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Abstract

Introduction Venous thromboembolism (VTE) is a leading cause of morbidity and mortality globally. The direct oral anti-
coagulants, including rivaroxaban, are relatively novel therapeutic options in the treatment and prevention of VTE. There is
a conflicting and inconclusive evidence surrounding the pharmacokinetics (PK) of rivaroxaban in patients with VTE who
are obese.

Objectives We conducted a systematic review to provide an overview, and to synthesize the available evidence in the current
literature pertaining to rivaroxaban PK in obese subjects who are healthy or diseased.

Methods The PubMed, Embase, ScienceDirect, Rayyan, and Cochrane Library databases were systematically searched from
I May 2021 through 28 February 2022. Studies investigating rivaroxaban PK in adult obese subjects were included in the
review. Pertinent data, including anthropometric parameters, rivaroxaban dosage regimen, PK parameters, PK model, and
outcome measures were extracted. Reference values of rivaroxaban PK parameters in the general population were used for
comparison purposes. The review protocol was registered in the PROSPERO database (CRD42020177770).

Results In the 11 studies included in this systematic review, over 7140 healthy or diseased subjects received rivaroxaban
therapy, with varying clinical indications in the diseased population. The reported PK parameters of rivaroxaban in obese
subjects compared with reference values in the general population were variable. The reported values of the volume of dis-
tribution (V;) among obese subjects (73.4-82.8 L) fell within the range of values reported/calculated for the general popu-
lation (59.4—-104 L), assuming complete bioavailability. However, some of the reported values of clearance (CL) in obese
subjects (7.86—16.8 L.h™") do not fall within the range of values reported/calculated for the general population (5.57-11.3
L.h™!). The reported maximum plasma concentrations in obese subjects versus the general population following a 10 mg dose
were 149 vs. 143-180 pug.L~", and following a 20 mg dose were 214-305 vs. 299-360 pg.L ™!, respectively. The area under
the plasma concentration versus time curves (AUC) over different intervals in obese subjects versus the general population
following a 10 mg dose were 1155 (AUC from time zero to infinity [AUC_]) vs. 1029 (AUC_) ug.h.L™'; and 1204-2800
(AUC from time zero to 24 h [AUC,,]) vs. 3200 (AUC,,) pg.h.L’l, respectively, following a 20 mg dose. The reported values
of half-life and time to reach the maximum plasma concentration in obese subjects versus the general population were not
consistent across studies.

Conclusion Variable changes and inconsistencies in different rivaroxaban PK parameters were reported in obese subjects.
Further well-designed studies are warranted to better characterize the PK and clinical outcomes of rivaroxaban in subjects
with obesity.
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Obesity has a variable effect on different rivaroxaban
pharmacokinetic (PK) parameters and needs be used
with caution in this population, as changes in the antico-
agulation activity may occur upon long-term therapy.

Well-designed, prospective studies addressing the quality
issues identified here in the Crowe Critical Appraisal
Tool (CCAT) and Critical Appraisal of Clinical Phar-
macokinetic Studies (CACPK) assessments need to be
conducted to investigate rivaroxaban PK in the obese
population.

This will assist to establish solid and definitive evidence

to be used in clinical practice guidelines for effective and
safe dosage regimen recommendations of rivaroxaban in
this population.

[2, 6]. The huge cost and burden that VTE causes globally
cannot be underestimated. For example, the cost of VTE
treatment in the US was estimated to be approximately
US$10 billion (US$9.4-US$28.4 for a single VTE episode)
[7].

The treatment of patients at risk of VTE with appropri-
ate anticoagulants is the optimal way to decrease DVT-
related morbidity and mortality [4]. In 2010, direct oral
anticoagulants (DOACs) were introduced as therapeutic
alternatives to vitamin K antagonists, and were indicated
for the prevention and treatment of several thromboembolic
conditions [8, 9]. The choice of DOACsS is largely due to
their superior safety profile and other advantages, including
limited interactions with food and other drugs, and predict-
able pharmacokinetics (PK) and pharmacodynamics (PD),
which allow for fixed dosing and therefore less monitoring
and follow-up was required [10-15]. Clinical studies suggest
that these agents were associated with lower mortality and
less severe intracranial haemorrhage when compared with
warfarin [16-18]. Accordingly, the prescription of DOACs
has surpassed other long-standing anticoagulants over the
last decade [19]. DOACSs are indicated for the prevention/
treatment of DVT and PE [20], as well as for lowering the
risk of stroke and embolism in non-valvular atrial fibrillation
(NVAF) [21, 22]. Due to similar efficacy and lower bleeding
risks, the current guidelines recommend the use of DOACs
over warfarin in patients with NVAF for stroke and throm-
boembolism prevention [23].

