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Abstract
Two previously conducted rivaroxaban studies showed that, separately, renal impairment (RI) and concomitant administration of erythromycin
(P-glycoprotein andmoderate cytochromeP4503A4 [CYP3A4] inhibitor) can result in increases in rivaroxabanexposure.However, these studiesdidnot
assess the potential for combined drug–drug–disease interactions, which—in theory—could lead to additive or synergistic increases in exposure. This
study investigated rivaroxaban pharmacokinetics and pharmacodynamics when co-administered with steady-state (SS) erythromycin in subjects with
either mild or moderate RI. Similar to previous studies, rivaroxaban administered alone in RI subjects, or when co-administered with SS erythromycin in
normal renal function (NRF) subjects, increased rivaroxaban exposure. When combined, the co-administration of rivaroxaban 10mg with SS
erythromycin in subjectswithmild ormoderate RI producedmean increases in rivaroxabanAUC1 andCmax of approximately 76% and56%, and 99% and
64%, respectively, relative to NRF subjects, with PD changes displaying a similar trend. No serious adverse events occurred and no persistent adverse
events were reported at the end of study. Although these increases were slightly more than additive, rivaroxaban should not be used in patients with RI
receiving concomitant combined P-glycoprotein and moderate CYP3A4 inhibitors, unless the potential benefit justifies the potential risk.
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Rivaroxaban is apotent, directFactorXa inhibitorwithhigh
oral bioavailability, predictable pharmacokinetics (PK),
and a rapid onset and offset of action.1 Rivaroxaban has
been shown to be an effective andwell-tolerated alternative
to traditional anticoagulants for the prevention and treat-
ment of venous thromboembolism and for stroke preven-
tion in patients with non-valvular atrial fibrillation.2–8

Rivaroxaban has a dual mode of elimination, in which
approximately two-thirds of the absorbed dose is hepati-
cally metabolized through oxidative and hydrolytic
pathways via cytochrome P450 (CYP) enzymes
(CYP3A4/3A5 and CYP2J2) and CYP-independent
mechanisms (Figure S1 of Supporting information),
then excreted as inactive metabolites in both the urine
and the feces.9 The remaining third of the absorbed
dose is eliminated as unchanged drug in the urine via
P-gp-mediated and ABCG2 (also abbreviated as Bcrp for
breast cancer resistance protein)-mediated secretion.2,10

Considering the percentage of the administered dose
renally eliminated as unchanged drug and also metabo-
lized via CYP3A4/3A5 enzymes, a renal impairment
study and several drug–drug interaction studies, including
an erythromycin drug–drug interaction study, were

previously conducted to characterize their effect on the
PK and pharmacodynamics (PD) of rivaroxaban.

Although the changes in rivaroxaban exposure
observed in the renal impairment and erythromycin
interaction studies were not considered clinically relevant
when assessed independently from each other, the
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potential for a combined drug–drug–disease interaction
potentially resulting in clinically relevant increases in
rivaroxaban exposure could not be ruled out. This
particular clinical scenario was assessed by the Food
and Drug Administration (FDA) through the use of
physiologically-based pharmacokinetic (PBPK) model-
ing, in which the authors concluded that a drug–drug–
disease interaction, potentially leading to a synergistic
increase in rivaroxaban exposure, may occur in these
types of clinical scenarios.11

Therefore, this study was conducted to evaluate the
actual extent of this type of interaction with the
concomitant use of rivaroxaban and erythromycin (a
moderate inhibitor of CYP3A isozymes and a reported
inhibitor of P-gp-mediated secretion)11 in subjects with
various degrees of renal impairment.

Methods
Subjects
Men or women aged 35–75 years were eligible for
participation in this study if they: had a body mass index
of 18–38 kg/m2; had a body weight of �50 kg; and had
been characterized as having either normal renal function,
mild renal impairment, or moderate renal impairment, but
were otherwise healthy.

Subjects were excluded from the study if they had: a
history of or current clinically significant medical illness
or any other illness that could interfere with the
interpretation of the study results; any condition that
would preclude the use of erythromycin or rivaroxaban;
clinically significant abnormal values for hematology,
clinical chemistry, or urinalysis (other than CLCR 30–
79mL/min – see Study Design section); clinically
significant abnormal physical examination, vital signs,
or 12-lead electrocardiogram (ECG); presence or history
of disorders known to be associated with increased risk of
bleeding (e.g. acute gastritis, acute peptic ulcer, prior
hemorrhage, coagulation disorders); concomitant use (�2
weeks prior to the start of the study) of drugs that
influence either the coagulation system or cytochrome
P450 3A4 metabolism and P-gp transport systems; or a
history of drug or alcohol abuse within the past 2 years.
Subjects were also excluded if they were pregnant or
breastfeeding or intended to become pregnant during the
study. Renally impaired subjects taking medications for
conditions associated with their underlying renal im-
pairment, which were allowed as per protocol, were to
maintain their original treatment schedule during the
study, and these medications were to be documented.
While the use of concomitant medications was allowed in
the study, each medication was reviewed by the sponsor
prior to subject enrollment to ensure they were not
classified as inhibitors of the relevant CYP or P-gp
pathways utilized by rivaroxaban or erythromycin.

All subjects gave written informed consent to
participate in the study and the study protocol and
amendments were reviewed by an Institutional Review
Board (IRB). There were three separate IRBs in total:
Independent Investigational IRB, Inc. (Plantation, FL);
Aspire IRB, LLC (Santee, CA); and Crescent City IRB
(New Orleans, LA). The study was conducted in
accordance with the Declaration of Helsinki, the
International Conference on Harmonization of Technical
Requirements for Registration of Pharmaceuticals for
Human Use Good Clinical Practice Guideline, and
applicable regulatory requirements.

Study Design
This study had an open-label, sequential design and was
conducted across four US study sites in Orlando, FL; St.
Paul and Minneapolis, MN; and Knoxville, TN. Target
enrollment was 24 subjects, with eight in each renal
function group; however, subjects that did not complete
the studywere replaced by individuals with the same renal
characteristics. To ensure demographic balance between
the renal function groups, subjects with mild and
moderate renal impairment were enrolled and completed
the study first, followed by subjects with normal renal
function who were matched for mean age (� 10 years),
mean body mass (� 20%), and sex.

