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Abstract
Background and Objectives BI 425809, a novel glycine transporter-1 inhibitor, may ameliorate cognitive deficits in schizo-
phrenia. The objectives of the studies were: to assess absolute bioavailability of oral BI 425809 compared with intravenous 
(IV) microtracer infusion (study 1), and to determine the mass balance, distribution, metabolism, and excretion of BI 425809 
(study 2).
Methods These were Phase I, open-label, non-randomized, single-period, single-arm studies in healthy males. Study 1 
administered a single oral dose of unlabeled BI 425809 25 mg, then an IV microtracer infusion of  [14C]-BI 425809 30 µg. 
In study 2, participants received an oral dose of  [14C]-BI 425809 25 mg containing  [14C]-labeled (dose: 3.7 megabecquerel 
(0.41 mSv)) and unlabeled drug. Safety was assessed.
Results In study 1 (n = 6), the absolute bioavailability of a 25 mg tablet of BI 425809 in a fasted state was 71.64%. The geo-
metric mean dose-normalized maximum plasma concentration was approximately 80% lower after oral administration versus 
IV dose. In study 2 (n = 6), the total recovery of  [14C]-BI 425809 was 96.7%, with ~ 48% of  [14C]-radioactivity excreted 
in urine and ~ 48% excreted in feces. Among the labeled drug in urine, ~ 45% of the amount excreted was composed of BI 
425809 (17.4%) and two metabolites (BI 758790, 21.0%; BI 761036, 5.9%). In feces, < 1% of BI 425809 was excreted as 
unchanged drug. In both studies, BI 425809 was generally well tolerated.
Conclusions After normalization, the absolute bioavailability of tablet-form BI 425809 was 71.64%. The total recovery of 
 [14C]-BI 425809 25 mg was high (96.7%), with low intraindividual variability and similar amounts excreted in urine and feces.
Clinicaltrials.gov identifiers NCT03783000 and NCT03654170.
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Key Points 

BI 425809 is a glycine transporter-1 inhibitor being 
investigated for the treatment of cognitive impairment in 
schizophrenia.

Two studies were performed to assess the absolute bio-
availability, absorption, distribution, metabolism, and 
excretion of BI 425809.

Absolute bioavailability was lower for the oral form of 
BI 425809 (71.6%) than the IV form, while total recov-
ery was high (96.7%).

1 Introduction

Schizophrenia is characterized by abnormalities in glu-
tamatergic pathways related to N-methyl-D-aspartate 
(NMDA) receptor hypofunction, in both the cortical 
and the hippocampal areas of the brain [1–5]. These 
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(> five cigarettes or one cigar/pipe per day); alcohol (aver-
age intake > 24 units per week); drug abuse or having a 
positive drug result at screening; use of drugs within 30 
days prior to the administration of trial medication that 
might influence the results of the trial; use of cytochrome 
P450 3A4 (CYP3A4) inhibitors and inducers 1 week prior 
to administration of the trial medication; chronic or rel-
evant acute infections; and participation in another study 
where the investigational drug was administered within 
60 days prior to the administration of study medication 
or current participation in another trial involving admin-
istration of an investigational drug. Participants were also 
excluded if they were unable to comply with the dietary 
regimen.

2.2  Ethical Considerations

The studies were conducted in accordance with the princi-
ples of the Declaration of Helsinki [13], the International 
Conference on Harmonization of Technical Requirements 
for Registration of Pharmaceuticals for Human Use (ICH) 
Harmonized Tripartite Guideline for Good Clinical Prac-
tice (GCP) [14], applicable regulatory requirements, and 
the standard operating procedures of the sponsor company 
(Boehringer Ingelheim International GmbH). All partici-
pants provided a signed and dated written informed consent 
form in accordance with GCP and local regulatory and legal 
requirements, prior to admission to the study. The study 
procedures, protocols, and documents were reviewed and 
approved by the Independent Ethics Committee of the study 
center as well as the relevant local authorities.

2.3  Absolute Bioavailability of BI 425809

2.3.1  Study Design

This was an open-label, non-randomized, single-period 
(12–15 days), single-arm, Phase I study conducted in one 
center (NCT03783000). Participants were required to attend 
three study visits: the screening period (Visit 1); the treat-
ment period (Visit 2), including administration of trial medi-
cation and extensive pharmacokinetics and safety profiling 
on Day -1 to Day 2, with participants returning for further 
pharmacokinetics and safety assessments on Days 4, 6, and 
8; and the end-of-trial examination (Visit 3), which occurred 
between Days 12 and 15 (participants who prematurely 
discontinued treatment also underwent this examination) 
(Fig. 1a).

2.3.2  Treatments and Administration

The unlabeled tablet formulation of BI 425809, the radi-
olabeled  [14C]-BI 425809 and the unlabeled BI 425809 

abnormalities are associated with negative symptoms 
(including withdrawal, decreased spontaneous commu-
nication, decreased eye contact, dampened or decreased 
facial expressions, decreased vocal inflection, and reduced 
spontaneous movement) in schizophrenia, as well as cog-
nitive impairment [6–8]. Glycine is an obligatory co-
agonist for glutamate signaling at NMDA receptors, and 
therefore inhibition of glycine transporter-1 (GlyT1) on 
glial cells may improve NMDA receptor hypoactivation 
by increasing the concentration of glycine in the synap-
tic cleft [3]. This may consequently improve negative and 
cognitive symptoms in patients with schizophrenia (as 
add-on therapy to antipsychotics) [3, 6, 9, 10].

