
Vol.:(0123456789)

CNS Drugs (2023) 37:1081–1097 
https://doi.org/10.1007/s40263-023-01041-4

ORIGINAL RESEARCH ARTICLE

Effects of Single and Multiple Ascending Doses of BI 
1358894 in Healthy Male Volunteers on Safety, Tolerability 
and Pharmacokinetics: Two Phase I Partially Randomised Studies

René Fuertig1 · Markus Goettel1 · Lena Herich2,3 · Josef Hoefler2,3 · Sabrina T. Wiebe1 · Vikas Sharma4

Accepted: 26 September 2023 / Published online: 29 November 2023 
© The Author(s) 2023

Abstract
Introduction The transient receptor potential canonical (TRPC) ion channels have been implicated in the pathophysiology 
of major depressive disorder (MDD), and TRPC inhibition has been shown to reduce depressive-like behaviour in rodent 
models of depression. BI 1358894, a small-molecule inhibitor of TRPC ion channels, is currently being developed for the 
treatment of MDD.
Objective Two phase I studies assessed the safety, tolerability, and pharmacokinetics (PK) of oral BI 1358894 in fed and 
fasted states following a single ascending dose (SAD) [NCT03210272/1402-0001] and multiple ascending doses (MAD) 
[NCT03754959/1402-0002] in healthy male volunteers. In addition, any potential food effect was evaluated after a single dose.
Methods In both studies, eligible healthy male volunteers (aged 18–45 years; body mass index of 18.5–29.9 kg/m2) were 
allocated to receive BI 1358894 or placebo. In the SAD study (1402-0001), volunteers were randomised 3:1 to receive 
BI 1358894 or placebo in fasted (3, 6, 10, 25, 50, 100, or 200 mg) and fed states (200 mg). The food effect part was conducted 
as an open-label, randomised, two-way crossover study at doses of 50 and 100 mg in fasted and fed states (high-calorie, high-
fat breakfast). For the MAD study (1402-0002), volunteers were randomised 4:1 to receive BI 1358894 (10, 25, 50, 100, or 
200 mg) or placebo once daily for 14 days under fed conditions. Primary endpoint (both studies): number of volunteers with 
drug-related adverse events (DRAEs). Secondary PK endpoints for study 1402-0001: area under the concentration–time 
curve (AUC) from time zero extrapolated to infinity (AUC ∞), maximum plasma concentration (Cmax), and AUC from time 
zero to the last quantifiable data time point (AUC 0–tz). Secondary PK endpoints for study 1402-0002: AUC over 0–24 h 
(AUC 0–24), Cmax after the first dose, and steady-state AUC and Cmax over a uniform dosing interval (AUC τ,ss and Cmax,ss, 
respectively) after the last dose.
Results BI 1358894 was well tolerated at doses ≤ 200 mg under all tested conditions and no dose dependency was observed 
in DRAE frequency for either study. In the SAD study, BI 1358894 exposure increased dose proportionally across 3–50 mg 
in the fasted state and across 50–200 mg in the fed state. A positive food effect was observed at the tested doses. In the MAD 
study, BI 1358894 exposure increased less than dose proportionally across 10–200 mg.
Conclusions These studies demonstrate that BI 1358894 is well tolerated in healthy male volunteers following single and 
multiple doses, with no dose dependency observed in DRAE frequency. BI 1358894 exposure increased dose dependently 
in both the SAD and MAD studies, with higher exposure of BI 1358894 observed in the fed state.
ClinicalTrials Registration These trials have been registered on ClinicalTrials.gov: NCT03210272/1402-0001 (registered on 
6 July 2017) and NCT03754959/1402-0002 (registered on 27 November 2018).

Key Points 

Single and multiple doses of BI 1358894 had favourable 
safety profiles and were well tolerated.

BI 1358894 exposure increased dose dependently, and 
dose proportionality was observed: single doses of 
50–200 mg (fed) and 3–50 mg (fasted).

Extended author information available on the last page of the article
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1 Introduction

Major depressive disorder (MDD) is a psychiatric disorder 
associated with affective disturbances [1] and was ranked 
among the top 13 leading causes of burden worldwide in 
2019 [2]. Several recommended treatment options are avail-
able for patients with MDD, but no specific pharmacological 
treatment has been shown to be clinically superior [3–5]. 
Patients generally receive antidepressant therapy such as 
selective serotonin reuptake inhibitors as first-line treatment 
and if they do not respond it is usually recommended that 
they switch to an alternative antidepressant [3].

Symptoms associated with MDD, such as trait rumina-
tion, have been linked to amygdala hyperactivity [6]. Tran-
sient receptor potential canonical (TRPC) ion channels have 
been shown to be expressed in areas of the rodent brain 
associated with the processing of emotion and mood, such 
as the amygdala [7]. Riccio and colleagues observed abun-
dant levels of TRPC expression in the amygdala of mice and 
reported that  TRPC-/- mice exhibited diminished fear-related 
behaviours [8, 9]. Interactions between TRPC ion channels 
and neurotransmitter networks have been implicated in the 
pathophysiology of MDD, and TRPC ion channel inhibi-
tion has been demonstrated to ameliorate depression-like 
behaviour in rodents [10, 11]. BI 1358894, a small-molecule 
inhibitor of TRPC ion channels, is currently under devel-
opment for the treatment of MDD. Data from two phase 
I clinical studies investigating the safety, tolerability and 
pharmacokinetics (PK) are presented here.

