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Abstract

Relatively little is known about the influence of extreme body weight on the pharmacokinetics (PK), pharmacodynamics
(PD), efficacy, and safety of drugs used in many disease states. While direct oral anticoagulants (DOACs) have an advantage
over warfarin in that they do not require routine drug monitoring, some may regard this convenience as less compelling in
obese patients. Some consensus guidelines discourage using DOACS in patients weighing > 120 kg or with a body mass
index > 35-40 kg/m?, given a sparsity of available data in this population and the concern that fixed dosing in obese patients
might lead to decreased drug exposure and lower efficacy. Per the prescribing information, apixaban does not require dose
adjustment in patients weighing above a certain threshold (e.g., > 120 kg). Data from healthy volunteers and patients with
nonvalvular atrial fibrillation (NVAF) or venous thromboembolism (VTE) have shown that increased body weight has a
modest effect on apixaban’s PK. However, the paucity of exposure data in individuals > 120 kg and the lack of guideline
consensus on DOAC use in obese patients continue to raise concerns about potential decreased drug exposure at extreme
weight. This article is the first to comprehensively review the available PK data in obese individuals without NVAF or VTE,
and PK, PD, efficacy, effectiveness, and safety data for apixaban in obese patients with either NVAF or VTE, including sub-
group analyses across randomized controlled trials and observational (real-world) studies. These data suggest that obesity
does not substantially influence the efficacy, effectiveness, or safety of apixaban in these patients.

Trial Registration ARISTOTLE: NCT00412984; AVERROES: NCT00496769; AMPLIFY: NCT00643201; AMPLIFY-EXT:
NCT00633893; ADVANCE-1: NCT00371683; ADVANCE-2: NCT00452530; ADVANCE-3: NCT00423319

1 Introduction

Relatively little is known about the influence of extreme
body weight on the clinical pharmacokinetics (PK), phar-
macodynamics (PD), efficacy, and safety of drugs used in
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many disease states, including the direct oral anticoagulants
(DOAC:S) in prothrombotic disorders such as nonvalvular
atrial fibrillation (NVAF) and venous thromboembolism
(VTE).

Overweight and obesity are frequently categorized
according to the following body mass index (BMI) catego-
ries [1-3]:

Overweight: BMI 25 to < 30 kg/m?.

Class 1 obesity: BMI of 30 to < 35 kg/m>.

Class 2 obesity: BMI of 35 to < 40 kg/m?.

Class 3 obesity: BMI of > 40 kg/m? (also categorized as
“severe” or “morbid” obesity).

The European Society of Cardiology further defines class
4 or “super-obesity” as BMI > 50 kg/m?, and class 5 or
“super-super or extreme obesity” as BMI > 60 kg/m? [4].

“Morbid” obesity is somewhat variously defined accord-
ing to weight, ideal body weight, BMI alone, waist circum-
ference, or weight-exacerbated comorbid conditions. For
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There is a lack of consensus regarding direct oral anti-
coagulant dosing for the management of nonvalvular
atrial fibrillation (NVAF) and venous thromboembolism
(VTE) in obese patients, particularly morbidly obese
patients, given the relative scarcity of randomized clini-
cal trial data in this population. Guidelines generally
discourage their use in patients with a body mass index
> 35-40 kg/m? or weight > 120 kg.

Exposure to apixaban, as indicated by the area under the
plasma concentration—time curve, is modestly reduced
in obese patients, but not to a degree that warrants dose
adjustment.

Accumulated data from randomized clinical trials and
observational (real-world) studies suggest that increased
body weight has no impact on apixaban’s efficacy or
effectiveness and safety in patients with NVAF or VTE.

example, according to the University of Rochester, “An
individual is considered morbidly obese if he or she is 100
pounds over his/her ideal body weight, has a BMI of > 40
kg/m?, or > 35 kg/m? and experiencing obesity-related
health conditions, such as high blood pressure or diabe-
tes” [5]. Diagnostic codes for severe obesity with multiple,
largely BMI-based synonyms are available in the Interna-
tional Classification of Diseases 9 and 10 coding systems
[6].

The prevalence of both obesity and morbid obesity has
been increasing sharply over the past decades [7, 8]. Data
from the US Centers for Disease Control show that from
1999 through 2018, the prevalence of obesity (BMI > 30
kg/m?) and severe obesity (BMI > 40 kg/m?) in adults (> 20
years) increased from 30.5 to 42.4% and from 4.7 to 9.2%,
respectively [7]. In 2014, the average adult body weight in
the United States was 88.8 kg (5th and 95th percentiles, 62.0
and 124.9 kg) for males and 76.4 kg (5th and 95th percen-
tiles, 50.1 and 116.5 kg) for females [9]. It is estimated that
38% of the world’s adult population will be overweight and
another 20% will be obese by 2030 [10].

Although some studies have suggested that obesity may
be associated with paradoxically improved survival and
thrombotic outcomes in patients with NVAF [11-15], obe-
sity is nevertheless clearly recognized as a biologically plau-
sible independent risk factor for developing NVAF [11-13].
In a longitudinal cohort study of 67,278 patients, half of
whom were obese, after over 8 years of follow-up, obesity
was strongly associated with a new diagnosis of NVAF after
controlling for differences in age, gender, hypertension, and
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diabetes [16]. In addition, the contribution of obesity as an
independent risk factor for stroke in patients with NVAF
remains unclear [17]. Two observational studies have shown
that there was an increased rate of stroke in obese patients
with NVAF relative to those with normal body weight [18,
19]. A separate observational study showed that there was
an inverse relationship between BMI and stroke severity in
patients with acute ischemic stroke and NVAF, with lower
stroke severity in patients with higher body weights [20].

As with NVAF [21], some studies have also suggested an
obesity—mortality paradox also exists in patients with VTE.
Nevertheless, obesity is clearly associated with first VTE, is
less clearly associated with recurrent VTE, and is recognized
to interact with other risk factors for VTE [22-24]. Obesity
is a risk factor in certain VTE risk assessment scores, includ-
ing HERDOO?2 for recurrent unprovoked VTE in women
[23, 25], the Padua Prediction Score for hospitalized medical
patients [26], and the Khorana risk stratification score for
cancer-associated VTE [27]. By contrast, however, obesity is
not a recognized risk factor in other risk stratification models
such as the Vienna Risk Model [22] and the DASH Predic-
tion Score [28], both for recurrent unprovoked VTE.

Consensus guidelines for anticoagulant therapy in NVAF
or VTE have either discussed obesity obliquely or discour-
aged DOAC use in patients weighing > 120 kg, or with a
BMI > 35-40 kg/m>. However, the recent 2021 International
Society on Thrombosis and Haemostasis (ISTH) guidelines
suggest that standard doses of apixaban or rivaroxaban,
along with vitamin K antagonists (VKAs), weight-based
low molecular weight heparin (LMWH), and fondaparinux,
are among appropriate anticoagulation options regardless
of high BMI and weight for the treatment of VTE and VTE
prophylaxis after hip or knee replacement surgery [29].
Additionally, and in contrast to previous recommendations
(2016) [30], the ISTH guidelines no longer suggest regu-
larly monitoring peak or trough drug-specific DOAC levels
because there are insufficient data to influence management
decisions. The 2016 AC Forum Guidance on DOAC use for
VTE treatment suggests avoiding DOAC:s in patients with
VTE at extremes of body weight/BMI (e.g., weight < 50 kg
or > 120 kg, or BMI > 35 kg/m?) pending availability of
more data [31].