BI 425809 is a novel, potent and selective GlyT1 inhibi-
tor that has been developed for the symptomatic treatment 
and cognitive impairment associated with schizophrenia 
[6, 11]. It has been shown to be generally well tolerated 
at the anticipated therapeutic dose range of 5–25 mg [11, 
12]. Previous studies have shown that BI 425809 increased 
the levels of glycine in human and rat cerebral spinal fluid 
(CSF) in a dose-dependent fashion, with multiple dosing 
leading to accumulation of BI 425809 in plasma and CSF 
[6]. This demonstrates indirect functional target engage-
ment, indicating that glycine CSF levels can be used to 
assess GlyT1 inhibition centrally [6]. This report details 
the findings of two Phase 1 studies; the objective of the 
first study (NCT03783000) was to investigate the abso-
lute bioavailability of oral BI 425809. The second study 
(NCT03654170) aimed to determine the basic pharma-
cokinetics of BI 425809, including mass balance, metabo-
lism, and excretion pathways following a single oral dose 
of  [14C]-BI 425809. The plasma pharmacokinetics were 
determined for BI 425809 (labeled and unlabeled) and 
three metabolites (BI 758790 (M530), BI 761036 (M232) 
and IN79211 (M312)).

2  Methods

2.1  Participants

For both studies, eligible participants were males, 18–65 
years of age and healthy (according to the investigator’s 
assessment, based on a complete medical history includ-
ing a physical examination, vital signs (blood pressure 
and pulse rate), a 12-lead electrocardiogram (ECG), and 
clinical laboratory tests), with a body mass index (BMI) of 
18.5–29.9 kg/m2. Key exclusion criteria included abnor-
mal findings from the medical examination, laboratory 
values outside the reference range, or evidence of con-
comitant disease judged to be clinically relevant by the 
investigators. Other exclusion criteria included: smoking 
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powder for the intravenous (IV) solution, were manufac-
tured by Boehringer Ingelheim Pharma GmbH & Co. KG, 
Biberach, Germany. The mixture of  [14C]-BI 425809 and 
unlabeled BI 425809, and the solution from this mixture 
 ([14C]-BI 425809) were prepared by PRA Health Sci-
ences, Groningen, the Netherlands. The radioactively 
labeled mixture was given IV as a comparator to the orally 
administered tablet form of the study drug; radiolabeling 
allowed differentiation of the two forms, as the accelerator 
mass spectrometry (AMS) method used only measures the 
radiolabeled component (see Sect. 2.3.4). Following an 
overnight fast (≥ 10 h), each participant received a single 
oral dose of unlabeled BI 425809 25 mg (a film-coated 
tablet taken with water) while in a standing or sitting posi-
tion. Participants remained fasted until at least 4.5 h after 
oral dosing. Four hours after the intake of the tablet (i.e., 
at the time of maximum concentration (tmax) of oral BI 
425809), an IV microtracer infusion of  [14C]-BI 425809 
30 µg (a mixture of  [14C]-labeled BI 425809 3 µg (radio-
active dose per infusion was 0.011 MBq) and unlabeled 
BI 425809 27 µg) was administered via an intravenous 
indwelling catheter, kept patent with a saline infusion, 
while the participants were in a semi-supine position. The 
infusion duration was 15 min. A second indwelling cath-
eter was placed in the contralateral arm for the collection 

of blood samples. Blood samples (3 mL) were taken from 
the antecubital or forearm vein of participants to assess 
plasma concentrations of unlabeled BI 425809 or  [14C]-BI 
425809]. Plasma BI 425809 was assessed at 2 h prior to 
the administration of the oral study drug, and at 1, 2, 3, 
4:05, 6, 8, 12, 24, 72, 120, and 168 h after administration. 
Plasma  [14C]-BI 425809] was assessed at 3, 4:05, 4:10, 
4:15, 4:30, 5, 6, 7, 8, 12, 16, 24, 72, 120, and 168 h after 
administration of the oral drug. Once collected, plasma 
was aliquoted and transferred to a freezer within 60 min 
and stored on ice at around − 20 °C in an upright posi-
tion until analysis. Participants were kept under medical 
surveillance for 24 h after drug administration and adverse 
events (AEs) were assessed continuously from screening 
until end-of-trial examination. All study medication was 
administered under the supervision of the investigating 
physician or an authorized designated person.

2.3.3  Endpoints and Assessments

The primary pharmacokinetic endpoints were the area under 
the concentration-time curve (AUC) over the time interval 
from 0 to infinity in plasma (AUC 0–∞) of BI 425809 fol-
lowing oral administration and of  [14C]-BI 425809 after 
IV administration. The maximum measured concentration 
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Fig. 1  a Study 1 design: absolute bioavailability of BI 425809, and b study 2 design: mass balance recovery of BI 425809. PK pharmacokinetic
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(Cmax) of oral BI 425809 in plasma following a single oral 
dose was assessed as a secondary endpoint. Safety and toler-
ability of the investigational drugs were assessed using clini-
cally relevant findings from physical examinations (AEs), 
safety laboratory parameters, 12-lead ECG, and vital signs, 
including pulse rate and blood pressure.