Rivaroxaban is one of the DOACs and it directly inhibits
factor Xa, which is a key factor in the coagulation path-
way. The use of rivaroxaban, as an alternative anticoagu-
lant, is rapidly increasing in clinical practice and has rap-
idly become one of the drugs of choice for anticoagulation
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therapy in secondary care [24]. Rivaroxaban is administered
orally, in fixed doses, with few documented drug and food
interactions, and possesses predictable PK and PD profiles
[25]. Although the PK of rivaroxaban is well-established in
healthy and diseased individuals with normal body weight,
prospective multiple-dosing studies to establish the PK pro-
file and thus its effective dosing regimen in extreme weight
patients are still lacking [26, 27]. During rivaroxaban drug
development, several studies were conducted to investigate
the PD profile of rivaroxaban [28, 29]; however, only few
studies were published with a focus on its PK profile [30,
31]. The PD studies found that rivaroxaban was an effective
anticoagulant among obese/morbidly obese patients, with
no signs of stroke or systemic embolism reported [32-35].
However, studies investigating the effect of obesity on
rivaroxaban PK and its potential adverse effects in long-
term therapy among the obese population are still limited
[35]. Some case reports have documented that obese patients
developed stroke or PE during their long-term dabigatran
anticoagulation therapy [36, 37]. This has raised a serious
concern about the efficacy of DOACs, including rivaroxa-
ban, as they may fail to achieve the desired anticoagulant
activity in obese patients. Moreover, the fact that some old
anticoagulants such as heparin are administered in a weight-
adjusted manner for patients has increased the uncertainty
about whether this is also the case for DOACs when treating
obese patients [33, 38].

The PK of rivaroxaban following administration of
a single 10 mg oral dose in healthy individuals has been
described [39]. A maximum plasma rivaroxaban concentra-
tion (C,,, ) was reached after 4 h (¢, ,,) [39]. An increase
in the C_,, and area under the plasma concentration versus
time curve (AUC) values was proportional to rivaroxaban
doses of < 10 mg (but not with higher doses [39]). While
the absorption of rivaroxaban was not affected by the fed and
fasted states at < 10 mg doses, the bioavailability at higher
doses decreased to 66% under fasting conditions [40] and
increased to > 80% under fed states [40]. Rivaroxaban has
high (95%) and reversible plasma protein binding, mainly
with albumin [41, 42]. Furthermore, PK modelling studies
showed that the volume of distribution (V) of rivaroxaban
indicates moderate affinity to peripheral tissues [31]. Around
50% of the rivaroxaban dose undergoes hepatic metabolism
[11], 66% is excreted renally, mainly by active secretion via
P-glycoprotein and breast cancer-resistance protein [43, 44],
and 28% is excreted through faeces [11, 45]. The systemic
clearance (CL) of rivaroxabanis 10 L.h™! (0.14 L h~ kg™
[11], while its elimination half-life (#,) is around 8.3 h [46].

Rivaroxaban PK parameters may change in certain popu-
lations [47-49]. In obese individuals, PK parameters of some
medications could be affected, and thus under- or overdosing
would be expected due to changes in the distribution, metab-
olism, and excretion processes [50]. However, changes in
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plasma concentrations are < 25% upon using a 10 mg tablet
of rivaroxaban in subjects with extreme weights (< 50 kg or
> 120 kg), as reported in the Canadian product monograph
of rivaroxaban (Xarelto™), and thus no dosage adjustment
is recommended [41]. In a meta-analysis that evaluated the
impact of body weight on the efficacy and safety of DOACs
and warfarin, the results suggested that DOACSs showed a
similar efficacy to warfarin in obese patients [51]. In 2017, a
study meta-analysed |1 randomized controlled trials (RCTs),
aiming to investigate the impact of body weight on outcomes
in patients who were receiving fixed doses of DOACs [52].
The study demonstrated that dose adjustment of DOACs,
according to patients’ body weights, was unlikely to improve
the safety or efficacy of these agents [52].

Although the American College of Chest Physicians
(CHEST) guidelines recommended that DOACs can be used
effectively and safely in patients with extreme body weights
for VTE prevention and treatment, these guidelines sug-
gested that larger studies are necessary to confirm the safety
and efficacy profiles of DOACs in such a population [20, 53,
54]. Furthermore, the International Society of Thrombosis
and Haemostasis (ISTH) guidance does not support the use
of DOAC:s in patients with a body mass index (BMI) of > 40
kg/m? or weight of > 120 kg due to the weak evidence driven
by the lack of adequate clinical data for these specific popu-
lations [47]. Such controversy among RCTs and guidelines
can explain, in part, the physicians’ hesitancy in prescribing
rivaroxaban for overweight/obese patients for the treatment
and prevention of VTE and for stroke and thromboembolism
prevention in NVAF [35]. Therefore, there is a conflicting
and inconclusive evidence surrounding the PK of rivaroxa-
ban in patients with VTE who are obese.

