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Abstract

Aims: To evaluate the effect of the combination of carotegrast methyl with rifampicin, a potent inhibitor of organic anion

transporter polypeptide, on the pharmacokinetics (PK), safety and tolerability. Methods: In this 2 x 2 crossover study in

20 healthy Japanese adults, 10 subjects received carotegrast methyl 960 mg and rifampicin 600 mg on day 1, and received

carotegrast methyl 960 mg on day 8. The subjects in the other sequence received the same treatments but in the opposite

order. When the 90% confidence interval (CI) of the geometric mean ratio of the AUC0-t and Cmax for carotegrast, the

main active metabolite of carotegrast methyl, with/without rifampicin fell within the range of 0.80 – 1.25, it was deemed

that no PK interaction occurred. Adverse events (AEs) were monitored. Results: The Cmax and AUC0-t for carotegrast

with/without rifampicin was 11724.5 ± 6097.6 vs 2620.1 ± 1843.0 ng mL-1, and 55046.0 ± 23427.8 vs 9849.9 ± 4580.6 ng h

mL-1, respectively. The ratios (90% CI) of the Cmax and AUC0-t with/without rifampicin were 4.78 (3.64 – 6.29) and 5.59 (4.60

– 6.79), respectively, indicating carotegrast has a PK interaction with rifampicin. The combination with rifampicin also increased

the exposure of carotegrast and its metabolites. The incidence of any AEs with/without rifampicin was five (25.0%) and one

(5.0%), respectively. Conclusion: Coadministration of carotegrast methyl with rifampicin significantly increased exposure of

carotegrast compared with carotegrast methyl administration alone. However, no increase in the incidence of adverse drug

reactions due to coadministration with rifampicin was observed.

INTRODUCTION

Carotegrast methyl (AJM300) is the first orally administrable small-molecule antagonist of α4-integrin to be
approved worldwide for the induction therapy of ulcerative colitis.1 In phase 2 and phase 3 clinical trials,2,3

oral administration of carotegrast methyl 960 mg three times daily after meals for 8 – 32 weeks effectively
induced a clinical response in moderately active ulcerative colitis patients who had an inadequate response
or intolerance to at least 5-aminosalicylic acid. In these trials, carotegrast methyl was well tolerated and
most adverse drug reactions were mild or moderate in severity. Although progressive multifocal leukoen-
cephalopathy (PML) is known to be a fatal adverse drug reaction to natalizumab,4-6 which is a humanized
monoclonal antibody having a mechanism of action similar to that of carotegrast methyl, no such events
related to carotegrast methyl have been reported so far. In order to reduce the risk of PML, the adminis-
tration period should be no longer than 6 months. If the treatment is repeated, a drug holiday of at least 8
weeks between consecutive administrations is required.7

Carotegrast methyl is an ester prodrug of carotegrast, which is orally absorbed and metabolized mainly
by carboxylesterase 1 in the liver rather than in the small intestine to its active metabolite, carotegrast.8
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Carotegrast methyl is partly metabolized by cytochrome P450 (CYP) 3A4 to demethylated carotegrast
methyl (M-I) and then M-II (Figure 1). Carotegrast methyl is mainly excreted in the feces as carotegrast
and its glucuronidate conjugate and excretion in urine is very limited in healthy adults.9

Ulcerative colitis is a chronic inflammatory disease affecting the colon, and is a lifelong condition that devel-
ops early in life.10-12 Patients treated with carotegrast methyl may require concomitant medications related
to other underlying conditions. Therefore, it is important to evaluate the potential drug-drug interactions
of carotegrast methyl. In the previous clinical study, we demonstrated that carotegrast methyl was a mod-
erate inhibitor of CYP3A4 and that 14-day repeated oral administration increased exposure to CYP3A4
substrates such as midazolam and atorvastatin, suggesting that coadministration with carotegrast methyl
may enhance the pharmacological activity of the drugs metabolized by CYP3A4. Carotegrast was shown
to be a substrate for organic anion transporting polypeptide (OATP)1B1/1B3 in vitro, which is an uptake
transporter expressed mainly in the liver.13,14 This suggests that OATP1B1 and OATP1B3 may be involved
in the uptake process of carotegrast in the human liver, and OATP1B1/1B3 inhibitors may increase the
plasma carotegrast concentration by escaping hepatic metabolism and entering systemic circulation. Here,
we report the results of a clinical study to evaluate the effects of rifampicin, a potent OATPs inhibitor, on
the pharmacokinetics (PK) and safety of carotegrast methyl in healthy volunteers.