Renal function was determined by taking the mean
value of two estimated CLCR measurements assessed
using the Cockcroft–Gault equation.12 Measurements
were taken approximately 1–2 weeks before the study,
�7 days apart. Subjects were then assigned to one of three
renal function groups: Group 1: CLCR�80mL/min
(normal renal function – healthy controls); Group 2:
CLCR 50–79mL/min (mild renal impairment); Group 3:
CLCR 30–49mL/min (moderate renal impairment). The
Cockcroft–Gault method was selected based on current
industry guidelines13 and in order to be consistent with
previous rivaroxaban studies.

The study schedule began with a screening phase of
approximately 20 days (in which informed consent,
medical history, and other screening factors for eligibility
were assessed), followed by an open-label treatment
phase (Figure 1). This open-label phase consisted of two
sequential treatment periods for subjects with normal
renal function and three sequential treatment periods for
subjects with mild or moderate renal impairment.
Treatment phases were separated by a washout period
of 7–14 days.

The duration of treatment period 1 was 4 days, in which
all subjects received a single 10mg dose of rivaroxaban on
themorningof day1, followed by48 hours of post-dosePK
and PDblood sampling. Subjectswere discharged from the
study site on day 3, after the last blood sample collection
and safety assessment.All subjects then proceeded through
a washout period of 7–14 days and returned to their
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respective study site for treatment period 2. The duration of
treatment period 2 was 8 days, in which all subjects
received erythromycin 500mg three times daily for 6 days
(day 1 through day 6). On the morning of day 5, subjects
with normal renal function received the concomitant
administration of rivaroxaban 10mg with the erythromy-
cin dose and subjects with either mild or moderate renal
impairment received the concomitant administration of
rivaroxaban 5mg with the erythromycin dose. This
concomitant dose administrationwas followed by 48 hours
of post-dose PK and PD blood sampling that ended on the
morning of day 7. On completion of treatment period 2 and
after an assessment of safety, subjects with normal renal
function were discharged from the study and subjects with
mild or moderate renal impairment proceeded through a
secondwashout period of 7–14 days.On completion of this
second washout period, subjects with renal impairment
returned to their respective study site for treatment period
3. The design and duration of treatment period 3mimicked
that of treatment period 2, inwhich all subjects received the
same erythromycin regimen for 6 days; however, on the
morning of day 5, subjects now received the concomitant
administration of rivaroxaban 10mg with the erythromy-
cin dose. Once again, PK and PD blood samples were
collected for 48 hours post-dose and subjects were
discharged from the study on the morning of day 7, after
the final blood sample collection and safety assessments
(Figure 1).

Pharmacokinetic and Pharmacodynamic Assessments
Bioanalytical Procedures. Blood samples for both the

determination of rivaroxaban plasma concentrations
(1mL each) and PD markers – prothrombin time (PT);

activated partial thromboplastin time (aPTT); HepTest1,
and Factor Xa activity (total of 3mL each) – were
collected at the following time points: –1 (pre-dose), 0.5,
1, 2, 3, 4, 6, 8, 12, 24, 36, and 48 hours (post-dose) for all
treatment periods (on days 1–3 of treatment period 1
and days 5–7 for treatment periods 2 and 3). Blood
samples (3mL each) for the determination of erythromy-
cin plasma concentrations during treatment periods 2 and
3 were collected prior to the morning administration of
erythromycin on days 2–6 and again on the morning of
day 7.

Urine samples for the determination of rivaroxaban
concentrations were collected prior to rivaroxaban dosing
(on day 1 of treatment period 1 and day 5 of treatment
periods 2 and 3) and at intervals of 0–4, 4–8, 8–12, 12–24,
and 24–48 hours post-dose on days 1–3 of treatment
period 1 and days 5–7 for treatment periods 2 and 3.
Subjects voided their bladders just before the administra-
tion of study drug (pre-dose) and just before starting
each timed urine collection interval. The exact collection
date and time of these samples, pH, and complete volume
of each collection interval of these samples were
recorded.

Plasma and urine samples for rivaroxaban concen-
trations were frozen and stored at approximately �20 °C
until shipped and analyzed by the department of
Drug Metabolism and Pharmacokinetics at Bayer
PharmaAG (Wuppertal, Germany). Rivaroxaban concen-
tration was determined in plasma after protein precipita-
tion with acetonitrile (including an internal standard,
[2H5�15N] rivaroxaban; MW 441.9 g/mol [WITEGA-
Adlershof GmbH]) followed by separation employing
high-performance liquid chromatography–tandem mass
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spectrometry; the specific assay has been described in
detail elsewhere.14 The calibration range of the procedure
was 0.50–500mg/L; the inter-assay precision was�6.0%
and inter-assay accuracywas between 98.2% and 101.2%.
Rivaroxaban concentration was determined in urine after
solid phase extraction (including an internal standard,
BAY 60–4758; MW 463.9 g/mol [Bayer HealthCare
AG]) followed by separation employing high-perfor-
mance liquid chromatography with ultraviolet detection.
The calibration range for this procedure was 0.1–20mg/L;
the inter-assay precision was �3.0% and inter-assay
accuracy was between 98.5% and 101.6%.

Concentrations of erythromycin were analyzed from
plasma samples using a validated specific and sensitive
liquid chromatography coupled with tandem mass
spectrometry (LC/MS/MS) method by PRA International
Early Development Services (Assen, The Netherlands).
The method was validated according to the FDA
Guidance for Industry – Bioanalytical Method Valida-
tion.15 Briefly, frozen plasma samples were thawed and
prepared for bioanalysis by protein precipitation in
methanol followed by reverse phase liquid chromatogra-
phy using a Waters XBridge Shield RP18 column
(50� 2.1mm, 35mm particle size) at a temperature of
40 °C coupled with a PE SciexAPI 3000 triple quadrupole
mass spectrometer. Monitored ions were 734.7! 158.3
(erythromycin) and 738.7! 162.4 (internal standard).
The internal standard used was erythromycin-13C-d3;
737.9 g/mol (Sigma–Aldrich [Zwijndrecht, The
Netherlands]). The blank matrix used was human K2-
EDTA (Sera Laboratories International, Haywards Heath,
UK). The quantification range for erythromycin in plasma
was 20.0–5,000 ng/mL. The inter-assay precision was
�8.0% and the inter-assay accuracy ranged from 95.6 to
104.5%. The intra-day precision (CV%) ranged from 2.2
to 5.6% and the inter-day precision (CV%) ranged from
1.7 to 8.0% (total CV%: 4.8 to 9.8%).

