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Abstract

Trazpiroben is a dopamine D,/D; receptor antagonist under development for the
treatment of gastroparesis. This phase I, open-label, randomized, two-way crosso-
ver study (NCT04121078) evaluated the effect of single-dose intravenous rifampin,
a potent inhibitor of the organic anion transporting polypeptides (OATPs) 1B1
and 1B3, on the pharmacokinetics and safety of trazpiroben in healthy adults. The
utility of coproporphyrin (CP) I and CPIII as biomarkers of OATP inhibition was
also assessed. Overall, 12 participants were enrolled and randomized (1:1) into
one of two treatment sequences (AB and BA). Participants received either a single
oral dose of trazpiroben 25mg (treatment A) or a single oral dose of trazpiroben
25mg immediately after a single 30-min intravenous infusion of rifampin 600 mg
(treatment B). After a washout period of at least 7days, participants received
the other treatment. Geometric mean area under the curve from time 0 extrapo-
lated to infinity (AUC,) and maximum serum concentration (C,,) of plasma
trazpiroben were higher in participants receiving treatment B than those receiv-
ing treatment A (AUC, 168.5 vs. 32.68ng*h/ml; C,,,,, 89.62 vs. 14.37ng/ml);
corresponding geometric mean ratios (90% confidence interval) showed 5.16
(4.25-6.25) and 6.24 (4.62-8.42)-fold increases in these parameters, respectively.
In this study, trazpiroben was confirmed as a substrate of OATP1B1/1B3, and
therefore co-administration of trazpiroben with moderate to strong inhibitors of
OATP1B1/1B3 is not recommended. This is also the first assessment of the utility
of CPI and CPIII as endogenous biomarkers of OATP1B1/1B3 inhibition after a
single intravenous dose of rifampin.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Despite the disease burden of gastroparesis, treatment options remain limited.
Affected patients are often treated for multiple comorbidities, along with receiv-
ing medication for symptomatic management of gastroparesis, making polyphar-
macy a common issue. Consequently, the potential for drug—drug interactions
(DDIs) must be considered when developing new treatments for this disease.
WHAT QUESTION DID THIS STUDY ADDRESS?

This study evaluated the effect of a single intravenous dose of rifampin, an organic
anion transporting polypeptide (OATP) 1B1/1B3 inhibitor, on the single-dose phar-
macokinetics of oral trazpiroben in healthy adults and explored the use of copropor-
phyrin (CP) I and CPIII as endogenous biomarkers of OATP1B1/1B3 activity.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

This study confirms trazpiroben as an OATP1B1/1B3 substrate, and is the first
exploring the utility of CPI and CPIII as endogenous biomarkers to assess clinical
OATPIB1/1B3-mediated DDIs after intravenous rifampin administration.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Co-administration of trazpiroben with moderate to strong OATP1B1/1B3 inhibi-
tors is not recommended. CPI and CPIII may be suitable biomarkers for assess-
ing OATP1B1/1B3-mediated DDIs after administering single-dose intravenous

rifampin.

INTRODUCTION

Gastroparesis is a chronic gastric motility disorder char-
acterized by delayed emptying of the stomach without
mechanical obstruction." Cardinal symptoms include
early satiety, postprandial fullness, nausea, vomiting,
and bloating, and patients may additionally experience
symptoms of gastroesophageal reflux, such as heartburn
and regurgitation.'™ Gastroparesis is also associated with
a significant healthcare burden®’ and reduction in a pa-
tient’s quality of life.’

Treatment options for gastroparesis are limited, and
there are no approved therapies for the treatment of
chronic gastroparesis.® Available non-pharmaceutical
treatment options are varied and include surgery (e.g.,
venting gastrostomy, gastrojejunostomy, pyloroplasty, and
gastrectomy), gastric electrical stimulation, and optimiza-
tion of diet. Pharmaceutical interventions, such as proki-
netics (e.g., metoclopramide and domperidone) are also
available to help to control the signs and symptoms of the
disease.”® Metoclopramide, a centrally penetrating dopa-
mine D, receptor antagonist, is the only US Food and Drug
Administration (FDA)-approved medication available for
patients with acute or recurrent diabetic gastroparesis in
the United States.” However, owing to the risk of central
nervous system side effects, metoclopramide carries a
black box warning from the FDA, and its use is restricted

to 12weeks.**!! Domperidone, a dopamine D,/D; recep-

tor antagonist, acts peripherally and therefore does not
elicit the central nervous system effects associated with
long-term use of metoclopramide.'* Although domperi-
done has received approval for the short-term treatment
of nausea and vomiting in more than 20 countries,' it
is not approved for the treatment of gastroparesis in the
European Union'* and is not a legally marketed human
drug or approved for sale in the United States.'” Risks as-
sociated with the use of domperidone include cardiovas-
cular risks of QT prolongation,16 ventricular arrhythmia,
and sudden cardiac death,'” which likely occur via the in-
hibition of the human ether-a-go-go-related gene (hERG)
potassium channel.'®*

