as the individual com-
ponents of VTE and cause-specific mortality were also
analyzed.

Efficacy analysis and net clinical benefit analysis were
performed at 35-42 days (end of extended thrombo-
prophylaxis; third follow-up visit) and at 77 days (end
of study). Safety analysis was performed through 7 days
after study drug or matching placebo discontinuation
and at 77 days (end of study). All events were adjudicated
by an independent clinical events committee blinded to
thromboprophylaxis allocation.

All procedures performed in the study involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki declaration and its
later amendments. Informed consent was obtained from
all individual participants included in the study.

Statistical analysis

Baseline characteristics of study participants were com-
pared using the Chi-squared test for categorical variables
and one-way analysis of variance for continuous vari-
ables. Efficacy was analyzed in subjects who received at
least one dose of study medication (planned treatment)
and had data for at least one component of the composite
endpoint. Safety was analyzed in all randomized patients
who received at least one dose of study medication
(actual treatment). Absolute risk difference and relative
risk between treatment was compared using the Chi-
squared test or Fisher’s exact test. As a sensitivity analysis
for examining the robustness of results, net clinical ben-
efit of betrixaban versus enoxaparin was compared using
the Cox proportional hazards model. Event rates were
estimated by the Kaplan—Meier method, and the risk

difference between treatment arms was assessed by the
log-rank test. Additionally, subdistribution proportional
hazards models were fitted to examine the effect of death
as competing events using the Fine—Gray method. All
analyses were performed using two-sided tests at a sig-
nificance level of 0.05. In view of the exploratory nature
of this substudy, no adjustment was made to account for
multiplicity.

Results

Baseline characteristics

A total of 703 critically ill medical patients were included
(Fig. 1 in electronic supplementary material). The full-
dose stratum included 547 (77.8%) patients. Baseline
characteristics were generally balanced (Table 1), except
that patients in the betrixaban group were slightly older
than those in the enoxaparin group (75.9 vs 74.6 years;
P=0.04).

Efficacy at 35-42 days

With respect to VTE composite, betrixaban reduced
the risk of VTE by 3.68% as compared with enoxaparin
(4.27% vs 7.95%, P=0.042) (Table 2). Full-dose betrixa-
ban reduced the risk of VTE by 5.01% (3.32% vs 8.33%,
P=0.013). Patients who received betrixaban had a
numerically lower risk of symptomatic VTE than those
who received enoxaparin. With respect to VTE and all-
cause mortality, betrixaban was associated with a 6.59%
lower risk than enoxaparin (15.26% vs 21.85%, P=0.033).
Given the inflated alpha risk, this may have occurred as a
result of chance.

Efficacy at 77 days

At 77 days, compared with shorter-duration enoxaparin,
patients who received extended-duration betrixaban had
a lower risk of VTE (overall population: 5.24% vs 10.88%;
full-dose stratum: 4.21% vs 11.40%). The remaining effi-
cacy outcomes are summarized in Table 3.

Safety at 35-42 days

With respect to major bleeding, the betrixaban group
had a numerically lower risk than the enoxaparin group
(1.14% vs 3.13%, P=0.07) (Table 2). Patients who
received full-dose betrixaban had a significantly lower
rate of major bleeding compared with those who received
enoxaparin (0.00% vs 3.26%, P=0.003). With respect to
non-major bleeding, betrixaban was associated with a
higher risk than enoxaparin (overall population: 2.56%
vs 0.28%, P=0.011; full-dose stratum: 3.32% vs 0.36%,
P=0.010).
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Table 1 Baseline characteristics stratified by thromboprophylaxis

Age, mean (SD), years 759 (84) 746 (8.7) 0.041
Male sex, n (%) 153 (43.6) 159 (45.2) 0.67
Racentll

White 344 (98.0) 341 (96.9)

Black/African American 3(09) 3(0.9)

Asian 1(03) 2(06)

Others 3(0.9) 6(1.7)
Body mass index, mean (SD), kg/m? 295 (6.5) 294 (6.2) 0.88
Qeativnedearance,n®9 s

<30 mL/min 15 (4.3) 13(3.7)

