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ABSTRACT

Introduction: As a result of limited clinical
data, guidelines do not recommend the use of
non-vitamin K antagonist oral anticoagulants
in patients who weigh[120 kg or have a body
mass index (BMI)[ 40 kg/m2.
Methods: This post hoc analysis of the
AMPLIFY trial evaluated the efficacy (venous
thromboembolism [VTE]/VTE-related death),
safety (major and composite of major and clin-
ically relevant non-major [CRNM] bleeding),
and exposure of apixaban compared with
enoxaparin followed by warfarin for the treat-
ment of VTE by body weight (B 60, [60 to
\100, C 100 to \120, C 120 kg) and BMI
(B 25, [25 to 30, [ 30 to 35, [35 to 40,
[40 kg/m2).
Results: Among the AMPLIFY safety popula-
tion, 5384 and 5359 patients had recorded body
weight (range 28.9 to 222.0 kg; C 120 kg,
n = 290) and BMI (range 12.5–71.8 kg/m2;

[40 kg/m2, n = 263), respectively. The rates of
recurrent VTE/VTE-related death for apixaban
versus enoxaparin/warfarin were similar across
body weight subgroups: relative risks (RR; 95%
confidence intervals [CI]) were 0.63 (0.23, 1.72),
0.99 (0.65, 1.50), 0.77 (0.34, 1.72), and 0.20
(0.02, 1.72) for the B 60,[60 to\ 100, C 100 to
\120, and C 120 kg groups, respectively
(Pinteraction = 0.44). The rates of major bleeding
were lower with apixaban versus enoxaparin/
warfarin; RRs (95% CI) were 0.15 (0.02, 1.15),
0.41 (0.21, 0.77), not estimable, and 0.34 (0.04,
3.22), respectively (Pinteraction = not estimable).
The rates of major/CRNM bleeding were signif-
icantly lower for apixaban versus enoxaparin/
warfarin; RRs (95% CI) were 0.46 (0.24, 0.89),
0.49 (0.38, 0.63), 0.30 (0.16, 0.58), and 0.28
(0.12, 0.66), respectively (Pinteraction = 0.36).
Similar trends were seen in the BMI subgroups.
There was a modest, not clinically meaningful,
decrease (\30%) in the median predicted
exposure with increasing body weight (n = 281).
Conclusions: The findings of this post hoc
analysis support the use of apixaban in patients
with body weight C 120 kg or BMI[ 40 kg/m2.
Trial Registration Number: NCT00643201

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s12325-021-01716-8.

A. T. Cohen (&) � T. Taylor
Guy’s and St Thomas’ Hospitals, Westminster Bridge
Road, London, UK
e-mail: alexander.cohen@kcl.ac.uk

S. Pan � W. Byon � B. S. Ilyas � T. C. Lee
Pfizer, New York, USA

Adv Ther (2021) 38:3003–3018

https://doi.org/10.1007/s12325-021-01716-8

http://orcid.org/0000-0002-9398-4621
https://doi.org/10.1007/s12325-021-01716-8
https://doi.org/10.1007/s12325-021-01716-8
https://doi.org/10.1007/s12325-021-01716-8
https://doi.org/10.1007/s12325-021-01716-8
http://crossmark.crossref.org/dialog/?doi=10.1007/s12325-021-01716-8&amp;domain=pdf
https://doi.org/10.1007/s12325-021-01716-8


Graphic Abstract:

Keywords: Apixaban; Body mass index; Body
weight; Enoxaparin; Venous thromboem-
bolism; Warfarin

Key Summary Points

Why carry out this study?

Obesity, which has a rising worldwide
prevalence, is associated with an increased
risk of venous thromboembolism (VTE)
and recurrent VTE. Current guidelines do
not recommend the use of non-vitamin K
antagonist oral anticoagulants in patients
who weigh[120 kg or have a body mass
index (BMI)[40 kg/m2 because of limited
clinical data in this population.

This post hoc analysis of the AMPLIFY trial
extends previous subgroup analyses to
explore the efficacy, safety, and exposure
of apixaban for the treatment of VTE in
patients with a body weight C 120 kg or
BMI[40 kg/m2.

What was learned from the study?