Despite the fact that obesity is one of the risk factors for
VTE onset and recurrence in both men and women [55-57],
which is directly associated with mortality [58, 59], and even
though obese patients have a higher risk of VTE incidence
and a large proportion of obese patients who have VTE or
AF need to use DOACs for anticoagulation, there is a lack
of comprehensive and definitive evidence about rivaroxaban
PK in the obese population [60]. Previously published sys-
tematic reviews were investigating the efficacy and safety of
rivaroxaban, without extracting the relevant PK parameter
values; thus, the analysis/comparison of these parameters
and their impact were not sufficiently examined. Conducting
new research and generating updated knowledge is crucial
to building new evidence and to widening the clinical use
of rivaroxaban in special populations, particularly patients
with obesity [42, 61].

Therefore, the objective of this study was to provide a
critical overview of rivaroxaban PK in obese subjects who
are healthy or diseased compared with the general popula-
tion, synthesize the available evidence, and identify the gaps
in the literature.

2 Methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed for con-
ducting and reporting this systematic review [62, 63]. The
review protocol was registered in the PROSPERO database
(CRD42020177770).

2.1 Data Sources and Search Strateqgy

Five electronic bibliographic databases or applications
(PubMed, Embase, ScienceDirect, Cochrane Library, and
Rayyan web application) were systematically searched by
the authors from | May 2021 through 28 February 2022 [64,
65]. The following keywords were used to search the data-
bases: ‘rivaroxaban’ or ‘BAY 59-7939’ or ‘anticoagulant’
AND ‘pharmacokinetics’” or ‘half-life’ or ‘concentration’
or ‘volume of distribution” or ‘bioavailability’ or ‘clear-
ance’ AND ‘obesity’ or ‘obese’ or ‘overweight’ or ‘extreme
weight” or ‘BMI’ or ‘body mass index’ (Table 1). The key-
words were customized according to each bibliographic
database and using specific indexing terms as appropriate.
Limits and filters such as language and human studies were
applied according to the functionalities and features of each
database. Furthermore, the reference lists of included stud-
ies were manually reviewed, and the grey literature was
searched to identify any potentially missed studies from the
aforementioned electronic search.

The search results from the targeted databases were com-
bined, duplicates were removed, and the remainder of the
identified studies were screened based on their titles and
abstracts. The prespecified eligibility criteria were used to
assess the identified studies from the databases. Any doubt
about a study during title/abstract screening was resolved
by conducting a full-text reading by the authors. Articles
that were potentially eligible underwent full-text screening.
This was achieved by two independent reviewers (MA and
OR) and discrepancies were resolved through consensus
and adjudication by a third reviewer (AA) whenever neces-
sary. Finally, studies that fulfilled the eligibility criteria were
included in the systematic review.

2.2 Eligibility Criteria and Study Selection

This review included studies that investigated rivaroxaban
PK in obese subjects who are healthy or diseased. Studies
were included in the review if they fulfilled the follow-
ing criteria: investigating rivaroxaban PK in obese (BMI
> 30 kg/m2 or body weight > 120 kg) and/or overweight
(BMI 25-29.9 kg/m?) subjects (including those studies
that included mixed obese/overweight and normal weight
subjects, referred to here in this systematic review as the
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Table 1 Detailed keyword search in each database

Database Keywords used for the search

PubMed
AND

(Rivaroxaban) OR (BAY 59-7939) OR (anticoagulant)

(Pharmacokinetics) OR (half-life) OR (concentration) OR (volume of distribution) OR (bioavailability) OR (clearance)

AND

(Obesity) OR (obese) OR (overweight) OR (extreme weight) OR (BMI) OR (body mass index)

Embase
AND

‘rivaroxaban’/exp OR rivaroxaban OR (bay AND 59 7939’) OR anticoagulant

‘pharmacokinetics’/exp OR pharmacokinetics OR ‘half life’ OR ‘concentration’/exp OR concentration OR ‘volume of
distribution’ OR ((‘volume’/exp OR volume) AND (‘distribution’/exp OR distribution)) OR bioavailability OR clear-

ance

AND

‘obesity’/exp OR obesity OR obese OR ’overweight’/exp OR overweight OR ‘extreme weight” OR (extreme AND
(*weight’/exp OR weight)) OR bmi OR (body AND mass AND index)

((Rivaroxaban) OR (BAY 59-7939))
AND

ScienceDirect

((Pharmacokinetics) OR (half-1fe) OR (concentration) OR (volume of distribution))

AND

((Obesity) OR (obese) OR (body mass index))
Rivaroxaban OR BAY 59 7939 OR anticoagulant

Cochrane Library
AND

Pharmacokinetics OR half-life OR concentration OR volume of distribution OR bioavailability OR clearance

AND

Obesity OR obese OR overweight OR extreme weight OR BMI OR body mass index

general population), being an original investigation, and
involving subjects aged 18 years or older. Studies were
excluded if they involved non-human subjects (e.g., ani-
mal studies) or were case studies, commentaries, reviews,
expert opinions or topic discussions, guidelines, editorials,
and conference abstracts, or were written in non-English
language.