METHODS

Study population

Subjects were Japanese males aged between 20 and 46 years, with a body mass index between [?] 18.5 and <
25.0 kg m-2 -1. Eligible subjects had no clinically problematic abnormalities regarding their medical findings,
vital signs, electrocardiogram, and laboratory tests, and the investigator determined that there were no
problems that would have prevented participation in this study. The following subjects were excluded: those
who had a previous or current history of functional disorders related to the liver, heart, kidney, lungs, blood,
gastrointestinal tract, or any other disorders that would preclude their participation; a previous or current
history of upper gastrointestinal disorders; a history of drug allergy; white blood cell count [?] 4000 µL-1;
neurological symptoms; a previous or current history of serious infectious diseases, including opportunistic
infections within 1 year prior to administration of the study drug; ingestion of grapefruit, grapefruit juice
or foods containing these ingredients within 8 days prior to the start of administration of the study drug;
or ingestion of St. John’s Wort or foods containing these ingredients within 15 days prior to the start of
administration of the study drug.

Study design

This was a single-center, single-oral dose, randomized, open-label, three-step, 2 x 2 crossover phase 1 study
conducted in 20 healthy adults between February and May 2017 in Japan (Figure 2). The study protocol and
the informed consent form were approved by the institutional review board of Hakata Clinic. All participants
gave written informed consent before initiation of any study-specific procedures. The study was conducted
in accordance with the ethical principles originating in or derived from the Declaration of Helsinki, and Good
Clinical Practice guidelines.

Twenty subjects were randomized at the study site using medication numbers in permutated blocks and
treatment-sequence assignments, with half the subjects assigned to each treatment sequence (sequence A
and sequence B). Subjects were admitted to the study center on day -1. Subjects in sequence A received a
single oral dose of carotegrast methyl 960 mg in combination with oral rifampicin 600 mg on the morning of
day 1 after overnight fasting (period I). After being discharged on day 2, they were again admitted to the
study center on day 7, and on the morning of day 8, received a single oral dose of carotegrast methyl 960 mg
after overnight fasting (period II). Subjects were discharged on day 9. Follow-up observation was conducted
on day 14. The subjects in the other group (sequence B) received the same treatments but in the opposite
order.

Because of inexperience in terms of systemic exposure and safety when 960 mg of carotegrast methyl is
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administered in combination with rifampicin, we decided to adopt sentinel dosing administration. This began
with a small number of patients (two subjects) as Step 1, and sequentially moving to Step 2 (four subjects)
and Step 3 (remaining 14 subjects) while confirming safety and evaluating PK at each step. Transition from
Step 1 to Step 2, and Step 2 to Step 3 was determined based on the absence of the following safety criteria;
(1) the same moderate or severe AEs in more than 50% of the subjects, (2) a serious AE (SAE), or (3)
neurological symptoms suggestive of PML that could not be ruled out as having a causal relationship with
the study drug during the period between the first dose of Period I (day 1) and two days after Period II (day
9) in each step. The medical advisor assessed the validity of the investigator’s decision of moving to the next
step, taking into consideration the PK results. The safety committee provided advice to the clinical trial
sponsor from a third-party perspective, based on professional expertise, in order to ensure safety regarding
the potential for PML to occur.

The Pharmaceuticals and Medical Devices Agency　Guideline on drug interaction for drug development
and appropriate provision of information recommends that rifampicin or cyclosporine should be consid-
ered for evaluating drug-drug interactions in humans if the study drug is a substrate of OATP1B1 and
OATP1B3.15Rifampicin was selected as a potent inhibitor of OATP1B1 and OATP1B3 in this study since
cyclosporine has been reported to inhibit P-glycoprotein in the gastrointestinal tract16 and carotegrast methyl
was shown to be a substrate for P-glycoprotein (data not shown). The guideline recommends15 that the dose
of inhibitors used in clinical drug interaction studies should be a dose that maximizes the likelihood of a
drug interaction being exhibited; therefore, the dose of rifampicin was set at 600 mg. The dose of carotegrast
methyl was set at 960 mg, which was the maximum dose used in healthy adults and patients with moderately
active ulcerative colitis in previous studies, and this dose was safe and well tolerated.3,8,9,17

Two treatment periods were separated by a 7-day washout period based on more than five times the terminal
elimination half-life (t1/2) of carotegrast methyl and carotegrast, which were approximately 8.0 – 20.2 h and
10.0 – 15.6 h, respectively, when 960 mg of carotegrast methyl was orally administered in healthy adults.
The t1/2 of rifampicin 450 mg was 2.3 h.18Following this washout period, subjects returned to the study
center for the next treatment.