The efficacy and safety of apixaban in
patients with body weight C 120 kg or BMI
[40 kg/m2 were consistent with the main
results of the AMPLIFY trial.

Across the different body weight and BMI
categories, including bodyweightC 120 kg
and BMI[40 kg/m2, apixaban had similar
rates of recurrent VTE or VTE-related death
and lower rates of bleeding compared with
enoxaparin/warfarin.

There were no clinically meaningful
differences in apixaban exposure between
patients with body weight C 120 kg and
those in lower body weight groups.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide and graphical plain
language summary, to facilitate understanding
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of the article. To view digital features for this
article go to https://doi.org/10.6084/m9.
figshare.13705642.

INTRODUCTION

Obesity affects over 650 million adults world-
wide; between 1975 and 2016, the worldwide
prevalence of obesity nearly tripled and
continues to increase [1]. Obesity is a risk factor
for thrombotic disorders, including venous
thromboembolism (VTE), due to disruption of
the balance between prothrombotic and anti-
thrombotic adipokines, which leads to chronic
inflammation, impaired fibrinolysis, and enhan-
ced platelet activation inducing the coagulation
cascade [2, 3]. Studies have reported up to a
6.2-fold increase in the risk of VTE due to obesity
[4–6].

The International Society on Thrombosis
and Haemostasis guidelines for the treatment of
VTE do not recommend the use of non-vita-
min K antagonist oral anticoagulants (NOACs)
in patients who weigh[120 kg or have a body
mass index (BMI)[ 40 kg/m2 because of limited
clinical data in this population [7]. In addition,
there is some concern regarding underdosing
with NOACs in patients in this body weight or
BMI category with VTE because of decreased
drug exposures, reduced peak concentrations,
and shorter half-lives with increasing weight
[7].

Apixaban, a factor Xa (FXa) inhibitor, is
approved for the treatment and secondary pre-
vention of VTE, the prophylaxis of VTE after hip
or knee surgery, and the prevention of stroke in
patients with non-valvular atrial fibrillation [8].
It is administered in fixed doses with no dose
adjustment for body weight alone [8]. A popu-
lation pharmacokinetic (PK) analysis showed
that apixaban PK characteristics in patients with
VTE were generally consistent with observa-
tions in healthy subjects [9]. Additionally, no
statistically significant relationship was found
between apixaban exposure and clinical end-
points in an exposure–response analysis [9].
A PK study in healthy subjects, using a single
dose of apixaban (10 mg), showed that apixa-
ban exposure (AUC) was approximately 23%

lower in the high body weight (C 120 kg) group
and approximately 20% higher in the low body
weight (B 50 kg) group compared with the ref-
erence group (65–85 kg) [10]. These modest
changes in exposure were not considered to be
clinically meaningful.

The AMPLIFY trial (NCT00643201), an
active-controlled, parallel-group, double-blind,
triple-dummy, randomized study, showed that
a 6-month treatment course of oral apixaban
monotherapy was non-inferior to enoxaparin
followed by warfarin in reducing the rate of
recurrent VTE or VTE-related death and was
associated with less major bleeding [11]. Con-
sistent results were demonstrated in subgroup
analyses of VTE or VTE-related death and major
bleeding by body weight (B 60,[60 to\100,
and C 100 kg) and BMI (B 25,[25 to 30,[30
to 35, and[35 kg/m2) [11]. However, the effi-
cacy and safety of apixaban in patients with
body weight C 120 kg and BMI[ 40 kg/m2

remain unknown. The objective of this post hoc
analysis of the AMPLIFY trial was to extend the
previous subgroup analyses to explore the effi-
cacy, safety, and exposure of apixaban for the
treatment of VTE in patients with a body weight
C 120 kg or BMI[40 kg/m2.