2.3 Methodological Quality Assessment

Two reviewers (MA and AA or OR) independently
conducted the risk of bias assessment, and any differ-
ences were resolved through consensus by the research
team. Two different appraisal tools were used to assess
the methodological quality of the selected studies: the
Crowe Critical Appraisal Tool (CCAT) and the Critical
Appraisal of Clinical Pharmacokinetic Studies (CACPK)
tool [66-68]. The CCAT tool was chosen to be used as
it was designed to assess the quality of varying types of
research designs. It consists of two main parts: the CCAT
checklist, which was filled for each included study. and
the CCAT user guide that was used along with the check-
list to ensure the validity and reliability of the scoring
[66, 67]. The CCAT is a score-based instrument that pro-
vides a composite quantitative score of a study’s quality.
It consists of eight categories: preliminaries, introduction,
design, sampling, data collection, ethical matters, results,
and discussion. Each category contains multiple items
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that are scored as present, absent, or not applicable, while
the overall category is scored on a scale of 0-5 (0, no
evidence: 5, high evidence). Consequently, the total maxi-
mum obtainable quality score is 40, which can be con-
verted to a percentage score. The CACPK tool is designed
specifically to assess the quality of clinical PK studies.
It consists of 21 questions that assess the background (2
questions), study design and experimental methods (15
questions), applied statistics (1 question), and results (3
questions). In addition to the tool, two appendices were
used to guide in answering some specific questions within
the ‘study design and experimental methods’ section of
the CACPK tool. Each question has a rating scale of ‘yes’,
‘no’, ‘I do not know’, and ‘not applicable’ [68].

2.4 Data Extraction and Synthesis

The data extraction was performed by one reviewer (MA)
and independently verified by two other reviewers (OR
or AA). A final reconciled version of the extracted data
was achieved. From each included study, relevant data
were extracted, including first author’s name, publication
year, country of the study, study design, study groups (if
any), sample size, general demographics (e.g., baseline
age and sex distribution of the study population), clini-
cal conditions, anthropometric parameters (body weight
and/or BMI), rivaroxaban dosage regimen, PK model and
parameters, and outcomes of the study.
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The included studies were observed in terms of their char-
acteristics. Due to heterogeneity in terms of study design,
PK model, population studied, and variability in the type of
PK parameters determined, meta-analyses of the PK param-
eters was not feasible. Consequently, we applied a narrative
approach to data synthesis. We compared between different
studies in terms of PK parameters reported and other impor-
tant key variables.

3 Results
3.1 Literature Search Findings

Using the systematic search strategy described earlier, 2918
articles were identified, of which 28 articles were duplicates
and were thus excluded. Of the remaining 2890 studies,
2.844 were excluded based on title and abstract screening.
Uncertainty of the eligibility of any study was resolved by
further reading and confirmation by a second reviewer. A
full-text reading of the remaining 46 potentially eligible
studies was performed, of which 35 studies were excluded
for different reasons, including study type and study out-
comes. Finally, 11 studies were included in the review [30,
31, 69-77]. The detailed PRISMA flow diagram that sum-
marizes the search results and the study selection process is
shown in Fig. 1.

3.2 Characteristics and Key
Pharmacokinetic-Related Findings
of the Included Studies

The characteristics and key PK-related findings of the
included studies are presented in Tables 2 and 3. The 11
studies included in this review were published between 2007
and 2022. Four of the studies were retrospective cohort stud-
ies [69, 72,75, 77], one was an RCT [31], two were obser-
vational prospective studies [74, 76], and the remaining four
were PK modelling studies [30, 70, 71, 73], one of which
was pooled from seven RCTs [70]. Two studies were multi-
national and multicentre [70, 71], while the remaining nine
studies were conducted in the UK (three studies), Canada
(two studies), Germany, France, Italy, and the Netherlands
(one each) [30, 31, 69, 72-77]. In the 11 studies included,
over 7140 healthy and diseased subjects received rivaroxa-
ban therapy (sample size ranged from 12 to 4918). The two
multinational and multicentre clinical trials contributed to
the majority of the subjects (5,927) [70, 71]. Except for
one RCT and one PK modelling study, which both lacked
any clear indication of categorization of subjects based on
body weight or BMI [70, 71], 351 of the 1488 subjects in
the remaining studies (approximately 23.6%) were obese
(detailed categorization can be found in Table 2).