Sample collection, analytical methods, and pharmacokinetic analysis

Blood samples were collected for PK analysis of carotegrast methyl, carotegrast, and other metabolites
including M-I, M-II, and carotegrast glucuronide (carotegrast-gluc) at 0, 0.5, 1, 2, 4, 6, 8, 10, 12, 15, and 24
h post-dose on days 1 and 7. A blood sample was collected on day 14 when subjects visited for follow-up
observation. Plasma concentrations of carotegrast methyl, carotegrast, M-I, M-II, and carotegrast-gluc were
measured by validated methods using liquid chromatography-tandem mass spectrometry at Toray Research
Center, Inc. (Tokyo, Japan). The linear analytical ranges of carotegrast methyl and its metabolites including
carotegrast, M-I, and M-II were 0.5 - 500 ng mL-1, and that of carotegrast-gluc was 2.0 - 200 ng mL-1. Plasma
concentrations of rifampicin were not measured in this study.

The primary PK parameters analyzed for carotegrast methyl and its metabolites included area under the
time concentration curve (AUC) from time of dosing to time of last measurable concentration (AUC0-t),
AUC from time of dosing to infinity (AUC0-inf), maximum drug concentration (Cmax), time to Cmax(Tmax),
t1/2, and mean residence time from time of dosing to time of last measurable concentration (MRT0-t).

Safety assessments

Safety and tolerability were assessed by monitoring the incidence, nature, and severity of AEs as well as by
vital sign measurements, 12-lead electrocardiograms, clinical laboratory testing (hematology, chemistry, and
urinalysis), and physical examinations.

Data analysis and statistical analysis

The sample size was calculated using the coefficient of variations (AUC: 43.7% and Cmax: 46.8%) derived
from the Cmax and AUC of carotegrast after oral administration of carotegrast methyl.17 The correlation
coefficient was assumed to be 0.7. When the point estimate of the geometric mean ratio of the PK parameters
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of carotegrast methyl obtained in the absence and presence of rifampicin was set to 1, indicating no drug
interaction, the number of subjects required to have a 90% confidence interval (CI) of 0.8 – 1.25 was calculated
to be 19 for AUC and 21 for Cmax with 80% power. Considering the feasibility of conducting the trial at the
study site, the number of subjects was set to 20.

The PK parameters were assessed in all subjects who received carotegrast methyl and whose PK data were
adequate for the calculation of [?] 1 primary PK parameter (the PK analysis set). Safety was assessed in all
subjects who received the study drug (the safety analysis set). Levels of analyte below the level of quantifi-
cation were entered as 0 for calculations. Descriptive statistics were used to summarize demographics and
safety parameters. The PK parameters of carotegrast methyl, carotegrast, M-I, M-II, and carotegrast-gluc
were calculated based on the plasma drug concentration data from subjects who received carotegrast methyl
alone or in combination with rifampicin using non-compartmental analysis. For plasma drug concentration
and PK parameters, descriptive statistics and the two-sided 95% CIs were calculated. A natural logarithmic
transformation of PK parameters except for Tmax was applied for all statistical inference. The 90% CI for
ratios of geometric means of logarithmic PK parameters was calculated by the following mixed effects model;

Loge (PK Parameter) = µ + group + sequence + time point + subject + ε

µ: population mean, time point: duration of administration, subject: interindividual variation, ε: error

The geometric mean ratios and their 90% CI for the AUC0-t and Cmax of carotegrast methyl and carotegrast
when carotegrast methyl was administered in combination with rifampicin versus when carotegrast methyl
was administered alone were calculated. When the 90% CI of the geometric mean ratio of both parame-
ters fell within the range of 0.80 – 1.25, it was determined that there was no PK interaction. The same
analysis was performed for the other metabolites including M-I, M-II and carotegrast-gluc and for other PK
parameters including Tmax, t1/2, and MRT0-t as a reference. For Tmax, a nonparametric test was performed.
PK parameters were calculated using noncompartmental analysis with WinNonlin Professional Version 6.3
(Phoenix Corporation, Mountain View, California, USA). AEs were coded using the Medical Dictionary
for Regulatory Activities (MedDRA) version 20.0. All data processing, summarization, and analyses were
conducted using SAS software ver. 9.3 for Windows (SAS Institute Inc., Cary, NC, USA).

RESULTS

Among a total of 66 subjects who gave informed consent, 20 subjects were randomly assigned to sequence A
(n = 10) or sequence B (n = 10). All subjects received the study drugs in period I and period II (Figure 2).
Baseline demographics were generally similar across all treatment groups (Table 1). There were no exclusions
from the analysis, and all 20 subjects were included in the PK analysis set and safety analysis set. Twenty
subjects received carotegrast methyl alone, and carotegrast methyl and rifampicin in combination. Plasma
drug concentration profiles of carotegrast methyl, carotegrast, M-I, M-II and carotegrast-gluc after single
oral administration of carotegrast methyl in the presence and absence of rifampicin under fasting conditions
are shown in Figure 3. The PK parameters are shown in Table 2. Drug-drug interactions between carotegrast
methyl and its metabolites, and rifampicin are shown in Table 3.