> 30 to <60 mL/min 153 (43.6) 147 (41.8)

> 60 to <90 mL/min 112 (31.9) 112(31.8)

>90 mL/min 71(20.2) 80 (22.7)
Duration of ICU stay, mean (SD), days 6.2 (4.7) 6.6 (5.7) 0.31
Duration of hospital stay, mean (SD), days 13.3(8.5) 144 (10.2) 013
Previous anticoagulation <96 h, n (%) 202 (57.5) 214 (60.8) 0.38
Severity of mmobilzstion® s

Severely immobilized 348 (99.4) 347 (99.1)

Moderately immobilized 2(0.6) 3(09)
Concomitant antiplatelet therapy® 209 (59.5) 208 (59.1) 0.90
Platelet count, mean (SD), x 10%/L 224.2(81.6) 222.1(713) 0.74
Bilirubin, mean (SD), mg/dL 0.6(04) 0.6(04) 0.95
Creatinine, mean (SD), mg/dL 1.1(04) 1.0(0.5) 091
Mechanical device forVTE prophulaxis @8 s

Graduated compression stock 56 (16.0) 41(11.6)

Sequential compression device 5(14) 4(1.1)

Both 0(0.0) 4(1.1)

Others® 9(2.6) 10 (2.8)

None 281 (80.1) 293 (83.2)
Acstemedicalcondiion,n®9 e

Acute heart failure 173 (49.3) 151 (42.9)

Respiratory failure 30 (8.5) 37(10.5)

Infection 61(174) 64(18.2)

Rheumatic disorder 133.7) 14 (4.0)

Ischemic stroke 74 (21.1) 86 (24.4)

History of VTE 8(5.1) 26 (7.4) 0.22
Known thrombophiliad 1(0.3) 1(0.3) 1.00
Current lower-limb paralysis 34(9.7) 29(82) 0.50
Active cancer 15 (4.3) 9(2.6) 0.21
Age > 60 years 331(94.3) 330(93.8) 0.76
IMPROVE VTE risk score, mean (SD) 4(09) 4(09) 0.99
p-dimer>2 x ULN, n (%) 233 (66. 4) 235 (67. 1) 0.83
Modified IMPROVE VTE risk score, mean (SD) 6011 6011 0.87
Modified IMPROVE score > 4 or 2-3 plus p-dimer > 2 x ULN, n (%) 263 (74. 9) 274 (77. 8) 0.36

ICU intensive care unit, SD standard deviation, ULN upper limit of the normal range, VTE venous thromboembolism

? Three patients had missing information for severity of immobilization. Severely immobilized was defined as confined to a bed or chair for the majority of the day
and can only be independently mobile to the in-room toilet. Moderately immobilized was defined as independently mobile to the in-room or ward toilet; can be
mobilized by physical therapy or nursing staff; and can be off-ward with assistance

® Includes acetylsalicylic acid, clopidogrel, prasugrel, ticagrelor, ticlopidine, cilostazol, eptifibatide, or dipyridamole
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Table 1 (continued)

¢ Includes elastic bandages, leg pressure sleeves, and motor physiotherapy

9 Includes inherited or acquired disorder of hemostasis including antithrombin Il deficiency, protein C deficiency, and protein S deficiency