Other guidelines on VTE management do not provide
clear guidance on use of DOACs in obese patients. For
example, the 2021 update of the CHEST Guideline and
Expert Panel Report on antithrombotic therapy for VTE dis-
ease states that certain clinical situations, such as extremes
of weight, may favor use of VKAs over DOACs [32]. The
American Society of Hematology 2021 guidelines for man-
agement of VTE in patients with cancer note that additional
information is needed on the dosing of anticoagulation for
obese patients [33]. For NVAF, the 2021 European Heart
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Rhythm Association practical guide on the use of DOACs
in NVAF recommends using DOACs with caution or con-
sideration of VKA use in patients with a BMI > 40 kg/m?
or weight > 120 kg [34]. The 2019 focused update by the
American Heart Association (AHA)/American College of
Cardiology (ACC)/Heart Rhythm Society (HRS) does not
make a specific recommendation, but suggests DOAC level
measurements might be indicated for evaluation of drug
absorption in patients > 120 kg or with a BMI > 35 kg/m?
[35]. The recommendation to routinely check DOAC expo-
sure levels in high body weight patients has recently been
challenged [36].

Regardless of consensus guidelines, DOACs continue
to be used in the obese patient population. For example,
a recently published study in an urban university setting
reveals that DOACs were prescribed to patients with morbid
obesity (weight > 120 kg or BMI > 40 kg/m?) [37]. Data
from the GLORIA-AF registry show not only that obesity
in general is associated with increased oral anticoagulant
(OAC) prescription rates in NVAF, but also suggest that
moderate and severe obesity tend to favor the use of DOACs
over warfarin [38].

Apixaban is a selective inhibitor of activated coagulation
factor Xa in the class of DOACs. Apixaban is approved for
use in the United States to reduce the risk of stroke and sys-
temic embolism (SE) in adult patients with NVAF, for the
treatment of deep vein thrombosis (DVT) and pulmonary
embolism (PE), for the reduction in the risk of recurrent
DVT and PE following initial therapy, and for the prophy-
laxis of DVT, which may lead to PE, in patients who have
undergone hip or knee replacement surgery [39].

According to US product labeling of apixaban based on
PK studies and subgroup analyses of the pivotal randomized
controlled trials (RCTs), no dose adjustment is necessary
for any single patient characteristic, including body weight
alone [40]. The recommended dosage should be reduced
from 5 to 2.5 mg orally twice daily (bid) only in patients
with NVAF who have two or more of the following char-
acteristics: age > 80 years, body weight < 60 kg, or serum
creatinine > 1.5 mg/dL (commonly referred to as the “ABC”
[age, body weight, creatinine] criteria) [39]. According
to the European Summary of Product Characteristics, in
patients with severe renal impairment (creatinine clearance
15-29 mL/min), the following additional recommendations
apply: for the treatment of DVT, treatment of PE, and pre-
vention of recurrent DVT and PE, apixaban is to be used
with caution; for the prevention of stroke and SE in patients
with NVAF, patients should receive the lower dose of apixa-
ban 2.5 mg bid [41].

Apixaban, like other DOACs, was developed with the
advantage over warfarin that therapeutic drug monitoring
is not required for use. However, clinical decisions (e.g.,
overdose and emergency surgery) may be better informed

by knowledge of apixaban exposure. Although the chromo-
genic assay used to support apixaban clinical development
reported anti-factor Xa activity in LMWH units, current
assays are available using an apixaban-specific calibrator for
which anti-factor Xa activity values are reported in apixaban
concentration units, enabling a timely evaluation of apixaban
exposure [42]. Predicted steady-state apixaban and anti-fac-
tor Xa activity levels are available for each indication and at
each dose level. To the best of our knowledge, the HemosIL®
Liquid Anti-Xa assay (Instrumentation Laboratory, Bedford,
MA, USA) is the only apixaban assay currently approved by
the US Food and Drug Administration for clinical practice
[43].

Exposure—response analyses of apixaban in NVAF and
VTE studies have shown that there is no defined therapeutic
exposure range or discernible threshold of apixaban con-
centration that would predict efficacy outcomes for a given
individual [42]. For this reason, except in the above unique
situations, measurement of apixaban concentration to guide
dose selection is not recommended.

Concerns regarding dosing of DOACs in obese patients
persist widely in the medical community, due to a perceived
risk of decreased efficacy resulting from hypothetical sub-
therapeutic exposure. To provide a comprehensive resource
on use of apixaban in obese patients, we summarized all
available PK and clinical outcomes data for apixaban across
weight categories, from both pivotal RCTs and observational
studies. This review represents the most complete summary
of apixaban PK, PD and clinical outcome data to date, col-
lectively demonstrating that the safety and efficacy of apixa-
ban remain consistent across body weights using standard
prescribing information (PI) dosing guidance.

2 Objective

The following review is intended as a comprehensive sum-
mary of available data from published literature of apixa-
ban’s PK and PD, clinical trial efficacy, real-world effective-
ness, and safety in obesity.

3 Methodology of the Literature Search
and Review

We primarily searched available PK and clinical data on
apixaban use in obese patients with NVAF or VTE, those
receiving VTE prophylaxis, or healthy volunteers. The
majority of the studies of interest were expected to include
comparisons of apixaban with warfarin or other DOAC:s:.
Of note, the registration RCTs compared apixaban to war-
farin, and there are no large-scale RCTs comparing DOACs
head-to-head. However, there are many retrospective studies
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making multiple pairwise comparisons between and among
DOACs and warfarin. For this review, we have included ret-
rospective observational studies and meta-analyses of RCTs
that compare apixaban to warfarin, or in the case of multi-
DOAC analyses, those that provide data specific to apixa-
ban. This review does not include analyses of pooled DOAC
groups where estimates are shown only for the comparisons
of combined DOACs with warfarin.

We interrogated PubMed via query on i2e, a text mining
application that adopts natural language processing (NLP)
[44]. We searched specifically for publications through
March 2021 that met each of three criteria, found in either
the publication’s title or abstract. These include the authors
mentioning (1) apixaban or other medicine described as
a non—vitamin K antagonist oral anticoagulant (NOAC)/
DOAC; (2) some form of obesity; and (3) an indication
approved in the PI for apixaban. To catch more abstracts,
we queried for synonyms of key terms noted in Table 1, after
deriving synonyms for apixaban from the National Cancer
Institute's thesaurus and synonyms for indications from Lin-
guamatics’ nlm.plus ontology.