1.1  Objective

In the first study (ClinicalTrials.gov identifier: 
NCT03210272/1402-0001), the primary objective was 
to assess the safety and tolerability of BI 1358894 using 
a single ascending dose (SAD) schedule in healthy male 
volunteers. The secondary objectives were to explore the 
PK of BI 1358894 after single dosing, and to investigate the 
influence of food on the safety and relative bioavailability of 
BI 1358894. As such, this study was comprised of two parts: 
the SAD part and the food effect part.

In the second study (ClinicalTrials.gov identifier: 
NCT03754959/1402-0002), the primary objective was to 
assess the safety and tolerability of BI 1358894 following a 
multiple ascending dose (MAD) schedule in healthy male 
volunteers. The secondary objectives were to examine the 
PK of BI 1358894 following a MAD schedule and to assess 
the drug–drug interaction (DDI) effects of BI 1358894 on 
the PK of midazolam. Midazolam is a useful probe for 
assessing cytochrome P450 3A (CYP3A) metabolism, and 
it has been shown that microdoses are pharmacologically 
inactive [12]. The results of PK data showing no DDI with 

CYP3A have been published elsewhere and were not the 
focus of this manuscript [12, 13].

2  Methods

2.1  Study Design

2.1.1  1402‑0001 Study Part 1

For the SAD part, eligible volunteers were enrolled in a 
single-blind, partially randomised, placebo-controlled 
parallel group study. Initially, volunteers were allocated 
to receive BI 1358894 3, 6, 10, 25, 50, 100, and 200 mg 
under fasted conditions, or BI 1358894 200 mg under fed 
conditions. The volunteers were then randomised within 
each dose group to receive BI 1358894 or placebo in a 
3:1 (drug:placebo) randomisation ratio. Each dose group 
comprised six volunteers receiving BI 1358894 and two 
volunteers receiving placebo. Prior to receiving study 
treatment, volunteers were fasted, or, for the BI 1358894 
200 mg fed group, received a high-fat, high-calorie break-
fast. Each dose was investigated sequentially in ascending 
order, with each subsequent dose group only being investi-
gated following a dose escalation review. Plasma PK sam-
ples were collected following BI 1358894 administration 
as follows: 3 mg dose group, Days 1–5; 6–200 mg (fasted) 
dose groups, Days 1–9; 200 mg (fed) dose group, Days 
1–7 and then on Days 9, 11, 15, 22, and 29 [Fig. 1a]. For 
the quantification of BI 1358894 plasma concentrations in 
the blood samples, 2.7 mL of blood was drawn from the 
forearm vein into a potassium ethylenediaminetetraacetic 
acid anticoagulant blood drawing tube, tightly capped and 
stored at −20°C. The plasma samples were extracted by 
protein precipitation in a 96-well plate. An aliquot (50 μL) 
was mixed with 250 μL of an internal standard solution  
(10 nmol/L BI 1358894) dissolved in acetonitrile/metha-
nol/water (50/45/5, v/v/v), centrifuged, and 160 μL super-
natant was mixed with 200 μL of 10 mM ammonium for-
mate buffer (pH 4). Blank human plasma was used for the 
preparation of calibration samples, quality control sam-
ples and blank samples. Chromatography was performed 
using an analytical reversed-phase ultra performance liquid 
chromatography column (ACQUITY UPLC BEH Shield 
RP18) with 10 μL of samples. BI 1358894 concentrations 
in plasma were analysed by a tandem mass spectrometer 
with electrospray ionisation in the positive ion mode.

2.1.2  1402‑0001 Study Part 2

For the food effect part, eligible volunteers were enrolled 
in an open-label, randomised, two-way crossover study. 
Volunteers were randomised to two treatment sequences: 
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BI 1358894 3 mg QD (fasted)

BI 1358894 6 mg QD (fasted)

BI 1358894 10 mg QD (fasted)

BI 1358894 25 mg QD (fasted)

BI 1358894
Placebo

BI 1358894
Placebo

BI 1358894
Placebo

BI 1358894
Placebo

BI 1358894 50 mg QD (fasted)

Screening
92yaD2yaD1yaD12-yaD

Treatment Allocation Treatment Follow-Up

BI 1358894 100 mg QD (fasted)

BI 1358894 200 mg QD (fasted)

BI 1358894 200 mg QD (fed)

BI 1358894
Placebo

BI 1358894
Placebo

BI 1358894
Placebo

BI 1358894
Placebo

9-2D1D
PK Blood Sampling*

Randomization
drug: placebo (3:1)

D11 D15 D22 D29

a

BI 1358894 50 mg QD

Fasted State

Fed State

Fasted State

Fed State

Fed State

Fasted State

Fed State

Fasted State

BI 1358894 100 mg QD

Screening

33yaD2yaD1yaD12-yaD

Treatment Allocation Treatment Washout
(≥7 Days)

Treatment Follow-Up

D1 D2-9

PK Blood Sampling

Treatment sequence
randomization

b

Day 9 Day 10

AS

AS

Fig. 1  Design for study 1402-0001 for (a) the SAD part and (b) the 
food effect part. *Plasma samples for PK assessment of BI 1358894 
in the 3  mg fasted dose group were collected on Days 1–5 follow-
ing BI  1358894 administration. In the BI  1358894 6–200  mg dose 
groups, plasma samples for PK assessment were collected on  

Days 1–9 following BI  1358894 administration. In the BI  1358894 
200 mg fed group, plasma samples for PK assessment were collected 
on Days 1–7, and then on Days 9, 11, 15, 22 and 29, following drug 
administration. A allocation, D day, PK pharmacokinetic, QD once 
daily, S screening, SAD single ascending dose
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fed followed by fasted, or fasted followed by fed. For each 
sequence, they received either BI 1358894 50 or 100 mg 
as a single dose after fasting or after having received a 
high-fat, high-calorie breakfast. There was a washout 
period of at least 7 days between treatment administra-
tions within each sequence. Plasma PK samples were col-
lected on Days 1–9 following BI 1358894 administration 
(Fig. 1b) and analysed as reported in Sect. 2.1.1.