Most subjects, except in one study that included healthy
subjects [31], were taking rivaroxaban for one or more of
the following clinical indications: treatment or prevention
of VTE, prevention of VTE in patients undergoing elective

* Records identified through database searching (n = 2915)

*  Additional records identified through other sources (n = 3)

Duplicates removed (n = 28)

Records after duplicates removed
(n =2890)

Records excluded (n =2844)
e 2780 failed to meet the inclusion criteria
49 were review articles

Records screened
(n=2890)

9 were conference abstracts
4 were case reports
2 were editorials

(n =46)

Full-text articles assessed for eligibility

Full-text articles excluded (n = 35)
23 due to outcome
12 due to type of the article

v

Studies included the review

(n=11)

[ Included ] [ Eligibility ] [ Screening ] [Identification]

Fig. 1 PRISMA flow diagram for literature search and study selection process. PRISMA Preferred Reporting Items for Systematic Reviews and

Meta-Analyses
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inappropriate DOAC underdosing
seems to be the only independent

factor associated with the drugs’
plasma concentration out of the

receiving DOAC therapy for AF
expected range

had a DOAC plasma concentra-
tion in the expected range. The

Subjects with extreme obesity

Outcomes

1390) pg.h.L~!
CL/F: 16.8 (14.4-23.3) L.h™!

Vg 73.4 (63.5-97.9) L

(IQR):
AUC,,: 1204 (861

Values expressed as median

PK parameter

One-compartment model

PK model

Rivaroxaban dosing regimen

20 mg once daily

Mean BMI (+SD) for the whole

sample:

44.43 (+3.54) kg/m?
tion, K, absorption rate constant, AUC,, area under the plasma concentration-time curve from time zero to infinity, 7, ,, time needed to reach C ., 1,, elimination half-life, Vz/F apparent volume

of distribution during the terminal phase, SE standard error, CL/F apparent clearance, V/F apparent volume of distribution, C,,,,,, trough concentration, AUC, area under the plasma concentra-

tion time curve from time zero to x h, min minimum, max maximum, DOAC direct oral anticoagulant

BMI body mass index, PK pharmacokinetics, PD pharmacodynamics, IQR interquartile range, C,,,, maximum plasma concentration, SD standard deviation, CL clearance, V,; volume of distribu-

*Values were visually extracted from study graphs

Study reference Weight/BMI

Table 3 (continued)
[77]

~
>
>
(="
=
w

hip or knee replacement, and prevention of stroke and sys-
temic embolism in patients with NVAF. Rivaroxaban dose
across the studies ranged between 2.5 mg once daily and 30
mg twice daily.

The characteristics of the studies (author[s], year of pub-
lication, country of the study, sample size, study design,
general population demographics, clinical condition of the
subjects, rivaroxaban dosage regimen, PK parameters that
were reported in the studies, and the outcomes of the studies)
are presented in Tables 2 and 3. A one-compartment model
or non-compartmental analysis was reported in some studies.
Seven PK parameters were extracted from the included stud-
ies: Cp . Imax» AUC, absorption rate constant (k,), V,, CL,
and #,,. Overall, the systematic review results showed that
rivaroxaban PK parameters changed slightly or considerably
in the extreme body weight groups.

Drug exposure (AUC and C,,,) in all included studies
except one [31] was measured during steady state. The mean
Cax Of Tivaroxaban in obese subjects was reported in one
study to be 149 pg.L.~! following a 10 mg dose [31], and
in one other study was reported to be 305 ug.L™! follow-
ing a 20 mg dose [73]. These reported values fall within
the range of reported C,,,, values in the general popula-
tion: 143-180 pg.L~! following a 10 mg dose [31. 71, 78]
and 299-360 pg.L~! following a 20 mg dose [71, 73, 78].
However, in other studies, the reported C,,,, values of 214,
215, and 222 pg.L~! following a 20 mg rivaroxaban dose
was slightly lower than anticipated [69, 72, 76]. The AUC
of rivaroxaban following a 10 mg dose was reported to be
1155 pg.h.L’] (AUC from time zero to infinity [AUC_]) in
obese subjects [31] compared with 1029 pg,h.Lf1 (AUC,,)
in the general population [31]. Similarly, the AUC of rivar-
oxaban following a 20 mg dose was found to be 1204-2800
ug.h.L’l (AUC from time zero to 24 h [AUC,,] in obese
subjects [73, 77] compared with 3200 pg.h.L=!=! (AUC,,)
in the general population [73].