We sought to ensure that online abstracts meeting these
criteria were specific to obesity and that they met the cri-
teria in a clinically relevant context. To that end, our NLP
strategy prioritized publications where the abstract speci-
fied a sample size for obese patients; where “obesity” and
its synonyms were used in phrases that also included the
terms “patients,” “females,” “males,” “women,” “men,”
“subjects,” “cohorts,” “populations,” and “individuals”;
and where the relationship between the indication and the
pharmacotherapy was syntactically explicit. For the latter,
we specifically constrained the query to search for phrases
which simultaneously include the drug, the indication, and
one of the following words: “treatment,” “use,” “reduce,”
“risk,” “prevent,” “decrease,” “lower,” “improve,” “prophy-
laxis,” “recommend,” “approve,” “prefer,” “for,” and “with.”
We also added to this terminology a list of Linguamatics’
Improve Disease verbs [44].

To exclude any possible irrelevant results, one of the
authors (AQ) screened the publication meta-data. Three
authors (RD, JO, and MJ) then reviewed the remaining
publications to confirm that they met our criteria for review.

For each study, the following basic characteristics were
considered: publication year, study type, sample size, type
and dosage of DOACs, BMI or body weight categories, out-
comes, and follow-up time. Studies were considered eligi-
ble for reference if they (1) were designed as subgroups of
phase III RCTs, post hoc analyses of RCTs, or observational
cohorts (prospective or retrospective), and (2) reported the
impact of BMI or body weight on outcomes in patients with
NVAF or VTE taking apixaban. We excluded review arti-
cles, commentaries, editorials or letters, case studies, confer-
ence abstracts, and preclinical studies.
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Table 1 Terms employed in the literature search

Syntax in NLP Synonyms/identifiers
Apixaban C61308
DOACs Direct oral anticoagulant/anti-coagulant
NOACs New/novel/non-vitamin K oral antico-
agulant/anti-coagulant
Obesity High/medium body weight
BMlI/body mass index
Venous thromboembolism  D054556
Stroke D020521
Pulmonary embolism DO011655
Venous thrombosis D020246
Atrial fibrillation D001281

DOAC direct oral anticoagulant, NLP natural language processing,
NOAC non—-vitamin K antagonist oral anticoagulant

A number of apixaban trials included substantial num-
bers of patients with obesity but have not reported outcomes
based on higher weights, and are therefore not included in
this review. These include the ADAM, AMPLIFY-EXT,
AVERT, AVERROES, AUGUSTUS, and CARAVAGGIO
trials [45-50].

4 The Effects of Obesity on the Clinical PK
of Apixaban

A detailed overview of apixaban’s PK profile has been
published [42]. Apixaban is rapidly absorbed without a
clinically meaningful impact of food on the bioavailability:
absolute oral bioavailability is approximately 50%. Apixa-
ban exposure increases dose-proportionally for oral doses up
to 10 mg. Apixaban has a half-life of approximately 12 h.
Elimination occurs via multiple pathways including metabo-
lism, biliary excretion, and direct intestinal excretion, with
approximately 27% of total apixaban clearance occurring via
renal excretion. The PK of apixaban are consistent across
a broad range of patients, and apixaban has limited clini-
cally relevant interactions with most commonly prescribed
medications, allowing for fixed dosages without the need for
therapeutic drug monitoring.

Commonly referred to as the allometric concept [51],
body weight could be an important covariate to explain
variability of PK parameters such as clearance or volume of
distribution. In particular, obesity could alter the disposition
of a drug and potentially result in changes in its benefit-risk
profile [52, 53]. As obese patients have a larger body mass
with a smaller proportion of lean body mass compared with
non-obese patients, this could alter the distribution of drugs
by impacting the volume of distribution. The volume of dis-
tribution for apixaban is approximately 21 L [42], similar
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to the estimated volume of extracellular fluid [54]. This
suggests that apixaban is mainly distributed into extracel-
lular fluid, with limited intracellular distribution. Here, we
review the impact of body weight and obesity on the PK of
apixaban.

4.1 Impact of Body Weight on PK and PD
of Apixaban in Healthy Volunteers

An open-label, single-dose, parallel-group study investigated
the effect of extremes of body weight on the PK, PD, safety,
and tolerability of a single 10-mg oral dose of apixaban in
healthy individuals aged 18—45 years [53]. The study popu-
lation was categorized by weight categories as low (< 50 kg,
n = 18), reference (65-85 kg, n = 16), and high (> 120 kg, n
= 19). Individuals in the high body weight group were also
required to have a BMI > 30 kg/m?, while individuals in the
low and reference body weight categories were required to
have a BMI < 30 kg/m2. Mean (standard deviation) BMI in
the three groups was 18.8 (2), 26.3 (2), and 42.6 (6), respec-
tively. Exposure to apixaban, as represented by the area
under the concentration—time curve (AUC) to infinity was
23% lower in the high weight group when compared with
the reference weight group (Table 2). Considering the lack
of a trend between renal clearance (CLy) and body weight,
the observed modest increase in apparent clearance of apixa-
ban (CL/F) may result from increased non-renal elimina-
tion pathways of apixaban. Body weight does not appear to
influence the relationship between apixaban and anti-factor
Xa activity [53], a primary PD effect [55].

4.2 Pharmacokinetics of Apixaban in Patients
with NVAF or VTE from Subgroup Analyses
of RCTs

In the Apixaban for Reduction in Stroke and Other Throm-
boembolic Events in Atrial Fibrillation (ARISTOTLE) trial
[56], 18,201 patients with NVAF and at least one additional
risk factor for stroke were randomized 1:1 in a double-blind,
double-dummy fashion, to apixaban 5 mg bid (or 2.5 mg bid,
for patients meeting at least two of the “ABC” criteria) or to
warfarin titrated to an international normalized ratio (INR)
between 2 and 3. Further details of the study are discussed
in Sect. 5.1.

A population PK analysis, conducted to characterize
apixaban exposure in 2932 patients with NVAF enrolled in
the ARISTOTLE trial who received apixaban (5 mg bid, n
=2804; 2.5 mg bid, n = 128), has been published [57]. Fig-
ure 1 shows the relationship between steady-state AUC and
body weight in 2804 patients treated with apixaban 5 mg bid
in the ARISTOTLE trial. In a single linear regression analy-
sis, body weight accounted for 21% of the variance in AUC.

In the Apixaban for the Initial Management of Pulmonary
Embolism and Deep-Vein Thrombosis as First-Line Therapy
(AMPLIFY) trial, apixaban (10 mg bid for 7 days followed
by 5 mg bid) was non-inferior to enoxaparin (1 mg/kg bid
for 7 days) taken concomitantly with warfarin (target INR
2.0-3.0) over 6 months for the outcome of VTE or VTE-
related death, with significantly less major bleeding (MB)
[46]. Further details of the trial are discussed in Section 5.2.