2.3.4  Bioanalytical Assays

Cold (unlabeled) BI 425809 concentrations in plasma 
were determined by a validated liquid chromatogra-
phy coupled to tandem mass spectrometry (LC/MS) 
assay. This analysis was performed at NUVISAN, Neu-
Ulm, Germany.  [14C]-BI 425809 was determined by 
a validated AMS assay performed at TNO, Zeist, The 
Netherlands.

2.3.5  Statistical Analysis

Descriptive statistics were used to summarize all end-
points; no formal hypothesis testing was performed. The 
primary pharmacokinetics endpoints were log-transformed 
and fitted to an analysis of variance (ANOVA) model. 
Absolute bioavailability was estimated by determination 
of the ratio of the geometric means (gMean) of BI 425809 
25 mg tablet (test) and  [14C]-BI 425809 3 µg IV micro-
tracer (reference) for the primary endpoint after dose-
normalization using a mixed effects ANOVA model with 
corresponding two-sided 90% confidence intervals (CIs). 
As the focus was on estimation, not testing, no acceptance 
range was specified.

2.4  Mass Balance Recovery of BI 425809

2.4.1  Study Design

This was an open-label, non-randomized, single-period, sin-
gle-arm, Phase I study conducted in one center in the Neth-
erlands (NCT03654170). On Day 1, participants received 
the trial medication; blood, urine, and feces samples were 
collected daily until the morning of Day 15 when release 
criteria were assessed (Fig. 1b). The release criteria were 
defined as: ≥ 90% of the administered dose cumulatively 
recovered in urine and feces combined over the study period; 
or if < 1% of the dose had been collected (within two sepa-
rate, consecutive 24-h intervals) in urine and feces; or if 
concentration of total radioactivity in plasma and blood was 
< 5% of  Cmax of total radioactivity in plasma. If one of these 
criteria was met, then collection after Day 15 was stopped. 
If the criteria were not met, the participants returned to the 
trial site for 24-h collection intervals of urine and feces on 
Days 21, 28, 35, 42, and 49.

2.4.2  Treatments and Administration

The trial medication was manufactured by Boehringer Ingel-
heim Pharma GmbH & Co. KG, Biberach, Germany. The 
solution from the mixture was prepared by PRA Health 
Sciences, Groningen, the Netherlands. Following an over-
night fast (≥ 10 h), participants received a single oral 
dose of  [14C]-BI 425809 25 mg, containing a mixture of 
 [14C]-labeled and unlabeled drug, administered in a 12.5 
mL solution (2 mg/mL) with 240 mL of water. The planned 
radioactive dose per participant was 3.7 megabecquerel 
(MBq; 0.41 mSv). No food was allowed for at least 4 h after 
medication administration. The trial medication was admin-
istered to participants while they were in the sitting position, 
under the supervision of the investigator and/or authorized 
designated person. For metabolic profiling, blood was taken 
from a forearm vein; 20 mL of blood was taken at pre-dose, 
and all time points apart from at 312 h when 40 mL of 
blood was drawn. Blood samples were taken 2 h prior to 
the administration of the oral study drug, and at 1, 4, 8, 24, 
48, 96, 120, 168, and 312 h after administration of the drug. 
For radioactivity analysis and quantification of metabolites, 
blood samples were taken from the antecubital or forearm 
vein of the participants. At each time point, 5 mL (for time 
points 0.5–240 h) or 8 mL (for the pre-dose sample and 
from time points 264 h to the end) samples were drawn. For 
metabolic profiling, blood was taken from a forearm vein; 
20 mL of blood was taken at pre-dose, and all time points 
apart from at 312 h when 40 mL of blood was drawn. Three 
milliliters of blood was also taken for hematocrit measure-
ment 2 h prior to drug administration, then at intervals in the 
period between 0 and 336 h. Collections were also made on 
return visits to the trial center at 485 h, 653 h, 821 h, 989 
h, and 1157 h for blood cell/plasma ratio. Once collected, 
plasma was aliquoted and transferred to a freezer within 60 
min and stored on ice at around − 20 °C in an upright posi-
tion until analysis.

Urine collection was made at 2 h prior to drug adminis-
tration, then at intervals in the period between 0 and 336 h, 
after which time the participants left the trial center. Collec-
tions were also made on return visits to the trial center at 485 
h, 653 h, 821 h, 989 h, and 1157 h.