2.1.3  1402‑0002 Study Part 1

For the MAD part, eligible volunteers were initially allo-
cated to a BI 1358894 dose group (10, 25, 50, 100, or  
200 mg) before being randomised to receive BI 1358894 or 
placebo (4:1 ratio) within each group. Volunteers received 
BI 1358894 or placebo once daily for 14 days under fed 
conditions. Each dose of BI 1358894 was investigated 
sequentially, in ascending order, with each subsequent dose 
group only being investigated following a dose-escalation 
review. Plasma samples for PK assessment of BI 1358894 
were collected on Days 1–7, Day 9, Day 11, and Days 
13–22 (Fig. 2) and analysed as reported in Sect. 2.1.1.

2.1.4  1402‑0002 Study Part 2

The DDI assessment was conducted by using a microdose 
of midazolam as part of the regular MAD trial (part 1). 

Midazolam (75 µg) was administered to volunteers across 
all dose groups 1 day prior to receiving their first dose 
of BI  1358894 or placebo, and in parallel to receiving 
BI 1358894 or placebo on Days 1 and 14. It should be noted 
that the DDI PK data have been published elsewhere and 
will not be reported here [12, 13].

2.2  Participants

Both phase I studies were conducted in healthy male volun-
teers at sites in Germany. Demographic data are presented 
in Tables 1 and 2. Volunteers were included in the studies 
if they were healthy according to the investigator’s assess-
ment, were 18–45 years of age, and had a body mass index 
(BMI) of 18.5–29.9 kg/m2. Volunteers were excluded if 
they had any finding in the medical examination deviat-
ing from normal, laboratory values outside the reference 
range, or evidence of concomitant disease considered clini-
cally relevant by the investigator. Other exclusion criteria 
included the use of drugs that might influence the study 
results within 30 days prior to administration of study treat-
ment, smoking (>10 cigarettes per day), a previous history 
of suicidal ideation, or alcohol or drug abuse. Recruitment 
was limited to male volunteers as conclusive data on repro-
ductive toxicology were not yet available for these early 
clinical studies.

Fig. 2  Study design for study 1402-0002. A allocation, D day, MDZ midazolam, PK pharmacokinetic, QD once daily, S screening
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2.3  Endpoints and Assessments

2.3.1  1402‑0001

The primary endpoint for study 1402-0001 was the number 
of volunteers with drug-related adverse events (DRAEs). 
Serious adverse events (SAEs) were defined as any AE that 
resulted in death, was immediately life-threatening, required 
inpatient hospitalisation, prolonged existing hospitalisation, 
resulted in persistent disability, was a congenital anomaly/
birth defect, or was deemed serious for any other reason. 
Cancers of new histology and exacerbations of existing 
cancer were classified as an SAE regardless of the duration 
between discontinuation of the drug. An adverse event of 
special interest (AESI) was defined as any specific AE iden-
tified as being of particular concern for prospective safety 
monitoring and assessment within the trial; hepatic injury 
was the only protocol-specified AESI. The intensity of AEs 
was classified as mild (awareness of signs/symptoms that 
were easily tolerated), moderate (enough discomfort to cause 
interference with usual activity) or severe (incapacitating or 
causing inability to work or perform usual activities).

Safety was further assessed by collating treatment-
emergent AEs (TEAEs), routine laboratory tests, and the 
evaluation of vital signs, electrocardiograms (ECGs), visual 
analogue scales (VAS), and suicidality assessment via the 
Columbia Suicidal Severity Rating Scale (C-SSRS).

The secondary PK endpoints of interest were the area 
under the concentration–time curve (AUC) of BI 1358894 
in plasma from administration time (t = 0) to the last quan-
tifiable data point (AUC 0–tz); AUC of BI 1358894 in plasma 
from administration time (t  =  0) extrapolated to infin-
ity (AUC 0–∞); and maximum measured concentration of 
BI 1358894 in plasma (Cmax).

2.3.2  1402‑0002

For study 1402-0002, the primary endpoint was the num-
ber of volunteers with DRAEs. The SAEs and AESIs were 
as defined in Sect. 2.3.1. Safety was also evaluated using 
TEAEs, laboratory tests, vital signs, ECGs, VAS, and the 
C-SSRS.

The secondary PK endpoints of interest were AUC of 
BI 1358894 in plasma from administration time (t = 0) to 
24 h (AUC 0–24) after administration of the first dose; Cmax of 
BI 1358894 in plasma after administration of the first dose; 
AUC of BI 1358894 in plasma at steady state over a uniform 
dosing interval (AUC τ,ss) after the last dose; and Cmax of 
BI 1358894 in plasma at steady state over a uniform dosing 
interval (Cmax,ss) after the last dose.
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2.4  Ethical Considerations

The studies were carried out in accordance with the princi-
ples of the Declaration of Helsinki, the International Con-
ference on Harmonisation of Technical Requirements for 
Registration of Pharmaceuticals for Human Use (ICH) Good 
Clinical Practice (GCP) guidelines, applicable regulatory 
requirements and Boehringer Ingelheim standard operating 
procedures. All participants provided informed written con-
sent in accordance with ICH GCP and local procedures. The 
study protocol was reviewed and approved by the local inde-
pendent ethics committees and relevant local authorities.

