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Purpose: Treatment options for gastroparesis, such as metoclopramide and domperidone, 
are limited because of safety concerns, which may be exacerbated in the presence of 
inhibitors of drug metabolism. This study evaluated the effect of itraconazole on the 
pharmacokinetics, safety, and tolerability of trazpiroben (previously TAK-906), a novel, 
peripherally selective D2/D3 dopamine receptor antagonist.
Methods: This was a phase 1, two-period, crossover trial in healthy participants 
(NCT03161405). On day 1, period 1 (days 1–3), participants received a single oral dose of 
trazpiroben 25 mg. During period 2 (days 4–9), participants received oral itraconazole 
200 mg once daily (days 1–5) and one oral dose of trazpiroben 25 mg post itraconazole 
on day 4. Trazpiroben pharmacokinetics were assessed. Safety assessments included tripli
cate electrocardiograms.
Results: Twelve healthy males (24–45 years old) were studied. Co-administration of 
itraconazole increased trazpiroben area under the concentration–time curve from time 0 to 
infinity by 1.28-fold (90% confidence interval: 1.10, 1.49) and maximum plasma concentra
tion (Cmax) by 1.98-fold (1.64, 2.39) versus trazpiroben alone. Placebo-corrected, change 
from baseline in corrected QT interval at the observed geometric mean Cmax for trazpiroben 
alone (9.53 ng/mL) and with itraconazole (18.00 ng/mL) was estimated at 1.31 ms (−0.39, 
3.01) and 1.54 ms (−0.15, 3.24), respectively. There were no clinically relevant abnormalities 
in any safety parameters.
Conclusion: These results indicate that TAK-906 is relatively insensitive to inhibition of 
cytochrome P450 3A4, and cardiovascular safety concerns associated with domperidone are 
unlikely to be elicited by trazpiroben under similar conditions.
Keywords: drug–drug interactions, D2/D3 dopamine receptor antagonist, gastroparesis, 
pharmacokinetics, QT effects

Introduction
Gastroparesis is a chronic symptomatic condition characterized by delayed gastric 
emptying without mechanical obstruction.1 Cardinal symptoms include nausea, vomit
ing, early satiety, abdominal pain, persistent anorexia, and postprandial fullness.2

Available therapies for the treatment of gastroparesis are limited, primarily 
owing to safety concerns. Cisapride was approved by the US Food and Drug 
Administration (FDA) in 1993 for gastro-esophageal reflux disease and was used 
off-label for the treatment of gastroparesis; however, it was withdrawn from the 
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market in 2000 owing to the risk of cardiac side effects.3 

The motilin agonist, erythromycin, has demonstrated effi
cacy in improving gastric emptying,4–6 but its use as 
a long-term treatment is limited owing to development of 
tolerance, concerns surrounding antibiotic resistance,6,7 

and potential risk of adverse cardiovascular effects. 
Metoclopramide, a dopamine receptor antagonist, is 
approved by the FDA for short-term use (up to 12 
weeks) in patients with gastroparesis and for up to 5 
days by the European Medicines Agency (EMA), owing 
to its safety profile, particularly the increased risk of 
tardive dyskinesia.8–10

Peripherally selective D2/D3 dopamine receptor 
antagonists are promising treatment options for gastropar
esis because beneficial effects would be expected by tar
geting D2 and D3 receptors in the stomach and in the 
vomiting center in the area postrema, outside the blood– 
brain barrier,11–13 in contrast with centrally penetrating 
agents such as metoclopramide.14

Domperidone, a peripherally selective D2/D3 dopamine 
receptor antagonist, is approved by the EMA for short- 
term treatment of nausea and vomiting in low doses.15,16 

However, it has not been approved by the FDA because of 
the potential risk of QT interval prolongation leading to 
torsade de pointes and possible subsequent sudden cardiac 
death. This risk is increased by drug–drug interactions 
between domperidone and potent inhibitors of cytochrome 
P450 (CYP) 3A4 such as itraconazole, which can lead to 
reduced clearance of domperidone and increase the risk of 
QT interval prolongation.17 Although the molecular 
mechanism of QT interval prolongation has not yet been 
determined, it is believed that domperidone is one of 
several drugs that may elicit this effect by binding to 
potassium efflux channels.17