METHODS

Study Design and Population

The study design, methods, and primary results
of the AMPLIFY trial have been published pre-
viously [11]. Briefly, patients were eligible for
inclusion in the study if they were aged 18 years
or older with an objectively confirmed, symp-
tomatic proximal deep vein thrombosis (DVT)
involving the popliteal, femoral, or iliac veins,
or acute symptomatic pulmonary embolism
(PE) with or without DVT. Exclusion criteria
were active bleeding, a high risk of bleeding, or
other contraindications to treatment with
enoxaparin and warfarin. Patients with cancer
whose VTE was to be treated for 6 months or
more with low molecular weight heparin were
excluded. Patients were also excluded if their
DVT or PE was provoked in the absence of a
persistent risk factor for recurrence; if less than

Adv Ther (2021) 38:3003–3018 3005

https://doi.org/10.6084/m9.figshare.13705642
https://doi.org/10.6084/m9.figshare.13705642


6 months of anticoagulant treatment was plan-
ned; or if they had another indication for long-
term anticoagulation therapy, dual antiplatelet
therapy, treatment with aspirin at a dosage of
more than 165 mg daily, or treatment with
potent inhibitors of cytochrome P450 3A4.

The protocol was approved by the institu-
tional review board of each participating study
center (full list of institutional review boards
that approved the study is included as supple-
mentary material). All patients provided written
informed consent. This study was conducted in
accordance with the Declaration of Helsinki. An
independent committee unaware of study
group assignments adjudicated all suspected
outcomes. No patients were involved in the
design of the study or the dissemination of the
results.

Randomization was stratified by the qualify-
ing index event (DVT alone or PE with or
without DVT). Eligible patients were random-
ized 1:1 to apixaban (10 mg twice daily) for the
first 7 days followed by 5 mg twice daily for
6 months, or to subcutaneous enoxaparin
(1 mg/kg of body weight every 12 h) for at least
5 days and warfarin initiated concomitantly
and continued for 6 months. The warfarin
dosage was adjusted to an international nor-
malized ratio (INR) of 2.0–3.0. Enoxaparin was
discontinued when a blinded INR of 2.0 or more
was achieved. To measure apixaban plasma
concentrations, blood samples were collected at
steady state at - 2 h (ca. 2 h prior to dosing),
0 h (pre-dose), and 2 and 4 h post-dose [9].

Outcomes

In this post hoc analysis, patients were analyzed
according to body weight (B 60,[60 to\100,
C 100 to \ 120, and C 120 kg) and BMI cate-
gories (B 25,[25 to 30,[30 to 35,[35 to 40,
and[40 kg/m2).

The primary efficacy outcome was the inci-
dence of the adjudicated composite of recurrent
symptomatic VTE or VTE-related death. Recur-
rent VTE included fatal or nonfatal PE and DVT.
Causes of death were classified as related to VTE,
cardiovascular disease, bleeding, or other cau-
ses. PE was considered the cause of death if

there was objective documentation, or if death
could not be attributed to another documented
cause and PE could not be ruled out.

The primary safety outcome was adjudicated
major bleeding and the secondary safety out-
come was the composite of major bleeding and
clinically relevant non-major (CRNM) bleeding.
Major bleeding was defined as overt bleeding
associated with a decrease in the hemoglobin
level of C 2 g/dL, requiring the transfusion of
C 2 units of blood, occurring into a critical site
(intracranial, intraspinal, intraocular, pericar-
dial, intra-articular, intramuscular with com-
partment syndrome, or retroperitoneal), or
contributing to death. CRNM bleeding was
defined as overt bleeding not meeting the cri-
teria for major bleeding but associated with
medical intervention, contact with a physician,
interruption of the study drug, or discomfort or
impairment in carrying out activities of daily
life. The criteria for the diagnosis and adjudi-
cation of all outcomes have been previously
reported [11].

Finally, a population PK analysis was con-
ducted to characterize apixaban exposure in
patients treated for VTE as published previously
[9].

Statistical Analysis

All efficacy analyses included data for patients
in the intention-to-treat population for whom
the outcome status at 6 months was docu-
mented. Patients with missing endpoint events
were excluded from the efficacy analysis. All
safety analyses included data obtained from
treated patients during the study treatment
period, defined as the time from the adminis-
tration of the first dose until 48 h after the last
dose was administered.