Carotegrast methyl

The mean ± standard deviation (SD) of Cmax and AUC0-t for carotegrast with/without rifampicin was
11724.5 ± 6097.6 vs 2620.1 ± 1843.0 ng mL-1, and 55046.0 ± 23427.8 vs 9849.9 ± 4580.6 ng h mL-1,
respectively. The geometric mean (95% CI) ± standard deviation (SD) of Cmax of carotegrast methyl after a
single oral administration of carotegrast methyl alone and in combination with rifampicin was 803.4 (572.7,
1126.9) ng mL-1 and 1670.4 (1252.7, 2227.3) and ng h mL-1, respectively. The AUC0-t was 2199.1 (1674.1,
2888.7) and 4450.1 (3432.7, 5769.1) ng h mL-1, respectively.

The Cmax and AUC of carotegrast methyl were approximately doubled by coadministration with rifampicin
with a statistically significant difference between the treatments (p = 0.0005 and 0.0004, respectively). The
median (min – max) Tmax of carotegrast methyl in the absence and presence of rifampicin was 1.0 (0.5 –
4.0) and 2.0 (0.5 – 4.0) h, respectively, and tended to be delayed by coadministration with rifampicin. The
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geometric mean (95% CI) t1/2 of carotegrast methyl after administration of carotegrast methyl alone and in
combination with rifampicin was 2.8 (2.2, 3.5) h and 3.7 (3.1, 4.4) h, respectively. The geometric mean (95%
CI) MRT0-t of carotegrast methyl after administration of carotegrast methyl alone and in combination with
rifampicin was 2.2 (1.9, 2.5) h and 2.3 (2.1, 2.6) h, respectively, with no significant difference between the
treatments.

Carotegrast

Carotegrast was the main active metabolite of carotegrast methyl, and its mean ± SD of Cmax and AUC
were more than double those of carotegrast methyl (1047.8 ± 846.8 vs 2620.1 ± 1843.0 ng mL-1, 2583.0
± 1522.9 vs 9849.9 ± 4580.6 ng h mL-1, respectively). The geometric mean (95% CI) Cmax of carotegrast
increased approximately 4.8-fold from 2170.1 (1629.8, 2889.4) and 10380.6 (8133.2, 13249.0) ng mL-1 by
coadministration of carotegrast methyl with rifampicin (p < 0.0001). Similarly, a 5.6-hold increase was
observed in the geometric mean (95% CI) AUC0-t from 9051.3 (7477.7, 10956.1) and 50548.0 (41286.2,
61887.5) ng h mL-1 (p < 0.0001). The median (min – max) Tmax of carotegrast after carotegrast methyl
administration without/with rifampicin was 2.0 (1.0 – 4.0) h and 4.0 (2.0 – 4.0) h, respectively, which was
statistically significant (p = 0.0020), indicating delayed absorption with coadministration of rifampicin. The
geometric mean (95% CI) t1/2 was 6.6 (4.9, 8.8) h and 4.9 (4.2, 5.8) h, respectively, indicating a tendency to
decrease with coadministration of rifampicin. The geometric mean (95% CI) MRT0-t was 4.6 (4.1, 5.2) h and
5.2 (4.9, 5.6) h, respectively, indicating an increase with coadministration of rifampicin (p = 0.0164). For the
other metabolites, M-I and M-II, the Cmax and AUC0-t similarly increased as a result of the combination
with rifampicin. Only the AUC0-t of carotegrast-gluc increased by coadministration with rifampicin and
disappearance took longer than the others.

Drug interaction of carotegrast methyl with rifampicin

The geometric mean ratio (90% CI) of the Cmax and AUC0-t of carotegrast methyl with coadministration of
carotegrast methyl with rifampicin to that of carotegrast methyl alone was 2.08 (1.54 – 2.80) and 2.02 (1.53
– 2.67), respectively. The geometric mean ratios of the t1/2 and MRT0-t considered as reference parameters
were 1.35 (1.12 – 1.63) and 1.05 (0.98 – 1.14), respectively. For the Tmax, Wilcoxon’s signed-rank test did
not show a significant difference (p = 0.2847) between carotegrast methyl with/without rifampicin.

