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Abstract

Background: The study characterizes safety, tolerability, pharmacokinetic and pharmacodynamic profiles of single
rising doses of the 11beta-hydroxysteroid dehydrogenase-1 (11beta-HSD1) inhibitor Bl 187004 in healthy men with
overweight or obesity.

Methods: This was a randomized, double-blind, parallel group, placebo-controlled study with administration of
2.5-360 mg Bl 187004 or placebo once daily as single dose in 72 healthy male volunteers with overweight or obesity.

Assessments included 11beta-HSD1 inhibition in the liver (assessed indirectly by urinary tetrahydrocortisol/tetrahy-
drocortisone ratio) and in subcutaneous adipose tissue ex vivo and determination of hypothalamus-pituitary—adrenal
axis hormones.

Results: Bl 187004 was well tolerated and safe in all tested dose groups. The incidence of drug-related adverse
events was 16.7% (n=29) for all 9 BI 187004 dose groups and 5.9% (n=1) for placebo. All treatment groups were
similar concerning kind and intensity of adverse events. No clinically relevant deviations in clinical laboratory or ECG
parameters were reported. Exposure of Bl 187004 increased non-proportionally over the entire dose range tested. The
geometric mean apparent terminal half-life decreased from 33.5 h (5 mg) to 14.5 h (160 mg) remaining stable up to
360 mg. Renal excretion of Bl 187004 was low (3-5%). Urinary tetrahydrocortisol/tetrahydrocortisone ratio decreased,
indicating liver 11beta-HSD1 inhibition. Median inhibition of 11beta-HSD1 in subcutaneous adipose tissue biopsies
following single dosing ranged from 86.8% (10 mg) to 99.5% (360 mg) after 10 h and from 59.4% (10 mg) to 98.6%
(360 mq) after 24 h.
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Conclusions: Bl 187004 as single dose was safe and well tolerated and is suitable for once daily dosing. There was
significant, sustained 11beta-HSD1 inhibition in liver and adipose tissue.

Trial registration: ClinicalTrials.gov, NCT01587417, registered on 26-Apr-2012.
Keywords: 11beta-Hydroxysteroid dehydrogynase-1 inhibitor, Single rising dose, Pharmacokinetics,

Pharmacodynamics, Type 2 diabetes, Bl 187004

Introduction

Activation of the glucocorticoid receptor with overpro-
duction of active cortisol is thought to result in multiple
clinical characteristics of the metabolic syndrome includ-
ing insulin resistant type 2 diabetes mellitus (T2DM), vis-
ceral obesity, dyslipidemia and arterial hypertension [1].
Besides an increase in plasma cortisol levels also tissue-
specific changes in cortisol metabolism might promote
development of the metabolic syndrome [2]. The enzyme
11beta-hydroxysteroid dehydrogenase-1 (11beta-HSD1)
is highly expressed in liver and adipose tissue (AT) and is
responsible for the conversion of the biologically inactive
cortisone to active cortisol [3]. Currently, it is thought
that the main factor to regulate 1lbeta-HSD1 activity
in liver and AT could be body weight. However, there
are conflicting data on the interaction of 11beta-HSD1
expression, obesity and T2DM: In obese subjects with
and without T2DM 11beta-HSD1 was found to be upreg-
ulated in subcutaneous AT when compared to healthy
lean controls [4—6]. In obese men with T2DM 11beta-
HSD1 activity in AT was increased whereas 11beta-HSD1
activity in liver was sustained [7, 8]. In contrast, eugly-
cemic obese subjects showed decreased 11beta-HSD1
activity in liver but increased enzyme activity in subcu-
taneous AT [9]. As summarized in [10] in patients with
T2DM and obesity the acute effect of 11beta-HSD1 inhi-
bition is most likely improvement of glucose metabolism
by reduction of glucocorticoid-mediated hepatic glucose
output. Inhibition of 11beta-HSD1 in AT is thought to
result in long-term effects with reduction of body weight
and improvement of dyslipidemia and arterial hyperten-
sion. Thus, 11beta-HSD1 inhibition should be targeted in
both, liver as well as AT and focus on a target population
with T2DM and obesity.

Proof of concept for the 11beta-HSD1 inhibitor class
as an anti-diabetic modality was demonstrated with
INCB13739 treatment over 12 weeks in subjects with
T2DM, who were failing metformin monotherapy [11].
However, despite efficacious HbAlc lowering and a good
safety profile development of this compound was for
unknown reasons not further pursued. Since then, most
11beta-HSD1 inhibitor development programs have
been discontinued, predominantly due to insufficient
efficacy in terms of glucose lowering. Nevertheless, the
tissue-specific improvement of cortisol metabolism via

11beta-HSD1 inhibition is still of high interest in treat-
ment of T2DM and parameters the metabolic syndrome,
mainly obesity and hyperlipidemia. It seems to be cru-
cial to have a compound which is safe and able to inhibit
11lbeta-HSD1 to a high extent in liver and AT and
BI 187004 is expected to fulfill these prerequisites.