2.5  Statistical Analysis

For both studies, all primary safety and PK endpoints were 
calculated descriptively. For study 1402-0001, the PK 
parameters of AUC and Cmax were assessed for dose pro-
portionality using a regression model applied to log-trans-
formed data. Based on the estimate for the slope parameter, 
a two-sided 95% confidence interval (CI) of the slope was 
computed. The relative bioavailability based on AUC 0–tz, 
AUC 0–∞ and Cmax was analysed using an analysis of vari-
ance (ANOVA) model on log-transformed data. Exposure 
ratio of test versus reference treatment (geometric mean 
[gMean]) was calculated.

The SAD part planned to include 64 volunteers; this 
was not based on a power calculation. The size of eight 
volunteers per dose group (six receiving BI 1358894 and 
two receiving placebo) is commonly used in SAD studies 
and is considered sufficient for the exploratory evaluation 
of single-dose safety and PK endpoints. For the food effect 
part, a maximum of 24 volunteers (12 receiving BI 1358894 
50 mg and 12 receiving BI 1358894 100 mg) were planned 
for enrolment. With this sample size, a certain precision in 
estimating the ratio of gMeans could be expected with 95% 
probability. As this was a first-in-man trial, no information 
on intrasubject variability was available.

For study 1402-0002, dose proportionality was assessed 
using a linear regression model applied to log-transformed 
data. Based on the estimate for the slope parameter, a two-
sided 90% CI for the slope was computed. Attainment of 
steady state was analysed for each dose level by a repeated 
measures linear model on a logarithmic scale using the 
trough predose concentrations of the analyte in plasma 
immediately before administration of the Nth dose after N-1 
doses were administered (Cpre,N). Trough concentrations of 
Cpre,9, Cpre,11, Cpre,13 and Cpre,14, and the concentrations taken 
directly at the end of the first and last dosing interval of 
BI 1358894, were used.

The MAD part planned to include 50 volunteers, which 
was not based on a power calculation. The size of 10 volun-
teers per dose group (eight receiving active treatment and 
two receiving placebo) is commonly used in MAD studies 
and is considered sufficient for the exploratory evaluation of 
multiple-dose safety and PK endpoints.

3  Results

3.1  Disposition of Volunteers

3.1.1  Study 1402‑0001

A total of 83 volunteers entered the trial, with 63 volun-
teers enrolled to the SAD part and 20 volunteers enrolled to 
the food effect part. All volunteers completed the planned 
observation time (Fig. 3). For the SAD part (Fig. 3a), the 
mean (standard deviation [SD]) age was 35.5 (6.7) years, and 
the mean (SD) BMI was 25.9 (2.72) kg/m2 (Table 1). For 
the food effect part (Fig. 3b), the mean (SD) age was 33.1 
(8.6) years, and the mean (SD) BMI was 25.3 (2.84) kg/m2 
(Table 2). The baseline demographic characteristics were 
generally similar across all treatment groups.

Table 2  Participant demographics and baseline characteristics by treatment group for the food effect part of study 1402-0001

BMI body mass index, SD standard deviation

50 mg fed/50 mg fast 50 mg fast/50 mg fed 100 mg fed/ 
100 mg fast

100 mg fast/ 
100 mg fed

Total

[n = 4] [n = 4] [n = 6] [n = 6] [N = 20]

Completed, n 4 4 6 6 20
White, n 4 4 6 6 20
Other race, n 0 0 0 0 0
Mean age, years (SD) 36.8 (8.8) 32.5 (8.3) 34.2 (10.2) 30.0 (8.1) 33.1 (8.6)
Mean BMI, kg/m2 (SD) 23.4 (4.0) 26.7 (1.4) 25.7 (2.9) 25.1 (2.7) 25.3 (2.8)
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3.1.2  Study 1402‑0002

A total of 50 volunteers entered the MAD part and all 
volunteers completed the observation period, although 
two volunteers prematurely discontinued trial medica-
tion due to an AE (headache and nausea [BI 1358894 
25 mg]; ventricular escape rhythm [midazolam prior to 
BI 1358894 administration]) (Fig. 4). The mean (SD) 

age was 30.8 (7.2) years and the mean BMI was 24.3 
(2.7) kg/m2 (Table 3). The mean (SD) age was slightly 
lower in the BI 1358894 200 mg group (26.3 [5.1] years) 
than the other treatment groups (29.3 [1.8] years–32.4 
[6.8] years). All other demographic characteristics at 
baseline were similar across all treatment groups.

Placebo
(n=15)

Analyzed
(n=15)

Analyzed
(n=6)

Analyzed
(n=6)

Analyzed
(n=6)

Analyzed
(n=6)

Analyzed
(n=6)

Analyzed
(n=6)

Analyzed
(n=6)

Analyzed
(n=6)

BI 1358894
3 mg
fasted
(n=6)

BI 1358894
6 mg
fasted
(n=6)

BI 1358894
10 mg
fasted
(n=6)

BI 1358894
25 mg
fasted
(n=6)

Randomized
(N=63)

Assessed for eligibility
(N=63)

BI 1358894
50 mg
fasted
(n=6)

BI 1358894
100 mg
fasted
(n=6)

BI 1358894
200 mg
fasted
(n=6)

BI 1358894
200 mg
fed

(n=6)

BI 1358894
50 mg
fasted
(n=8)