2.4.3  Endpoints and Assessments

The primary pharmacokinetic endpoints were the mass bal-
ance recoveries of total  [14C]-radioactivity of the adminis-
tered drug in urine and feces across the whole study, and 
fraction of  [14C]-radioactivity excreted in urine and feces, 
respectively, as a percentage of the administered oral dose 
over the time interval from 0 to the last quantifiable time 
point. Secondary endpoints for total radioactivity and BI 
425809 were plasma Cmax and plasma AUC from 0 to the 
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last quantifiable time point (AUC 0–tz). Other endpoints 
measured in whole blood and plasma were AUC 0–∞, tmax, 
percentage AUC 0–∞ obtained by extrapolation (%AUC tz–∞), 
and terminal half-life of the analyte (t1/2). The pharmacoki-
netic endpoints were determined for unlabeled BI 425809 
and three metabolites, BI 758790, BI 761036, and IN 79211 
(only in plasma and urine). Safety and tolerability of the 
investigational drug were assessed using clinically relevant 
findings from physical examinations (AEs), safety laboratory 
parameters, 12-lead ECG, and vital signs, including pulse 
rate and blood pressure.

Metabolite radioprofiling was accomplished by high-
performance liquid chromatography (HPLC) radiochroma-
tography using fractionation coupled with solid scintillation 
counting. Metabolites were characterized and identified by 
LC/MS, including accurate mass determination in conjunc-
tion with radioactive detection. Metabolite structural eluci-
dation, conducted in both positive and negative ion mode, 
was based on CID MS/MS fragmentation and considered 
tentative unless confirmed with an authentic chemical stand-
ard. Radioactive peaks < 20 cpm in peak height were con-
sidered to be below the limit of quantitation. Analysis of 
plasma metabolites was conducted in samples collected up 
to 168 h after dosing.

2.4.4  Statistical Analysis

No statistical evaluation of the primary and secondary end-
points was performed. Data are reported using descriptive 
statistics only.

3  Results

3.1  Absolute Bioavailability of BI 425809

3.1.1  Study Population and Disposition

A total of six healthy male participants were included in 
this trial. All six participants received the trial medication 
but only four completed the trial according to protocol; 
although no important protocol violations were observed, 
one participant missed an ambulatory visit and one was lost 
to follow-up. Five of the six participants were White, and 
one was multi-racial. The mean (standard deviation (SD)) 
age of the participants was 35.0 (14.5) years and mean (SD) 
BMI was 25.1 (3.6) kg/m2. Two (33.3%) participants were 
current smokers (> five cigarettes or one cigar/pipe per day) 
while four (66.7%) had never smoked. Baseline demographic 
and clinical characteristics are summarized in the Electronic 
Supplementary Material (ESM), Table 1.

3.1.2  Pharmacokinetic Analysis—Plasma 
Concentration‑Time Profiles

After the single oral administration of a BI 425809 25 mg 
tablet, the maximum plasma concentration was reached at 
3.54 h after dosing (median tmax, range 2.00–6.00 h; Fig. 2a). 
Following IV administration of  [14C]-BI 425809 (4 h after 
the administration of the oral dose), tmax was reached at 
0.25 h (median tmax) after the start of the infusion (range 
0.167–0.25 h), i.e., at the end of the 15-min infusion period 
(Fig. 2b). The concentration-time profiles declined in a 
biphasic manner after both IV and oral dosing (Fig. 2a, b).

3.1.3  Evaluation of Absolute Bioavailability and Primary 
Pharmacokinetic Endpoint

The gMean AUC 0–∞ following oral dosing of BI 425809 
25 mg in the fasted state was 7650 nmol · h/L (geometric 
coefficient of variation (gCV): 36.5%), and 1.31 nmol · h/L 
(35.5%) following IV  [14C]-BI 425809 administered 4 h 
later (Table 1). Following dose normalization, AUC 0–∞,norm 
was lower after oral dosing than after IV administration. 
An ANOVA model, which accounted for the “participant” 
as a random effect and “formulation” as a fixed effect, was 
applied to the AUC 0–∞,norm. The absolute bioavailability of a 
25 mg tablet of BI 425809 in a fasted state was 71.64% (90% 
CI: 64.3–79.9), thus yielding similar results to the gMean 
of the ratios calculated for the individual participants. Sen-
sitivity analysis using the same ANOVA model with “par-
ticipant” as a fixed event also supported the results of the 
primary analysis.

3.1.4  Secondary and Other Pharmacokinetic Endpoints

The gMean of the dose-normalized maximum plasma con-
centration (Cmax,norm) was approximately 80% lower after 
oral administration compared with the IV microtracer infu-
sion. The interindividual variability of Cmax was low to mod-
erate (gCV 34.4–36.8%) and was similar between oral and 
IV dosing (Table 1).

3.1.5  Safety

Three (50.0%) of the six participants who received BI 
425809 reported a least one treatment-emergent AE. These 
comprised gastrointestinal disorders, nervous system disor-
ders, and eye disorders, all of which were of mild intensity. 
No serious AEs (SAEs), AEs leading to trial drug discon-
tinuation, AEs of special interest, or other significant AEs 
were recorded (ESM Table 2).