The purpose of this study was to evaluate the safety, tol-
erability, pharmacokinetics (PK) and pharmacodynam-
ics (PD) of single rising doses of the novel 11beta-HSD1
inhibitor BI 187004 up to 360 mg once daily in healthy
male volunteers with overweight or obesity.

Materials and methods

Participants

Participants were male healthy volunteers with over-
weight or obesity aged 18-55 years with a body
mass index (BMI)>28 kg/m? for participants which
received subcutaneous AT biopsies (10-360 mg group),
BMI>25 kg/m? for participants which did not receive
AT biopsies (2.5-5 mg group). To reduce a safety risk
for a molecule which has never been tested in humans in
this first trial women were not included. The main exclu-
sion criteria were any evidence of a clinically relevant
concomitant disease, and gastrointestinal, hepatic, renal,
respiratory, cardiovascular, metabolic, immunological or
hormonal disorders besides hyperlipidemia. To exclude
impaired fasting glucose and diabetes prior to the study
the following exclusion criteria were defined: (i) any evi-
dence of a clinically relevant concomitant disease, (ii) any
laboratory value outside the reference range that is of
clinical relevance, (iii) Fasted plasma glucose>126 mg/
dL (7.0 mmol/]) in repeated tests during screening.

The study was undertaken according to the Declaration
of Helsinki and Good Clinical Practice principles. The
protocol was approved by local independent ethics com-
mittee (Arztekammer Nordrhein, Diisseldorf, Germany).
All participants provided written informed consent
before participation. The clinical trial registry number is
NCTO01587417 (www.clinicaltrials.gov).

Study design and procedures

This was a randomized, double-blind, placebo-con-
trolled, single rising dose study conducted at a single
center in Germany. A total of 72 healthy male volun-
teers entered and 71 completed the study. Subjects
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were treated in 9 sequentially ascending dose groups of
2.5, 5, 10, 20, 40, 80, 160, 240, and 360 mg of BI 187004
or matching placebo. Within each dose group, 6 sub-
jects were treated with a single dose of BI 187004, and
2 subjects received placebo (except for the 5 mg dose
group, where only 1 subject received placebo). The
subjects were admitted to the study center on day -2,
36 h prior to the treatment and were discharged on day
2. Follow-up on an ambulatory basis was performed
between 11 and 15 days after study drug administra-
tion. The active drug was provided as a powder for oral
solution (PFOS). At the time of use the oral solution
for dosing was prepared using the PFOS and a co-sup-
plied aqueous solvent containing HP-beta-cyclodex-
trin 100 mg/mL. The lowest dose level solutions were
prepared by further dilution of the lower concentra-
tion solution with additional solvent. Subcutaneous
AT sample collection occurred at three different time
points for each subject on day -1 (baseline), day 1 (10 h
after single dose) and day 2 (24 h after single dose) via
incision biopsy in the umbilical region.

Plasma samples for PK analyses were obtained from
day 1 to day 2 (pre-dose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8,
10, 12, 24, 36 h), day 3 to day 5, day 11 to day 15 (in
the morning). 24-h urinary collection for PK and PD
analysis was obtained from day -1 to day 4 in 4-h to
12-h intervals (relative to drug administration).

BI 187004 concentrations in plasma and urine sam-
ples were measured with validated bioanalytical
methods using a high-performance liquid chroma-
tography-tandem mass spectrometry (LC-MS/MS)
method. The assay method consists of a solid sup-
ported liquid-liquid extraction of human plasma, cou-
pled with quantitative LC-MS/MS determination of
the extracted samples and was validated for the con-
centration range of BI 187004 of 3—3,000 nmol/L. The
BI 187004 plasma concentration data were generated
from 11 analytical runs. For each accepted run, the
acceptance criteria for the calibration standards and
quality controls were met.

The BI 187004 concentrations in urinary samples
were measured using a LC-MS/MS method which was
validated for the concentration range of BI 187004 of
5—5,000 nmol/L. The BI 187004 urine concentration
data were generated from 5 analytical runs. For each
accepted run, the acceptance criteria for the calibra-
tion standards and quality controls were met.