Trazpiroben (previously referred to as TAK-906 and
ATC1906M) is a novel, peripherally restricted, and se-
lective dopamine D,/D5 receptor antagonist being devel-
oped for the treatment of gastroparesis. Trazpiroben has
a dopamine receptor antagonist profile similar to that of
domperidone, but has lower affinity for the hERG potas-
sium channel (half maximal inhibitory concentration of
15.6 uM vs. 0.1 pM, respectively), thereby reducing the
risk of cardiovascular adverse events (AEs).* "%

The absolute bioavailability of trazpiroben was ~20%
after oral administration in rats and dogs.***’ Preclinically,
plasma concentrations of trazpiroben generally increased
in a dose-proportional manner, with minor accumulation
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after repeated doses.”® In vitro studies have demonstrated
that trazpiroben is primarily metabolized via a non-
cytochrome P450 (CYP) pathway by multiple cytosolic
nicotinamide adenine dinucleotide phosphate (NADPH)-
dependent reductases (56.7%) to a ketone product (M23;
structure provided in reference®’), with the remaining
pathways of metabolism occurring via CYP3A4 (25.8%)
and CYP2C8 (11.8%).% Following oral administration of
radiolabeled trazpiroben in fasted rats, ~94% of the dosed
radioactivity was excreted in feces and 6% in urine after
24 h. In bile duct cannulated rats, ~86%, 5%, and 11% of
the dosed radioactivity was excreted in bile, urine, and
feces, respectively, suggesting biliary excretion could be
one of the major excretion routes of trazpiroben (data on
file). Evaluation of absolute bioavailability, and character-
ization of the absorption, distribution, metabolism, and
excretion of trazpiroben are ongoing and not yet available
in humans.

In vitro drug-drug interaction (DDI) studies have
shown that trazpiroben does not inhibit several of the
major CYPisoforms(CYP1A2, CYP2B6, CYP2CS8, CYP2C9,
CYP2C19, CYP2D6, and CYP3A) and does not induce CYP
isoforms when administered at a clinically relevant dose
(0.06 uM).* Additionally, in contrast to domperidone,*
phase I DDI studies have demonstrated that trazpiroben is
relatively insensitive to CYP3A4 inhibition and concluded
that the cardiovascular concerns associated with domperi-
done use are unlikely to occur when trazpiroben is used in
similar conditions.* The first-in-human study with traz-
piroben, completed in the United States (AT-01C study),
showed that single and multiple doses of trazpiroben were
well-tolerated in healthy men and women.?? Trazpiroben
was rapidly absorbed (time to maximum concentration
[Thax] ~1.1 h) and eliminated, with a mean half-life of
4 h and a mean apparent oral clearance of ~600-800L/h
across single-dose groups of 25-300 mg. Minor accumula-
tion occurred after administration of trazpiroben 50 and
100 mg, twice daily for 5days (accumulation index of 1.9
and 1.4, respectively). Trazpiroben has also been evalu-
ated in healthy Japanese individuals, and was found to be
well-tolerated in this population.*?

Trazpiroben has been evaluated in vitro as a substrate
or inhibitor of clinically relevant transporters and demon-
strated to be a substrate of p-glycoprotein (P-gp) and
OATP1B1/1B3.%’ Trazpiroben is not a substrate of breast
cancer resistance protein (BCRP), multidrug and toxin ex-
trusion (MATE) 1, MATE2-K, organic anion transporter
(OAT)1, OAT3, or organic cation transporter (OCT) 2.%
Furthermore, trazpiroben is not an inhibitor of BCRP,
bile salt export pump, MATE1, MATE2-K, OAT1, OAT3,
OCT2, or OATP1B1/1B3 at a clinically relevant dose.*
Importantly, these in vitro studies predicted that nearly all
in vivo uptake of trazpiroben into hepatocytes occurs via

transporters (predominantly OATP1B1) and that clinical
evaluation was warranted to determine the potential for
increased trazpiroben exposure after administration of a
strong OATP1B1/1B3 inhibitor.*