Trazpiroben (previously referred to as TAK-906 or ATC- 
1906M) is a peripherally active novel D2/D3 receptor 
antagonist in development for the treatment of chronic idio
pathic and diabetic gastroparesis. Results from the first-in- 
human trial of trazpiroben (AT-01C study), exploring oral 
doses ranging from 5 mg to 300 mg in healthy US partici
pants, showed exposure increased in a dose-proportional 
manner and limited accumulation after multiple dosing for 
5 days. Continuous 12-lead triplicate electrocardiogram 
(ECG; Holter) monitoring from 1 hour pre-dose through 
24 hours after dosing was performed in the single ascending 
dose phase, with the aim to exclude clinically relevant ECG 
effects of the drug.18 Trazpiroben was well tolerated and 
appeared to have a favorable safety profile.

Polypharmacy is common in patients with gastropar
esis, meaning there is an increased risk of drug–drug 
interactions because of overlap in metabolic pathways, 
such as the CYP superfamily.19 There remains a need for 
novel, efficacious treatments for chronic gastroparesis 
without the safety concerns associated with existing thera
pies, such as domperidone. Trazpiroben is mainly metabo
lized by CYP 3A4 and CYP 2C8, although non-CYP 
metabolism also occurs through cytosolic liver enzymes. 
This phase 1 study investigated the pharmacokinetics, 
safety, and tolerability of trazpiroben in the presence and 
absence of itraconazole, a potent CYP 3A4 inhibitor 
recommended by the FDA and EMA for use in drug– 
drug interaction studies.20,21

Methods
This was a phase 1, single-center, single-sequence, open- 
label, two-period, crossover trial in healthy individuals 
(NCT03161405). Participants were eligible for inclusion in 
the trial if they were: a man or women aged 18–55 years; had 
a body mass index (BMI) greater than 18 kg/m2 and no more 
than 30 kg/m2, and a body weight greater than 50 kg at 
screening; had no history of tobacco- or nicotine-containing 
product use in the 6 months before administration of the 
initial drug dose; and were judged to be in good health by 
the investigator based on clinical evaluations (including 
laboratory safety tests, medical history, physical examina
tion, and 12-lead ECG and vital sign measurements per
formed during screening and prior to administration of the 
initial dose of study treatment). This trial was approved and 
conducted in compliance with the institutional review board 
regulations of the US Code of Federal Regulations, Good 
Clinical Practice regulations and guidelines, and all applic
able local regulations, and in accordance with the 1964 
Helsinki declaration and its later amendments or comparable 
ethical standards. This trial was conducted in compliance 
with the informed consent regulations and all patients pro
vided signed informed consent forms prior to enrollment in 
the trial. The clinical trial protocol, the investigator’s bro
chure, a sample informed consent form, and other trial- 
related documents were reviewed and approved by the 
Midlands Independent Review Board (Overland Park, KS).

Trial Design
On day 1 of period 1 (3 days’ duration), eligible partici
pants received a single oral dose of trazpiroben 25 mg in 
the absence of itraconazole (Figure 1). During period 2 (6 
days), participants received itraconazole 200 mg in oral 
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solution once daily on days 1–5; they also received 
a single oral dose of trazpiroben 25 mg 1 hour after the 
itraconazole dose on day 4. There was a minimum wash
out period of 4 days between the trazpiroben dose on day 1 
of period 1 and the beginning of period 2. Doses of 
trazpiroben 25 mg in both periods were administered 
after an overnight fast of at least 8 hours. All participants 
who completed the study attended a follow-up visit 10–14 
days after their final dose of trazpiroben 25 mg.

Assessment of Plasma Pharmacokinetics 
of Trazpiroben and Metabolite M23
The plasma pharmacokinetics of both trazpiroben and M23, 
the primary human metabolite of trazpiroben, were analyzed 
in this study. Although pharmacologically inactive, evalua
tion of M23 was included to aid understanding of the impact 
of itraconazole on trazpiroben metabolism. Blood samples 
for assessment of the plasma pharmacokinetics of trazpiro
ben and M23 were collected at 0 (pre-dose), 0.5, 1, 1.5, 2, 3, 
4, 6, 8, 12, 16, 24, 36, and 48 hours after trazpiroben 25 mg 
administration in each period. The total blood volume drawn 
for the trial was approximately 180 mL.