A population PK analysis was conducted to character-
ize apixaban exposure in 281 patients in AMPLIFY [58]. A
recently published post hoc analysis of AMPLIFY patients
from the same population PK analysis result showed a
similar inverse relationship between steady-state AUC and
body weight to that in NVAF (Fig. 2) [59]. In summary, the

Table 2 Pharmacokinetic measures of apixaban exposure in volunteers according to weight categories

Parameter Body weight group

Geometric mean ratio (90% CI)

Low (<50 kg)

Reference (65-85 kg) High (> 120 kg)

Low vs reference High vs reference

(n=18) (n = 16) (n=19)

C, e (ng/mL) 264 (26) 207 (24) 144 (28) 1.272 (1.075-1.506) 0.692 (0.586-0.818)
AUC, ., (ng/mL/h) 2424 (26) 2024 (24) 1561 (31) 1.198 (1.011-1.419) 0.771 (0.652-0.912)
V. JF (L) 52.7 (45) 61.0 (22) 75.6 (28)

CLy (mL/min) 14.1 25) 12.6 (45) 17.8 (42)

CL/F (mL/min) 68.8 (40) 82.3 (19) 106.8 (35)

Unless otherwise specified, values are geometric means with percentage coefficient of variation in parentheses

Adapted with permission from: Upreti VV et al. [53] Effect of extremes of body weight on the pharmacokinetics, pharmacodynamics, safety and
tolerability of apixaban in healthy subjects. British Journal of Clinical Pharmacology. 2013;76:908-916. © 2013 Bristol-Myers Squibb Co. ©
2013 The British Pharmacological Society

AUC,, area under the concentration—time curve from 0 to infinity, CI confidence interval, CLy renal clearance, CL;/F apparent total body
clearance, C,,,, maximum plasma concentration, V,/F apparent plasma volume of distribution
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Fig. 1 Relationship between body weight and apixaban exposure in
2804 patients with NVAF receiving apixaban 5 mg bid in the ARIS-
TOTLE trial. Triangles = female (n = 915); circles = male (n =
1889). AUC area under the concentration—time curve, bid twice daily,
NVAF nonvalvular atrial fibrillation

population PK analysis of apixaban in patients undergoing
VTE treatment was used to predict steady-state daily (0-24
h) exposure for each patient based on the empirical Bayes
prediction of their oral clearance value and total daily dos-
age of apixaban. The results showed that there was a modest
(< 30%) decrease in the median predicted exposure with
increasing body weight, which was considered not clinically
meaningful.

4.3 Other Studies of Apixaban PK in Patients
with NVAF or VTE Weighing > 120 kg

Martin et al. conducted a prospective observational study
of DOAC PK and PD in 100 patients with NVAF or VTE
weighing > 120 kg (88% with BMI > 40 kg/m?) receiving

8000 — o

©]
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Q)O
' [¢]
e}
o @%
4000 — ° %

Predicted steady-state daily AUC
(ng*hr/mL)

apixaban 5 mg bid (n = 11 peak and n = 11 trough in the
NVAF cohort; n = 8 peak and n = 4 trough in the VTE
cohort) or rivaroxaban 20 mg once daily (QD) (n = 22 peak
and n = 16 trough in the NVAF cohort; n = 36 peak and n
= 5 trough in the VTE cohort), at two centers in the United
Kingdom [36]. They found no significant linear relationships
between peak or trough DOAC concentrations and either
body weight or BMI. These patients generally achieved
anti-factor Xa concentrations in the expected “therapeu-
tic” ranges for each condition, as defined by the Interna-
tional Council for Standardization in Haematology [60].
Ninety-five percent of trough concentrations were within
the expected range, suggesting no under-dosing in the major-
ity of these patients.

In 46 patients receiving apixaban for NVAF or VTE,
Wasam and colleagues reported that increases in apixaban
plasma concentrations and anti-factor Xa activity, between 2
and 4 h after dosing, were blunted in those weighing > 120
kg (n = 23) versus those weighing < 120 kg [61].

5 Efficacy and Safety of Apixaban in Patients
with Obesity, According to Disease State

5.1 Introduction

Table 3 summarizes baseline body weight distributions in
apixaban’s registration trials for NVAF and VTE. Individual
trial data are discussed below. The ADVANCE 1, 2, and 3
knee and hip replacement trials excluded individuals weigh-
ing > 136 kg or having BMI > 35 kg/m? unless the investi-
gator could assure that bilateral venography was technically

[e]
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(n=16) (n=199) (n=45) (n=21)

Fig.2 Predicted steady-state daily AUC by baseline body weight
category in participants in the AMPLIFY trial [59]. Boxes = 25th to
75th percentiles; whiskers = 5th to 95th percentiles; numbers inside
boxes = median values; circles = individual predicted values. AUC
area under the concentration—time curve. Reproduced from Cohen
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feasible (data on file). The remaining listed trials did not
exclude patients based on body weight.

Several systematic reviews and/or meta-analyses of
DOAC use in obese patients with NVAF [13, 62-65], VTE
[66—68], or both [62, 69] have been published. Detailed dis-
cussion of each is outside the scope of this article, but in
general the analyses suggest that in obese and non-obese
patient populations, there were no significant differences
between apixaban and warfarin treatment for the outcomes
of stroke, SE, recurrent VTE, or MB associated with apixa-
ban versus warfarin use in obese versus non-obese patient
populations.

5.2 Patients with NVAF

In the ARISTOTLE trial, apixaban was compared with war-
farin in patients with NVAF for the prevention of stroke
or SE (primary efficacy outcome) and ISTH MB (primary
safety outcome) in patients with NVAF [56]. The second-
ary efficacy endpoints included all-cause death, myocardial

infarction, and individual components of the primary out-
come (stroke, ischemic or uncertain stroke, and hemorrhagic
stroke). Secondary safety endpoints were major or clinically
relevant non-major (CRNM) bleeding, intracranial hemor-
rhage, gastrointestinal bleeding, or any bleeding. In two post
hoc analyses of ARISTOTLE, the primary and key second-
ary outcomes were analyzed in subsets of patients with avail-
able baseline (1) body weight or (2) BMI [12, 70].

The body weight analysis [70] categorized 18,139
patients into strata for low weight (< 60 kg; 11%), mid-range
weight (> 60 to 120 kg; 84%) or high weight (> 120 kg;
5%). In an additional sensitivity analysis, patients with high
body weight were further categorized as either weighing
121-140 kg (4%) or > 140 kg (1%). Compared with patients
treated with warfarin, those treated with apixaban had lower
absolute rates of stroke or SE across all weight categories
(Fig. 3). Additionally, when treated as a continuous vari-
able, there was an interaction between weight and treatment
for the outcome of hemorrhagic stroke (P = 0.0418) < 60
kg and 61-120 kg. There were four hemorrhagic strokes

Table 3 Summary of baseline body weights for apixaban-treated patients in phase III registration trials

Study therapeutic area [number with avail- Maximum BW and BMI, kg (kg/mz) Mean BW and BMI, kg (kg/mz) [SD] Median BW and

able data] BMLI, kg (kg/m?)
[IQR]

ARISTOTLE? 204.9% 83.9 [20.7]° 82.0 [70.0, 95.51*

NVAF (66.9)¢ (29.3) [5.91¢ (28.5) [25.2, 32.5]¢

[BW: 9088, BMI: 9072]

AVERROES™¢ 199.5% 79.5 [NRJ?* 78.0 [NR]?