To assess the role of OATP1B1/1B3 on the uptake of
specific compounds in a clinical setting, several inhibitors
are recommended by the FDA.**** Rifampin is known to
have pleiotropic effects, including CYP3A4 induction®*-
as well as OATP1B1/1B3 and P-gp inhibition.*”® A single
intravenous (i.v.) dose of rifampin allows for the inhibition
of OATP1B1/1B3 without inhibiting P-gp in the gut*” and
is often used to evaluate potential DDIs involving these
transporters.>*’ DDIs are particularly relevant when
considering patients with gastroparesis. These individu-
als often receive symptomatic treatment for the disease,
as well as for multiple comorbidities, meaning that poly-
pharmacy is common in affected patients.’>** Therefore,
understanding the potential impact of DDIs when assess-
ing novel treatments for gastroparesis is essential.

Sensitive and specific biomarkers permitting the eval-
uation of OATP inhibition would be of clinical value
in the management of patients receiving trazpiroben.
Coproporphyrin (CP) I and III are byproducts of heme
synthesis that are secreted from the body in bile or urine.**
Prior clinical studies have demonstrated that inhibition of
OATP1B1/1B3-mediated transport leads to increased lev-
els of CPI and CPIII in plasma and urine when compared
with baseline readings, indicating that these byproducts
are substrates of OATP1B1/1B3.*"* Similar observations
have been reported from in vitro and preclinical analy-
ses.***® Accordingly, these findings suggest that CPI and
CPIII may have clinical utility as endogenous biomarkers
of OATP1B1/1B3 activity.

This study sought to evaluate the impact of i.v. rifam-
pin, a potent OATP1B1/1B3 inhibitor, on the single-dose
pharmacokinetic (PK) and safety profile of trazpiroben,
and explore the use of CPI and CPIII as endogenous bio-
markers of OATP1B1/1B3 activity after a single-dose i.v.
rifampin administration.

METHODS
Study design

This was a phase I, open-label, randomized, two-way
crossover study (NCT04121078; Figure 1). A randomized
cross-over design was selected to reduce the effect of in-
terindividual variability on the study results, and to re-
duce the number of participants required to demonstrate
DDI potential between trazpiroben and rifampin. The
primary objective of this study was to evaluate the ef-
fect of single-dose i.v. rifampin on the single-dose PKs of
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FIGURE 1 Study design. *Before dosing on day 1 of study period 1, participants were randomized in a ratio of 1:1 to one of two

treatment sequences (AB and BA). Participants received each treatment on one occasion. °Each trazpiroben dosing was separated by at

least 7 days from the time of study period 1 trazpiroben administration. “Participants were confined from check-in until after the 48-h post-

trazpiroben-dose blood draw during each study period. dTrazpiroben administration was defined as hour 0. PK, pharmacokinetic

orally administered trazpiroben, and the secondary objec-
tive was to evaluate the safety and tolerability of a single
oral dose of trazpiroben in the presence and absence of
rifampin. As an exploratory objective, the plasma concen-
trations of CPI and CPIII were evaluated as endogenous
biomarkers of OATP1B1 and OATP1B3 activity. Details of
how and when the primary, secondary, and exploratory
objectives were assessed are detailed in the PK analysis,
safety and tolerability assessment, and statistical methods
sections of this article.

Patients were enrolled by a single physician and
assigned to interventions at a single clinical study site
(Celerion). The study was conducted between October
15, 2019, and November 24, 2019. To assess the impact
of OATP1B1/1B3 inhibition on plasma levels of traz-
piroben, i.v. rifampin was used during the study.’”*
The study contained two periods (period 1 and period 2)
that each comprised 4days (day —1, 1, 2, and 3). The
study included a screening visit to determine eligibility
(conducted between 28 and 2 days prior to dosing) and
a follow-up visit. Participants were randomized 1:1 into
one of two treatment sequences (AB or BA; Figure 1)
according to a computer-generated schedule (devel-
oped by Celerion). The schedule comprised predeter-
mined numbers linked to study treatment sequences,
and participants were assigned to the next available
consecutive number upon enrollment. Participants
were required to fast for at least 10h prior to trazpiro-
ben dosing. Trazpiroben was administered orally, with