The analysis of trazpiroben in plasma samples was per
formed by Covance Laboratories, Inc. (Madison, WI). The 
plasma concentrations of trazpiroben and M23 were generated 
using a validated analytical method employing liquid chroma
tography–tandem mass spectrometry with a linear assay range 
of 0.05–50.00 ng/mL. Accuracy and precision for trazpiroben 
were 1.3–5.0% and 2.2–6.7%, respectively, and accuracy and 
precision for M23 were −0.7–2.4% and 1.4–7.0%, respec
tively. Recovery for trazpiroben and M23 in plasma were in 
the ranges 99.1–102.2% and 101.3–106.0%, respectively. 
Trazpiroben and M23 were stable in plasma at ambient tem
perature for at least 24 hours and after five freeze–thaw cycles 

when both were stored at −20°C and −70°C. Trazpiroben and 
M23 were stable in whole blood at ambient temperature and in 
a wet ice bath for at least 2 hours. Accuracy and precision 
values for trazpiroben and M23 in lipemic and hemolyzed 
plasma met acceptance criteria. Selectivity was evaluated in 
six volumes of plasma for each analyte and met acceptance 
criteria. A matrix factor experiment for trazpiroben, M23, and 
respective internal standards was conducted in naive, hemo
lyzed, and lipemic plasma to assess suppression and enhance
ment in matrix. Processed sample stability and reinjection 
reproducibility were established at 143 and 157 hours, respec
tively. Both trazpiroben and M23 are stable in frozen plasma at 
−20°C and −70°C for at least 196 days. Trazpiroben and M23 
in 50:50 (methanol/water, v/v) stock solutions were stable for 
at least 30 days when stored at 4°C.

The following plasma pharmacokinetic parameters of traz
piroben and M23 were calculated using non-compartmental 
analysis with Phoenix WinNonlin® version 6.3 (Certara, 
Princeton, NJ): maximum plasma concentration (Cmax), time 
to maximum plasma concentration (tmax), area under the con
centration–time curve from time 0 to infinity (AUC0–∞), area 
under the concentration–time curve from time 0 to the last 
quantifiable concentration (AUC0–last), and terminal disposi
tion phase half-life (t1/2z). AUC0–last and AUC0–∞ were calcu
lated using a linear trapezoidal rule. Actual sampling times 
were used in all pharmacokinetic computations. No imputa
tion of incomplete or missing data was performed for trazpir
oben or M23, and plasma concentrations below a quantifiable 
level (<0.05 ng/mL) were treated as zero.

Safety Assessments
Safety assessments were performed throughout the study 
and included the recording of adverse events (AEs), hema
tology and chemistry laboratory measurements, and 

Period 1
Minimum 4 days between doses 

on day 1, period 1 and day 1, period 2 
Itraconazole single dose days 1–5

1Day

Trazpiroben 25 mg
single dose day 1

Trazpiroben PK assessed

Trazpiroben 25 mg
single dose day 4

Trazpiroben PK assessed

32 1 2 3 4 5 6

Period 2   

Figure 1 Study design. 
Abbreviation: PK, pharmacokinetics.
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monitoring of vital signs (body temperature, respiratory 
rate, heart rate, and systolic and diastolic blood pressure). 
Physical examinations, including measurement of height, 
weight, and BMI, were conducted at protocol-specified 
timepoints. Triplicate ECG measurements were taken at 
0 (pre-dose), 1, 2, 4, 8, and 48 hours after each dose of 
trazpiroben 25 mg and the mean of these measurements 
recorded at each time point.

Determination of Sample Size and 
Statistical Analyses
A sample size of 12 was determined based on an accep
tance range of 50–200%, and the assumption that the intra- 
individual coefficient of variation for AUC0–last and Cmax 

of trazpiroben would not exceed 25%. This sample size 
provides 80% power to conclude that plasma concentra
tion of trazpiroben does not increase more than twofold in 
the presence of itraconazole versus in its absence. The 
ratio of geometric means of the Cmax and AUCs 
(AUC0–last and AUC0–∞) with itraconazole relative to traz
piroben 25 mg alone (and associated 90% confidence 
intervals [CIs]) were determined by exponentiating the 
appropriate estimates for the difference between each regi
men in the log-transformed parameters.