NVAF (171.3)¢ (28.4) [6.4]¢ (27.8) [24.6,31.3]¢

[BW: 2807, BMI: 2803]

AMPLIFY? 210.0° 84.6 [19.8]° 82.0 [70.4, 95.01°

VTE (64.9)° (28.8) [5.91° (27.7) [24.7,31.6]°

[BW: 2691, BMI: 2675]

AMPLIFY-EXT® 192.7° 85.7 [19.81° 83.7 [73.0, 96.01°

VTE (67.4)° (29.2) [6.01° (28.1) [25.4,31.8]°

[BW: 838, BMI: 837] (2.5-mg dose only)

ADVANCE 1°¢ 163.7¢ 86.7 [18.1]° 85.0 [74.0, 96.51°

TKR (54.7)° (31.2) [5.6]° (30.5) [27.2, 34.2]°

[BW: 1598, BMI: 1595]

ADVANCE 2° 135.0° 78.7 [15.1]° 78.0 [68.0, 89.0]°

TKR (47.8)° (29.3) [4.7]° (29.1) [25.8, 32.4]°

[BW: 1524, BMI: 1521]

ADVANCE 3¢ 179.9¢ 79.9 [17.2]¢ 78.2 [68.0, 90.01°

THR (58.5)° (28.2) [5.1T° (27.6) [24.6, 31.1]°

[BW: 2697, BMI: 2697]

Distribution of BW and BMI at baseline in US registration trials of apixaban (apixaban-assigned cohorts only)

Baseline maximum BMI reported in AVERROES verified against the original study report

BMI body mass index, BW body weight, /OR interquartile range, NR not reported, NVAF nonvalvular atrial fibrillation, SD standard deviation,
THR total hip replacement, TKR total knee replacement, VTE venous thromboembolism

#Apixaban data on file APIX 028 BMS/Pfizer Sept 2019
b Apixaban data on file APIX 049 BMS/Pfizer Sept 2019
¢Apixaban data on file APIX 068 BMS/Pfizer Sept 2019
4 Apixaban data on file APIX 119 BMS/Pfizer Sept 2019
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in patients weighing > 120 kg, all of whom were taking
warfarin.

This body weight analysis also demonstrated significant
interactions between body weight and treatment for MB
and MB or CRNM bleeding. In neither case did this reflect
comparatively lower bleeding rates with apixaban versus
warfarin in patients > 120 kg (as might be expected in theo-
retically under-dosed patients).

In addition to comparing warfarin and apixaban across
various categorical weight strata, the body weight analy-
sis treated weight as a continuous variable, as illustrated in
Figs. 3 and 4. Fig. 3 illustrates the efficacy (stroke or SE,
myocardial infarction and all-cause mortality) and safety
(ISTH MB) of apixaban compared with warfarin across the
weight continuum, up to approximately 145 kg. Fig. 4 illus-
trates the rates of stroke or SE and ISTH MB across discrete
weight categories (< 60, 61-120, and > 120 kg).

In patients who weighed > 140 kg, three stroke or SE
events (apixaban, n = 2; warfarin, n = 1) and five MB events
occurred (warfarin, n = 5). It should be noted that due to the
small number of events, this analysis was not powered to
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Fig.3 Efficacy and safety outcomes for apixaban vs warfarin, with
weight as a continuous variable, in patients with NVAF in the ARIS-
TOTLE trial [70]. A Stroke or SE; B all-cause death; C myocardial
infarction; D ISTH major bleeding. ISTH International Society on
Thrombosis and Haemostasis, NVAF nonvalvular atrial fibrillation,
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detect a treatment interaction between apixaban- and war-
farin-treated patients and body weight group.

The separate BMI analysis [12] included 17,913 patients
with a BMI > 18.5 kg/m? and categorized them as normal
(BMI 18.5 to < 25 kg/m?), overweight (25 to < 30 kg/m?),
and obese (> 30 kg/m?). Patients from the highest BMI
group were further categorized into BMIs of either > 30 to
< 35 kg/m?, 35 to < 40 kg/m?, or > 40 kg/m? for additional
sensitivity analysis. The principal analysis compared effi-
cacy and safety outcomes in overweight patients relative to
those with a normal BMI, as well as in obese patients rela-
tive to normal weight individuals, for each treatment. In mul-
tivariable analyses, overweight and obese patients were sig-
nificantly associated with a lower risk of all-cause mortality
and a lower risk of the composite endpoint of stroke or SE,
myocardial infarction, and all-cause mortality. These find-
ings were described by the authors as the “obesity paradox.”

When evaluated with BMI as a continuous variable,
apixaban, relative to warfarin, was associated with a lower
risk of stroke or SE, all-cause mortality, the composite end-
point, and MB across the range of BMI categories, with
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SE systemic embolism. Reproduced with permission from: Hohn-
sloser SH et al. Efficacy and Safety of Apixaban Versus Warfarin in
Patients With Atrial Fibrillation and Extremes in Body Weight. Cir-
culation. 2019;139(20):2292-2300 [70]; https://www.ahajournals.org/
journal/circ
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A
Body weight category  Apixaban, n (N) Warfarin, n (N)
< 60 kg 34 (1018) 52 (967)
61-120 kg 173 (7590) 201 (7582)
> 120 kg 4 (480) 11 (502)
B
Body weight category  Apixaban, n (N) Warfarin, n (N)
< 60 kg 36 (1018) 62 (967)
61-120 kg 277 (7590) 379 (7582)
> 120 kg 13 (480) 19 (502)

Relative Risk P, eraction
(95% CI)
—— 0.63 (0.41-0.96) 0.64
—.— 0.85 (0.70-1.05)
—. 0.39 (0.12-1.22)
I 1
0 1 2
Favors apixaban Favors warfarin
Relative Risk nteraction
(95% CI)
—a— 0.55 (0.36-0.82) 0.015
- 0.71(0.61-0.83)
—.— 0.74 (0.37-1.50)
I 1

0

1 2
Favors apixaban Favors warfarin

Fig.4 Body weight categories vs relative risk of A stroke or SE and B ISTH MB in patients with NVAF in the ARISTOTLE trial [70]. ISTH
International Society on Thrombosis and Haemostasis, MB major bleeding, NVAF nonvalvular atrial fibrillation, SE systemic embolism

no significant interaction between the treatment effect and
higher BMI. In patients with a BMI < 30 kg/m?, a significant
interaction between BMI and treatment was only observed
for MB (P = 0.01), reflecting a greater treatment effect and
favoring apixaban.

Although not powered to detect an interaction between
treatment and BMI category, the sensitivity analysis (BMI >
30 to < 35 kg/m?, 35 to < 40 kg/m?, and > 40 kg/m?) showed
that the association between BMI categories and the efficacy
and safety endpoints remained unchanged.

These studies share the limitations of post hoc subgroup
analyses of RCTs in that they are underpowered to detect
treatment interactions. Both used baseline weight only;
therefore, the impact of any changes in weight over time
could not be assessed.