For each subgroup, the relative risk (RR) and
95% confidence intervals (CIs) were calculated
using the Cochran–Mantel–Haenszel test, strat-
ified by index event strata. The 95% CIs for
single event rates were calculated on the basis of
the Wald asymptotic confidence limits. P values
for interaction were based on a logistic model
using Wald’s chi-square test.
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Using the published population PK analysis
of apixaban in patients undergoing VTE treat-
ment, steady-state daily (0–24 h) exposure was
predicted for each patient using the empirical
Bayes’ prediction of their oral clearance value
from the final population PK model and total
daily dosage of apixaban, and was summarized
by body weight category [9].

RESULTS

Patient Population and Baseline
Characteristics

Of the 5395 patients who were randomized and
included in the safety population of AMPLIFY,
5384 and 5359 patients had recorded body
weight and BMI, respectively. The ranges of
body weight and BMI for the trial were
28.9–222.0 kg and 12.5–71.8 kg/m2, respec-
tively. Among these patients, 290 had a body
weight C 120 kg and 263 had a BMI[ 40 kg/m2.
The baseline demographics and clinical char-
acteristics of patients by body weight group are
shown in Table 1. Patients in the C 120 kg
group were younger than those in lower body
weight groups and were less likely to be female
than those in the B 60 and [ 60 to \100 kg
body weight groups. As expected, mean BMI
increased across body weight groups. Creatinine
clearance was normal in most patients who
weighed C 100 to\ 120 or C 120 kg. The clin-
ical presentation of VTE did not differ by body
weight group; however, patients weighing
C 100 to\120 or C 120 kg were more likely to
have had a previous VTE than those in lower
weight groups. There was an increase in the
percentage of patients with diabetes, hyperc-
holesterolemia, and hypertension with increas-
ing body weight.

The baseline demographic and clinical
characteristics of patients by BMI category are
shown in Table 2. Similar trends were seen
across BMI groups as for body weight groups
with some exceptions: age was similar among
BMI groups and patients were more likely to be
female in higher BMI groups.

Efficacy and Safety Outcomes

The rates of recurrent VTE or VTE-related death
were similar between apixaban-treated and
enoxaparin/warfarin-treated patients across
body weight groups (Fig. 1a). The RRs (95% CI)
for the B 60, [60 to \ 100, and C 100 to
\120 kg groups were 0.63 (0.23, 1.72), 0.99
(0.65, 1.50), and 0.77 (0.34, 1.72), respectively.
The C 120 kg group had the lowest RR: 0.20
(95% CI 0.02, 1.72). No treatment by body
weight interaction was observed (Pinteraction =
0.44).

Major bleeding rates were numerically lower
with apixaban compared with enoxaparin/war-
farin across body weight groups with point
estimates of RR of 0.15 to 0.41 (Fig. 1b). The RR
(95% CI) of major bleeding for the C 120 kg
group was 0.34 (0.04, 3.22). No major bleeding
episodes were reported in the C 100 to\120 kg
group receiving apixaban; thus, the Pinteraction
for treatment by body weight was not
estimable.

The rates of major or CRNM bleeding were
significantly lower in apixaban-treated patients
compared with enoxaparin/warfarin-treated
patients across all body weight groups (Fig. 1c).
The RRs (95% CI) for the B 60,[60 to\100,
C 100 to\120, and C 120 kg groups were 0.46
(0.24, 0.89), 0.49 (0.38, 0.63), 0.30 (0.16, 0.58),
and 0.28 (0.12, 0.66), respectively. No treatment
by body weight interaction was observed
(Pinteraction = 0.36).

The efficacy and safety results by BMI group
were similar to those seen across body weight
groups (Fig. 2).

Exposure Outcomes

Apixaban plasma concentrations were mea-
sured for 281 patients: 16, 199, 45, and 21
patients in the B 60, [60 to \100, C 100 to
\120, and C 120 kg body weight groups,
respectively. There was a modest decrease
(\30%) in the median predicted exposure with
increasing body weight (Fig. 3). The exposure
range was similar among body weight categories
with overlapping quartiles.
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Fig. 1 Recurrent VTE or VTE-related death, major bleeding, and composite of major or CRNM bleeding during the
treatment period by body weight category. CI confidence interval, CRNM clinically relevant non-major, NE not estimable,
RR relative risk, VTE venous thromboembolism
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DISCUSSION