Table 2 Efficacy and safety of betrixaban vs enoxaparin at 35-42 days

Overall population 15/351 (4.27%) 28/352 (7.95%) —3.68% (—7.21to —0.15%) 0.54 (0.29-0.99) 0.042
Full-dose stratum 9/271 (3.32%) 23/276 (8.33%) —5.01% (— 891 to — 1.12%) 0.40 (0.19-0.85) 0.013
Overall population 7/351 (1.99%) 11/352 (3.13%) —1.13% (— 3.46 to 1.20%) 0.64 (0.25-1.63) 0.34
Full-dose stratum 4/271 (1.48%) 11/276 (3.99%) —2.51% (=5.23t0 0.21%) 0.37 (0.12-1.15) 0.07
Overall population 47/308 (15.26%) 71/325 (21.85%) —6.59% (—12.61 to —0.56%) 0.70 (0.50-0.98) 0.033
Full-dose stratum 34/231 (14.72%) 55/257 (21.40%) —6.68% (— 13.47 to 0.10%) 0.69 (0.47-1.01) 0.06
Overall population 4/351 (1.14%) 11/352 (3.13%) —1.99% (—4.12 t0 0.14%) 0.36(0.12-1.13) 0.07
Full-dose stratum 0/271 (0.00%) 9/276 (3.26%) —3.26% (—5.36 to — 1.17%) - 0.003
Overall population 9/351 (2.56%) 1/352 (0.28%) 2.28% (0.54-4.02%) 9.03 (1.15-70.86) 0.011
Full-dose stratum 9/271 (3.32%) 1/276 (0.36%) 2.96% (0.71-5.21%) 9.17 (1.17-71.86) 0.010
Overall population 20/351 (5.70%) 38/352 (10.80%) —5.10% (—9.15 to — 1.05%) 0.53(0.31-0.89) 0.014
Full-dose stratum 10/271 (3.69%) 31/276 (11.23%) —7.54% (—11.89 to —3.19%) 0.33 (0.16-0.66) < 0.001

ARD absolute risk difference, Cl confidence interval, DVT deep vein thrombosis, PE pulmonary embolism, RR relative risk, VTE venous thromboembolism

2 Net clinical benefit included VTE or major bleeding events that occurred through the third follow-up visit (35-42 days)

Table 3 Efficacy and safety of betrixaban vs enoxaparin at 77 days

Overall population 15/286 (5.24%) 31/285 (10.88%) —5.63% (— 10.08 to — 1.19%) 0.48 (0.27-0.87) 0.013
Full-dose stratum 9/214 (4.21%) 26/228 (11.40%) —7.20% (—12.12 to — 2.27%) 0.37(0.18-0.77) 0.005
Overall population 7/351 (1.99%) 14/352 (3.98%) —1.98% (— 4.49 to 0.53%) 0.50(0.20-1.23) 0.12
Full-dose stratum 4/271 (1.48%) 14/276 (5.07%) —3.60% (—6.56 to — 0.64%) 0.29 (0.10-0.87) 0.018
Overall population 54/308 (17.53%) 75/325 (23.08%) —5.54% (—11.79 to 0.70%) 0.76 (0.56-1.04) 0.08
Full-dose stratum 40/231 (17.32%) 59/257 (22.96%) —5.64% (— 12.73 to 1.45%) 0.75 (0.53-1.08) 0.12
Overall population 5/351 (1.42%) 12/352 (3.41%) — 1.98% (—4.25 t0 0.28%) 042 (0.15-1.17) 0.09
Full-dose stratum 1/271 (0.37%) 10/276 (3.62%) —3.25% (— 5.57 to — 0.93%) 0.10 (0.01-0.79) 0.007
Overall population 11/351 (3.13%) 1/352 (0.28%) 2.85% (0.94-4.76%) 11.03 (1.43-84.99) 0.004
Full-dose stratum 10/271 (3.69%) 1/276 (0.36%) 3.33% (0.97-5.68%) 10.18 (1.31-79.02) 0.006
Overall population 20/351 (5.70%) 41/352 (11.65%) —595% (—10.09to — 1.81%) 0.49 (0.29-0.82) 0.005
Full-dose stratum 10/271 (3.69%) 34/276 (12.32%) —863% (—13.11 to —4.15%) 0.30 (0.15-0.59) <0.001

ARD absolute risk difference, Cl confidence interval, DVT deep vein thrombosis, PE pulmonary embolism, RR relative risk, VTE venous thromboembolism

2 Net clinical benefit included VTE or major bleeding events that occurred through the end-of-study visit (up to 77 days)
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Safety at 77 days

At 77 days, the difference in the rate of major bleeding
was significant in the full-dose stratum (0.37% vs 3.62%)
but not in the overall population (1.42% vs 3.41%). The
remaining safety outcomes are summarized in Table 3.