The geometric mean ratio (90% CI) of the Cmax and AUC0-t of carotegrast with coadministration of caro-
tegrast methyl with rifampicin to that of carotegrast methyl alone was 4.78 (3.64 – 6.29) and 5.59 (4.60
– 6.79), respectively. The geometric mean ratios (90% CI) of the t1/2 and MRT0-t considered as reference
parameters were 0.75 (0.58 – 0.97) and 1.13 (1.04 – 1.22), respectively. The median Tmaxof carotegrast was
extended from two to four hours by the coadministration with rifampicin (Wilcoxon signed test, p = 0.0020).
Regarding M-I and M-II, the geometric mean ratios (90% CI) of the Cmax after coadministration of caro-
tegrast methyl with rifampicin to that of carotegrast methyl alone were 1.42 (1.15 – 1.75) and 3.57 (2.91
– 4.38), respectively, and those of the AUC0-t were 1.58 (1.30 – 1.92) and 6.05 (5.13 – 7.14), respectively.
PK parameters of carotegrast-gluc were used as a reference because they deviated from the standards of
incurred sample reanalysis. However, the geometric mean ratios (90% CI) of the AUC0-t of carotegrast-gluc
after coadministration of carotegrast methyl with rifampicin to that of carotegrast methyl alone was 1.14
(0.99 – 1.30).

Safety

The incidence of any AEs observed in the carotegrast methyl alone group was one out　of 20 (5.0%), and in
the coadministration of carotegrast methyl with rifampicin group the incidence was five out of 20 (25.0%).
The incidence of AEs for which a causal relationship with the study drug could not be ruled out was one out
of 20 (5.0%) in the carotegrast methyl alone group and one out of 20 (5.0%) in the rifampicin combination
group. AEs in the coadministration group with rifampicin for which a causal relationship with concomitant
drug could not be ruled out occurred in two out of 20 subjects (10.0%). The only AE in the carotegrast
methyl alone group was nausea (one of 20 subjects), while AEs in the coadministration group with rifampicin
were blood bilirubin increased (two of 20 subjects), C-reactive protein increased (two of 20 subjects), and
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viral upper respiratory tract infection (one of 20 subjects). All AEs were mild in severity. AEs for which a
causal relationship with the study drug could not be ruled out were nausea in one out of 20 (5.0%) in the
carotegrast methyl alone group and viral upper respiratory tract infection in one out of 20 (5.0%) in the
rifampicin combination group. In the coadministration group with rifampicin, the AE for which a causal
relationship with concomitant drugs could not be ruled out was blood bilirubin increased, which occurred
in two out of 20 subjects (10.0%). Neither deaths nor the other SAEs were reported.

DISCUSSION

This 2 x 2 crossover phase 1 clinical study in healthy male adults demonstrated that coadministration of
carotegrast methyl with rifampicin, a potent OATP1B1/1B3 inhibitor, increased exposure of carotegrast
methyl and carotegrast, the main metabolite of carotegrast methyl. However, coadministration with ri-
fampicin was shown to be safe and well tolerated at the dosage evaluated in this study.

Carotegrast methyl is an ester prodrug of carotegrast, which is the main component of the metabolites in the
blood after oral administration. The geometric mean ratios (90% CI) of the AUC0-t and Cmax of carotegrast
in the presence of rifampicin to those in the absence of rifampicin were 5.59 (4.60 – 6.79) and 4.78 (3.64 –
6.29), respectively. Both 90% CIs were outside the range of PK equivalence of 0.80 – 1.25, suggesting that
carotegrast has a PK interaction with rifampicin. Similarly, the AUC0-tand Cmax of unchanged carotegrast
methyl in plasma, and M-I and M-II increased by coadministration of carotegrast methyl with rifampicin.
The PK profiles of carotegrast methyl and its N-demethyl form, M-I, and carotegrast and its N-demethyl
form, M-II were similar to each other, and their impact on drug-drug interactions was also comparable.

Carotegrast is a substrate for hepatic uptake transporters OATP1B1 and OATP1B3 in vitro;1 therefore,
inhibition of OATP1B1 and OATP1B3 by rifampicin resulted in escape from hepatic metabolism and in-
creased systemic exposure. Carotegrast methyl may be involved as a substrate of OATP1B1 and OATP1B3
in the body, since carotegrast methyl itself showed inhibitory activity in vitro. Furthermore, the increase in
carotegrast exposure may be partly due to the inhibitory activity of P-glycoprotein (P-gp) because carote-
grast was a weak substrate of P-gp in in vitro study. It is reported that single-dose rifampicin increased the
exposure of both lenvatinib19 and venetoclax20 by inhibiting P-gp.