trazpiroben as an active ingredient supplied in a gelatin
capsule (1x25mg). In study period 1, participants in
sequence AB received a single oral dose of trazpiroben
25mg (treatment A) and those in sequence BA received
a single oral dose of trazpiroben 25mg immediately
after a single i.v. dose of rifampin 600 mg administered
over 30 min (treatment B). Study period 1 was followed
by a washout period of at least 7days, comprising at
least five terminal half-lives (¢,,,) of trazpiroben. After
the washout period, each group received the other
treatment regimen (study period 2). Treatments were
administered on day 1 of each study period, with PK
sampling and safety monitoring conducted over days 2
and 3 until 48 h after dosing. To facilitate sample collec-
tion, completion of safety assessments, and to control
for other external factors that could influence study re-
sults, participants were confined from check-in (day —1)
until after the 48-h post-trazpiroben-dose blood draw
during each study period. Follow-up assessments oc-
curred on day 14 (+£2days) after the last trazpiroben
dose. All pertinent study documents were reviewed by
Advarra Institutional Review Board (IRB) prior to study
initiation. Study-related documents were approved by
the local IRB of the study site, and written informed
consent was obtained from participants prior to them
undergoing any study-specific procedures. The study
was conducted in compliance with the principles out-
lined in the Declaration of Helsinki and Good Clinical
Practice regulations and guidelines.
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Inclusion and exclusion criteria

Participants eligible for the study were healthy, continu-
ous nonsmokers, 19-55years of age, with a body mass
index (BMI) greater than or equal to 18.0 and less than
or equal to 30.0 kg/m2 at screening. Participants were ex-
cluded if they were unable to refrain from, or anticipated
the use of, any medication, herbal remedies, or vitamin
supplements within 14 days prior to initial dosing and
throughout the study. Participants were also excluded if
they were unable to refrain from, or anticipated the use of,
any medication known to significantly affect the absorp-
tion, distribution, metabolism, or elimination of the study
drugs (trazpiroben and rifampin), including any drug that
affected the function of OATP1B1/1B3, within 28days
prior to the first dosing and throughout the study (for fur-
ther details, see Table S1).

Pharmacokinetic analysis

Blood samples (4 ml) were collected predose and at 0.5, 1,
1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, and 48 h post trazpiroben
dose during both study periods. Plasma concentrations of
trazpiroben and its inactive metabolite, M23, were used
to calculate PK parameters, such as area under the curve
(AUC) from time 0 extrapolated to infinity (AUC,,), maxi-
mum serum concentration (Cp,,,), and T,,,,, using a non-
compartmental approach. For CPI and CPIII, PK measures
included AUC from time 0 to 24h (AUC,,,) and Cp,
Plasma concentrations of trazpiroben and M23 were meas-
ured using a validated liquid chromatography/tandem mass
spectrometry assay at Q> Solutions. The analytical range of
the assay for trazpiroben and M23 was 0.1-50.0 ng/ml; re-
sults below the limit of quantitation (BLOQ) were replaced
with zero for the purposes of PK parameter calculations.
Plasma concentrations of CPI and CPIII were measured
using a validated liquid chromatography mass spectrom-
etry assay at PPD Laboratories. The analytical range of the
assay for CPI and CPIII was 50.0-10,000.0 pg/ml.

Safety and tolerability assessment

Safety was monitored throughout the study. Safety meas-
ures assessed included treatment-emergent adverse events
(TEAES), physical and vital signs, and electrocardiogram
(ECG) measures. Vital signs, and a 12-lead safety ECG in
triplicate, were recorded during the screening period (day
—28 to —2), at predose, and at 1, 2, 4, 8, and 48 h post
trazpiroben dose during both study periods. At follow-up,
participants received a full physical examination and un-
derwent assessment of vital signs and a 12-lead ECG.