The reported/calculated CL value in obese subjects was
7.86-16.8 L.h~! [31, 77] compared with 5.57-11.3 L.h"in
the general population [30, 73, 79, 80], i.e., some of the val-
ues in obese subjects did not fall within the CL value range
reported in the general population. The reported/calculated
value of V;was 73.4-82.8 L in the obese population [31, 77]
and 59.4-104 L [30, 31, 70, 73] in the general population,
indicating a wide range in the reported/calculated values in
the general population; therefore, the effect of obesity on
V, 1s yet to be investigated. A comparison among the PK
parameters in both populations is shown in Table 4.

The studies had variable methodological quality char-
acteristics. The CCAT total scores for the studies ranged
from 31 to 39 out of 40, with an average of 35.4 out of
40. Average percentage scores of the studies were 88.4%
(range 78-98%), with individual study CCAT scores of
78% [76]. 80% [74], 83% [71], 85% (69, 72], 90% [31, 75],
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93% [73]. 95% [30, 77], and 98% [70]. For example, one
included study lacked the explanatory diagrams, secondary
questions among its objective, and did not account for inter-
individual variability or potential bias [69]. Another study
lacked important criteria in its title, and its sample size was
guestionable for PK model development purposes [30]. The
reporting of study design/intervention description, as well
as information about ethical considerations, were lacking in
some studies [71, 72, 76]. The CACPK tool rating trend was
in agreement with the scoring trend of CCAT in a number of
the included 11 studies. The three most highly rated studies
using the CACPK tool have scored > 90% in the CCAT tool;
similarly, the three least rated by CACPK have scored < 85%
in the CCAT tool. A number of questions within the ‘study
design and experimental methods’ domain in the CACPK
tool were not applicable in 6 of the 11 included studies.
This is expected as the CACPK tool is not designed specifi-
cally for retrospective studies. More details of all the score
categories are shown in Tables 5 and 6.

4 Discussion

Several studies have reported that obesity is a significant
risk factor for VTE [58, 81, 82]. Since a large proportion
of patients who receive anticoagulants, including rivaroxa-
ban, are obese, having definitive evidence about the PK of
rivaroxaban in this population will be of great importance
[55, 56]. Previously published reviews have provided an
overview of the effectiveness and safety of DOACs in gen-
eral and rivaroxaban in particular among the obese popula-
tion [83—85]. These reviews discussed the pharmacology
of DOACs in obese patients in general, including aspects
related to its PK. Therefore, the strength of the current sys-
tematic review is that it focuses solely on the PK of rivar-
oxaban, where all available PK parameters (AUC, C, ... fax-
V4 CL, 1,) among obese subjects, compared with the gen-
eral population, would be pooled and extensively analysed
in order to assess the effect of obesity on the parameters.
To our knowledge, this is the first systematic review that
has been conducted to analyse the changes in different PK
parameters in obese subjects compared with the general
population, which in some instances included a mix of dif-
ferent BMI/body weight categories.

The findings reported here provide evidence that obesity
has a variable impact on some of the rivaroxaban PK param-
eters (particularly C,,,, AUC, CL and V;). Obesity was
found to lower the C,, of rivaroxaban following a 20 mg
dose [69, 72, 76], lower the AUC,, following a 20 mg dose
[73, 77], increase the CL (the values were comparatively
higher and have not fallen within the CL range reported
for general populations) [31, 77], and had an inconclusive
effect on the V [31, 77]. In general, the data extracted in

this systematic review are consistent with previously pub-
lished rivaroxaban PK studies in the general population. The
comparisons in this discussion are held between obese sub-
jects (data exclusively extracted from the included studies
in this systematic review [30, 31, 69-77]) and the general
population (data extracted from the included studies in this
systematic review as well as other published studies) [11.
30, 31,61, 70,71, 73, 78]. The current findings regarding
the C,,, of rivaroxaban in obese subjects are comparable
with previous studies. For example, three studies [31, 71,
78] reported the C,,,, of rivaroxaban after a 10 mg dose in
the general population to be between 143 and 180 ug.L™!, a
range that covers a value in one of the included studies for
obese subjects (149 ug.L’l) [31]. However, the C,,,, follow-
ing a 20 mg dose was found to be within 214-305 pg.L ™" in
four of the included studies for obese subjects [69, 72, 73,
76]. three of which are considerably lower than the values
reported in the general population (299-360 pg.L™") [71, 73,
78], implying a possible impact of body weight on C,,, after
a 20 mg dose. The lower than expected rivaroxaban levels
reported in the studies by Martin et al. and Piran et al. [69,
76] might have been underestimated if data were sparse and
the compartmental modelling was inappropriate [70, 73].
Therefore, a specific comparison of k, and oral CL values
after 10 and 20 mg doses of rivaroxaban in obese subjects
versus the general population is warranted.