The dose of 960 mg of carotegrast methyl used in this clinical study was the highest dose that has been
used in clinical studies of carotegrast methyl to date,3,8,9,17 and there is currently no clinical experience of
administration conditions that resulted in even higher plasma concentrations than those achieved with 960
mg of carotegrast methyl. However, coadministration of carotegrast methyl with rifampicin in this study
could elucidate previously unexplored areas in terms of systemic exposure and safety. Therefore, in this
study, we adopted a sentinel dosing regimen starting from a small number of cases (two subjects) in Step
1, and gradually transitioned to Step 2 (four subjects) and Step 3 (14 subjects) while confirming safety
and evaluating PK at each step. It should be noted that even coadministration of carotegrast methyl with
rifampicin was safe and well tolerated at the dose of 960 mg even though systemic exposure increased. All
AEs observed in relation to coadministration were mild, and neither SAEs nor AEs leading to treatment
discontinuation were observed. In the clinical studies of carotegrast methyl in patients with ulcerative
colitis, some patients received OATP1B1/1B3 inhibitors such as clarithromycin, atorvastatin, telmisartan,
and tacrolimus as a concomitant medication, but there was no tendency for an increase in the incidence of
AEs and adverse drug reactions due to the coadministration.3 Furthermore, there was no increase in the
incidence of AEs leading to discontinuation of treatment. However, it should be noted that there are very few
examples of coadministration with an OATP1B1/1B3 inhibitor. Therefore, it is necessary to collect more
information during post-marketing surveillance on the safety of carotegrast methyl when coadministered
with drugs that inhibit OATP1B1 and OATP1B3.

CONCLUSION

Coadministration of carotegrast methyl with rifampicin, a potent OATP1B1 and OATP1B3 inhibitor, sig-
nificantly increased the exposure of carotegrast compared with carotegrast methyl administration alone in

6



P
os

te
d

on
28

S
ep

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
69

59
25

99
.9

90
41

77
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
as

n
ot

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

healthy adults. The active metabolite carotegrast was classified as a sensitive substrate of OATP1B1 and
OATP1B3, and carotegrast methyl was a moderate substrate. However, no increase in the incidence of
adverse drug reactions due to coadministration with rifampicin was observed.
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FIGURE LEGENDS

Figure 1 Metabolic map of carotegrast methyl in humans

The metabolic map was generated based on a human mass balance study in healthy adults.

Figure 2 Study design

Figure 3 Study flow

Figure 4 Time course of mean + standard deviation of plasma concentration of (A) carotegrast methyl (B)
carotegrast, (C) M-I, (D) M-II, and (E) carotegrast glucuronate (carotegrast gluc) after oral carotegrast
methyl 960 mg administration in the presence () and absence (*) of oral rifampicin 600 mg.

TABLE LEGENDS

Table 1 Subject demographics

Table 2 Pharmacokinetic parameters of carotegrast methyl and its metabolites

Table 3 Drug-drug interactions between carotegrast methyl and its metabolites, and rifampicin

Table 1 Volunteer demographics

Total no. of subjects N = 20 Sequence A N = 10 Sequence B N = 10

Age (year), median (min, max) 22.5 (20, 45) 22.0 (20, 45) 24.0 (21, 43)
Weight (kg), mean ± SD 64.2 ± 6.4 64.4 ± 8.2 64.1 ± 4.5
Height (cm), mean ± SD 173.0 ± 6.8 172.2 ± 7.7 173.8 ± 6.1
BMI (kg m2 -1), mean ± SD 21.6 ± 1.5 21.8 ± 1.8 21.4 ± 1.3

BMI, Body mass index; max, maximum; min, minimum; SD, standard deviation.

Table 2 Pharmacokinetic parameters of carotegrast methyl and its metabolites

S AJM300 CO RIFAMPICIN

Carotegrast methyl Cmax (ng mL-1) Cmax (ng mL-1) Mean ± SD 1047.8 ± 846.8 1973.8 ± 1151.7
Geometric Mean 803.4 1670.4
95% CI 572.7, 1126.9 1252.7, 2227.3

AUC0-t (ng h mL-1) AUC0-t (ng h mL-1) Mean ± SD 2583.0 ± 1522.9 5087.8 ± 2626.0
Geometric Mean 2199.1 4450.1
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S AJM300 CO RIFAMPICIN

95% CI 1674.1, 2888.7 3432.7, 5769.1
Tmax (h) Tmax (h) Median (min, max) 1.0 (0.5, 4.0) 2.0 (0.5, 4.0)
t1/2 (h) t1/2 (h) Mean ± SD 3.1 ± 1.2 4.0 ± 1.5

Geometric Mean 2.8 3.7
95% CI 2.2, 3.5 3.1, 4.4

MRT0-t (h) MRT0-t (h) Mean ± SD 2.3 ± 0.6 2.4 ± 0.6
Geometric Mean 2.2 2.3
95% CI 1.9, 2.5 2.1, 2.6

Carotegrast Cmax (ng mL-1) Cmax (ng mL-1) Mean ± SD 2620.1 ± 1843.0 11724.5 ± 6097.6
Geometric Mean 2170.1 10380.6
95% CI 1629.8, 2889.4 8133.2, 13249.0

AUC0-t (ng h mL-1) AUC0-t (ng h mL-1) Mean ± SD 9849.9 ± 4580.6 55046.0 ± 23427.8
Geometric Mean 9051.3 50548.0
95% CI 7477.7, 10956.1 41286.2, 61887.5