92 U. Burkard et al.

Time (hours)

0 4 8 12 16 20 24 72 120168

1

10

100

1000
B

I 4
25

80
9 

P
la

sm
a 

co
nc

en
tra

tio
ns

 (n
m

ol
/L

)

Time (hours)

3 6 9 12 15 18 21 24 72 120 168

0.0001

0.001

0.01

0.1

1

(a)

(b)

[14
C

]-B
I4

25
80

9 
P

la
sm

a 
co

nc
en

tra
tio

ns
 (n

m
ol

/L
)

gMean (N=6)Individual data

gMean (N=6)Individual data

Fig. 2  Individual and gMean drug plasma concentration after single a oral administration of BI 425809 25 mg or b intravenous (IV) infusion of 
labeled  [14C]-BI 425809 3 µg. gMean geometric mean



93Absolute Bioavailability, Absorption, Distribution, Metabolism, and Excretion of BI 425809

3.2  Mass Balance Recovery of BI 425809

3.2.1  Study Population and Disposition

A total of six healthy male participants were included in this 
trial, all of whom received the trial medication. No impor-
tant protocol violations were observed. Five of the six partic-
ipants were White and one was multiracial. The mean (SD) 
age of the participants was 45.7 (17.7) years and mean (SD) 
BMI was 26.1 (4.0) kg/m2. One participant (16.7%) was a 
current smoker, while two (33.3%) had never smoked and 
three (50.0%) were former smokers. Baseline demographic 
and clinical characteristics are summarized in ESM Table 1. 
All participants remained at the site until Day 15; however, 
none of them fulfilled the release criteria. Therefore, the 
participants left the site but returned once weekly for a 24-h 
visit including the continuous sampling of urine and feces.

3.2.2  Primary Endpoints—Excretion of BI 425809 
and [14C]‑BI 425809

The total recovery of  [14C]-BI 425809 25 mg to the last 
quantifiable time point (677 h;  fetotal,0–677) ranged from 87.6 
to 105%, with a gMean of 96.7% and a low intraindividual 
variability of 6.10% gCV. The labeled drug was excreted in 
similar proportions in both urine and feces (Fig. 3a; ESM 
Table 3). After 120 h, a gMean of 54.0% (gCV: 9.88%) of 

the labeled drug material had been excreted. After 1 week 
(168 h), 67.5% (gCV 5.06%) had been eliminated. Two 
weeks (336 h) after dosing, 86.8% (gCV 3.82%) had been 
excreted on average. Figure 3a shows the total recovery of 
 [14C]-BI 425809 25 mg in urine (gMean 48.1%; gCV 9.60%) 
and feces (gMean 48.3%; gCV 14.30%) after 677 h; Fig. 3b, 
c show the gMean and individual recoveries (n = 6) for the 
cumulative  [14C]-radioactivity excreted after 677 h for urine 
and feces, respectively.

3.2.3  Secondary and Other Pharmacokinetics Endpoints

Following rapid absorption, the maximum plasma concen-
tration for BI 425809 was reached with a gMean Cmax of 
383 nmol/L (gCV 14.2%) (Table 2); plasma concentrations 
then declined rapidly in a biphasic manner with a half-life 
of 50.5 h (gCV 14.0%) (Table 2). Oral BI 425809 was rap-
idly absorbed with a median tmax of 1.50 h (range 1.00–4.00 
h; Table 2). After oral administration, labeled  [14C]-BI 
425809 appeared almost simultaneously in plasma and in 
whole blood with a median tmax of 1.51 h (range 1.00–6.00 
h) in plasma and 1.26 h (range 1.00–4.00 h) in whole 
blood (Table 3). Concentrations declined simultaneously 
in both plasma and whole blood, with similar half-lives of 
211 h (gCV 13.4%) and 220 h (gCV 10.4%), respectively 
(Table 3). The AUC 0–∞ for plasma was 70,000 nmol · h/L 
(gCV 20.2%) and 47,700 nmol · h/L (gCV 20.5%) for whole 

Table 1  Primary, secondary, and further pharmacokinetic endpoints 
after single oral administration of BI 425809 25 mg or an IV infusion 
of  [14C]-BI 425809 3 μga and absolute bioavailability of BI 425809 

after a single oral dose of BI 425809 25 mg plus a 15-min IV infu-
sion of  [14C]-BI 425809 30 μga (Study 1: absolute bioavailability of 
BI 425809)

AUC 0-∞ area under the concentration-time curve over the time interval from 0 to infinity, AUC 0-∞,norm AUC-time curve over the time interval 
from 0 to infinity normalized values, AUC 0-tz AUC over the time interval from 0 to the last quantifiable data point, AUC 0-tz,norm AUC over the 
time interval from 0 to the last quantifiable data point normalized values, Cmax maximum concentration, Cmax,norm maximum concentration nor-
malized data, Fabs absolute bioavailability factor after oral administration, gCV geometric coefficient of variation, gMean geometric mean, IV 
intravenous, PK pharmacokinetic, tmax time from dosing to maximum measured concentration, t½ terminal half-life
a Administered at 4 h after the oral dose
b Median value
c Data presented as a range

Endpoint Oral BI 425809
gMean (gCV (%))

[14C]-BI 425809 IV
gMean (gCV (%))

Primary endpoint
AUC 0-∞, nmol · h/L 7650 (36.5) 1.31 (35.5)
AUC 0-∞,norm, nmol · h/L/mg 306 (36.5) 427 (35.5)
Secondary and other PK endpoints
AUC 0-tz, nmol · h/L 6800 (44.6) 1.13 (46.4)
AUC 0-tz,norm, nmol · h/L/mg 272 (44.6) 367 (46.4)
Cmax, nmol/L 225 (34.4) 0.130 (36.8)
Cmax,norm, nmol/L/mg 8.99 (34.4) 42.2 (36.8)
tmax,  hb 3.54 (2.00–6.00)c 0.250 (0.167–0.250)c

t½, h 32.9 (68.2) 48.0 (72.1)
Fabs 0.716 (13.2) –
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blood (Table 3). The blood to plasma ratios for Cmax and 
AUC 0–tz delivered results of 0.677 (gCV 3.49%) and 0.662 
(gCV 4.11%), respectively.