Trazpiroben Concentration–QT Analysis
In the US AT-01C study, the first-in-human trial of trazpiroben, 
the core laboratory used TQT Plus (iCardiac Technologies), an 
advanced computer-assisted and statistical process, to extract 
ECGs from continuous 24-hour recordings collected in TQT 
studies. In the AT-01C study, high-precision QT analyses were 
performed, and the relationship between change from baseline 
QT interval corrected for heart rate by the Fridericia method 
(ΔQTcF)22 and trazpiroben plasma concentrations was inves
tigated by a linear mixed-effects modelling approach, with 
ΔQTcF as the dependent variable, plasma concentration 
(Conc) of trazpiroben as the covariate, treatment (Treat; active 
or placebo), and timepoint (Time) as categorical factors, and 
a random intercept per participant:18

∆QTcF ~ Conc + Treat + Time
The linear mixed-effects model was based on placebo 

and placebo-controlled data from the AT-01C study (no 
placebo was evaluated in the current trial).18 The model 
was used to investigate the change from baseline in 
QTcF,18 and the placebo-corrected change from baseline 
QTcF (∆∆QTcF)22 of trazpiroben at Cmax in the presence 
and absence of itraconazole was predicted. M23 was not 

included in the model because it is a pharmacologically 
inactive metabolite of trazpiroben. Full details of the traz
piroben concentration-QT analysis have been described 
previously.18

Results
Participant Characteristics
In total, 46 individuals were screened at a single US 
center. Of these, 34 (30 male, 4 female) were not eligible 
for enrollment, primarily for not meeting the study inclu
sion criteria (16 individuals) or because the study cohort 
had already been filled (13 individuals). Participants were 
also considered ineligible for enrollment owing to loss to 
follow up during the screening period (1 participant), 
meeting study exclusion criteria (3 participants), or with
drawal from the screening period (1 participant). In total, 
12 healthy men with a median age of 33 years (range: 24– 
45 years) and a median BMI of 26 kg/m2 (range: 22– 
30 kg/m2) were eligible for enrollment and were included 
in the study. Of these, 11 completed both study periods; 
one was withdrawn because of a positive recreational drug 
screen.

Plasma Pharmacokinetics of Trazpiroben
At the first assessment following administration of trazpir
oben 25 mg alone and with itraconazole (0.5 hours), 
plasma concentrations were quantifiable (≥0.05 ng/mL) 
in all participants (Figure 2). At 24 hours post dose, 
trazpiroben concentrations were undetectable in nine of 
the 12 participants (75%) in the absence of itraconazole 
and in seven of the 11 participants (64%) in the presence 
of itraconazole. By 36 hours post dose, trazpiroben con
centrations were undetectable in all participants. The med
ian tmax of trazpiroben 25 mg was 1.00 hour in both the 
presence and absence of itraconazole. The mean t1/2z of 
trazpiroben 25 mg alone was 2.32 hours compared with 
5.00 hours after co-administration of trazpiroben 25 mg 
with itraconazole (Table 1). Compared with administration 
of trazpiroben 25 mg alone, co-administration with itraco
nazole increased total systemic exposure to trazpiroben 
(AUC0–∞) by 1.28-fold (90% CI: 1.10, 1.49) and Cmax by 
1.98-fold (90% CI: 1.64, 2.39; Table 2; Figure 3). The 
percentage of AUC extrapolated was small (<5%), with 
minimum and maximum values of 0.43, 3.42 for trazpir
oben alone and 0.36, 2.32 for trazpiroben co-administered 
with itraconazole.

https://doi.org/10.2147/CPAA.S310609                                                                                                                                                                                                                                

DovePress                                                                                                                      

Clinical Pharmacology: Advances and Applications 2021:13 148

Chen et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Plasma Pharmacokinetics of Metabolite 
M23
At 0.5 hours after the administration of trazpiroben 25 mg 
alone, plasma concentrations of M23 were quantifiable 
(≥0.05 ng/mL) in eight of the 12 participants (67%) and 

nine of the 11 participants (82%) receiving trazpiroben 
25 mg in the presence of itraconazole (Figure 4). At 3 
hours post dose, M23 concentrations were similar between 
individuals receiving trazpiroben 25 mg alone and trazpiro
ben 25 mg in the presence of itraconazole. Eight hours after 
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Figure 2 Mean plasma concentration–time curves of trazpiroben after administration of a single oral dose of trazpiroben 25 mg in the presence and absence of itraconazole 
on (A) a linear scale and (B) a semi-log scale.