Statistical methods

A sample size was selected to give an 80% probability that
the 90% confidence intervals (CIs) would be within 65%
and 135% of the point estimate of the geometric mean
ratio (GMR) for C,,,,, and the AUC of trazpiroben with and
without rifampin co-administration. PK parameters were
calculated using plasma trazpiroben, M23, and baseline-
adjusted CPI and CPIII using Phoenix WinNonlin version
7.0 using noncompartmental analysis. Actual sampling
times were used in all computations. All evaluable con-
centration data were included in the calculation of PK
parameters. The individual concentration-time plots
(using actual sample times) and the mean and median
concentration-time plots (using nominal sample times)
were prepared. The PK parameters of CPI and CPIII were
determined from the concentration-time profiles for all
participants using a noncompartmental analysis method.
To assess the potential effect of rifampin on trazpiro-
ben and M23 PK parameters, an analysis of variance
(ANOVA) was performed on the natural log-transformed
AUC_, and C,,,,, using a mixed effects model. The mixed
effects model included sequence, treatment, and period
as fixed effects and subject nested within sequence as a
random effect. Each model included calculation of least-
squares means (LSMs) and the difference between treat-
ment LSMs for AUC_, and C,,,, and their respective CIs.
The GMRs (trazpiroben with rifampin relative to trazpiro-
ben alone) and the associated 90% CIs were derived by
exponentiation of the CIs obtained for the difference be-
tween treatment LSM (treatment B — treatment A) result-
ing from the analyses on the log-transformed AUC_ and
Cax- Frequency counts and percentages were reported for
categorical data where appropriate. Continuous variables
were summarized using sample size (n), mean, standard
deviation (SD), minimum, median, and maximum values.

RESULTS

Participant disposition and baseline
demographics

In total, 34 participants were assessed for eligibility, of
which 12 were enrolled into the study and randomized. Of
the randomized participants, 12 received the study drugs
(treatment sequence AB: n = 6; treatment sequence BA:
n = 6) and were included in the final analysis (Figure 2).
Most of the participants were men (83%) and had a mean
(SD) age and BMI of 37.3 (10.6) years and 26.0 (2.2) kg/mz,
respectively (Table 1). There were no marked differences
in any participant demographics or characteristics be-
tween study groups.
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Received a single oral dose of trazpiroben 25 mg
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rifampin 600 mg (n = 6)

Follow—up (14 days + 2 days)
R + Lost to follow-up (n = 0)
A 4
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FIGURE 2 Consort Flow diagram. *AUC, of M23 (treatment A) could not be calculated for one subject as the terminal elimination
phase could not be robustly characterized. AUC,, area under the concentration-time curve from time 0 to infinity; i.v., intravenous

Pharmacokinetic analysis

All participants had an evaluable PK profile. In total, 11
of 12 participants (92%) had detectable levels of plasma
trazpiroben at 0.5h after administration of trazpiro-
ben alone, and all participants had detectable levels of
trazpiroben at this time point when co-administered with
rifampin. At 12 h after treatment with trazpiroben alone,
11 of 12 participants (92%) had detectable levels of plasma
trazpiroben, which dropped after 16 h to five of 12 partici-
pants (42%). After co-administration of trazpiroben and
rifampin, the majority of participants (10/12, 83%) had
detectable levels of trazpiroben at 16 h post trazpiroben
dose. The C,,,, of plasma trazpiroben was higher in partic-
ipants receiving trazpiroben in conjunction with rifampin
than in those treated with trazpiroben alone (89.62ng/ml
vs. 14.37 ng/ml, respectively; Table 2).

The overall and peak plasma exposure of trazpiroben
was higher after co-administration of trazpiroben and ri-
fampin versus trazpiroben alone, although median T,
remained similar between study groups (Figure S1 and
Table 2). Trazpiroben AUC,, for participants treated with
trazpiroben alone was 32.7 ng*h/ml versus 168.5 ng*h/
ml after treatment with trazpiroben and rifampin, and a

similar trend was observed for C,,,, (Table 2). Although
the mean terminal disposition phase half-life (¢, ,,) of traz-
piroben was numerically higher in participants treated
with trazpiroben alone than in those receiving trazpiro-
ben co-administered with rifampin (Table 2), the median
terminal profiles of plasma trazpiroben in participants re-
ceiving either trazpiroben or trazpiroben co-administered
with rifampin were visually similar (Figure 3). The differ-
ences in t,,,, observed between participants treated with
trazpiroben or trazpiroben and rifampin may have been
due to interindividual variability. GMRs of AUC_ and
Cpax in participants treated with trazpiroben and rifampin
were 5.16 (90% CI: 4.25-6.25)-fold higher and 6.24 (90% CI:
4.62-8.42)-fold higher, respectively, than those observed in
participants treated with trazpiroben alone (Table 2).