3.2.4  Metabolites

Based on bioanalysis of unlabeled BI 425809 and its metab-
olites, the plasma Cmax of BI 758790 was 138 nmol/L (gCV 
10.0%) with a median tmax of 10.0 h (range 8.00–24 h) 
and then declined continuously. BI 761036 and IN 79211 
appeared later, with a median tmax of 192 h (144–264 h) 
and 72 h (72–192 h), respectively (Fig. 4). Cmax values were 
55.6 nmol/L (gCV 39.8%) and 2.97 nmol/L (gCV 33.9%) 
for BI 761036 and IN 79211, respectively. BI 425809, BI 
758790, and BI 761036 contributed approximately 45% of 
the drug-related material represented by the total radioactiv-
ity excreted in urine. Parent compound, BI 425809, and the 
metabolite BI 758790 showed similar cumulative amounts 
excreted (Ae) in urine up to 366 h  (Ae0–366) with a gMean 
of 3560 nmol and 4050 nmol respectively (Table 4; Fig. 5).

The radioactivity contributions of BI 425809 and its 
metabolites in male human plasma, urine, and feces, as 
determined by metabolite radioprofiling, are shown in ESM 
Tables 4, 5, and 6, respectively. Twenty metabolites were 
identified collectively from the three matrices. As IN 79211 
did not retain the radiolabel, the total number of metabolites 
identified in this study was 21. In urine, the contribution of 
BI 425809, BI 758790, and BI 761036 to the total radiopro-
file (ESM Fig. 5; ~ 41%) was similar to the value determined 
using exposure data from unlabeled material (45%). In the 
feces, BI 761036 was not observed, while BI 758790 and BI 
425809 accounted for 4.1% (9.7% of total radioactivity) and 
< 1% of the radioactive dose (< 1% of total radioactivity), 
respectively (ESM Table 6).

3.2.5  Safety

Five (83.3%) of six participants reported AEs (ESM 
Table 7), none of which were considered severe or drug 
related by the investigators. The most frequently reported 
AEs were nervous system disorders (in four participants) 
and gastrointestinal disorders (in three participants). Four 
participants had AEs of mild intensity and one had an AE 
of moderate intensity (myalgia). No SAEs, AEs leading to 
trial drug discontinuation, AEs of special interest, or other 
significant AEs were recorded (ESM Table 7).

4  Discussion

4.1  Absolute Bioavailability

The first study reported here assessed the absolute bioavail-
ability of a 25 mg tablet of BI 425809 in a fasted state com-
pared with IV microtracer infusion. The ratio of the dose-
normalized primary endpoint (AUC 0–∞,norm) indicated an 
absolute bioavailability of 71.64% (90% CI: 64.28–79.84) 
following a single oral dose. After oral dosing, BI 425809 
reached tmax within 3.54 h (median); this was slower than in 
the mass balance study (tmax 1.50 h) due to the difference in 
the formulation (tablet vs. solution).

In a previous study, it was found that the bioavailability 
of BI 425809 from a 25 mg tablet was lower than from a 25 
mg solution (adjusted gMean ratios for AUC 0–tz and Cmax for 
BI 425809 administered as a tablet fasted vs. oral solution 
fasted were 80.5% (90% CI 74.0–87.6) and 50.0% (90% CI 
45.1–55.4), respectively) [11]. It was suggested that this was 
because BI 425809 is a Class II compound (according to the 
Biopharmaceutics Classification System) [15] of low intrin-
sic solubility and high permeability, which likely contributed 

Table 2  Overview of pharmacokinetic parameters of BI 425809 and its metabolites in plasma after administration of  [14C]-BI 425809 25 mg as 
an oral solution (Study 2: Mass Balance Recovery of BI 425809)

AUC 0-∞ area under the concentration-time curve over the time interval from 0 to infinity, AUC 0-tz AUC over the time interval from 0 to the last 
quantifiable data point, AUC tz- ∞ AUC over the time interval from 0 to infinity, Cmax maximum concentration, gCV geometric coefficient of varia-
tion, gMean geometric mean, tmax time from dosing to maximum measured concentration, t½ terminal half-life
a Median value
b Data presented as a range (minimum–maximum)

Parameter BI 425809
gMean (gCV%)

BI 758790
gMean (gCV%)

BI 761036
gMean (gCV%)

IN 79211
gMean (gCV%)