Table 1 Summary of the Plasma Pharmacokinetic Parameters of Trazpiroben 25 mg in the Presence and Absence of Itraconazole

Plasma Pharmacokinetic Parameters Trazpiroben 25 mg Alone Trazpiroben 25 mg with Itraconazole

AUC0–∞ (h*ng/mL) 

Geometric mean (%CV) 24.41 (31.60) 31.45 (27.50)

AUC0–last (h*ng/mL) 

Geometric mean (%CV) 24.10 (32.10) 30.73 (26.80)

Cmax (ng/mL) 

Geometric mean (%CV) 9.53 (43.10) 18.00 (26.20)

CL/F (L/h) 

Mean (%CV) 886.30 (38.20) 678.40 (34.60)

Vz/F (L) 

Mean (%CV) 3049.70 (60.10) 4563.90 (53.30)

tmax (h) 

Median 

Range (min, max)

1.00 

0.50–2.00

1.00 

0.50–2.00

t1/2z (h) 

Mean (%CV) 2.32 (36.40) 5.00 (56.60)

Abbreviations: AUC0–∞, area under the concentration–time curve from time 0 to infinity; AUC0–last, area under the concentration–time curve from time 0 to the last 
quantifiable concentration; Cmax, maximum plasma concentration; CL/F, apparent clearance after extravascular administration; tmax, time to maximum plasma concentration; 
t1/2z, terminal disposition phase half-life; Vz/F, apparent volume of distribution during the terminal disposition phase after extravascular administration; %CV, percentage 
coefficient of variation.
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dosing, plasma concentrations of M23 were detectable in four 
of the 12 participants (33%) who received trazpiroben 25 mg 
in the absence of itraconazole and four of the 11 participants 
(36%) who received trazpiroben 25 mg in the presence of 
itraconazole. By 12 hours after administration of trazpiroben 
25 mg, concentrations of M23 were undetectable in all parti
cipants in both the presence and absence of itraconazole.

Compared with administration of trazpiroben 25 mg 
alone, co-administration with itraconazole increased total 
systemic exposure (AUC0–∞) of M23 by 1.47-fold (90% 
CI: 1.06, 2.04) and Cmax by 2.89-fold (90% CI: 2.26, 3.69; 
Table 2). The mean t1/2z of M23 was 1.52 hours with 
trazpiroben 25 mg alone and 1.30 hours following co- 
administration with itraconazole.

Metabolite (M23) to parent (trazpiroben) ratios based 
on AUC0–∞ were consistent in both the absence and pre
sence of itraconazole, with a mean of 10.6% and 11.5%, 
respectively.

Safety Assessments of Trazpiroben 25 Mg
Baseline observed QTcF was similar during both study 
periods. The mean change from baseline in the observed 
QTcF after trazpiroben 25 mg alone was negative at all post- 
dose time points and the mean change from baseline in the 
observed QTcF after co-administration of trazpiroben 25 mg 
with itraconazole was less than 2 ms (Table 3). Using the 
linear mixed-effects model, the predicted ∆∆QTcF at the 
observed geometric mean Cmax for trazpiroben 25 mg 
alone (9.53 ng/mL) and trazpiroben 25 mg with itraconazole 
(18.00 ng/mL) were estimated to be 1.31 ms (90% CI: 
−0.39, 3.01) and 1.54 ms (90% CI: −0.15, 3.24), respectively 
(Figure 5). ∆∆QTcF at the highest observed individual Cmax 

Table 2 Summary of the Plasma Pharmacokinetic Parameters of 
Trazpiroben and M23 After Administration of a Single Oral Dose 
of Trazpiroben 25 mg in the Presence and Absence of 
Itraconazole