For M23, an inactive abundant metabolite of trazpiro-
ben, the concentration-time curves, and PK parameters
are presented in Figure S2 and Table S2, respectively,
and the GMRs of M23 AUC_, and C,,,, are provided in
Table S3. Generally consistent with the results observed
for trazpiroben, plasma M23 AUC_, and C,,,, were higher
in participants treated with trazpiroben and rifampin than
in those treated with trazpiroben alone. The GMRs of
plasma M23 AUC_, (20.96, 90% CI: 15.62-28.13) and C,,,,
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TABLE 1 Baseline demographics

Randomized treatment sequence®

Overall

Characteristic AB (n =6) BA (n = 6) (n=12)
Sex, n (%)

Female 1(17) 1(17) 2(17)

Male 5(83) 5(83) 10 (83)
Race, n (%)

Asian 1(17) 0(0) 1(8)

Black or African American 1(17) 0(0) 1(8)

Black or African American, White 1(17) 0(0) 1(8)

White 3(50) 6 (100) 9 (75)
Ethnicity, n (%)

Not Hispanic or Latino 6 (100) 6 (100) 12 (100)
Age, yearsb

Mean (SD) 36.7 (13.5) 38.0(8.1) 37.3(10.6)

Median (range) 40.0 (21-52) 39.5 (24-48) 39.5 (21-52)
BMI, kg/m?

Mean (SD) 25.2(2.4) 26.8 (1.8) 26.0(2.2)

Median (range) 24.9 (22.3-28.6) 26.7 (24.8-29.1) 25.7(22.3-29.1)

Abbreviations: BMI, body mass index; SD, standard deviation.

*Treatment sequence AB: Participants received a single oral dose of trazpiroben 25mg. After a 7-day washout period, participants received a single oral dose of
trazpiroben 25 mg immediately after a single 30-min intravenous infusion of rifampin 600 mg. Treatment sequence BA: Participants received a single oral dose
of trazpiroben 25 mg immediately after a single 30-min intravenous infusion of rifampin 600 mg. After a 7-day washout period, participants received a single
oral dose of trazpiroben 25 mg.

PAge as recorded on the case report form.

TABLE 2 Plasma trazpiroben pharmacokinetic parameters

Trazpiroben
Trazpiroben 25mg +rifampin Geometric mean ratio  Intra-participant
Parameter 25mg (n = 12) 600mg (n = 12) (90% CI)* CV%®
AUC,, ng*h/ml, geometric mean® (mean 32.68 (23.9) 168.5(49.9) 5.16 (4.25-6.25) 26.48
CV%)
C o NE/ml, geometric mean® (geometric 14.37 (38.7) 89.62 (68.6) 6.24 (4.62-8.42) 42.31
CV%)
T hax B, median (min, max) 1.037 (0.50, 2.00) 1.002 (0.49, 2.00) NR NR
t1/2,» h, mean (SD) 4.229 +3.7897 2.028 0.3449 NR NR
CL/F, L/h, geometric mean® (geometric 765.1 (23.9) 148.4 (49.9) NR NR
CV%)
V,/F, L, geometric mean® (geometric 3469 (70.7) 428.1 (49.9) NR NR
CV%)

Abbreviations: ANOVA, analysis of variance; AUC,, area under the concentration-time curve from time 0 to infinity; CI, confidence interval; C,,,,,, maximum
observed concentration; CL/F, apparent clearance after extravascular administration; CV%, geometric coefficient of variation %; max, maximum; min,
minimum; LSM, least-squares means; MSE, mean square error; NR, not reported; SD, standard deviation; T,,,,, time to first occurrence of C,,,; t,/,,, terminal
disposition phase half-life; V,/F, apparent volume of distribution during the terminal disposition phase after extravascular administration.

Geometric mean ratio = (trazpiroben)/(trazpiroben + rifampin).

PIntra-participant CV% = 100 X square root (exp[MSE] — 1), where MSE = residual variance from ANOVA.

‘Geometric LSM were calculated by exponentiating the LSM from ANOVA.
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FIGURE 3 Median plasma concentration-time curves of trazpiroben on a linear scale (a) and semi-log scale (b)

(24.48, 90% CI: 17.59-34.06) were approximately four to
five-fold higher than the equivalent GMRs observed for
plasma trazpiroben AUC (5.16, 90% CI: 4.25-6.25) and
Cinax (6.24,90% CI: 4.62-8.42), respectively.