AUC 0–∞, nmol · h/L 12200 (33.3) 10800 (19.3) 27900 (56.5) 796 (24.8)
AUC 0–tz, nmol · h/L 12000 (33.4) 10700 (19.6) 19400 (37.1) 466 (53.7)
AUC tz–∞, % 0.931 (56.5) 1.01 (46.6) 23.9 (74.1) 27.3 (37.2)
Cmax, nmol/L 383 (14.2) 138 (10.0) 55.6 (39.8) 2.97 (33.9)
tmax,  ha 1.50 (1.00–4.00)b 10 (8.00–24.00)b 192 (144–264)b 72 (72–192)b

t½, h 50.5 (14.0) 46.7 (15.4) 243 (37.5) 127 (28.8)
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Fig. 3  a Total recovery of 
 [14C]-BI 425809 25 mg in 
urine and feces; b cumula-
tive  [14C]-radioactivity 
excreted in urine; c cumulative 
 [14C]-radioactivity excreted in 
feces. a Shows the gMean and 
gCV; b, c show the gMean plus 
individual participant data. Fe 
fraction excreted
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to the low absolute oral bioavailability observed in the study 
by Moschetti et al. [11]. In addition, the same study observed 
a moderate increase in

BI 425809 bioavailability from the 25 mg tablet following 
a high-fat/high-calorie (~ 1000 kcal) meal versus 10-h fasted 
conditions (adjusted gMean ratios: AUC 0–tz 125.9% (90% 
CI 115.7–137.0); Cmax 142.1% (90% CI 128.3–157.4)) [11]. 
The administration of BI 425809 with food may increase 
bile secretion as food increases the dissolution of the tablet, 
therefore increasing its intrinsic solubility and allowing for 
greater drug accessibility [12].

Another reason for reduced absolute bioavailability fol-
lowing a single oral dose of BI 425809 25 mg in a tablet 
form may be elimination via the enzyme CYP3A4 upon 
first-pass metabolism [11]. The major metabolic pathway 
for BI 425809 is mediated by CYP3A4, which is the most 
highly expressed CYP isoform in the liver and intestines, 
and is important in determining the exposure of oral medica-
tions [16, 17]. In the present study, AUC 0–∞,norm was lower 
after oral dosing versus IV infusion, as was gMean Cmax,norm, 
which was around 80% lower following oral administration 
of BI 425809 versus IV dosing. These observations could 

Table 3  Overview of pharmacokinetic parameters for  [14C]-BI 
425809-EQ in plasma and whole blood after administration of 
 [14C]-BI 425809 25 mg as an oral solution (Study 2: Mass Balance 
Recovery of BI 425809)

AUC 0-∞ area under the concentration-time curve over the time inter-
val from 0 to infinity, AUC 0-tz AUC over the time interval from 0 to 
the last quantifiable data point, AUC tz-∞ AUC over the time interval 
from 0 to infinity, Cmax maximum concentration, gCV geometric coef-
ficient of variation, gMean geometric mean, tmax time from dosing to 
maximum measured concentration, t½ terminal half-life
a Median value
b  Data presented as a range (minimum–maximum)

Parameter Plasma
gMean (gCV%)

Whole blood
gMean (gCV%)

AUC 0–∞ nmol · h/L 70,000 (20.2) 47,700 (20.5)
AUC 0-tz, nmol · h/L 59,300 (16.4) 39,300 (18.7)
AUC tz–∞ % 13.1 (65.2) 16.4 (43.2)
Cmax, nmol/L 503 (15.6) 341 (14.4)
tmax,  ha 1.51 (1.00–6.00)b 1.26 (1.00–4.00)b

t½, h 211 (13.4) 220 (10.4)
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likely be first-pass metabolism via gastrointestinal and 
hepatic CYP3A4, which would only affect the oral dosing 
route. In a previous study, the pharmacokinetic interaction 
of multiple oral doses of the CYP3A4 inhibitor itracona-
zole and BI 425809 was assessed [18]. It was observed that 
there was a small increase in Cmax (gMean ratio 116.1% 
(90% CI 108.0–124.7)) following co-administration of BI 
425809 and itraconazole, which most likely reflected the 
blocking of CYP3A4 in the first-pass metabolism. Overall, 
the intrinsic solubility and, to a lesser extent, the first-pass 

metabolism via CYP3A4 might explain the absolute bio-
availability of 71.6% of a 25 mg tablet in a fasted state. The 
interindividual variability of Cmax was low to moderate (gCV 
34.4–36.8%) and was similar between oral and IV admin-
istration, although it was higher with regard to half-life 
(Table 1).

In accordance with previous studies investigating its 
safety and tolerability, oral BI 425809 25 mg was generally 
well tolerated, with no serious AEs reported [11].