Net clinical benefit

At 35-42 days, betrixaban was favorable over enoxaparin
in preventing VTE or causing major bleeding in the over-
all population (5.70% vs 10.80%, P=0.014) as well as in
the full-dose stratum (3.69% vs 11.23%, P<0.001) (Fig. 1,
Table 2). The net clinical benefit was maintained up to
77 days (Table 3). Results derived from the time-to-event
analysis were consistent with the Chi-squared frequency
test (Fig. 2).

VTE components and cause-specific mortality

Compared with enoxaparin, risk reduction by betrixaban
did not attain statistical difference in the individual VTE
components at 35-42 days (Table 1 in electronic sup-
plementary material) or at 77 days (Table 2 in electronic
supplementary material).

There was no significant difference in all-cause mor-
tality between betrixaban and enoxaparin at 35-42 days
or at 77 days (Table 3 in electronic supplementary mate-
rial). The rate of cardiovascular death was insignificantly
lower in patients who received betrixaban than those
who received enoxaparin at 35-42 days. A signal for car-
diovascular death reduction was observed in full-dose

betrixaban at 77 days (6.27% vs 11.23%, P=0.040). One
fatal bleeding occurred in the enoxaparin group but not
in the betrixaban group throughout the study.

Competing risk analysis

Results were comparable when death was included as
competing events against the events of interest such as
VTE (overall population: SHR=0.467 [0.253-0.864];
full-dose stratum: SHR=0.342 [0.161-0.728]), major
bleeding (overall population: SHR=0.413 [0.146-1.172];
full-dose stratum: SHR=0.100 [0.013-0.773]), and net
clinical benefit (overall population: SHR=0.471 [0.276—
0.802]; full-dose stratum: SHR=0.287 [0.142-0.579])
(Table 4 and Fig. 2 in electronic supplementary material).

Discussion

This APEX substudy demonstrated that among criti-
cally ill medical patients, extended-duration betrixaban
reduced the risk of VTE without causing excess major
bleeding. Both VTE and major bleeding were decreased
in the full-dose stratum. Compared with enoxaparin,
betrixaban increased the risk of clinically relevant non-
major bleeding by approximately 2-3% within 7 days
after discontinuation. Mortality rate was similar between
treatment groups.

Current guidelines recommend the use of low molecu-
lar weight heparin or low-dose unfractionated heparin
thromboprophylaxis over no prophylaxis for critically
ill patients [16, 17]. Betrixaban is a direct oral factor Xa

Net Clinical Benefit at 35-42 days

ARD =-5.01%

ARD = -3.68% P=0013

P =0.042

(Primary Efficacy)

3.32%

Betrixaban Enoxaparin Betrixaban

1.14% L

Enoxaparin

Net Clinical Benefit at 77 days

ARD = -7.20%
P =0.005

ARD = -5.63%
P=0.013

Betrixaban Enoxaparin Betrixaban Enoxaparin

1.42% D/

Fig. 1 Net clinical benefit of betrixaban vs enoxaparin in critically ill medical patients
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(A) Overall Population
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Fig. 2 Kaplan-Meier curves for net clinical benefit of betrixaban vs enoxaparin in critically ill medical patients

inhibitor approved for the prophylaxis of VTE in adult
medical inpatients at risk of thromboembolic compli-
cations based on the APEX trial results. To control the
study-wise type I error rate in the APEX trial, a gate-
keeping procedure with a fixed hierarchical sequence
was implemented [18]. As the superiority of extended-
duration betrixaban over shorter-duration enoxaparin
in VTE reduction was not achieved in cohort 1 (patients
with D-dimer at least two times the ULN), findings from

the present study should be considered exploratory and
interpreted in the context of an inflated alpha error [12].
In the APEX trial, stratified randomization by dosing and
entry criteria was implemented to control the poten-
tial influence of severe renal insufficiency, concomitant
strong P-gp inhibitor, or D-dimer on treatment assign-
ment. Although ICU admission—a factor with prognos-
tic impact on VTE and bleeding—was not included in the
stratification method, baseline covariates were balanced



484

between treatment groups except that the mean age was
slightly higher in the betrixaban arm than the enoxapa-
rin arm (Table 1). In addition, the findings were consist-
ent after accounting for the competing risk of death. It is
therefore unlikely that the lack of stratification by ICU
admission would have substantially altered these results.
However, benefit signals associated with extended
betrixaban in this critically ill subgroup should be consid-
ered descriptive and hypothesis-generating.