5.3 Patients with VTE

The AMPLIFY trial is described in Sect. 4.3 [46]. A post
hoc analysis of the AMPLIFY trial was conducted to evalu-
ate the efficacy and safety of, and exposure to, apixaban for
the treatment of VTE in patients across body weight cat-
egories, including patients with a body weight > 120 kg or
BMI > 40 kg/m? [59]. Of the 5395 patients who were rand-
omized and included in the safety population of AMPLIFY,
5384 patients had body weight recorded. Of these, 476
patients weighed < 60 kg, 3868 patients weighed > 60 to <
100 kg, 750 patients weighed > 100 to < 120 kg, and 290
patients weighed > 120 kg. Across different body weight
(Fig. 5) or BMI categories, including those who weighed
> 120 kg, compared with enoxaparin/warfarin, apixaban
had similar rates of VTE or VTE-related death and lower

rates of bleeding (MB and major or CRNM bleeding). The
safety and efficacy of apixaban in patients with extremes of
body weight were consistent with the main results of the
AMPLIFY trial; however, due to the low numbers of patients
with a body weight > 120 kg or BMI > 40 kg/m?, this analy-
sis was underpowered to detect a difference between treat-
ment arms.

5.4 Patients at Risk of DVT After Hip or Knee
Replacement Surgery

The ADVANCE-2 and ADVANCE-3 trials compared apixa-
ban 2.5 mg bid with enoxaparin 40 mg QD subcutaneously
for prevention of DVT, PE, or all-cause death in patients
undergoing total knee (ADVANCE-2) or hip (ADVANCE-3)
replacement [71, 72]. In ADVANCE-2, both regimens were
continued for 10-14 days; in ADVANCE-3, the regimens
were continued for 32-38 days.

A prespecified analysis, using pooled data from
ADVANCE-2 and ADVANCE-3, assessed treatment differ-
ences across various subgroups, including BMI and body
weight [73]. BMI subgroups were divided into < 25 kg/m?,
25-29 kg/m?, and > 30 kg/m>. The prespecified outcome
measure for efficacy in the subgroup analysis was major
VTE, defined as the composite of adjudicated symptomatic
or asymptomatic proximal DVT (popliteal, femoral, or iliac-
vein thrombosis), non-fatal PE, and VTE-related death dur-
ing the intended treatment period. The prespecified outcome
measures for bleeding were MB and the composite of major
and CRNM bleeding during the study treatment period. Of
the 6767 patients with BMI data available who were evalu-
able for efficacy, 2388 (35%) had a BMI > 30 kg/mz. The
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VTE or VTE-related death

Apixaban, Enoxaparin/
Body weight category n/N warfarin, n/N RR (95% Cl) teraction
< 60 kg 6/225 10/232 0.63 (0.23, 1.72) 0.44
> 60 to < 100 kg 42/1870 43/1892 L] 0.99 (0.65, 1.50)
=100 to < 120 kg 10/368 13/366 L 0.77 (0.34, 1.72)
=120 kg 1141 5/142 —= 0.20 (0.02, 1.72)
[ T T 1
0.0 0.5 1.0 1.5 2.0
Favors apixaban Favors enoxaparin/warfarin
Major bleeding
Apixaban, Enoxaparin/
Body weight category n/N warfarin, n/N RR (95% Cl) nteraction
< 60 kg 1/230 7/243 - 0.15(0.02, 1.15) NE
> 60 to < 100 kg 13/1920 32/1924 —— 0.41(0.21,0.77)
=100 to < 120 kg 0/377 7/372 NE
=120 kg 1144 3/146 —= 0.34 (0.04, 3.22)
[ T T T 1
-1 0 1 2 3 4
Favors apixaban Favors enoxaparin/warfarin
Major or CRNM bleeding
Apixaban, Enoxaparin/
Body weight category n/N warfarin, n/N RR (95% Cl) teraction
<60 kg 12/230 27/243 0.46 (0.24, 0.89) 0.36
> 60 to < 100 kg 86/1920 176/1924 —a— 0.49 (0.38, 0.63)
=100 to < 120 kg 11/377 36/372 —a— 0.30 (0.16, 0.58)
=120 kg 6/144 22/146 —a— 0.28 (0.12, 0.66)
[ 1
0.0 1.0 1.5

Favors apixaban

Fig.5 Recurrent VTE or VTE-related death and MB in 5384 par-
ticipants in the AMPLIFY trial, during the treatment period, by
baseline body weight category [59]. CI confidence interval, CRNM
major or clinically relevant non-major, ISTH International Society
on Thrombosis and Haemostasis, MB major bleeding, N number of
participants, n number of events, NE not estimable, RR relative risk,

efficacy of apixaban compared with warfarin was maintained
in all three BMI subgroups (P;raction = 0.2273), with no
difference in MB (P craction = 0-5082) or the composite of
MB and CRNM bleeding (P;craction = 0-3223), although
the analysis was not powered to detect differences between
treatments.
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Favors enoxaparin/warfarin

VTE venous thromboembolism. Reproduced from Cohen AT, Pan S,
Byon W, et al. Efficacy, Safety, and Exposure of Apixaban in Patients
with High Body Weight or Obesity and Venous Thromboembolism:
Insights from AMPLIFY. Adv Ther. 2021;38:3003-3018 [59], https://
link.springer.com/article/10.1007/s12325-021-01716-8, under Crea-
tive Commons license 4.0 (CC BY-NC-4.0)

5.5 Bariatric Surgery

There are no published interventional studies on the safety
or efficacy of apixaban in prophylactic dosages for preven-
tion of DVT or PE in patients undergoing bariatric surgery,
nor are there adequate studies of treatment doses of DOACs


https://link.springer.com/article/10.1007/s12325-021-01716-8
https://link.springer.com/article/10.1007/s12325-021-01716-8
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in the management of NVAF, VTE, or other indications in
patients who have previously undergone these procedures
[74]. Apixaban is not indicated for the prevention of DVT
in patients undergoing bariatric surgery. A comprehensive
review of the DOACS in bariatric surgery is included in the
recent ISTH review of anticoagulant use for VTE in obesity
[29].

6 Observational (Real-World) Studies
6.1 Introduction

Recently, several retrospective observational cohort studies
have investigated the effectiveness and safety of apixaban
in obese and morbidly obese patients with NVAF [75-79],
VTE [80-82], or either NVAF or VTE [36, 83—-86]. Results
from these observational studies are largely confirmatory of
the efficacy and safety data presented in the controlled clini-
cal trials. No signals of reduced efficacy or safety are appar-
ent. Many of these studies are limited by their small sample
size, potential confounding, missing or misclassified data,
potential for unmeasured bias, and lack of generalizability.
Due to the observational nature of the claims database stud-
ies, outcome measures could only be based on claims codes.
Body measurements such as weight are not available in the
claims data. Modest sensitivity of the diagnosis codes used
to identify obesity and severe obesity suggest that studies
may fail to identify some of these patients [87].