The presumed decrease in NOAC exposure in
patients with body weight C 120 kg or
BMI[40 kg/m2 has raised concern regarding
potential underdosing and associated lack of
efficacy in patients with VTE. Therefore, this
post hoc analysis focused on patients with body
weight C 120 kg or BMI of[ 40 kg/m2 with VTE
who participated in the AMPLIFY trial. Com-
pared with enoxaparin/warfarin, fixed-dose
apixaban without any dose adjustments was not
associated with a higher risk of recurrent VTE or
VTE-related death in patients with VTE,
including those with body weight C 120 kg or
BMI[40 kg/m2. Consistent with the overall
results of the AMPLIFY trial [11], the rates of
recurrent VTE or VTE-related death were similar
between treatments, with lower rates of bleed-
ing (major and composite of major and CRNM
bleeding) occurring with apixaban compared
with enoxaparin/warfarin across increasing
body weight and BMI groups, including in those
with obesity and high body weight.

Apixaban exposures by body weight category
were consistent with the overall population PK
analysis [9]. Among the subset of AMPLIFY
patients in whom apixaban plasma concentra-
tions were measured, there was a modest
decrease of\ 30% in apixaban exposure in the
C 120 kg group compared with the [ 60 to
\100 kg group, which had the most patients.
The magnitude of this decrease is consistent
with the results of a study of apixaban exposure
in healthy subjects with extremes of body
weight [10]. This is not considered clinically
meaningful because similar magnitudes of
changes have been observed in male individu-
als, or patients with moderate renal impair-
ment, or patients receiving concomitant
diltiazem, a moderate inhibitor of CYP3A4,
without altering the benefit–risk profile of
apixaban or requiring dose adjustment
[10, 12–14]. This is supported by the observed
relative risk of recurrent VTE or VTE-related
death in apixaban-treated patients in the
C 120 kg and [ 40 mg/kg2 groups being no
greater than that in lower body weight or BMI
groups. Additionally, an observational study in

100 patients with a median BMI of 45 kg/m2

found that obese or high body weight patients
typically achieve therapeutic FXa inhibitor
concentrations, with no relationship between
FXa inhibitor concentrations at peak or trough
and body weight or BMI [15]. Thus, despite the
modest decrease in apixaban exposure in the
C 120 kg group, our analysis does not suggest
that high body weight or obesity unfavorably
affect the efficacy of apixaban for the treatment
of VTE.

Evidence for NOAC use in patients with
extremes of body weight is sparse, both for the
treatment of VTE and the prevention of stroke
in patients with non-valvular atrial fibrillation;
however, apixaban and rivaroxaban appear to
have the most favorable efficacy and safety
profiles [16, 17]. The EINSTEIN DVT/PE studies
showed no association between body weight
(B 50, [50 to \100, C 100 kg) or BMI (\ 25,
C 25 to \30, C 30 to \ 35, and C 35 kg/m2)
and risk of recurrent VTE (Ptrend = 0.87 and
0.62, respectively), major bleeding (Ptrend = 0.24
and 0.36, respectively), or clinically relevant
bleeding (Ptrend = 0.17 and 0.63, respectively) in
rivaroxaban-treated patients. Major bleeding
events were numerically lower in rivaroxaban-
treated patients across all body weight and BMI
categories [18]. The pre-specified subgroup
analysis of the AMPLIFY trial by body weight
(B 60,[60 to\100, and C 100 kg) showed no
significant differences between apixaban and
enoxaparin/warfarin for the outcome of recur-
rent VTE; furthermore, apixaban-treated
patients had a lower rate of major bleeding [11].
Similar results were shown for BMI groups
(B 25,[ 25 to 30,[ 30 to 35, and[35 kg/m2).
The current analysis confirms and extends these
results in obese patients with body weight
C 120 kg or BMI[40 kg/m2.