BI 1358894
50 mg
fed

(n=8)

Analyzed
(n=8)

Analyzed
(n=8)

BI 1358894
100 mg
fasted
(n=12)

Analyzed
(n=12)

BI 1358894
100 mg
fed

(n=12)

Analyzed
(n=12)

Randomized
(N=20)

Assessed for eligibility
(N=20)

a

b

Fig. 3  Volunteer disposition for study 1402-0001 for (a) the SAD part and (b) the food effect part. SAD single ascending dose
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3.2  Safety Profile

3.2.1  Study 1402‑0001 Single Ascending Dose (SAD) Part

In the SAD part of the study, a higher proportion of inves-
tigator-defined DRAEs were reported in volunteers who 
received BI 1358894 (21/48 [43.8%]) than in volunteers who 
received placebo (0/15 [0%]). The most common DRAEs 
were headache, which occurred in 17/48 (35.4%) volunteers, 
and dizziness, which occurred in 2/48 (4.2%) volunteers 
receiving BI 1358894 (Table 4). The frequency of DRAEs in 
volunteers who received BI 1358894 at doses of >50 mg was 
generally higher than in the lower dose groups, although no 
clear dose relationship in the incidence or nature of DRAEs 
was observed between BI 1358894 dose groups, or between 
the fed and fasted condition (200 mg dose) [Table 4].

Overall, in the SAD part of the study, the proportion of 
volunteers experiencing at least one TEAE was higher with 
BI 1358894 (28/48 [58.3%] volunteers) than placebo (3/15 
[20.0%] volunteers) [Table 4]. No AEs of severe intensity, 
protocol-specified AESIs, SAEs, deaths, or other significant 
AEs were reported.

There were no clinically relevant findings according to 
laboratory tests, vital signs, ECGs and VAS, and no con-
cerns related to suicidality were raised as a result of the 
C-SSRS assessment.

3.2.2  Study 1402‑0001 Food Effect Part

In the food effect part of the study, TEAEs were reported 
in 16/20 (80%) volunteers, and all were reported as DRAEs 
(Table 5). The most frequently occurring DRAEs were 
headache (15/20 [75.0%]) and dizziness (7/20 [35.0%]). 
Skin and subcutaneous tissue DRAEs were reported in 2/20 
(10%) volunteers and gastrointestinal DRAEs were reported 
in 1/20 (5%) volunteers (Table 5). No relevant differences 
were observed between the BI 1358894 dose groups, or the 
fed and fasted conditions. No consistent difference in the 
incidence or nature of investigator-defined DRAEs were 
observed between the BI 1358894 dose groups, or between 
the fed and fasted condition (Table 5).

No AEs of severe intensity, protocol-specified AESI, 
SAEs, deaths, or other significant AEs were reported. 
Evaluation of laboratory tests, vital signs, ECGs and VAS 
revealed no clinically relevant findings. The C-SSRS assess-
ment revealed no concerns with respect to suicidality. All 
AEs were resolved or followed up sufficiently by the end 
of the trial.

3.2.3  Study 1402‑0002

Of the 50 volunteers treated with BI 1358894 or placebo 
(with or without a microdose of midazolam), 32 experi-
enced investigator-defined DRAEs and the proportion was 
similar between the BI 1358894 (26/40 [65%]) and pla-
cebo (+ midazolam: 1/10 [10%]; − midazolam 6/10 [60%]) 
groups (Table 6). No dose dependence was observed for 
these DRAEs across the BI 1358894 dose groups. The most 
frequently reported DRAEs were headache (BI 1358894: 
17/40 [42.5%]; placebo + midazolam: 1/10 [10%]; pla-
cebo − midazolam: 4/10 [40%]), orthostatic intolerance 
(BI  1358894: 6/40 [15%]; placebo + midazolam: 1/10 
[10%]; placebo—midazolam: 4/10 [40%]), and dizziness 
(BI 1358894: 5/40 [12.5%]; placebo + midazolam: 0/10 
[0%]; placebo—midazolam: 1/10 [10%]) [Table 6].

Overall, TEAEs were reported in 34 of the 50 treated vol-
unteers, and similar proportions of volunteers with at least 
one TEAE were observed in the BI 1358894 (26/40 [65%]) 
versus the placebo (placebo + midazolam: 1/10 [10%]; pla-
cebo—midazolam: 7/10 [70%]) groups (Table 6). Other sig-
nificant AEs were reported in two volunteers. One volunteer 
experienced moderate headache and mild nausea, which 
was assessed by the investigator as possibly drug-related. 
Another volunteer experienced mild ventricular escape 
rhythm during midazolam treatment prior to BI 1358894 
administration on Day 1. No AEs of severe intensity, proto-
col-specified AESIs, deaths, or other SAEs were reported.

Laboratory tests and the evaluation of vital signs and 
ECGs revealed no clinically relevant findings for those 
receiving BI  1358894. However, a clinically relevant 
increase in aspartate aminotransferase and increased blood 
creatine phosphokinase was reported for one volunteer 
receiving placebo. No clinically relevant findings were 
observed from the VAS and C-SSRS assessments.