Analyte Pharmacokinetic 
Parameter

Geometric 
Mean 
Ratioa

90% CI of 
Geometric 
Mean Ratioa

Trazpiroben 
25 mg

AUC0–∞ (h*ng/mL) 1.28 1.10, 1.49
AUC0–last (h*ng/mL) 1.29 1.12, 1.49

Cmax (ng/mL) 1.98 1.64, 2.39

M23 AUC0–∞ (h*ng/mL) 1.47 1.06, 2.04

AUC0–last (h*ng/mL) 2.13 1.57, 2.90

Cmax (ng/mL) 2.89 2.26, 3.69

Notes: aRatio of test:reference (test, trazpiroben 25 mg with itraconazole 200 mg; 
reference, trazpiroben 25 mg alone). 
Abbreviations: AUC0–∞, area under the concentration–time curve from time 0 to 
infinity; AUC0–last, area under the concentration–time curve from time 0 to the last 
quantifiable concentration; CI, confidence interval; Cmax, maximum plasma 
concentration.
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Figure 3 (A) Cmax and (B) AUC0–∞ of trazpiroben after administration of a single oral dose of trazpiroben 25 mg in the presence and absence of itraconazole. 
Abbreviations: AUC0–∞, area under the concentration–time curve from time 0 to infinity; Cmax, maximum plasma concentration.
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of trazpiroben 25 mg with itraconazole (25.90 ng/mL) was 
estimated to be 1.77 ms (90% CI: 0.06, 3.47; Figure 5).

There were no AEs reported in period 1 of the study. 
Two AEs in period 2 were reported (swelling of the face 
prior to trazpiroben 25 mg dosing in one individual and 
constipation after dosing in another); both were mild in 

intensity and considered unrelated to trazpiroben 25 mg 
by the investigator. During the study, there were no 
deaths and no AEs led to the discontinuation of trazpir
oben 25 mg. There were no clinically relevant abnorm
alities observed in vital signs, ECGs (including QTcF 
interval; Table 3), physical examinations, hematology 

Table 3 Summary of Mean 12-Lead Triplicate ECG QT Intervals Corrected Using Fridericia’s Formula22

Time Relative to Trazpiroben 
25 mg Dosing

Statistic Trazpiroben 25 mg Alone 
(n = 12)

Trazpiroben 25 mg and Itraconazole 
(n = 11)

Observed 
Value, ms

Change from Pre- 
Dose, ms

Observed Value, 
ms

Change from Pre- 
Dose, ms

Pre-dose Mean (SD) 391.0 (12.89) – 390.5 (15.90) –

Median (min, max) 390.3 (368, 412) – 394.3 (365, 412) –

1 hour post dose Mean (SD) 389.8 (13.56) −1.1 (4.05) 390.2 (13.46) −0.2 (6.31)

Median (min, max) 390.0 (365, 408) −2.0 (−6, 8) 397.0 (366, 402) 1.7 (−14, 7)

2 hours post dose Mean (SD) 390.7 (14.15) −0.3 (5.31) 391.8 (13.15) 1.4 (6.35)

Median (min, max) 392.8 (360, 409) 0.3 (−9, 8) 393.7 (365, 407) 1.3 (−10, 12)

4 hours post dose Mean (SD) 390.0 (12.02) −1.0 (2.86) 392.3 (15.53) 1.9 (3.22)

Median (min, max) 391.8 (368, 408) −1.2 (−6, 3) 399.0 (367, 409) 3.0 (−3, 6)

8 hours post dose Mean (SD) 387.3 (13.71) −3.7 (4.74) 391.3 (14.20) 0.8 (6.68)

Median (min, max) 385.0 (366, 404) −3.7 (−12, 5) 393.7 (371, 410) 0.0 (−8, 11)

48 hours post dose Mean (SD) 389.3 (11.45) −1.7 (4.71) 391.6 (14.30) 1.2 (6.76)

Median (min, max) 388.3 (374, 409) −0.7 (−11, 6) 395.7 (368, 407) 1.3 (−10, 13)

Notes: The mean of each participant’s triplicate ECG reading at each time point was used. Baseline for trazpiroben 25 mg alone and trazpiroben 25 mg with itraconazole 
was defined as the observation at the pre-dose timepoint relative to trazpiroben 25 mg dosing in the corresponding period. 
Abbreviations: ECG, electrocardiogram; SD, standard deviation.
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and chemistry parameters, urinalysis, or other safety 
parameters.