In one of the included studies, the AUC value following
a 10 mg rivaroxaban dose was 1155 pg.h.L™" [31]. which
is higher than the reported values in a range of 864-1029
ug.h.L~! in the general population [31, 71, 78]. This comes
in agreement with guideline recommendations that endorse
that rivaroxaban could produce the desired exposure in obese
subjects and thus could be prescribed without dose adjust-
ment [41, 86]. A CL value of 7.86 Lh'anda V, value of
73.4-82.8 L in the obese population [31, 77] were interest-
ingly falling in the middle of the range of values reported in
the general population (CL ranged from 5.57 to 11.3 L.h™!
and V; ranged from 59.4 to 104 L) [30, 70, 71, 73], and thus
the same trend was also calculated for t,, (using the formula:
fy = 0.693%). As the CL and V values in the obese popu-
lation were extracted from two studies, their corresponding
values in the general population were extracted from five
studies. Such comparison is inconclusive to show a clear
impact of obesity on CL and V, as the values reported in the
general population were about onefold different in separate
studies. In addition, the CL values reported in two studies of
obese subjects had a 100% difference (Table 4).

High body weight is known to significantly increase the
V, of many medications [87, 88]. Rivaroxaban moderate
lipophilicity could partly explain the change in V; that was
observed in obese subjects in some studies [30, 31]. A popu-
lation PK model for rivaroxaban showed a positive correla-
tion between V4 and body weight [89]. Some factors may
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Rivaroxaban Pharmacokinetics in Obese Subjects

aftect the PK processes in obesity. For example, a change in
albumin binding with an acidic drug (i.e., rivaroxaban) due
to displacement by fatty acids, and thus changes in V;, CL
and t,,, are expected in the obese population. Moreover, the
potential decrease in hepatic activity of cytochrome P450
(CYP) 3A4 in obesity may also partially explain any change
in the PK parameters of rivaroxaban in the obese population
[90,91].

Virtual subpopulations were simulated in the models
developed in some of the included studies. For example,
subpopulations with different weight and BMI catego-
ries, including the obese, were defined and the effects of
these covariates on PK parameters such as the apparent
CL and V, were simulated [70]. The covariate analysis
revealed a minor effect of weight or BMI on rivaroxaban
exposure. On the other hand, another modelling study
has demonstrated a greater effect of some covariates
on PK parameters such as V; of rivaroxaban, emphasiz-
ing that the estimates of PK parameters may not reflect
real-world populations and suggesting that larger data-
sets from real-world patients are warranted [30]. While
appraising the included studies for methodological qual-
ity and data extraction, some methodological issues were
identified [92]. A comparatively short-term follow-up of
patients was noted, as two of the included studies were
single-dosed and a third study was for about 10 days,
all with only one time-point blood sampling. However,
longer duration and multiple time points of follow-up and
blood sampling may represent a better and clearer pic-
ture of rivaroxaban PK profile in the obese population.
Furthermore, in two of the included studies, the PK of
rivaroxaban were examined retrospectively, which made
it difficult to ensure that the data were measured con-
sistently, without confounding factors that could affect
the results. Conducting this systematic review was chal-
lenging, as the data generated from the included studies
have considerable heterogeneity in study designs, clinical
indications, rivaroxaban dosage regimens, and the PK
parameters that were evaluated and reported. Due to the
heterogeneity of data in the included studies, the narra-
tive approach was particularly selected for data synthesis,
and thus the meta-analysis approach was deemed inap-
propriate. To accurately perform data synthesis utilizing
the narrative approach, two authors (MA and OR) sys-
tematically summarized the key points of each study’s
methodology and results to reliably synthesize the find-
ings/conclusions of this systematic review.

One of the limitations of the selected studies is the
lack of any study that reported the three related param-
eters (V,, CL and t,,) in its results; thus, the comparison
of these PK parameters between obese subjects and the
general population was based on values extracted from

different studies or calculated using PK values from the
same study. In other words, the missing link between the
observed changes in V,; and CL (and the calculated t,,)
might be due to extracting the PK values from different
studies. Another limitation is that the included studies
were not specifically designed to investigate the impact
of body weight on rivaroxaban PK parameters (except
five studies that included only obese/morbidly obese sub-
jects to investigate the PK parameters, however this was a
retrospective design study [72, 74—77]). Furthermore, the
obese/morbidly obese subjects accounted for an unknown
or small proportion of the whole sample size (as low as
18%) among the included studies, potentially skewing
the results obtained from this systematic review [30, 31,
69-73]. Finally, some of the included studies have not
analysed their findings based on BMI or weight catego-
ries, except in three studies that have partially covered
the PK parameters in obese subjects [31, 72, 73]. These
limitations could clearly highlight the difficulty of ana-
lysing the available data and coming up with the current
outcomes regarding rivaroxaban PK in obese subjects.