Plasma samples for the determination of PT, aPTT,
HepTest1, and Factor Xa activity were frozen and stored
at approximately �20 °C until shipped and analyzed by
the departments of Toxicology Pathology/Clinical Pa-
thology and Clinical Biomarkers at Bayer Pharma AG
(Wuppertal, Germany). PT samples were automatically
processed by an STA Compact Hemostasis workstation
(Stago Asnieres, France) using STA Neoplastin as the
reagent (Roche Diagnostics; Mannheim, Germany). The
aPTT samples were automatically processed by an STA
Compact Hemostasis workstation (Stago Asnieres,
France) using STA aPTT Kaolin and calcium chloride
0.025M as the reagents (Roche Diagnostics; Mannheim,
Germany). HepTest1 samples were semi-automatically
processed using a Ball Coagulometer KC 10A (Amelung,
Lemgo, Germany) and HepTest1 Heparin Test as the
reagent. Factor Xa samples were measured by a two-step
photometric method. During the first step, the total Factor

X is activated via Russell’s Viper venom (Haemochrom,
Germany) in the presence of calcium ions to Factor Xa. In
the second step, Factor Xa hydrolyzes the chromogenic
substrate Z-D-Arg-Gly-Arg-pNA (S-2765; Haemo-
chrom, Germany), releasing the chromogenic group
p-nitroanilin. The color intensity is determined with a
photometer at 405 nm and the quantity of the released
p-nitroanilin is proportional to the Factor Xa activity of
the sample.

PK Assessments. The following key rivaroxaban
plasma PK parameters were determined for each treatment
by subject group via non-compartmental analysis methods
utilizing Win Nonlin1 software (version 5.2.1; Pharsight
Corporation, California, USA): maximum plasma concen-
tration (Cmax); time tomaximum concentration (tmax); area
under the concentration–time curve from time 0 to infinite
time (AUC1); elimination half-life (t1/2); total apparent
oral clearance (CL/F); and apparent volume of distribution
based on the terminal elimination phase (Vd/F).

The following key rivaroxaban PK parameters in urine
were also calculated using non-compartmental methods:
the cumulative amount excreted into the urine (Ae) over
48 hours; renalclearance(CLR)calculatedasAe/AUC0–48h;
CLCR estimated using the Cockcroft–Gault equation;12

clearance by glomerular filtration (CLGFR) calculated as
fraction unbound of rivaroxaban(fu)*CLCR; and active
renal clearance of drug (CLact) calculated as CLR–CLGFR.

Based on pre-dose PK samples obtained, erythromycin
plasma concentrations at trough were determined and
attainment of steady-state conditions was assessed
visually.

PD Assessments. PD parameters were calculated via
non-compartmental analysis methods utilizing Win Non-
lin1 software (version 5.2.1; Pharsight Corporation,
California, USA) and using change from baseline versus
time profiles for each of the PDmarkers, in which baseline
was defined as the pre-dose (�1 hour) PD sample
collection per treatment period. However, for the sake
of brevity, only Factor Xa inhibition and PT prolongation
are described in detail within this manuscript. The PD
parameters calculatedwere: area under the PD–time curve
from time 0 to 48 hours (AUC0–48h) and the maximum
effect (Emax).

Safety and Tolerability. Safety and tolerability were
evaluated continuously throughout the study by monitor-
ing the incidence of bleeding events and other treatment-
emergent adverse events (TEAEs), as well as the severity
and relationship of adverse events (AEs) to the study
drugs. Safety was also evaluated bymonitoring vital signs
(heart rate, blood pressure), ECG variables, and changes
in clinical laboratory test values (hematology, clinical
chemistry, coagulation tests [PT and aPTT], and urinaly-
sis) and by performing regular physical examinations. All
subjects who received �1 dose of the study drug were
included in the safety and tolerability analysis.
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Statistical Methods
Statistical evaluations were performed using the SAS
v9.1.3 software package (SAS Institute, Cary, NC,
USA). The design of this study allowed for several
different test and reference conditions. (1) When
assessing the effects of renal impairment on the PK
and PD of rivaroxaban, the test condition consisted of
subjects with either mild or moderate renal impairment
receiving rivaroxaban, with a reference condition
consisting of subjects who had normal renal function
and had received rivaroxaban. (2) When assessing the
effects of concomitant erythromycin use, the test
condition consisted of subjects with normal renal
function receiving co-administered rivaroxaban and
erythromycin, with a reference condition consisting of
the same subjects, but receiving rivaroxaban alone. (3)
When assessing the combined effects of renal im-
pairment and concomitant erythromycin use on the PK
and PD of rivaroxaban, the test condition consisted of
subjects with either mild or moderate renal impairment
receiving concomitantly administered rivaroxaban and
erythromycin, with a reference condition consisting of
subjects who had normal renal function and had received
rivaroxaban alone. (4) Lastly, when the comparison was
performed within the same renal function groups, the test
condition consisted of subjects with either mild or
moderate renal impairment receiving concomitantly
administered rivaroxaban and erythromycin, with a
corresponding reference condition consisting of the
same subjects, but receiving rivaroxaban alone.

PK Assessments. Plasma concentrations of rivaroxaban
were plotted versus time for each renal function group and
PK parameters were summarized using descriptive
statistics for each treatment period and renal function
group. The primary parameters of interest for the
statistical analysis were the log-transformed AUC1 and
Cmax values of rivaroxaban. When assessing the
rivaroxaban 5mg data, all PK parameters were dose-
normalized to 10mg. For each log-transformed, dose-
normalized PK parameter, a mixed-effects ANOVA
model was used to estimate the least squares means and
intra- or inter-subject variance. The model included
treatment, renal function group, and the interaction
between treatment and renal function group as fixed
effects, and subject as a random effect. Using the
estimated least squares means and intra-/inter-subject
variance, the point estimate and 90% confidence intervals
(CIs) for the difference in means on a log-scale were
constructed for the test to reference conditions. The limits
of the CIs were retransformed using antilogarithms to
obtain 90% CIs for the ratios of the mean area under the
concentration–time curve (AUC) and Cmax of the test to
reference condition. Attainment of steady-state for
erythromycin concentrations was assessed through visual
inspection of the concentration–time plots.

Only concentration data from subjects who completed
the study were included in the statistical analysis. A
subject or sample was excluded if there was non-
compliance with study procedures, >10% of data were
missing, or the pre-dose rivaroxaban concentration was
>5% of the Cmax. Where data were below the limit of
quantification, those data were treated as zero in the
summary statistics and for the calculation of PK
parameters.