Plasma CPI and CPIII concentrations were higher in
participants receiving rifampin and trazpiroben compared
with those receiving trazpiroben alone (peak arithmetic
means of 3.15vs.0.64nM and 0.50 vs. 0.12 nM, respectively;
Figure S3), suggesting that OATP1B1/1B3-dependent
transport was successfully inhibited. Plasma CPI AUC,,,
and C,,,, increased 3.20- and 4.89-fold, respectively, after
co-administration of trazpiroben and rifampin when com-
pared with trazpiroben alone. Additionally, respective val-
ues for plasma CPIII AUC,,, and C,,, increased 2.86- and
4.31-fold, respectively, after co-administration of trazpiro-
ben and rifampin versus trazpiroben alone.

Safety analysis

There were no deaths, serious AEs, or discontinuations
due to an AE during this study. In total, 12 participants
were included in the safety analysis, and 10 TEAEs were
recorded, of which headache was the most frequently re-
ported. All TEAEs were considered mild in severity. Of
participants receiving trazpiroben alone, two reported a
headache (17%), and other TEAESs included one report
each of upper abdominal pain (8%), sensory disturbance
(8%), sinus congestion (8%), and contact dermatitis (8%;
Table 3). Of TEAEs reported for participants receiving
trazpiroben and rifampin, single incidents of headache,
cough, and nasal congestion were reported (Table 3).
Overall, one headache event was considered to be related

to both trazpiroben and rifampin, and the remaining nine
AEs were considered unrelated to both study drugs. For
all participants, serum chemistry, hematology, urinalysis,
vital signs, and ECG results remained within normal lim-
its throughout the study and changes from baseline were
minimal. All out-of-range readings observed in these tests
were deemed to be not clinically meaningful.

DISCUSSION

The current study assessed the effect of i.v. rifampin, a po-
tent inhibitor of OATP1B1/1B3, on the single-dose PKs,
safety, and tolerability of trazpiroben in healthy adult
participants. The AUC_ and C,,,, of plasma trazpiroben
were 5.16- and 6.24-fold higher after co-administration
of rifampin with a single-dose of trazpiroben than with
trazpiroben alone, respectively, confirming trazpiroben
as a sensitive (AUC increase of >5-fold)** substrate of
OATP1B1/1B3 in humans. On the basis of these data, it
is recommended that combinations of trazpiroben with
moderate to strong>® OATP1B1/1B3 inhibitors should be
avoided in ongoing clinical studies if co-administration
is expected to result in more than a twofold increase in
plasma trazpiroben AUC. Co-administration of trazpiro-
ben with weak inhibitors of OATP1B1/1B3 (<2-fold
change in AUC)* is considered acceptable.

This study also investigated the plasma levels of M23,
an inactive metabolite of trazpiroben, after administration
of trazpiroben alone and in combination with rifampin.
M23 was monitored in this analysis as it was deemed a bor-
derline major (~11%) inactive metabolite of trazpiroben,
based on early, incomplete exploratory data available at
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TABLE 3 Overview of TEAEs

Trazpiroben reported by participants
Trazpiroben 25mg+rifampin  Overall P VP P
TEAE, n (%) 25mg (n = 12) 600mg (n = 12) (n=12)
Number of participants with 6 (50) 2(17) 6 (50)
TEAEs
Gastrointestinal disorders 1(8) 0(0) 1(8)
Abdominal pain, upper 1(8) 0(0) 1(8)
Nervous system disorders 3(25) 1(8) 3(25)
Headache 2(17) 1(8) 2(17)
Sensory disturbance 1(8) 0(0) 1(8)
Respiratory, thoracic, and 1(8) 1(8) 2(17)
mediastinal disorders
Cough 0(0) 1(8) 1(8)
Nasal congestion 0(0) 1(8) 1(8)
Sinus congestion 1(8) 0(0) 1(8)
Sneezing 1(8) 0(0) 1(8)
Skin and subcutaneous tissue 1(8) 0(0) 1(8)
disorders
Dermatitis contact 1(8) 0(0) 1(8)

Note: Adverse events are classified according to the Medical Dictionary for Regulatory activities
(MedDRA) version 22.1. If a participant had two or more clinical adverse events within a category, the

participant is counted only once within the category.
Abbreviation: TEAE, treatment-emergency adverse event.

the time of this study. Generally, changes in M23 plasma
levels and PK parameter values were similar to those seen
for plasma trazpiroben. However, increases in plasma
M23 AUC_, and C,,,, were approximately four to five-fold
higher than the corresponding measurements for plasma
trazpiroben. As previously reported,”® M23 is formed by
non-CYP cytosolic NADPH-dependent reductases, and hy-
pothesized to be predominantly formed extrahepatically.
Co-administration of rifampin with trazpiroben could
block the hepatic uptake of M23 via OATP1B1/1B3, result-
ing in elevated M23 plasma concentrations (unpublished
ongoing investigations). The impact of increased plasma
M23 after OATP1B1/1B3 inhibition was assessed in pre-
clinical models in vivo and no safety signals were identified
(data on file). In addition, no clinically relevant AE relating
to QT prolongation was reported during the current study.