Despite that the included studies contributed to the
understanding of rivaroxaban’s PK parameter changes
in the obese population, these studies did not distinguish
between large and obese subjects upon recruitment and
thus have not examined the difference in PK parameters.
There is a noteworthy difference in body fat composi-
tion between these two groups, which may significantly
affect the PK parameters for lipophilic medications such
as rivaroxaban, and consequently the interpretation of the
findings and outcomes of the review.

As previously mentioned, the current guidelines sug-
gest that rivaroxaban (and other DOACs) should not be
used in patients with a BMI of > 40 kg/m? or a weight
of > 120 kg, because limited clinical data exist in this
population. Despite the fact that many studies have been
conducted investigating the PK/PD with associated
clinical outcomes after rivaroxaban administration, and
have suggested that decreased drug exposure, reduced
peak concentration and shorter half-life (contributing
to concerns about underdosing in this population) occur
with increasing weight among the obese population, the
resultant evidence is still weak and these studies could
not confirm the safety/effectiveness of fixed rivaroxa-
ban dosing in this population. Moreover, and according
to the guidelines, clinicians should apply their clinical
judgement in such a population. Our study aimed to
gather/analyse the available evidence in literature, and
it was found that the reviewed evidence is insufficient
to conclude whether the differences in the reported PK
parameter values were clinically relevant or not (and thus
whether or not dose adjustment is needed).
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Table 5 Quality assessment of the 11 included studies using CCAT

Study no. Reference Preliminary Introduction Design Sampling Data Ethical Results Discussion Total Corresponding
collec-  matters total percentage
tion

1 [69] 5 4 4 4 4 5 4 4 34 85

2 [30] 5 5 4 4 5 5 5 5 38 95

3 [31] 5 5 4 5 5 3 5 4 36 90

4 [70] 5 5 5 4 5 5 5 5 39 98

5 [71] 5 5 5 4 4 2 4 4 33 83

6 [72] 3 4 4 5 5 5 4 4 34 85

7 [73] 5 5 5 4 5 5 4 4 37 93

8 [74] 4 5 4 4 4 4 3 4 32 80

9 [75] 5 5 4 5 5 5 4 4 36 90

10 [76] 5 4 3 3 5 2 5 4 31 78

11 [77] 5 5 5 5 5 5 4 4 38 95

The CCAT tool is based on a rating score on an overall scale of 0-5 (0, no evidence; 3, high evidence) in each of eight categories

CCAT Crowe Critical Appraisal Tool

Table 6 Quality assessment of

) X . Study no. Reference Background (2 Study Applied Results (3 Total number of
glz(l:é)ll(ncluded studies using questions) design and statistics (1 questions) ‘yes’ responses
experimental  question)
methods (15
questions)
Yes No NA Yes No NA Yes No NA Yes No NA
1 [69] 2 - - 4 2 9 1 - = 3 - - 10
2 [30] 2 - - mnm 4 - 1 - - 2 ) 16
3 [31] 2 - -9 4 2 1 - - 3 - - 15
4 [70] 2 - - 1 4 - 1 - - 3 - - 17
5 [71] 2 - - 4 - | - - 2 | 16
6 [72] 2 - - 7 5 3 | - - 3 - - 13
7 [73] 2 - - 1 4 - | - - 3 - - 17
8 [74] 2 - - w0 5 - 1 - - 1 2 - 14
9 [75] 2 - - 5 2 1 - - 2 | R 13
10 [76] 2 - - 5 3 1 - - 2 | 12
11 [77] 2 - - 10 3 2 1 - - 2 | 15

The CACPK tool is based on a rating scale of ‘yes’, ‘no’, ‘I do not know’, and “not applicable’ in each of
the 21 questions in four categories. As there were no ‘I do not know’ answers, this was not included as an

option in this table

CACPK Critical Appraisal of Clinical Pharmacokinetic Studies, NA not applicable

5 Conclusion

In light of this systematic review, it was found that obesity
has a variable effect on different rivaroxaban PK parameters.
Rivaroxaban should be used with caution in this popula-
tion, as changes in anticoagulation activity may occur upon
long-term therapy. In order to achieve conclusive evidence,
it is recommended that well-designed prospective studies be
conducted addressing the quality issues identified here in the

I\ Adis

CCAT and CACPK assessments, to investigate rivaroxaban
PK in the obese population. This will assist in establishing
solid and definitive evidence to be used in clinical practice
guidelines for effective and safe dosage regimen recommen-
dations in this population.
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