6.2 NVAF

An analysis by Briasoulis et al. was conducted using cohorts
of obese (> 120 kg) and morbidly obese (BMI > 40 kg/
m?) patients with NVAF who were enrolled in the Veterans
Health Administration system between 2012 and 2018 and
who initiated apixaban, rivaroxaban, dabigatran, or warfa-
rin [88]. At baseline, patients on apixaban had the highest
rates of renal failure, previous stroke, and myocardial infarc-
tion compared to patients on other OACs. In obese patients
(apixaban, n = 6052; rivaroxaban, n = 4309; dabigatran, n
= 4233; warfarin, n = 13,417), compared with warfarin,
all DOACs were associated with a lower risk of any hem-
orrhage, hemorrhagic stroke, and gastrointestinal bleeding
while maintaining efficacy on ischemic stroke prevention.
All-cause mortality was also lower with dabigatran and
rivaroxaban than with apixaban or warfarin in these patients.
In morbidly obese patients (apixaban, n = 3414; rivaroxa-
ban, n = 2340; dabigatran, n = 2405; warfarin, n = 8267)
all-cause mortality was also lower with dabigatran and rivar-
oxaban compared with apixaban and was lower with all three
DOACSs compared with warfarin. The authors note that dif-
ferences in all-cause mortality among DOACs may represent

heterogeneous populations and variable comorbidities not
captured rather than differential effects on thromboembolic
and bleeding risk.

To date, the ARISTOPHANES (Anticoagulants
for Reduction In Stroke: Observational Pooled Analy-
sis on Health Outcomes and Experience of Patients;
NCT03087487) obesity subgroup analysis is the largest ret-
rospective observational study evaluating the risk of stroke
or SE and MB among obese patients with NVAF who initi-
ated OAC treatment [89]. This study used pooled data from
the Centers for Medicare & Medicaid Services (CMS) fee-
for-service Medicare data and four US commercial claims
databases. Patients with a diagnosis code for obesity or for
BMI > 30 kg/m? who were newly initiated on apixaban,
dabigatran, rivaroxaban, or warfarin between January 1,
2013 and September 30, 2015 were included. Patients were
propensity score matched by treatment (DOAC vs DOAC
and DOAC vs warfarin) in each database, and the results
were pooled. Cox models were used to evaluate the risks of
stroke or SE and MB. A total of 88,461 patients with obesity
were included in the study. Apixaban was associated with a
significantly lower risk of stroke or SE compared with war-
farin (hazard ratio [HR] 0.63, 95% confidence interval [CI]
0.49-0.82) (Fig. 6). Apixaban had a lower risk of MB com-
pared with warfarin (HR 0.54, 95% CI 0.49-0.61) (Fig. 6).
Compared to rivaroxaban, apixaban was associated with a
lower risk of stroke or SE (HR 0.78, 95% CI 0.64-0.94)
and MB (HR 0.52, 95% CI 0.47-0.59). Compared to dabi-
gatran, apixaban had a non-significant difference for the risk
of stroke or SE (HR 0.71, 95% CI 0.49-1.04) and a lower
risk of MB (HR 0.78, 95% CI 0.61-0.99).

A subanalysis using the same methodology as the main
ARISTOPHANES obesity analysis was conducted in
patients who were severely obese (data table not shown)
[89]. Severe obesity was defined using diagnosis codes indi-
cating morbid obesity or a BMI > 40 kg/m?, and patients
were re-matched. Among all patients with obesity in the
pooled sample, 39.5% were identified as being severely
obese. Propensity score matching resulted in 6310 apixa-
ban—warfarin pairs of patients. There was no significant
difference in the risk of stroke or SE with apixaban versus
warfarin or between apixaban versus rivaroxaban or apixa-
ban versus dabigatran. Apixaban had a lower risk of MB
compared to warfarin, dabigatran, and rivaroxaban (Fig. 6).

6.3 VTE

A recent study pooled five US healthcare claims databases to
evaluate the risk of recurrent VTE, MB, and CRNM bleed-
ing among patients with VTE, stratified by obesity [90]. This
study utilized pooled data from the CMS fee-for-service
Medicare data and four US commercial claims databases.
Patients with one or more medical claims for VTE in any
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NOAC Reference
Incidence rate
(per 100 person-years)

Apixaban vs. warfarin (ref.) n=18,181 n=18,181
Stroke/SE 1.3 1.8
Ischemic 1.0 1.2
Hemorrhagic 0.2 0.6
Major bleeding 4.1 6.8
Gl bleeding 2.0 3.2
ICH 0.4 1.0

Dabigatran vs. warfarin (ref.) n=6646 n=6646
Stroke/SE 1.6 1.3
Ischemic 1.3 0.9
Hemorrhagic 0.2 0.4
Major bleeding 4.2 5.5
Gl bleeding 2.6 2.7
ICH 0.4 0.5

Rivaroxaban vs. warfarin (ref.) n=22,053 n=22,053
Stroke/SE 1.4 1.6
Ischemic 1.1 1.1
Hemorrhagic 0.2 0.5
Major bleeding 6.7 6.5
Gl bleeding 3.9 3.1
ICH 0.4 0.8

Hazard ratio P value
(95% Cl)
—— 0.63 (0.49-0.82) 0.001
—.— 0.78 (0.63-0.96) 0.017
— 0.37 (0.18-0.77) 0.007
- 0.54 (0.49-0.61) <0.001
- 0.54 (0.46-0.63) <0.001
—-— 0.38 (0.25-0.56) <0.001
—_ 1.23 (0.90-1.67) 0.194
———=&—— 1.53(1.03-2.26) 0.035
— 0.47 (0.21-1.06) 0.070
—a— 0.75 (0.63-0.91) 0.003
—a— 0.97 (0.76-1.25) 0.810
—_— 0.75 (0.40-1.41) 0.368
—— 0.84 (0.72-0.98) 0.029
—— 0.93(0.78-1.11) 0.418
—— 0.53 (0.37-0.78)  0.001
—.— 1.02 (0.90-1.17) 0.750
—a— 1.25 (1.11-1.41) <0.001
—— 0.49 (0.34-0.70) <0.001
T T 1
0 0.5 1.0 1.5 2.0

Fig.6 Incidence rates and hazard ratios for stroke or SE and MB
among DOACs vs warfarin in obese patients with a diagnosis code
for BMI > 30 kg/m?. BMI body mass index, CI confidence interval,
DOAC direct oral anticoagulant, GI gastrointestinal, /CH intracranial
hemorrhage, MB major bleeding, NOAC non-vitamin K antagonist

position (index VTE event) in the inpatient or outpatient set-
ting were identified from September 1, 2014 until the end of
available data. Adults (> 18 years in commercial databases
and > 65 years in the Medicare database) were selected
if they had one or more pharmacy claims for warfarin or
apixaban during the 30-day period following the index VTE
event. The first warfarin or apixaban prescription date was
designated as the index date. Stabilized inverse probabil-
ity treatment weighting (IPTW) was conducted to balance
patient characteristics between the treatment cohorts within
each database. After pooling post-IPTW cohorts from the
five databases, subgroup interaction analysis was conducted
to evaluate whether the treatment effects were consistent
across patients with and without obesity. Obesity and severe
obesity were identified based on diagnosis codes that indi-
cated obesity or codes that indicated a BMI > 30 or > 40
kg/m?, respectively. Cox proportional hazard models were
used to evaluate the risk of recurrent VTE, MB, and CRNM
bleeding [90].