PD Assessments. The PD parameters AUC0–48h and
Emax (based on change from baseline values) for each of
the PD markers were summarized by arithmetic mean,
standard deviation, coefficient of variation (CV), median,
minimum, and maximum at each post-dose time point.
Median change from baseline versus time profiles for
Factor Xa activity, PT, aPTT, and HepTest1were plotted
by treatment and renal function group. The primary
parameters of interest for the statistical analysis were the
log-transformed AUC0–48h and Emax values. Only data
from subjects who completed the study were included in
the statistical analysis. If a subject had an inestimable PD
parameter, then the data for that subject were not included
in the statistical analysis of that parameter. Mixed-effects
ANOVA models were used to generate point estimates
and 90% CIs (for the ratios of the mean AUC0–48h and
Emax of the test to reference condition) using the same
methods as for the PK parameters above. The PD
parameters (AUC0–48h and Emax) were not dose-normal-
ized for the rivaroxaban 5mg dose because not all of the
parameters have a linear response with increasing
rivaroxaban exposure, and thus, a true comparison could
not be made and were not included in this manuscript.

Sample Size Determination. Based on prior study results
for rivaroxaban in renally impaired subjects,16 the inter-
subject CVs for PK parameters (AUC and Cmax) were
estimated to be <35%, and the inter-subject CVs for PD
parameters (AUC0–48h and Emax for PT) were estimated to
be<45% for rivaroxaban in subjects with moderate renal
impairment and in subjects with normal renal function.
Using these cutoffs, a sample size of eight subjects
completing the study in each renal function group was
considered sufficient to determine point estimates of the
ratio of mean PK (dose-normalized) and PD parameters of
the renally impaired groups versus the normal renal
function group subjects to fall within 73.5–136.1% and
67.3–148.6% of the true values with 90% confidence,
respectively.

Based on the results of an earlier assessment of
rivaroxaban/clarithromycin drug interaction [Bayer
Pharma AG, data on file], the intrasubject CV for the
PK parameters Cmax and AUC, was estimated to be<15%
and the intrasubject CV for the PD parameters Emax and
AUC for PT was estimated to be<12% for rivaroxaban in
subjects with normal renal function. Using an estimated
intrasubject CV of 15% for the PK parameters and 12%
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for the PD parameters for rivaroxaban, a sample size of
eight subjects completing the study in each renal function
group was considered sufficient to determine point
estimates of the ratio of mean PK and PD parameters
so as to fall within 86.8–115.3% and 89.3–112.0% of the
true values with 90% confidence, respectively.

Results
Demographics
In total, 29 subjects were enrolled in the study (aged
46� 75 years). There were 8 subjects in the normal renal
function group, 12 subjects in the mild renal impairment
group, and 9 subjects in the moderate renal impairment
group. All subjects were correctly placed into their
respective renal function groups through the calculation
of their mean CLCR value during screening. Details of the
baseline demographics according to renal function
category are presented in Table 1. Of the 29 patients
enrolled, 24 completed the study. One patient withdrew
consent, two patients withdrew as a result of AEs, and two
withdrew for other reasons (protocol violation & positive
drug screen).

Pharmacokinetics/Pharmacodynamics
Effect of Renal Function on Rivaroxaban PK and PD.

When assessing the effects of renal function on
rivaroxaban exposure, subjects with mild renal im-
pairment receiving a single 10mg dose of rivaroxaban
had increases in AUC1 and Cmax of approximately 15%
and 23%, respectively, and subjects with moderate renal
impairment had increases of approximately 17% and
36%, respectively, when compared with subjects with

normal renal function (Figure 2a and Table S1 of
Supporting information). Rivaroxaban CL/F and CLR

values decreased with decreasing renal function. A
similar trend was observed for CLGFR and CLact.
Consequently, the total amount of drug secreted in the
urine (Ae) also decreased with decreasing renal clearance
parameters (Table 2). Additionally, subjects with renal
impairment displayed a median tmax that occurred
approximately 1 hour earlier and a mean elimination t1/2
that was prolonged by approximately 1–2 hours, although
these values remained within the typical range of t1/2
previously observed (Table 2).

In general, changes in the PD parameters displayed a
similar trend for increased values; however, these changes
were not as consistent for each of the PD parameters
(Table S2 of Supporting information). Subjects with mild
renal impairment displayed increases in Factor Xa
inhibition AUC0–48h and Emax values by approximately
16% and 17%, respectively, and increases in PTAUC0–48h

and Emax values by approximately 47% and 5%,
respectively. Subjects with moderate renal impairment
had very slight increases in Factor Xa inhibition, with
AUC0–48h andEmaxvalues increasingbyapproximately3%
and 17%, respectively, whereas AUC0–48h and Emax values
for PT did not seem to change significantly (Table S3 and
Figures S2a andS3a of Supporting information). Addition-
ally, changes in aPTT andHepTest1were inconsistent and
did not show any particular trend (data not shown).

Effect of the Co-administration of Erythromycin on
Rivaroxaban PK and PD. When assessing the effects of
erythromycin on rivaroxaban exposure, subjects with
normal renal function receiving the concomitant admin-
istration of a single 10mg dose of rivaroxaban with

Table 1. Demographics and Baseline Characteristics of the Participants with Normal and Impaired Renal Function

Normal renal function (n¼ 8) Mild renal impairment (n¼ 12) Moderate renal impairment (n¼ 9)

CLCR, mL/min
Mean (SD) 99.5 (12.6) 67.1 (9.4) 42.5 (4.4)

Age, years
Mean (SD) 61 (5) 64 (10) 63 (10)
Median (range) 61 (55–69) 67.5 (46–75) 68 (46–71)

Sex, n (%)
Male 2 (25) 3 (25) 3 (33)
Female 6 (75) 9 (75) 6 (67)

Race, n (%)
White 7 (88) 9 (75) 7 (78)
Black or African-American 1 (13) 3 (25) 2 (22)

Weight, kg
Mean (SD) 75.5 (10.6) 76.7 (15.9) 84.8 (19.8)

Height, cm
Mean (SD) 164.5 (5.7) 165.3 (8.3) 163.1 (9.0)

Body mass index, kg/m2

Mean (SD) 27.9 (3.6) 27.9 (4.0) 31.7 (5.9)

CLCR, creatinine clearance using the Cockcroft–Gault equation; SD, standard deviation.