In agreement with their potential role as endogenous
biomarkers of OATP1B1/1B3 inhibition,*>*** plasma CPI
and CPIII levels increased after co-administration of traz-
piroben and i.v. rifampin when compared with trazpiro-
ben alone. This indicates that OATP1B1/1B3-dependent
transport was successfully inhibited and further validated
the experimental approach adapted from previous reports
for oral rifampin administration. The PKs of rifampin after
a single i.v. or oral dose have previously been shown to be
comparable, and therefore it would be expected that plasma
CPI/CPIII changes would also be similar.*® Fold changes in
plasma CPI/CPIII after i.v. administration of rifampin were

comparable to those previously reported by studies utilizing
oral rifampin. In the present study, fold changes in plasma
CPI and CPIII AUC,,, and Cp,,, after co-administration of
trazpiroben and rifampin were 3.20- and 4.89-fold (CPI) and
2.86- and 4.31-fold (CPIII), respectively, when compared
with trazpiroben alone. Shen et al. reported similar fold
changes in AUC,,, and C,,,, for CPI (3.30- and 5.60-fold,
respectively) and CPIII (4.75 and 2.57-fold, respectively)
after a single oral dose of rifampin 600mg.** In the current
study, basal levels of CPI were 0.64nM, whereas CPIII were
0.12nM, which are similar to those reported by Shen et al.
(0.72 and 0.14nM, respectively).44 In addition, Kunze et al.
also reported levels of plasma CPI and CPIII after a single
oral dose of rifampin 600mg, which were consistent with
our findings.*” The comparable fold changes in plasma CPI
and CPIII observed after oral and i.v. rifampin support their
use as endogenous biomarkers of OATP1B1/1B3 inhibition
following i.v. administration of rifampin.

Trazpiroben was well-tolerated during this study. No
safety signals were observed when trazpiroben was ad-
ministered as either a single agent or in combination with
rifampin, and no clinically meaningful changes in ECG re-
sults or vital signs were reported. Additional studies have
also been completed or are underway to further elucidate
the safety profile of trazpiroben. A recent phase II study
(NCT03268941) involving 51 patients with idiopathic or
diabetic gastroparesis evaluated the safety, PKs, and phar-
macodynamics of trazpiroben and did not identify any
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safety signals,* whereas an ongoing phase IIb clinical trial
(NCTO03544229) is investigating the efficacy and safety of
trazpiroben in adult patients with symptomatic idiopathic
or diabetic gastroparesis. Notably, these studies imposed
restrictions on the use of certain medications (e.g., those
that affect gastric motility or gastric pH and antiemetics)
throughout the study period and therefore the potential
for OATP-mediated DDIs may have been limited.

The limitations of this study should be considered. The
study was conducted in a small number of healthy vol-
unteers who received the study treatment sequences over
a shorter period than would typically be observed within
a clinical setting. Based on this clinical DDI assessment,
trazpiroben was confirmed as a sensitive substrate of
OATP1B1/1B3, with a potential for DDIs when adminis-
tered with inhibitors of these transporters. Owing to the
increased exposure to trazpiroben observed in this study
after administration with an OATP1B1/1B3 inhibitor
compared with trazpiroben alone, co-administration of
trazpiroben with moderate to strong OATP1B1/1B3 inhib-
itors is not recommended.

CONCLUSION

Trazpiroben exposure was increased after co-
administration of an OATP1B1/1B3 inhibitor (single-dose
i.v. rifampin) in healthy adults compared with trazpiro-
ben alone, confirming trazpiroben as a sensitive substrate
of these transporters. Given the results of this study, co-
administration of trazpiroben with moderate to strong
OATP1B1/1B3 inhibitors is not recommended. Both inter-
ventions were well-tolerated by healthy participants. This
study is the first to report on the utility of CPI and CPIII as
endogenous biomarkers of OATP1B1/1B3-mediated DDIs
after administration of a single i.v. dose of rifampin.
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