A total of 112,024 non-obese patients and 43,095 obese
patients were identified, of whom 19,751 were morbidly
obese. In the IPTW population, no significant interactions
were observed between the treatment effects of apixaban
versus warfarin and obesity status for recurrent VTE or MB
(both Py eraction > 0.10; Fig 7). In both obese and morbidly
obese patients, apixaban was associated with a significantly
lower risk of recurrent VTE (obese: HR 0.73, 95% CI
0.64-0.84; morbidly obese: HR 0.65, 95% CI 0.53-0.80)
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oral anticoagulant, ref reference, SE systemic embolism. Reproduced
from Deitelzweig S, Keshishian A, Kang A, et al. Effectiveness and
Safety of Oral Anticoagulants among NVAF Patients with Obesity:
Insights from the ARISTOPHANES Study. J Clin Med. 2020;9:1633
[89], under Creative Commons license 4.0 (CC BY-4.0)

and of MB (obese: HR 0.73 95% CI 0.62-0.85; morbidly
obese: HR 0.68, 95% CI 0.54-0.86) compared with warfarin.

6.4 NVAF or VTE

In a single-center (Montefiore Medical Center, Bronx, NY,
USA), retrospective chart analysis, the efficacy and safety
of apixaban and rivaroxaban were compared with warfarin
in severely obese patients with NVAF or VTE [91]. The
study included 795 patients who were > 18 years with a
BMI > 40 kg/m? and who were prescribed apixaban (n =
150), rivaroxaban (n = 326), or warfarin (n = 319) for either
VTE or NVAF between March 1, 2013 and March 1, 2017.
Patients who had both VTE and NVAF were excluded, as
were patients with indications other than NVAF or VTE
and those who were unable to confirm actual treatment
start date or were missing follow-up after treatment initia-
tion. In 366 patients prescribed an anticoagulant for VTE,
the incidence of recurrent VTE was similar between the
apixaban (1/47; 2.1%) and warfarin (2/167; 1.2%) cohorts
(P = 0.74). The incidence of MB in this patient group was
also similar between the treatment cohorts (apixaban: 1/47
[2.1%], warfarin: 4/167 [2.4%]; P = 0.77). In 429 patients
who were prescribed an anticoagulant for NVAF, the inci-
dence of stroke or SE was similar between the treatment
cohorts (apixaban: 1/103 [1.0%], warfarin: 2/152 [1.3%];
P =0.71). MB was also similar between treatment groups
in patients with NVAF (apixaban: 3/103 [2.9%], warfarin:
12/152 [7.9%]; P = 0.063). Time-to-event analyses showed
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Recurrent VTE Warfarin Apixaban
No. of events (IR) No. of events (IR)
Non-obese 1422 (6.2) 655 (4.6)
Obese/non-morbid 308 (6.7) 180 (5.7)
Morbidly obese 350 (8.1) 125 (5.3)
Major bleeding
Non-obese 1315 (5.7) 564 (4.0)
Obese/non-morbid 287 (6.2) 152 (4.8)
Morbidly obese 271 (6.2) 106 (4.5)
CRNM bleeding
Non-obese 6630 (30.4) 3522 (26.1)
Obese/non-morbid 1384 (31.8) 872 (29.2)
Morbidly obese 1536 (38.3) 649 (29.2)
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Hazard ratio Pinteraction
(95% ClI)

- 0.72 (0.66-0.80)

—a— 0.83 (0.69-1.00) 0.170
—— 0.63 (0.52-0.78)
- 0.68 (0.62-0.76)

— 0.76 (0.62-0.94) 0.674
—.— 0.70 (0.56-0.89)
- 0.84 (0.80-0.88)

- 0.90 (0.82-0.98) 0.023
- 0.75 (0.68-0.83)
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Fig.7 Evaluation of recurrent VTE, MB, and CRNM bleeding
among patients with VTE who initiated apixaban or warfarin, strati-
fied by body weight category [90]. CRNM clinically relevant non-
major, CI confidence interval, /R incidence rate, MB major bleeding,
VTE venous thromboembolism. Reproduced from Cohen A, Sah J,

that the risks of all outcomes in patients with VTE, and
stroke and composite bleeding in patients with NVAF, were
similar between the anticoagulant cohorts. In a subgroup
of 100 patients with NVAF and a BMI > 50 kg/m?, one of
19 patients (5.3%) taking apixaban experienced a stroke,
whereas one of the 44 patients (2.3%) taking warfarin had a
stroke (P = 0.48). The incidence of both MB and composite
bleeding was comparable among the anticoagulants.

7 Summary

This review comprehensively summarizes available data on
the benefits and risks of apixaban in healthy volunteers and
obese patients across PK studies, RCTs, and observational
studies.

Although approved US and EU labeling do not stipulate
dose adjustment, or avoidance, in patients at the higher end
of the weight spectrum, some earlier consensus guidelines
suggest that DOACs, including apixaban, should not be used
in patients weighing > 120 kg. This is due to a perceived
relative paucity of clinical data in these patients, and the
hypothetical potential for under-dosing [36, 75-77, 80, 81,
83-86]. The 2019 focused update by the AHA/ACC/HRS
suggested checking DOAC levels in patients with a BMI >
35-40 kg/m? or weight > 120 kg. [35]. However, there are
no defined therapeutic ranges that predict efficacy or safety
outcomes for apixaban (or other DOACsS). A recent (2021)
update of the ISTH guidelines, based on the availability

Favors apixaban Favors warfarin

Lee T, et al. Effectiveness and Safety of Apixaban vs. Warfarin in
Venous Thromboembolism Patients with Obesity and Morbid Obe-
sity. J Clin Med. 2021;10:200 [90], under Creative Commons license
4.0 (CC BY-4.0)

of additional data, states that standard doses of apixaban
or rivaroxaban, along with VKAs, weight-based LMWH,
and fondaparinux, are among appropriate anticoagulation
options, regardless of high BMI and weight for the treatment
of VTE and VTE prophylaxis after hip or knee replacement
surgery [29]. It is no longer suggested to regularly follow
peak or trough drug-specific DOAC levels, because there are
insufficient data to influence management decisions.

Based on PK studies and RCT data at the time of
approval, the apixaban US PI does not require dose adjust-
ments in patients with high weight alone. Post-approval
analyses of RCTs, and observational studies, are consistent
with the US PI dose recommendation.

In conclusion, the accumulated body of data from RCTs
and observational studies suggests that the benefit-risk pro-
file of apixaban in obese patients is similar to that of patients
with normal body weights. Future studies should further
clarify the relationship between obesity and outcomes espe-
cially in those with extreme weights, > 140-150 kg or BMI
> 50 kg/m?, where data are currently limited.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40256-022-00524-x.
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