In the IMPROVE study, ICU stay was indepen-
dently associated with a 1.8 times greater risk of VTE
at 3 months after hospitalization and included in the
IMPROVE risk score [6]. To select high-risk patients who
had been hospitalized with an acute medical condition,
the MARINER trial enrolled subjects with a modified
IMPROVE risk score of at least 4 or 2—-3 plus D-dimer
more than two times the ULN [19, 20]. The observed rate
of symptomatic VTE in the placebo group at 45 days after
hospital discharge was 1.1%, which was lower than the
expected incidence of 2.5% [21]. In the present study, the
mean modified IMPROVE score was 3.6, and 76% of the
patients met the MARINER enrollment criteria. Notably,
symptomatic VTE occurred in 3.13% of the individuals
who received enoxaparin (corresponding to the placebo
arm in MARINER), supporting the conjunctive use of
modified IMPROVE score and D-dimer in identifying
high-risk subsets. It should be cautioned that p-dimer
measurement could vary with analytical methods and
reporting standards from different laboratories [22].
D-dimer level may also be influenced by age and condi-
tions such as cancer, heart failure, infection, and inflam-
mation [23]. Further research is warranted to validate
this risk stratification strategy.

Randomized trials of thromboprophylaxis commonly
include asymptomatic proximal DVT detected by study-
mandated screening as a component of the primary
endpoint [24]. Inclusion of asymptomatic events in the
comparison of antithrombotic efficacy is in accordance
with the European Medicines Agency (EMA) guidance
and based upon several premises [25]. First, it has been
argued that most thrombi are initially asymptomatic and
may undergo recanalization or, conversely, extension and
dislodgement with subsequent embolization [26, 27].
Second, a paralleled decrease in symptomatic or fatal PE
has been observed with the reduction of asymptomatic
events, supporting the validity of screening-detected
DVT as a surrogate endpoint for clinical VTE events
[28-30]. Last, development of asymptomatic DVT may
reflect the burden of underlying comorbidities and pos-
sess prognostic importance in view of its association with
mortality [31, 32]. On the other hand, symptomatic VTE
is a patient-important outcome and a naturalistic meas-
ure for clinicians. In the MARINER trial, the primary

efficacy endpoint was a composite of fatal or sympto-
matic VTE and the primary safety endpoint was major
bleeding [21]. As these two endpoints may have compara-
ble clinical significance, a net benefit can be derived with-
out speculating the sequelae of asymptomatic thrombotic
events. Weighing symptomatic VTE against major bleed-
ing has also been adopted in the bivariate analysis asso-
ciated with antithrombotic regimens [33]. On the basis
of the APEX study protocol [12], asymptomatic DVT
was included in the VTE composite, whereas non-major
bleeding was not included in the net clinical benefit. The
favorable net clinical benefit associated with extended-
duration betrixaban was primarily driven by reducing
asymptomatic events without accounting for the elevated
risk of non-major bleeding. While the clinical relevance
of asymptomatic DVT in the ICU setting remains unset-
tled, a definitive benefit of extended thromboprophylaxis
in reducing symptomatic events should also be explored
in future studies targeting critically ill patients.

A noteworthy finding is the potential “legacy effect” of
extended thromboprophylaxis, defined as the difference
in the cumulative incidence that accrues after treatment
discontinuation. As suggested by the EMA guideline
[21], assessing the occurrence of VTE within a 30-day
follow-up after trial drug discontinuation is appropri-
ate for ruling out an early rebound hypercoagulability. In
the present analysis, there was no additional VTE event
within 35 days after discontinuation of betrixaban, while
three more VTE events occurred in the enoxaparin arm
during the follow-up. Prolonging the anticoagulation
course has been demonstrated to lower the prevalence of
asymptomatic DVT in surgical patients [34, 35], possibly
by promoting spontaneous thrombolysis and preventing
thrombus formation [26]. Additionally, extended therapy
could have sustained its protective effect via reducing the
thrombus burden of DVT [36], which eventually resulted
in a lower rate of VTE after treatment cessation. A formal
landmark analysis from an adequately powered study will
be required to confirm this hypothesis.