1412 The Journal of Clinical Pharmacology / Vol 54 No 12 (2014)



steady-state erythromycin had increases in AUC1 and
Cmax values by approximately 39% and 40%, respectively
(Figure 2b and Table S1 of Supporting information). The
concomitant administration of erythromycin decreased
CL/F values with no apparent changes observed for either
CLGFR or CLact (Table 2). The co-administration of
erythromycin led to a mean tmax value that occurred
approximately 1.5 hours earlier while producing a similar
mean elimination t1/2 (Table 2). Additionally, steady-state
erythromycin concentrations seem to have been obtained
by the morning of day 5, prior to when the co-
administration of erythromycin and rivaroxaban
occurred.

Changes in the PD parameters displayed a similar trend
for increased values; however, these changes were not as
consistent for each of the PD parameters. The concomi-
tant administration of rivaroxaban and erythromycin
produced slightly lower Factor Xa inhibition AUC0–48h

values by approximately 8% whereas Emax values
increased by approximately 18%, and PT AUC0–48h and
Emax values increased by approximately 22% and 10%,
respectively (Table S3 and Figures S2b and S3b of
Supporting information). Similar trends as above
were also observed for aPTT and HepTest1 (data not
shown).

Effect of Renal Function and the Co-administration of
Erythromycin on Rivaroxaban PK and PD (Comparisons across
Renal Function Groups). When assessing the combined
effects of renal function and concomitant erythromycin
use on rivaroxaban exposure across renal function groups,
subjects with mild renal impairment receiving the
concomitant administration of rivaroxaban 10mg with
steady-state erythromycin had increases in AUC1 and
Cmax values by approximately 76% and 56%, respective-
ly, when compared with subjects with normal renal
function receiving rivaroxaban 10mg alone. For subjects

Figure 2. (a) Mean (þSD) plasma rivaroxaban concentrations following administration of rivaroxaban 10mg in subjects with normal renal function
and mild or moderate renal impairment. (b) Mean (þSD) plasma rivaroxaban concentrations following administration of rivaroxaban 10mg with and
without concomitant erythromycin 500mg tid in subjects with normal renal function. (c) Mean (þSD) plasma rivaroxaban concentration following
administration of rivaroxaban 10mg with and without concomitant erythromycin 500mg tid in subjects with normal renal function and mild or
moderate renal impairment. (d) Mean (þSD) plasma rivaroxaban concentration following administration of rivaroxaban 10mg with and without
concomitant erythromycin 500mg tid in subjects with mild or moderate renal impairment.
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with moderate renal impairment receiving the same
regimen, AUC1 and Cmax values increased by approxi-
mately 99% and 64%, respectively, when compared with
subjects with normal renal function receiving rivaroxaban

10mg alone (Table 3 and Figure 2c). In both above-
mentioned scenarios, similar increases in the dose-
normalized PK parameters were also observed with the
administration of a single 5mg dose of rivaroxaban with

Table 2. Arithmetic Mean (SD) Plasma and Urine Pharmacokinetic Parameters of Rivaroxaban with and without the Concomitant Administration of
Erythromycin in Participants with Normal and Impaired Renal Function

Rivaroxaban 10mg

PK parameters Normal renal function (n¼ 8) Mild renal impairment (n¼ 12) Moderate renal impairment (n¼ 9)

Cmax, ng/mL 183 (44.6) 210 (65.4) 245 (96.6)
tmax, h

a 4.00 (2.00–8.00) 3.00 (1.00–8.00) 3.00 (1.00–4.00)
AUC1, ng � h/mL 1798 (459) 2021 (835) 2335 (738)
t1/2, h 7.9 (2.5) 9.9 (2.4) 8.9 (1.7)
Vd/F, L 67.7 (32.1) 77.3 (26.9) 58.5 (18.6)
CL/F, L/h 5.91 (1.58) 5.53 (1.74) 4.68 (1.49)
Ae, mg 3.51 (0.773) 2.49 (0.697)b 1.30 (0.654)
CLR, L/h 2.12 (0.833) 1.40 (0.517)b 0.594 (0.278)
CLGFR, mL/min 7.39 (2.51) 6.40 (3.97) 3.1 (1.15)
CLact, mL/min 27.9 (13.8) 16.8 (8.91)b 6.80 (4.43)

Rivaroxaban 10mgþ erythromycin 500mg tid

Normal renal function (n¼ 8) Mild renal impairment (n¼ 8) Moderate renal impairment (n¼ 8)

Cmax, ng/mL 256 (62.3) 287 (77.3) 323 (172)
tmax, h

a 2.50 (1.00–6.00) 3.00 (1.00–4.00) 3.00 (1.00–7.98)
AUC1, ng � h/mL 2,473 (468) 3,228 (1194) 3,584 (1005)c

t1/2, h 7.4 (1.8) 9.7 (2.7) 9.8 (2.1)c

Vd/F, L 44.2 (10.4) 46 (14.7) 40.9 (9.57)c

CL/F, L/h 4.18 (0.804) 3.38 (0.931) 2.96 (0.75)c

Ae, mg 4.80 (0.851) 3.29 (0.893) 2.74 (1.10)
CLR, L/h 2.06 (0.650) 1.15 (0.391) 0.800 (0.383)
CLGFR, mL/min 7.39 (2.51) 6.40 (3.97)d 3.10 (1.15)e

CLact, mL/min 27.0 (11.6) 12.2 (7.74) 10.1 (7.01)

Rivaroxaban 5mgþ erythromycin 500mg tid

Mild renal impairment (n¼ 10) Moderate renal impairment (n¼ 9)

Cmax, ng/mL – 179 (54.5) 164 (51.8)
DNCmax, ng/mL – 358 (109) 329 (104)
tmax, h

a – 3.00 (1.00–4.00) 2.00 (1.00–4.00)
AUC1, ng � h/mL – 1,967 (835) 1,981 (510)
DNAUC1, ng � h/mL – 3,935 (1,671) 3,961 (1,020)
t1/2, h – 9.6 (3.3) 10.0 (1.8)
Vd/F, L – 37.5 (11.7) 38.1 (11)
CL/F, L/h – 2.89 (1.05) 2.68 (0.739)
Ae, mg – 1.56 (0.692) 1.04 (0.531)
CLR, L/h – 0.956 (0.475) 0.555 (0.272)
CLGFR, mL/min – 6.40 (3.97)d 3.10 (1.15)
CLact, mL/min – 9.39 (9.01) 6.15 (4.41)

Data presented as arithmetic mean (SD) unless otherwise noted. Ae, cumulative amount excreted into the urine over 48 hours; AUC1, area under the plasma
concentration–time curve from time 0 to infinity; CLact, active renal clearance; CL/F, total apparent oral clearance of drug; CLGFR, clearance by glomerular
filtration; CLR, renal clearance; Cmax, maximum plasma concentration; DN, dose-normalized; h, hour; PK, pharmacokinetics; SD, standard deviation;
t1/2, elimination half-life; tid, three times daily; tmax, time to reach the maximum plasma concentration; Vd/F, apparent volume of distribution.
aData presented as median (minimum–maximum).
bn¼ 11.
cn¼ 7.
dn¼ 12.
en¼ 9.
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steady-state erythromycin, although with slightly higher
values (Table S4 of Supporting information).