Tmax (h) Tmax (h) Median (min, max) 2.0 (1.0, 4.0) 4.0 (2.0, 4.0)
t1/2 (h) t1/2 (h) Mean ± SD 8.8 ± 11.2 5.3 ± 2.8

Geometric Mean 6.6 4.9
95% CI 4.9, 8.8 4.2, 5.8

MRT0-t (h) MRT0-t (h) Mean ± SD 4.8 ± 1.2 5.3 ± 0.8
Geometric Mean 4.6 5.2
95% CI 4.1, 5.2 4.9, 5.6

M-I Cmax (ng mL-1) Cmax (ng mL-1) Mean ± SD 40.6 ± 30.3 50.7 ± 19.7
Geometric Mean 33.0 46.9
95% CI 24.5, 44.5 38.6, 57.0

AUC0-t (ng h mL-1) AUC0-t (ng h mL-1) Mean ± SD 85.6 ± 48.7 124.2 ± 40.3
Geometric Mean 73.7 116.5
95% CI 56.4, 96.3 97.0, 139.9

Tmax (h) Tmax (h) Median (min, max) 1.0 (0.5, 2.0) 1.0 (0.5, 4.0)
t1/2 (h) t1/2 (h) Mean ± SD 1.1 ± 0.6 1.0 ± 0.7

Geometric Mean 1.0 0.9
95% CI 0.8, 1.3 0.7, 1.1

MRT0-t (h) MRT0-t (h) Mean ± SD 1.8 ± 0.6 1.9 ± 0.7
Geometric Mean 1.7 1.8
95% CI 1.4, 2.0 1.6, 2.1

M-II Cmax (ng mL-1) Cmax (ng mL-1) Mean ± SD 199.9 ± 146.4 641.5 ± 218.8
Geometric Mean 168.3 600.1
95% CI 130.3, 217.4 498.3, 722.7

AUC0-t (ng h mL-1) AUC0-t (ng h mL-1) Mean ± SD 789.5 ± 367.7 4617.6 ± 1387.5
Geometric Mean 723.7 4378.0
95% CI 596.6, 877.8 3704.5, 5174.0

Tmax (h) Tmax (h) Median (min, max) 2.0 (1.0, 4.0) 4.0 (2.0, 6.0)
t1/2 (h) t1/2 (h) Mean ± SD 5.5 ± 1.8 3.7 ± 0.6

Geometric Mean 5.3 3.7
95% CI 4.6, 6.1 3.4, 4.0

MRT0-t (h) MRT0-t (h) Mean ± SD 4.6 ± 0.9 6.8 ± 0.8
Geometric Mean 4.5 6.7
95% CI 4.1, 5.0 6.4, 7.1

Carotegrast-gluc Carotegrast-gluc Cmax (ng mL-1) Mean ± SD 803.7 ± 430.2 622.2 ± 243.2
Geometric Mean 729.2 577.5
95% CI 597.0, 890.5 477.9, 697.8
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S AJM300 CO RIFAMPICIN

AUC0-t (ng h mL-1) Mean ± SD 2998.4 ± 1081.2 3414.8 ± 1085.3
Geometric Mean 2855.6 3243.2
95% CI 2473.8, 3296.3 2766.5, 3802.1

Tmax (h) Median (min, max) 2.0 (1.0, 4.0) 2.0 (1.0, 4.0)
t1/2 (h) Mean ± SD 6.5 ± 2.9 6.0 ± 1.6

Geometric Mean 6.0 5.8
95% CI 4.8, 7.3 5.2, 6.6

MRT0-t (h) Mean ± SD 4.4 ± 1.0 5.8 ± 0.8
Geometric Mean 4.3 5.7
95% CI 3.8, 4.7 5.4, 6.1

AUC 0-t, area under the curve from time 0 to the last measurable concentration; carotegrast-gluc, carotegrast
glucuronate; CI, confidence interval; Cmax, maximum drug concentration; CO RIFAMPICIN, coadministra-
tion with rifampicin (600 mg); max, maximum; min, minimum; S AJM300, single oral administration of
carotegrast methyl (960 mg); SD: standard deviation; t1/2, half-life period; Tmax, time to Cmax maximum
drug concentration

Table 3 Drug-drug interactions between carotegrast methyl and its metabolites, and rifampicin

Carotegrast methyl Cmax (ng mL-1) Estimated ratio after inverse logarithmic conversion* 2.08

90% CI of the ratio 1.54, 2.80
p-value** 0.0005

AUC0-t (ng h mL-1) Estimated ratio after inverse logarithmic conversion* 2.02
90% CI of the ratio 1.53, 2.67
p-value** 0.0004