Discussion
This study investigated the pharmacokinetics, safety, and 
tolerability of trazpiroben 25 mg (expected therapeutic 
dose) in the presence and absence of itraconazole in 
healthy participants. Following co-administration with 
itraconazole, mean trazpiroben Cmax was increased by 
approximately twofold and AUC0–∞ by approximately 
1.3-fold. Guidance from the FDA and EMA defines mod
erately sensitive substrates as demonstrating ≥2- to 
<5-fold increases in AUC on co-administration with 
strong inhibitors of a given metabolic pathway in clinical 
drug–drug interaction studies, and so these findings indi
cate that trazpiroben is relatively insensitive to the inhi
bition of CYP 3A4-mediated metabolism.23–25 There is 
evidence that trazpiroben is also a substrate for 
P-glycoprotein (P-GP; data on file), which, given that 
itraconazole inhibits both CYP 3A4 and P-GP,20,21,26 

means it is plausible that the increase of trazpiroben 
Cmax by twofold on co-administration with itraconazole 
reflects a complex interaction between CYP 3A4 and 
P-GP inhibition in the intestine. Median tmax was 
1.00 hour in both the presence and absence of 

itraconazole, and the mean t1/2z was 5.00 hours in the 
presence of itraconazole and 2.32 hours in the absence of 
itraconazole. The mean t1/2z in the absence of itracona
zole was consistent with the short half-life seen in the US 
AT-01C study. There were two mild AEs, both considered 
unrelated to treatment with trazpiroben 25 mg.

There remains an unmet medical need for effective 
treatments with favorable safety profiles for the long- 
term treatment of gastroparesis,17,27 as current therapies 
have significant safety concerns limiting the duration of 
their use. A retrospective case–control study of domper
idone of 83,212 individuals with gastroparesis over a 15- 
year period found that the adjusted odds ratio for sudden 
cardiac death or serious ventricular arrhythmia in patients 
receiving domperidone was 1.59 (95% CI: 1.28, 1.98) 
versus those not receiving the drug.28 In addition, a case– 
control study performed using a primary care practice 
observational database covering over 500,000 patients 
with gastroparesis found an odds ratio of 3.8 (95% CI: 
1.5, 9.7) for sudden cardiac death during current domper
idone exposure versus no previous exposure.29 The 
safety concerns with domperidone may be exacerbated 
by inhibition of CYP 3A4. In a study of the pharmaco
kinetic interaction between domperidone and ketocona
zole (another potent CYP 3A4 inhibitor), the area under 
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Figure 5 Linear mixed-effects model of the predicted ΔΔQTcF at different trazpiroben plasma concentrations after administration of a single oral dose of trazpiroben 25 mg 
in the presence and absence of itraconazole. 
Notes: The solid black line with grey shading denotes the model-predicted mean ∆∆QTcF with 90% CI. a300 mg was the maximum oral dose in the single ascending dose study. 
Abbreviations: ΔΔQTcF, placebo-corrected change from baseline in QTcF; CI, confidence interval; Cmax, maximum plasma concentration; QTcF, QT interval corrected for 
heart rate by the Fridericia method.
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the concentration–time curve from time 0 to 24 hours at 
steady state and the Cmax at steady state were increased 
by 3.57-fold (90% CI: 3.31, 3.86) and 2.93-fold (90% CI: 
2.65, 3.25), respectively, in the presence versus the 
absence of ketoconazole. The corresponding mean pla
cebo-adjusted QTcF with domperidone in the presence 
and absence of ketoconazole was 4.20 ms (95% CI: 0.77, 
7.63) and 15.90 ms (95% CI: 12.47, 19.33), respectively; 
increases higher than those seen with trazpiroben 25 mg 
in the presence and absence of itraconazole.30 Although 
this is a crude comparison due to the use of a different 
CYP 3A4 inhibitor, this indicates that cardiovascular 
concerns seen with domperidone are unlikely to be eli
cited by trazpiroben under similar conditions.