3.3  Pharmacokinetics

3.3.1  Study 1402‑0001 SAD Part

BI 1358894 exposure in terms of AUC 0–∞, AUC 0–tz, and 
Cmax increased in a dose-dependent manner over the entire 
dose range of 3–200 mg in volunteers who had fasted, but 
was less than dose proportional, as indicated by slopes and 
90% CIs <1 (AUC 0–∞ 0.8003 [90% CI 0.6304–0.9703]; 
AUC 0–tz 0.8016 [90% CI 0.6176–0.9856]; Cmax 0.5506 
[90% CI 0.3969–0.7044]). However, dose proportionality 
was observed for AUC 0–∞ and AUC 0–tz across the dose range 
of 3–50 mg in fasted volunteers, with slopes [90% CI] for 
these endpoints being 0.9389 [0.8606–1.0172] and 0.9636 
[0.8883–1.0388], respectively. In contrast, Cmax still showed 
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a less than dose-proportional increase, with a slope [90% CI] 
of 0.6543 [0.5402–0.7685].

In the fasted state, following administration of single 
doses of 3–200 mg, BI 1358894 reached Cmax within 1–5 h 
(median time to reach Cmax [tmax]). Variability in plasma 
concentrations and PK parameters was low to moderate 
(Table 7). However, in one volunteer in the 100 mg dose 
group, the Cmax was substantially lower (1.9 nmol/L) than 
in the other volunteers of the same dose group (range 
82.0–485.0 nmol/L) due to an unknown reason (data both 
with and without the volunteer are presented in Table 7). 

The median tmax and range for the 50, 100 and 200 mg dose 
groups in the fasted state were 1.0 (0.5–2.5), 3.0 (1.0–6.0) 
and 5.0 (1.0–8.0), respectively (Table 7). In comparison, 
when BI 1358894 was administered as a single 200 mg 
dose in the fed state, median tmax was reached later at 7 h 
(Table 7).

After reaching the maximum plasma concentrations, the 
BI 1358894 profiles showed a multicompartmental decline 
with low plasma concentrations, culminating in a long ter-
minal phase that was associated with a terminal half-life 
(t½) of 188 h (based on extended PK sampling up to 672 h 

Placebo
(n=10)

BI 1358894
25 mg

(+MDZ)*
(n=8)

Analyzed
(n=10)

Analyzed
(n=8)

BI 1358894
10 mg
(+MDZ)
(n=8)

Analyzed
(n=8)

BI 1358894
50 mg

(+MDZ)*
(n=8)

Analyzed
(n=8)

BI 1358894
100 mg
(+MDZ)
(n=8)

Analyzed
(n=8)

BI 1358894
200 mg
(+MDZ)
(n=8)

Analyzed
(n=8)

Randomized
(N=50)

Assessed for eligibility
(N=50)

Fig. 4  Volunteer disposition for study 1402-0002. *One volunteer in the 25 mg and one volunteer in the BI 1358894 50 mg dose group prema-
turely discontinued the trial medication due to an adverse event. MDZ midazolam

Table 3  Participant demographics and baseline characteristics by treatment group for the multiple ascending doses study

BMI body mass index, SD standard deviation

BI 1358894

Placebo 10 mg 25 mg 50 mg 100 mg 200 mg Total

[n = 10] [n = 8] [n = 8] [n = 8] [n = 8] [n = 8] [N = 50]

Completed, n 10 8 8 8 8 8 50
White, n 10 8 7 8 8 8 49
Black or African American, n 0 0 1 0 0 0 1
Mean age, years (SD) 32.1 (9.7) 32.0 (8.1) 32.4 (6.8) 32.3 (7.7) 29.3 (1.8) 26.3 (5.1) 30.8 (7.2)
Mean BMI, kg/m2 (SD) 23.4 (1.9) 24.8 (2.8) 26.3 (3.8) 24.1 (2.3) 22.6 (1.8) 25.0 (2.4) 24.3 (2.7)
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[Day 29]) for the 200  mg dose group in the fed state 
(Table 7). PK sampling in the 6–200 mg dose groups in the 
fasted state was conducted up until 192 h (Day 9) and  t½ 
ranged from 45.0 to 52.2 h. In the 3 mg dose group, PK sam-
pling was performed up to 96 h (Day 5) and demonstrated a 
t½ of 41 h (Table 7).

3.3.2  Study 1402‑0001: Effect of Food on Pharmacokinetics

Administration of BI 1358894 after a high-fat, high-calorie 
breakfast resulted in approximately 1.6-fold higher exposure 
for BI 1358894 50 mg (gMean ratio: AUC 0–∞ 156%; AUC 0–tz  
156%; Cmax 159%) and approximately 2.5-fold higher expo-
sure for BI 1358894 100 mg (gMean ratio: AUC 0–∞ 240%; 
AUC 0–tz 246%; Cmax 246%) than administration in the fasted 
state (Fig. 5). Analysis of both study parts revealed that 
AUC 0–∞ (Fig. 5a), AUC 0–tz (Fig. 5b) and Cmax (Fig. 5c) 
were dose proportional across the BI 1358894 dose range 
of 50–200 mg under fed conditions (slopes: AUC 0–∞ 
1.0745 [90% CI 0.8815–1.2675]; AUC 0–tz 1.1237 [90% CI 
0.9487–1.2988]; Cmax 0.9396 [90% CI 0.8137–1.0654]).