As previously mentioned, both rivaroxaban CL/F and
CLR values decreased with decreasing renal function, and
although CL/F values were further reduced with the co-
administration of erythromycin in these renally impaired
subjects, a consistent trend was not observed for CLR

values. Ae values also decreased with decreasing renal
function, and this same decreasing trend was maintained
with the addition of steady-state erythromycin, although
with ultimately higher total amounts of unchanged drug
recovered (Table 2).

In general, a similar trend was observed for the PD
parameters. Subjects with mild renal impairment receiv-
ing the concomitant administration of rivaroxaban 10mg
with steady-state erythromycin exhibited increases in
Factor Xa inhibition AUC0–48h and Emax values of
approximately 19% and increases in PT AUC0–48h and
Emax values of approximately 75% and 20%, respectively,

when compared with subjects with normal renal function
receiving rivaroxaban 10mg alone (Table 4 and Figures
S2c and S3c of Supporting information).

For subjects with moderate renal impairment receiv-
ing the same regimen, Factor Xa AUC0–48h and Emax

values increased by approximately 42% and 36%,
respectively, and PT AUC0–48h and Emax values
increased by approximately 70% and 22%, respectively,
when compared with subjects with normal renal function
receiving rivaroxaban 10mg alone (Table 4 and Figures
S2c and S3c of Supporting information). Similar trends
were also observed for aPTT and HepTest1 (data not
shown).

Effect of Renal Function and the Co-administration of
Erythromycin on Rivaroxaban PK and PD (Comparisons within
Renal Function Groups). When assessing the combined
effects of renal function and concomitant erythromycin
use on rivaroxaban exposure within the same renal
function group, subjects with mild renal impairment

Table 3. Ratio of Geometric Mean AUC1 and Cmax Data and Associated 90% Confidence Interval After the Administration of Rivaroxaban 10mg
with and without Erythromycin 500mg tid in Participants with Normal and Impaired Renal Function (n¼ 8 per Test and Reference Groups)

Assessing the effects of renal function and concomitant erythromycin on rivaroxaban PK
(comparisons across renal function groups)

Test Reference

Mild RI
Rivaroxaban 10mgþ

erythromycin 500mg tid
Normal RF

Rivaroxaban 10mg
Geometric mean ratio (%)

with 90% CI
Inter-subject

CV (%)

AUC1, ng � h/mL 3,078.7 1,745.5 176.4 (136.59–227.77) 27
Cmax, ng/mL 277.2 178.17 155.6 (118.03–205.07) 29

Moderate RI
Rivaroxaban 10mgþ

erythromycin 500mg tid
Normal RF

Rivaroxaban 10mg
Geometric mean ratio (%)

with 90% CI
Inter-subject

CV (%)
AUC1, ng � h/mL 3,475.5a 1,745.5 199.1 (152.81–259.44) 27
Cmax, ng/mL 292.42 178.17 164.1 (124.51–216.33) 29

Assessing the effects of concomitant erythromycin on rivaroxaban PK (comparisons within renal function groups)

Test Reference

Mild RI
Mild RIRivaroxaban 10mgþ

erythromycin 500mg tid Rivaroxaban 10mg
Geometric mean ratio (%)

with 90% CI
Intra-subject

CV (%)

AUC1, ng � h/mL 3,078.7 2,001.11 153.9 (137.27–172.43) 14
Cmax, ng/mL 277.2 219.27 126.4 (110.59–144.51) 16

Moderate RI
Rivaroxaban 10mgþ

erythromycin 500mg tid
Moderate RI

Rivaroxaban 10mg
Geometric mean ratio (%)

with 90% CI
Intra-subject

CV (%)

AUC1, ng � h/mL 3,475.5a 2,035.57 170.7 (151.14–192.88) 14
Cmax, ng/mL 292.42 242.26 120.7 (105.59–137.98) 16

AUC1, area under the plasma concentration–time curve from time 0 to infinity; CI, confidence interval; Cmax, maximumplasma concentration; CV, coefficient of
variation; h, hour; PK, pharmacokinetics; RF, renal function; RI, renal impairment; tid, three times daily.
an¼ 7.
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receiving the concomitant administration of rivaroxaban
10mg with steady-state erythromycin had increases in
AUC1 and Cmax values by approximately 54% and 26%,
respectively, compared with when the same subjects
received rivaroxaban 10mg alone. For subjects with
moderate renal impairment receiving the same regimen,
AUC1 and Cmax values increased by approximately 71%
and 21%, respectively, compared with when the same
subjects received rivaroxaban 10mg alone (Table 3 and
Figure 2d). In both aforementioned scenarios, similar
increases in the dose-normalized PK parameters were also
observed with the administration of a single 5mg dose of
rivaroxaban with steady-state erythromycin, although
with slightly higher values (Table S4 of Supporting
information).

When assessing the changes in PD parameters,
concomitant administration of rivaroxaban 10mg with

steady-state erythromycin in subjects with mild renal
impairment resulted in very slight increases in Factor Xa
AUC0–48h and Emax values by approximately 3% and 1%,
respectively, and the AUC0–48h and Emax values for PT
increased by approximately 19% and 14%, respectively,
compared with when the same subjects received
rivaroxaban 10mg alone. For subjects with moderate
renal impairment, the co-administration of rivaroxaban
10mg with steady-state erythromycin resulted in in-
creases in Factor Xa inhibition AUC0–48h and Emax values
by approximately 38% and 17%, respectively, and
increases in PT AUC0–48h and Emax values by approxi-
mately 79% and 20%, respectively, compared with when
the same subjects received rivaroxaban 10mg alone
(Table S5 and Figures S2d and S3d of Supporting
information). Similar trends were also observed for aPTT
and HepTest1 (data not shown).