Several observational studies have shown
that NOACs have a similar effectiveness and
similar rates of bleeding compared with war-
farin in obese patients treated for VTE; however,
most of these studies did not differentiate
between individual NOACs. A meta-analysis of
five observational studies showed that the use of
NOACs in obese patients with body weight
[120 kg or BMI[40 kg/m2 was non-inferior to
warfarin with regard to effectiveness (VTE

Adv Ther (2021) 38:3003–3018 3013
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recurrence) and safety (major bleeding) [19].
Further observational studies have shown con-
sistent results. A retrospective cohort study in
1840 obese patients ([100 and\300 kg) with
acute VTE treated at an integrated delivery sys-
tem of 40 academic, community, and specialty
hospitals in the USA found that NOACs and
warfarin had similar effectiveness and safety (no
significant differences in the rates of VTE
recurrence or bleeding, respectively) [20].
Another study in 366 patients with a
BMI C 40 kg/m2 prescribed an anticoagulant for
venous thromboembolism (apixaban, n = 47;
rivaroxaban, n = 152; warfarin, n = 167) found
the incidences of recurrent VTE and major
bleeding to be similar between each NOAC and
warfarin [21]. An analysis of the Mayo Clinic
VTE Registry consisting of 2577 patients with
VTE receiving anticoagulant treatment (apixa-
ban, n = 772; rivaroxaban, n = 502) found sim-
ilar rates of recurrent VTE and major bleeding
between apixaban-treated and rivaroxaban-
treated patients across body weight groups
(\60, 60 to 120, and [120 kg) [22]. Observa-
tional data comparing rivaroxaban with

warfarin are available from a propensity score-
matched analysis using pooled data from two
US claims databases. Results showed that mor-
bidly obese patients (based on ICD-9/10 codes)
with VTE treated with rivaroxaban had similar
risks of recurrent VTE and major bleeding
compared with those treated with warfarin [23].

Because our analysis was performed in the
setting of a randomized, double-blind, active-
controlled clinical trial, the possibility of treat-
ment selection bias and treatment-related
management decisions are minimized. Other
strengths of this analysis are the inclusion of
patients with extremes of body weight, partic-
ularly C 120 kg and BMI[ 40 kg/m2; central
adjudication of all VTE and bleeding events by
an independent committee blinded to treat-
ment assignment; and assessment of apixaban
exposure from a representative set of study
patients which spanned across all body weight
and BMI categories. However, the results of this
post hoc analysis are only hypothesis-generat-
ing. As body weight and BMI were assessed only
at baseline, clinical outcomes may have been
impacted by any body weight and BMI changes
among patients during the trial. In addition,
because patients in a clinical trial tend to have
fewer comorbidities and concomitant medica-
tions, apixaban exposure may be different in a
real-world population, and this could be further
pronounced in the obese population. Other
limitations of this analysis include the low

Fig. 2 Recurrent VTE or VTE-related death, major
bleeding, and composite of major or CRNM bleeding
during the treatment period by BMI category. BMI body
mass index, CI confidence interval, CRNM clinically
relevant non-major, RR relative risk, VTE venous
thromboembolism

Fig. 3 Predicted steady-state daily AUC by body weight category. Boxes indicate 25th to 75th percentiles, whiskers indicate
5th to 95th percentiles, and black horizontal lines represent the median. Numbers inside boxes are median values. Circles are
individual predicted values. AUC area under the plasma concentration–time curve
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numbers of patients in the C 120 kg body
weight and BMI[ 40 kg/m2 groups, a small
number of patients (approximately 5% of
patients in AMPLIFY) in the population PK
analysis, and a relatively short follow-up
duration.

CONCLUSIONS

In this post hoc analysis, the efficacy and safety
of apixaban in patients with body weight
C 120 kg or BMI[ 40 kg/m2 were consistent
with the main results of the AMPLIFY trial.
Across different body weight or BMI categories,
compared with enoxaparin/warfarin, apixaban
had similar rates of recurrent VTE or VTE-re-
lated death and lower rates of major bleeding
(significant for body weight [60 to \100 kg
and BMI[35 to 40 kg/m2 groups) and the
composite of major or CRNM bleeding (signifi-
cant for all groups). There were no clinically
meaningful differences in apixaban exposure
between patients in the high and low body
weight groups. Taken together, the findings of
this post hoc analysis support the use of apixa-
ban in patients with body weight C 120 kg or
BMI[40 kg/m2.

Prospective studies evaluating the efficacy
and safety of apixaban for the treatment of VTE
in obese patients with body weight C 120 kg or
BMI[40 kg/m2 are needed to confirm these
findings and inform clinical decisions.
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