3.3.3  Study 1402‑0002

BI 1358894 exposure (AUC 0–24, Cmax, AUC τ,ss, and Cmax,ss) 
increased dose dependently, but less than dose proportion-
ally, after multiple doses in the fed state across all groups, 
with slopes ranging from 0.7244 to 0.8000 (AUC 0–24 
0.8000 [90% CI 0.7472–0.8527]; Cmax 0.7244 [90% CI 
0.6599–0.7888]; AUC τ,ss 0.7679 [90% CI 0.7037–0.8321]; 
Cmax,ss 0.7485 [90% CI 0.6940–0.8030]). Accumulation 
ratios of BI 1358894 ranged from approximately 1.6 to 
1.8 for Cmax and from approximately 2.3 to 2.6 for AUC τ. 
Median BI 1358894 tmax was 1.5–4 h (Table 8) and steady 
state was generally attained by Days 9–11, suggesting an 
effective  t½ of approximately 50 h. A multicompartmental 
disposition with a long, slow terminal phase was observed 
for BI 1358894; at steady state, terminal  t½ ranged from 135 
to 361 h (Table 8). Assessment of clinically relevant effects 
of BI 1358894 on CYP3A activity have been previously 
reported [12]. Variability in plasma concentrations and PK 
parameters was low to moderate (Table 8).

Table 5  Overall summary of TEAEs and DRAEs following a SAD schedule with BI 1358894 in study 1402-0001 (food effect part)

No severe AEs, SAEs, deaths, AESI or other significant AEs were recorded
AEs adverse events, AESI adverse events of special interest, DRAEs drug-related adverse events, SAEs severe adverse events, SAD single ascend-
ing dose, TEAEs treatment-emergent adverse events

BI 1358894 Total receiving BI
treatment [N = 20]

50 mg fed [n = 8] 50 mg 
fasted 
[n = 8]

100 
mg fed 
[n = 12]

100 mg 
fasted 
[n = 12]

Any TEAE [n (%)] 7 (87.5) 7 (87.5) 6 (50.0) 8 (66.7) 16 (80.0)
Any DRAE [n (%)] 7 (87.5) 7 (87.5) 6 (50.0) 8 (66.7) 16 (80.0)
Nervous system disorders 7 (87.5) 7 (87.5) 5 (41.7) 8 (66.7) 16 (80.0)
Headache 6 (75.0) 7 (75.0) 4 (33.3) 7 (58.3) 15 (75.0)
Dizziness 2 (25.0) 3 (37.5) 2 (16.7) 3 (25.0) 7 (35.0)
Disturbance in attention 0 (0) 2 (25.0) 0 (0) 0 (0) 2 (10.0)
Head discomfort 1 (12.5) 0 (0) 0 (0) 0 (0) 1 (5.0)
General disorders and administration site conditions 0 (0) 1 (12.5) 2 (16.7) 0 (0) 3 (15.0)
Fatigue 0 (0) 1 (12.5) 2 (16.7) 0 (0) 3 (15.0)
Musculoskeletal and connective tissue disorders 0 (0) 0 (0) 0 (0) 2 (16.7) 2 (10.0)
Arthralgia 0 (0) 0 (0) 0 (0) 1 (8.3) 1 (5.0)
Back pain 0 (0) 0 (0) 0 (0) 1 (8.3) 1 (5.0)
Skin and subcutaneous tissue disorders 1 (12.5) 0 (0) 1 (8.3) 0 (0) 2 (10.0)
Acne 0 (0) 0 (0) 1 (8.3) 0 (0) 1 (5.0)
Pruritus generalised 1 (12.5) 0 (0) 0 (0) 0 (0) 1 (5.0)
Rash macular 1 (12.5) 0 (0) 0 (0) 0 (0) 1 (5.0)
Gastrointestinal disorders 1 (12.5) 0 (0) 0 (0) 0 (0) 1 (5.0)
Flatulence 1 (12.5) 0 (0) 0 (0) 0 (0) 1 (5.0)
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Fig. 5  Comparison of individual and normalised geometric means 
for (a) AUC 0–∞, (b) AUC 0–tz, and (c)  Cmax after administration of 
BI  1358894 in the fasted and fed state in study 1402-0001 (lin-
ear scale). AUC 0–∞ area under the concentration–time curve of the  
analyte in plasma over the time interval from time zero extrapolated 

to infinity, AUC 0–tz area under the concentration–time curve of the  
analyte in plasma over the time interval from time zero to the last 
quantifiable data point, Cmax maximum measured concentration of the  
analyte in plasma, FE food effect, gMean geometric mean, SAD  
single ascending dose
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4  Discussion

The two first-in-human phase I clinical studies described 
here evaluated the safety and PK profiles of oral BI 1358894 
in healthy volunteers. This included assessing the effect of 
food on BI 1358894 exposure and safety.

Single and multiple doses of BI 1358894 were gener-
ally well tolerated in the healthy male volunteers included 
in this study. No dose dependency in terms of DRAE fre-
quency was observed across the SAD and MAD schedules, 
and no differences were observed in the safety profile of 
BI 1358894 under fed and fasted conditions. While 75% 
and 35% of volunteers reported headaches and dizziness, 
respectively, as DRAEs in the food effect part, these AEs 
were resolved at the end of the trial. Overall, these studies 
demonstrated BI 1358894 to have a favourable safety profile 
in healthy volunteers at doses of ≤ 200 mg.

At all tested doses across both SAD and MAD schedules, 
BI 1358894 exposure increased in a dose-dependent manner. 
A positive food effect was observed in the SAD and food 
effect study, whereby consumption of a high-fat, high-calorie 
breakfast prior to BI 1358894 administration increased expo-
sure compared with the fasted state. Dose proportionality 
was observed in the fed state for PK parameters across the 
dose range of 50–200 mg, and in the fasted state for AUC 0–∞ 
and AUC 0–tz across the dose range of 3–50 mg (SAD and 
food effect study). The higher exposure observed after a 
high-calorie, high-fat meal is likely related to better gastroin-
testinal bioavailability and is not related to differences in the 
metabolism or elimination of BI 1358894, as the terminal 
rate constant and terminal  t½ were comparable and decline 

in plasma concentrations across doses occurred in parallel. 
Based on these results, a predictable increase in systemic 
exposure of BI 1358894 can be expected when administered 
as a single or multiple dose under fasted or fed conditions.