Alternatively, the superior effect of betrixaban in
thromboembolic prevention may be attributed to its
unique pharmacokinetic and pharmacodynamic prop-
erties. First, betrixaban has an elimination half-life of
19-27 h that allows for daily dosing without routine
laboratory monitoring [37]. The durable half-life, on the
contrary, may complicate the management of patients
who develop serious bleeding or require urgent surgery
[38]. Patients who receive betrixaban may necessitate
a prolonged course of supportive therapy for bleeding
or prolonged delay of surgery if a reversal agent is not
administered. Second, the low peak-to-trough plasma
concentration ratio of betrixaban provides a consistent
anticoagulation activity. Third, betrixaban has a low renal
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clearance of 11%, rendering it more suitable for critically
ill patients that often suffer from varying degrees of renal
insufficiency. Finally, betrixaban demonstrates minimal
hepatic cytochrome P450 metabolism (less than 1%)
and fewer drug—drug interactions [39]. This is particu-
larly relevant in critically ill patients who are more likely
to receive multiple medications for their comorbidities.
However, in view of the study design, the observed ben-
efit in VTE reduction cannot be exclusively attributed to
the legacy effect of extended prophylaxis or the distinc-
tive pharmacologic properties of betrixaban.

Through 7 days after treatment discontinuation, the
betrixaban group had 13 clinically important bleeding
events (4 major and 9 non-major), whereas the enoxa-
parin group had 12 bleeding events (11 major and 1
non-major). Although the rate of major bleeding was
similar, extended-duration betrixaban was associated
with a greater risk of non-major bleeding, which could
adversely impact the prognosis and economic bur-
den [40]. Indeed, direct oral anticoagulants may reduce
intracranial hemorrhage but increase gastrointestinal
hemorrhage [41].

Limitations

First, this is a post hoc analysis from a population that
agreed to participate in a clinical trial with specific enroll-
ment criteria. For instance, the study excluded patients
who had life expectancy of less than 8 weeks, septic
shock, required prolonged or curative anticoagulation or
dual antiplatelet therapy, were unable to receive enteral
nutrition, or at substantial risk of bleeding (e.g., body
weight less than 45 kg, recent clinically significant bleed-
ing, major trauma, history of bronchiectasis or active
lung cancer, end-stage renal disease, requiring dialysis,
or known abnormality of liver function tests). The results
are only applicable to medical patients with ICU admis-
sion indicated for thromboprophylaxis who match the
eligibility criteria of the APEX trial. Second, although a
consistent signal of risk reduction favoring betrixaban
was observed across all VTE components, APEX was
not powered on the basis of individual components of
the VTE composite. Third, information regarding the use
of mechanical ventilation, sedative agents, vasopressors,
or central venous catheterization was unavailable and
not controlled for in the analysis. In addition, the mean
duration of ICU and hospital stay was 6 and 14 days and
the majority of patients had CrCl of at least 30 mL/min,
suggesting that the study participants were not repre-
sentative of the more severely ill ICU patients. Unlike
the typical composition of the ICU population [42], the
APEX study participants had a low rate of infection (18%)
and respiratory failure (10%) but a high rate of heart fail-
ure (46%) and stroke (23%), thus limiting the external

validity of these data. Finally, according to the study pro-
tocol and statistical analysis plan, the APEX trial did not
stratify by ICU admission and this post hoc analysis did
not adjust for multiplicity. These findings should be inter-
preted as exploratory and hypothesis-generating.

Conclusions

Compared with shorter-duration enoxaparin, critically
ill medical patients who received extended-duration
betrixaban had fewer VTE without more major bleeding
events. The benefit of betrixaban was driven by prevent-
ing asymptomatic thrombosis and offset by an elevated
risk of non-major bleeding. The APEX trial did not
stratify by intensive care unit admission and the present
study included a highly selected population of critically ill
patients. These hypothesis-generating findings need to be
validated in future studies.
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