Tmax (h) Median (Min, Max) in carotegrast methyl alone 1.0 (0.5, 4.0)
Median (Min, Max) in the combination with rifampicin 2.0 (0.5, 4.0)
Test statistics 18.5
p-value** 0.2847

t1/2 (h) Estimated ratio after inverse logarithmic conversion* 1.35
90% CI of the ratio 1.12, 1.63
p-value** 0.0112

MRT0-t (h) Estimated ratio after inverse logarithmic conversion* 1.05
90% CI of the ratio 0.98, 1.14
p-value** 0.2594

Carotegrast Cmax (ng mL-1) Estimated ratio after inverse logarithmic conversion* 4.78
90% CI of the ratio 3.64, 6.29
p-value** <.0001

AUC0-t (ng h mL-1) Estimated ratio after inverse logarithmic conversion* 5.59
90% CI of the ratio 4.60, 6.79
p-value** <.0001

Tmax (h) Median (Min, Max) in carotegrast methyl alone 2.0 (1.0, 4.0)
Median (Min, Max) in the combination with rifampicin 4.0 (2.0, 4.0)
Test statistics 27.5
p-value** 0.0020

t1/2 (h) Estimated ratio after inverse logarithmic conversion* 0.75
90% CI of the ratio 0.58, 0.97
p-value** 0.0677

MRT0-t (h) Estimated ratio after inverse logarithmic conversion* 1.13

10
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Carotegrast methyl Cmax (ng mL-1) Estimated ratio after inverse logarithmic conversion* 2.08

90% CI of the ratio 1.04, 1.22
p-value** 0.0164

M-I Cmax (ng mL-1) Estimated ratio after inverse logarithmic conversion* 1.42
90% CI of the ratio 1.15, 1.75
p-value** 0.0094

AUC0-t (ng h mL-1) Estimated ratio after inverse logarithmic conversion* 1.58
90% CI of the ratio 1.30, 1.92
p-value** 0.0007

Tmax (h) Median (Min, Max) in carotegrast methyl alone 1.0 (0.5, 2.0)
Median (Min, Max) in the combination with rifampicin 1.0 (0.5, 4.0)
Test statistics 37.0
p-value** 0.0348

t1/2 (h) Estimated ratio after inverse logarithmic conversion* 0.89
90% CI of the ratio 0.70, 1.13
p-value** 0.3877

MRT0-t (h) Estimated ratio after inverse logarithmic conversion* 1.09
90% CI of the ratio 1.01, 1.19
p-value** 0.0750

M-II Cmax (ng mL-1) Estimated ratio after inverse logarithmic conversion* 3.57
90% CI of the ratio 2.91, 4.38
p-value** <.0001

AUC0-t (ng h mL-1) Estimated ratio after inverse logarithmic conversion* 6.05
90% CI of the ratio 5.13, 7.14
p-value** <.0001

Tmax (h) Median (Min, Max) in carotegrast methyl alone 2.0 (1.0, 4.0)
Median (Min, Max) in the combination with rifampicin 4.0 (2.0, 6.0)
Test statistics 51.5
p-value** 0.0010

t1/2 (h) Estimated ratio after inverse logarithmic conversion* 0.70
90% CI of the ratio 0.63, 0.78
p-value (Treatment Group) <.0001

MRT0-t (h) Estimated ratio after inverse logarithmic conversion 1.49
90% CI of the ratio 1.41, 1.57
p-value** <.0001

Carotegrast-glu Cmax (ng mL-1) Estimated ratio after inverse logarithmic conversion* 0.79
90% CI of the ratio 0.67, 0.94
p-value** 0.0272

AUC0-t (ng h mL-1) Estimated ratio after inverse logarithmic conversion* 1.14
90% CI of the ratio 0.99, 1.30
p-value** 0.1158

Tmax (h) Median (Min, Max) in carotegrast methyl alone 2.0 (1.0, 4.0)
Median (Min, Max) in the combination with rifampicin 2.0 (1.0, 4.0)
Test statistics 11.0
p-value** 0.1719

t1/2 (h) Estimated ratio after inverse logarithmic conversion* 0.98
90% CI of the ratio 0.84, 1.14
p-value (Treatment Group) 0.7938

MRT0-t (h) Estimated ratio after inverse logarithmic conversion 1.35
90% CI of the ratio 1.26, 1.44
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Carotegrast methyl Cmax (ng mL-1) Estimated ratio after inverse logarithmic conversion* 2.08

p-value** <.0001

* The ratio was with/without rifampicin. ** Between the carotegrast methyl alone group and coadministra-
tion of carotegrast methyl with rifampicin

AUC 0-t, area under the curve from time 0 to the last measurable concentration; carotegrast-gluc, carotegrast
glucuronate; CI, confidence interval; Cmax, maximum drug concentration; max, maximum; min, minimum;
t1/2, half-life period; Tmax, time to Cmax maximum drug concentration
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