During the SAD study, BI 1358894 200 mg administered 
under fed conditions exhibited a terminal  t½ of 188 h, with 
very low and slow declining plasma concentrations (based on 
extended PK sampling up to 672 h). This contrasts with the 
MAD study in which steady state occurred between 9 and 11 
days, and thus an effective  t½ of approximately 50 h would be 
expected, as observed for the BI 1358894 6–200 mg SAD dose 
groups  (t½ 45–52.2 h; PK sampling up to 192 h; fasted state). It 
should be noted that determination of terminal  t½ was depend-
ent on the sampling duration and that the late phase may not 
have solely represented elimination; therefore, the effective  t½ 
of approximately 50 h may be more clinically relevant than 
the terminal  t½ determined after very long sampling, as sug-
gested for drugs with multicompartment kinetics [14]. This is 
because, unlike the terminal  t½ calculated using the slope of the 
last drug elimination phase following single-dose administra-
tion, the effective  t½ considers the entire concentration–time 
profile of a drug, drug dosing interval, and drug accumula-
tion over time after multiple dose administration [14]. Thus, 
the effective  t½ is less likely to be affected by sampling dura-
tion when compared with the terminal  t½ [14]. As such, these 
results should be interpreted with caution; however, it should 
be noted that to determine terminal  t½, the percentage of AUC 
extrapolation for the sampling period until 192 h and beyond 
the last measurable time point to infinity was <20%.

An additional objective of the MAD study was to eval-
uate the effect of BI 1358894 on the PK of the sensitive 

Table 8  Pharmacokinetic parameters of BI 1358894 after multiple dose administration in study 1402-0002

a The median and range (minimum, maximum) are reported for  tmax

AUC 0–24 area under the concentration–time curve of the analyte in plasma over the time interval from time zero to 24 h, AUC τ,ss area under the 
concentration–time curve of the analyte in plasma at steady state over a uniform dosing interval τ, Cmax maximum measured concentration of 
the analyte in plasma, Cmax,SS maximum measured concentration of the analyte in plasma at steady state, gCV geometric coefficient of variation, 
gMean geometric mean, RACmax accumulation ratio according to  Cmax, RAAUC  accumulation ratio according to AUC τ, t½ terminal half-life of the 
analyte in plasma, tmax time from (last) dosing to the maximum measured concentration of the analyte in plasma

BI 1358894

10 mg [n = 8] 25 mg [n = 8] 50 mg [n = 8] 100 mg [n = 8] 200 mg [n = 8]

gMean gCV % gMean gCV % gMean gCV % gMean gCV % gMean gCV %

AUC 0–24 (nmol·h/L) 801 22.7 1570 28.0 2690 17.5 5520 18.3 8200 13.3
AUC τ,ss (nmol·h/L) 2070 27.1 3520 27.8 5890 35.1 12600 16.3 18900 13.5
Cmax (nmol/L) 78.8 16.0 152 34.7 217 28.3 491 17.2 634 20.8
Cmax,SS (nmol/L) 138 14.5 225 18.8 383 26.7 843 19.8 1150 13.8
t½,SS (h) 143 87.9 173 54.6 135 114 155 49.2 361 52.4
RACmax 1.76 15.1 1.64 22.6 1.75 23.9 1.72 14.6 1.82 23.9
RAAUCτ 2.58 12.3 2.44 27.6 2.38 16.3 2.28 14.9 2.31 16.4
tmax (h)a 1.5 (1.0, 4.0) 3.0 (2.0, 6.0) 4.0 (2.0, 6.00) 2.0 (1.0, 6.0) 4.0 (0.5, 6.0)
tmax,SS (h)a 2.0 (1.0, 6.0) 3.0 (1.0, 4.0) 3.0 (1.0, 4.0) 3.0 (1.0, 6.0) 3.5 (0.5, 4.0)
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CYP3A substrate midazolam over the entire dose range of  
10–200 mg. These results have been previously reported 
by Wiebe et al. and suggest no clinically relevant effect of 
BI 1358894 on CYP3A activity [12, 13].

Some limitations of this study should be considered. As 
this was a phase I trial in healthy volunteers, the translatabil-
ity of the data to patients may be limited. The sample size of 
each treatment group was small and, as such, these findings 
will require confirmation in larger trials in the future.

5  Conclusions

Overall, SAD and MAD schedules of BI 1358894 were 
well tolerated at doses up to 200 mg, with no dose depend-
ency observed in DRAE frequency. The PK of BI 1358894 
after single and multiple dosing is associated with low to 
moderate variability. The PK results of the SAD study dem-
onstrated dose dependence and proportionality in terms 
of exposure to BI 1358894 in the fed state. In the MAD 
study, steady state was attained after 9–11 days, suggesting 
an effective t½ of approximately 50 h, which is in line with 
the terminal  t½ determined in the SAD study. The longer 
observed terminal t½ of the 200 mg dose in the fed state 
(SAD study) is likely related to the extended sampling dura-
tion. BI 1358894 exposure following MAD increased less 
than dose proportionally across 10–200 mg doses. No clini-
cally relevant effect of BI 1358894 on CYP3A activity was 
observed. Taken together, these findings provide a basis for 
further clinical studies of BI 1358894 in patients with MDD.
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