Table 4. Ratio of Geometric Mean AUC0–48h and Emax Data and Associated 90% Confidence Interval After the Administration of Rivaroxaban 10mg
with and without Erythromycin 500mg tid in Participants with Normal and Impaired Renal Function (n¼ 8 per Test and Reference Groups)

Assessing the effects of renal function and concomitant erythromycin on rivaroxaban PD (comparisons across renal function groups)

Factor Xa inhibition

Test Reference

Mild RI
Rivaroxaban 10mgþ

erythromycin 500mg tid
Normal RF

Rivaroxaban 10mg
Geometric mean ratio (%)

with 90% CI
Inter-subject

CV (%)

AUC0–48h 708.5a 593.43 119.4 (75.39–189.07) 27
Emax 46.74a 39.38 118.7 (97.71–144.16) 15

Moderate RI
Rivaroxaban 10mgþ

erythromycin 500mg tid
Normal RF

Rivaroxaban 10mg
Geometric mean ratio (%)

with 90% CI
Inter-subject

CV (%)

AUC0–48h 842.3 593.43 141.9 (97.52–206.59) 27
Emax 53.61 39.38 136.1 (116.13–159.54) 15

Prothrombin Time

Test Reference

Mild RI
Rivaroxaban 10mgþ

erythromycin 500mg tid
Normal RF

Rivaroxaban 10mg
Geometric mean ratio (%)

with 90% CI
Inter-subject

CV (%)

AUC0–48h 118.7 67.82 175 (115.32–265.42) 31
Emax 9.85 8.24 119.5 (79.73–179.18) 41

Moderate RI
Rivaroxaban 10mgþ

erythromycin 500mg tid
Normal RF

Rivaroxaban 10mg
Geometric mean ratio (%)

with 90% CI
Inter-subject

CV (%)

AUC0–48h 115.1 67.82 169.8 (111.9–257.55) 31
Emax 10.02 8.24 121.6 (81.11–182.28) 41

AUC0–48h, area under the pharmacodynamic–time curve from time 0 to 48 hours; CI, confidence interval; CV, coefficient of variation; Emax, maximum
pharmacodynamic change; PD, pharmacodynamics; RF, renal function; RI, renal impairment; tid, three times daily.
an¼ 4.
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Safety and Tolerability
The safety analysis included all randomized subjects who
had received at least one dose of study drug. No clinically
significant safety issues were noted during the study and
no new safety signals were identified. The overall
incidence of TEAEs was higher in the mild and moderate
renal impairment groups compared with the normal renal
function group. In total, 21 out of the 29 subjects enrolled
(72.4%) reported one or more TEAEs; the most common
of which (across all renal groups) were abdominal pain,
diarrhea, and dizziness, which occurred mainly with
erythromycin administration. Nausea and headache were
other TEAEs commonly reported in the mild and
moderate renal impairment groups that also occurred
mainly with the administration of erythromycin.

There were no serious AEs reported during the study.
Two subjects in the mild renal impairment group were
discontinued from the study owing to AEs of nausea and
vomiting that occurred during erythromycin monotherapy
and were subsequently replaced. Four subjects (1 NRF; 3
moderate RI) reported bleeding events, which included
AEs ofhematoma, hemoptysis, skin lesion, vessel puncture
site hemorrhage, and gingival bleeding, all of which were
consideredmild in intensity andnoneofwhich required any
action to be taken. The hematoma and hemoptysis events in
question occurred in two separate patients 4 days and 1 day,
respectively, after receiving rivaroxaban in treatment
period 1. The skin lesion occurred in one patient 18 days
after receiving the last dose of erythromycin on Day 6 of
treatment period 2. For the patient who experienced vessel
puncture site hemorrhage (2 events) and gingival bleeding
(1event), thefirst vesselpuncture site hemorrhageoccurred
1 day before rivaroxaban administration in treatment
period 1, while the second occurred nearly 3 hours after a
rivaroxaban dose on Day 2 of treatment period 2. The
gingival bleeding event occurred around 5 hours after
administration of erythromycin 500mg tid on Day 6 of
treatment period 2. This same patient also experienced an
infusion site extravasation 7.5 hours after erythromycin
500mg tid onDay4 of treatment period 3.All of the above-
mentioned events were considered by the investigators as
not related to rivaroxaban and erythromycin, except for
skin lesion (doubtfully related to rivaroxaban and
erythromycin) and gingival bleeding (probably related to
rivaroxaban). No subjects reported persistent AEs at the
end of the study or at the time of the last follow-up visit.
Lastly, there were no clinically meaningful changes in
clinical laboratory parameters, body weight, body mass
index, vital signs, physical examinations, or 12-leadECGs.

Discussion
The clinical pharmacology of rivaroxaban has been
extensively studied. The drug has multiple elimination
pathways, with approximately 36% of the drug excreted

unchanged by the kidneys, mainly by active renal
secretion involving both the transporter proteins P-gp
and ABCG2 (also abbreviated to Bcrp) and also by
glomerular filtration. The remaining drug is metabolized
by the liver, of which approximately 18% of the dose is
metabolized via CYP3A4/3A5, 14% via CYP2J2, and
14% via CYP-independent hydrolysis.17,18 Considering
the percentage of the administered dose renally eliminated
as unchanged drug and also the percentage of drug
metabolized via these pathways, a renal impairment
study16 and several drug–drug interaction studies10 have
been previously conducted.

Two of these previous studies, in which the effects of
renal impairment16 and concomitant erythromycin use10

were assessed, showed that separately, subjects with mild
or moderate renal impairment and subjects receiving the
concomitant administration of erythromycin displayed
increases in rivaroxaban exposure. However, these
previous studies assessed the effects of renal impairment
and inhibition of hepatic metabolism separately and did
not account for a potential combined drug–drug and
disease interaction that could occur. Such an interaction
was previously explored by the FDA through the use of
PBPK modeling, which simulated the potential effects in
such a clinical scenario (e.g. the co-administration of
rivaroxaban and erythromycin therapy in patients with
renal impairment), which predicted a synergistic increase
in rivaroxaban exposure11 (i.e. increases that are far
greater than the sum of the increases observed with each
factor alone). Therefore, for these reasons, an evaluation
of this treatment scenario in a human clinical trial was
conducted.