4.2  Mass Balance Recovery

The objective of this study was to determine mass balance, 
excretion pathways, and metabolism following a single 25 
mg oral dose of  [14C]-BI 425809 including the basic phar-
macokinetics of BI 425809 and  [14C]-radioactivity. The total 
recovery of  [14C]-BI 425809 was 96.7%, with a low intra-
individual variability of 6.10%. Of the drug-labeled material 
eliminated, 48.1% was excreted in urine and 48.3% in feces, 
also with low intraindividual variability. The labeled drug 
material recovered in urine represents absorbed drug after 
oral administration, while the labeled drug material excreted 
in feces represents unabsorbed drug or  [14C]-radioactivity 

Table 4  Summary of cumulative amounts excreted in urine  (Ae0-336) 
for  [14C]-BI 425809, BI 425809 and its metabolites BI 758790 and BI 
761036 and the ratios thereof; absolute and % drug-related, amounts 
excreted given as gMean

Ae0-336 cumulative amounts excreted in urine

Analyte AE0-336 (nmol) Ae0-336[14C] 
(nmol)

Ratio %

BI 425809 3560 19,300 0.184 18.4
BI 758790 4050 19,300 0.210 21.0
BI 761036 1140 19,300 0.059 5.90
Total – – 0.453 45.3

Ae0-336

BI 425809/[14C]-BI 425809

BI 758790/[14C]-BI 425809

BI 761036/[14C]-BI 425809

Ratio

0.184

0.210

0.059

Time (hours)
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excreted via intestinal or biliary excretion. Oral BI 425809 
was absorbed rapidly after administration (median tmax 1.50 
h), with a plasma gMean Cmax of 383 nmol/L. After drug 
administration, the labeled drug material appeared nearly 
simultaneously in whole blood and in plasma, with simi-
lar  t1/2. However, the levels of  [14C]-radioactivity in whole 
blood were continuously lower than in plasma, which indi-
cates that the greater distribution of  [14C]-radioactivity was 
in plasma. The blood to plasma ratios also indicated a main 
distribution of the total radioactivity in plasma.

The single 25 mg dose of BI 425809 was generally well 
tolerated; none of the AEs observed were considered to be 
serious and none lead to trial drug discontinuation.

4.2.1  Metabolites

Twenty-one plasma metabolites of BI 425809 were identi-
fied in human males in the metabolite radioprofiling study. 
Using HPLC radio chromatography with fractionation, cou-
pled with solid scintillation counting, BI 425809 was found 
to be the most abundant circulating component at 41.0%, fol-
lowed by metabolites BI 758790, BI 761036, and BI 764352, 
which accounted for 34.3%, 11.9%, and 6.6% of total plasma 
radioactivity, respectively (ESM Table 4). The remaining 
identified metabolites accounted for only 0–1.5% each of 
the total plasma reactivity.

In the present study, the plasma and urine concentrations 
of BI 758790, BI 761036, and IN 79211 were followed by 
absolute quantitation via liquid chromatography-tandem 
mass spectrometry (LC-MS/S) (Table 2). Based on the 
single-dose pharmacokinetics of BI 758790, the exposure 
(AUC 0–∞ and Cmax) and half-life were similar to BI 425809. 
The single-dose pharmacokinetics of BI 761036 indicated 
markedly higher AUC 0–∞, but lower Cmax of this metabo-
lite in comparison to BI 425809 or BI 758790. This higher 
exposure was explained by a markedly higher half-life of BI 
761036 in comparison to the half-life of BI 425809 and BI 
758790 (243 h vs. ~ 50 h). IN 79211 exposure level (Cmax 
and AUC 0–∞) was markedly lower than for BI 425809 and BI 
758790, even though its half-life was higher than the other 
two species (127 h vs. ~ 50 h). The plasma exposure AUC 
0–∞ of BI 425809, BI 758790, BI 761036, and IN 79211 
accounted for 71% of the total radioactivity detected. Based 
on comprehensive metabolite profiling studies, the remain-
ing 29% of radioactivity is composed of minor metabolites, 
each accounting for a small percentage of remaining radio-
activity. Overall, BI 425809, BI 761036, and BI 758790 con-
tributed approximately 45% of the drug-related radioactive 
material excreted in urine (Table 4). In the feces, < 1% of 
BI 425809 was excreted as unchanged drug, and BI 758790 
accounted for ~ 10% of the total excreted radioactivity.

4.3  Study Limitations

Interpretation of the data presented in this study is limited 
by the fact that the number of participants in both trials was 
small (absolute bioavailability, n = 6 with four completions; 
mass balance recovery, n = 6 with six completions). This 
led to results that showed large coefficients of variation for 
the pharmacokinetic endpoints and therefore may slightly 
reduce confidence in their dependability.

5  Conclusions

The AUC 0–∞,norm and Cmax norm were both higher following 
IV infusion of  [14C]-BI 425809 30 µg compared with the oral 
dose. The absolute bioavailability of BI 425809 25 mg given 
as a tablet in a fasted state was 71.64% (gMean). In terms 
of mass balance recovery, upon administration of  [14C]-BI 
425809 25 mg as an oral solution, 96.7% (gMean) of the 
dose was recovered in excreta, with approximately 48% 
excreted in both urine and feces. BI 425809 was metabolized 
to two major human metabolites, BI 758790 and BI 761036, 
which accounted for 18% and 33% of total radioactivity in 
the plasma, respectively. Although the pharmacokinetics of 
BI 758790 was similar to BI 425809, the pharmacokinetics 
of BI 761036 was markedly different as indicated by higher 
exposures driven by its slow elimination. In both studies, BI 
425809 was well tolerated by the healthy male participants.
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