Trazpiroben is a very weak inhibitor of the human 
ether-a-go-go-related gene (hERG) channel (50% inhibi
tory concentration [IC50] = 15.6 μM), unlike domperidone, 
thus reducing the potential for fatal arrhythmias.15 In the 
current study, the mean change from baseline in the 
observed QTcF after trazpiroben 25 mg alone was negative 
at all post-dose time points, and mean changes from base
line after co-administration with itraconazole were small. 
There was minimal change in the predicted ∆∆QTcF of 
trazpiroben 25 mg in the presence and absence of itraco
nazole, based on the linear mixed-effects model from the 
US AT-01C study.

As with most drug–drug interaction studies, this trial 
was performed in healthy individuals, and in the current 
study only male participants were eligible for enrollment 
following screening. The absence of female participants 
from the current trial may have a number of implications 
which must be considered. Women have been found to 
experience adverse drug reactions (ADRs) almost twice as 
frequently as men, with sex-related differences in pharma
cokinetics strongly predicting sex-specific ADRs in 
females, meaning inclusion of women in clinical trials is 
vital for understanding how the disposition and AE profile 
of a medication may vary with gender.31 In addition, 
gastroparesis has been found to be more prevalent in 
women than in men, meaning that evaluation of trazpiro
ben pharmacokinetics and safety profile in both male and 
female participants is of great clinical relevance for this 
disease.32 Therefore, further testing of trazpiroben in wider 
patient populations is required to supplement the evidence 
presented here, and to provide further data supporting the 
efficacy and safety profile of trazpiroben for long-term use 
in patients with gastroparesis.

Conclusion
Compared with trazpiroben 25 mg alone, co- 
administration of itraconazole with trazpiroben 25 mg 
increased the Cmax of trazpiroben by only 1.98-fold (90% 
CI 1.64, 2.39) and AUC0–∞ by 1.28-fold (90% CI 1.10, 
1.49), indicating that trazpiroben is relatively insensitive to 
the inhibition of CYP 3A4 as defined by guidance from 
both the FDA and EMA. These findings indicate that the 
cardiovascular safety concerns associated with domperi
done, particularly in the presence of other drugs metabo
lized by CYP 3A4, are unlikely to be elicited by 
trazpiroben under similar conditions.

Abbreviations
ADR, adverse drug reaction; AE, adverse event; AUC0–∞, 
area under the concentration–time curve from time 0 to 
infinity; AUC0–last, area under the concentration–time 
curve from time 0 to the last quantifiable concentration; 
BMI, body mass index; CI, confidence interval; Cmax, 
maximum plasma concentration; CYP, cytochrome P450; 
ECG, electrocardiogram; EMA, European Medicines 
Agency; FDA, Food and Drug Administration; P-GP, 
P-glycoprotein; QTcF, QT interval corrected for heart 
rate by the Fridericia method; t1/2z, terminal disposition 
phase half-life; tmax, time to maximum plasma 
concentration.

Data Sharing Statement
Takeda makes patient-level, de-identified data sets and 
associated documents available after applicable market
ing approvals and commercial availability have been 
received, an opportunity for the primary publication of 
the research has been allowed, and other criteria have 
been met as set forth in Takeda’s Data Sharing Policy 
(see https://www.takedaclinicaltrials.com for details). 
To obtain access, researchers must submit a legitimate 
academic research proposal for adjudication by an 
independent review panel, who will review the scien
tific merit of the research and the requestor’s qualifica
tions and conflict of interest that can result in potential 
bias. Once approved, qualified researchers who sign 
a data sharing agreement are provided access to these 
data in a secure research environment. The datasets, 
including the redacted study protocol, redacted statis
tical analysis plan, and individual participant data sup
porting the results reported in this manuscript, will be 
available three months from initial request, to 
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researchers who provide a methodologically sound pro
posal. The data will be provided after its de- 
identification, in compliance with applicable privacy 
laws, data protection and requirements for consent 
and anonymization.

Ethics Approval
All procedures performed in this trial were approved and 
conducted in compliance with the institutional review 
board regulations of the US Code of Federal Regulations, 
Good Clinical Practice regulations and guidelines, and all 
applicable local regulations, and in accordance with the 
1964 Helsinki declaration and its later amendments or 
comparable ethical standards.

Consent to Participate
This trial was conducted in compliance with the informed 
consent regulations and all patients provided signed 
informed consent forms prior to enrolment in the trial 
standards.
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