This study evaluated rivaroxaban PK and PD
parameters across three renal function groups (normal
renal function, and both mild and moderate renal
impairment), with two doses of rivaroxaban (5mg
[subjects with mild/moderate renal impairment] and
10mg [all renal function groups]) with and without the
concomitant use of steady-state erythromycin. Accord-
ingly, the following comparisons could be made: the
effect of mild and moderate renal impairment on the PK
and PD of rivaroxaban relative to subjects with normal
renal function; the effect of erythromycin on the PK and
PD of a 10mg dose of rivaroxaban in patients with
normal renal function; and the combined effects of
erythromycin on the PK and PD of rivaroxaban (at 5 and
10mg doses) in patients with mild or moderate renal
impairment.

The first of these comparisons, the effect of renal
impairment on the PK and PD of rivaroxaban, was
originally demonstrated by Kubitza et al,16 in which the
renal clearance of rivaroxaban was shown to decrease
with decreasing renal function, thereby leading to an
increase in rivaroxaban AUC1 values of approximately
44% and 52% for subjects with mild and moderate renal

Moore et al. 1417



impairment, respectively. Notably, the increases in
rivaroxaban exposure in patients with renal impairment
in this present study were lower than those observed in the
previous study, with increase in AUC1 values of
approximately 15% and 17% for subjects with mild and
moderate renal impairment, respectively. A potential
reason for these differences in exposure may be that this
current study enrolled a control group of healthy subjects
with normal renal function that were older and in turn had
a lower mean total clearance (CL/F) value, which was not
substantially different from the value calculated for the
subjects with renal impairment. The mean age of the
control group in this study was 61 years, which was
approximately 10 years older than the mean age of those
enrolled in the previous renal impairment study. This
outcome suggests that age may have an independent role
from that of just renal impairment on drug exposure,
perhaps via age-related alterations in the hepatic
metabolism of rivaroxaban.

The second of these comparisons, the effect of
concomitant erythromycin use on the PK and PD of
rivaroxaban, was previously reported byMueck et al.10 In
this previous Phase I drug–drug interaction study, the
administration of steady-state erythromycin led to
increases in rivaroxaban AUC1 and Cmax values by
approximately 34%. When assessing the effects of co-
administered erythromycin with rivaroxaban in this
present study, similar increases in AUC1 and Cmax of
approximately 40% were observed.19,20

Lastly, when assessing the combined effects of renal
impairment and the concomitant administration of
erythromycin on rivaroxaban exposures in this study,
an expected drug–drug and disease effect was observed.
Compared with subjects with normal renal function who
received 10mg of rivaroxaban alone, those with mild
renal impairment given rivaroxaban 10mg with steady-
state erythromycin exhibited mean increases in AUC1
and Cmax of approximately 76% and 56%, respectively,
and those with moderate renal impairment given
rivaroxaban 10mg with steady-state erythromycin ex-
hibited mean increases in AUC1 and Cmax of approxi-
mately 99% and 64%, respectively. Despite these changes
in exposure being slightly more than additive, they were
not to the degree previously predicted through the use of
PBPK modeling.11 Grillo et al have identified some
limitations of the PBPK model within their publication
that may help to account for some of the differences
between the exposure increases obtained through model-
ing and simulation and those observed in the present
study.11 Notably, because active renal clearance did not
seem to change with the addition of erythromycin in this
study, the effects of erythromycin as an inhibitor of the
P-gp pathway could not be confirmed. It would be
informative to update the PBPK model with results from
the present study.

The administration of a rivaroxaban 5mg dose in the
above scenarios provided similar increases in dose-
normalized AUC1 and Cmax parameters to that of the
10mg dose. The 5mg AUC and Cmax parameters were
dose-normalized, because previous Phase I studies
indicated rivaroxaban to be dose-proportional (based on
AUC) through the 2.5–10mg dose range under fasting
conditions and through the 10–20mg dose range under
fed conditions. The slightly higher dose-normalized
AUC1 and Cmax values for the 5mg dose relative to
10mg observed in this study may reflect some slight
solubility-limited absorption of the 10mg dose.

The PD changes observed when administering a 10mg
dose of rivaroxaban in the aforementioned scenarios
followed a similar trend to those observed with the PK
parameters, but were generally smaller in magnitude. A
discrepancy between the magnitude of increases in
rivaroxaban exposures and inhibition of Factor Xa and
PT has been observed on occasion in other studies in the
rivaroxaban Phase I program (data on file). The small
sample size included in the present study may have
contributed to the inconsistencies reported in the
magnitude of changes in the PK and PD parameters.
Due to the crossover design of the study and the length of
time it took to enroll and treat the subjects, not all PD
samples were analyzed from the same subject in the same
bioanalytical run, and this may have contributed to some
of the variability observed. Additionally, the inter-assay
variability for Factor Xa and PT is greater than the intra-
day variability. These factors are potential limitations of
this study.

Unlike the PK parameters, in which previous clinical
pharmacology studies supported the use of dose-normal-
ized comparisons, not all of the PD parameters assessed in
this study have a linear response with increasing
rivaroxaban exposure. Consequently, a decision was
made not to dose-normalize the PD parameters for the
rivaroxaban 5mg dose because a true comparison
between renal function groups could not be made.

Conclusion
The combination of renal impairment and the use of the
P-gp and moderate CYP3A4/3A5 inhibitor erythromycin
resulted in increases in rivaroxaban exposure that were
slightly more than additive, although not to the extent of
those previously predicted through published PBPK
modeling. In general, similar results should be expected
with other P-gp and moderate CYP3A4/3A5 inhibitors.
Although data from the Phase III ROCKET AF trial,
where the concomitant use of rivaroxaban with combined
P-gp and weak or moderate CYP3A4 inhibitors was
permitted, did not show an increase in bleeding in patients
with a CLCR 30–49mL/min,9,21 patients with advanced
renal dysfunction are susceptible to an increased risk of

1418 The Journal of Clinical Pharmacology / Vol 54 No 12 (2014)



bleeding due to their underlying disease.22–24 In light of
these considerations, the US prescribing information for
rivaroxaban states that rivaroxaban “should not be used in
patients with creatinine clearance 15–80mL/min who are
receiving concomitant combined P-gp and moderate
CYP3A4 inhibitors unless the potential benefit justifies
the potential risk”.9 The European prescribing informa-
tion states that “in patients with moderate renal
impairment (creatinine clearance 30–49mL/min) con-
comitantly receiving other medicinal products which
increase rivaroxaban plasma concentrations, Xarelto
[rivaroxaban] is to be used with caution”.2

To conclude, while this was a small clinical
pharmacology study, a single dose of rivaroxaban, either
5mg or 10mg, appearedwell tolerated, regardless of renal
function and erythromycin co-administration, with no
new safety signals being identified.
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