The acceptance criteria for the plasma and urine
assay were (i) a regression coefficient (R?) of>0.98;
(ii) at least 75% of calibration standards with < 15%RE
(relative error / accuracy) and (iii) each accepted curve
contained at least 6 concentration levels.
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Safety assessments

Safety and tolerability of BI 187004 were assessed in
a descriptive way using the following investigations:
recording of adverse events, clinical laboratory param-
eters (haematology, coagulation, enzymes, substrates,
electrolytes, hormones, and urinalysis), vital signs (blood
pressure, puls rate), 12-lead ECG (electrocardiogram)
with special attention to QTc prolongation, and physical
examination (occurrence of findings).

Measurement of urinary corticosteroids

The urinary samples for determination of urinary free
cortisol (UFF), urinary free cortisone (UFE), urinary total
cortisol (UTF), urinary total cortisone (UTE), and their
metabolites 5alpha- or allo-tetrahydrocortisol (aTHF),
5beta-tetrahydrocortisol (THF), and tetrahydrocorti-
sone (THE) were analyzed using a validated LC-MS/MS
method.

Concentration measurement of Bl 187004 in adipose tissue
The BI 187004 concentrations in human AT samples
were measured using a protein-precipitation extraction
of homogenized human AT, coupled with quantitative
LC-MS/MS determination of the extracted samples. The
assay was qualified for the BI 187004 concentration range
of 2.5—10,000 ng/g. The BI 187004 AT concentration
data for study samples were generated from seven ana-
lytical runs. For each run, the acceptance criteria for the
calibration standards and QC samples were met. Accept-
ance criteria for all sample analysis runs were <25% RSD
(relative standard deviation / precision) and+25% RE
(relative error / accuracy) for calibration standards and
quality control samples.

Ex vivo measurement of 11beta-HSD1 activity

Inhibition of 11beta-HSD1 in AT was measured by con-
version of deuterized (d2)-cortisone to d2-cortisol ex vivo
in subcutaneous AT biopsies. Immediately after taking
the biopsies with an open incision, tissue samples were
cut into fragments, placed into 48-well tissue culture
plates and incubated in assay buffer. A triplicate set of tis-
sue fragments was incubated in media with d2-cortisone
and 1 pM test substance to establish the background level
of d2-cortisol. After overnight incubation, about 80 pL of
the supernatant were snap frozen and stored at <-60 °C.
Then, d2-cortisone and d2-cortisol were measured using
a validated LC-MS/MS method with the formation
of d2-cortisol being an indirect indicator for enzyme
activity.
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Statistical analysis

11beta-HSD1 inhibition in AT was calculated as indi-
vidual percent change from baseline to day 1 and
day 2 of the absolute deuterized cortisol measure-
ments and expressed in medians. Safety laboratory
parameters including hormone measurements are
given as mean *standard deviation, PK parameters
as geometric mean (gMean)+ geometric coefficient
of variation (%gCV), except for t., (time of maxi-
mum observed drug concentration), which is given as
median + range. Methods for the determination of PK
parameters were described previously [12]. Dose pro-
portionality of BI 187004 was explored using a power
model. The placebo corrected percentage change from
baseline of the data shown in Supplementary Table 1
and 2 was analyzed statistically by an ANCOVA model
with baseline as covariate on the logarithmic scale.
Placebo correction was achieved by estimating mean
differences between each dose of BI 187004 and pla-
cebo with the corresponding 90% confidence interval
(CI). The results were back-transformed to the origi-
nal scale resembling post dose/baseline ratios for each
dose of BI 187004 model.

Results

Subject disposition and demographics

A total of 71 male subjects were treated in 9 sequential
dose groups with one single dose of BI 187004 in ascend-
ing order of 2.5, 5, 10, 20, 40, 80, 160, 240, and 360 mg
and placebo. All treated subjects completed the trial
according to the clinical trial protocol. All subjects were
white men with a mean (+SD) age of 40.8£8.8 years.
Body weight (mean+ SD) was 99.61 +13.29 kg and body
mass index (BMI, mean=SD) was 30.17 £2.73 kg/m>
There were no relevant differences seen between dose
groups with respect to demographic characteristics. No
relevant medical conditions and concomitant therapies
were reported. Baseline metabolic characteristics are
summarized in Supplementary table 3.

Safety

In total 17 out of the 71 subjects (23.9%) reported at
least 1 adverse event (AE) during the trial, with 15 sub-
jects (27.8%) reporting events following BI 187004 treat-
ment and 2 subjects (11.8%) reporting AEs following
placebo. AEs that were considered drug-related by the
investigator occurred in 9 subjects (16.7%) in total for
all BI 187004 dose groups and in 1 subject (5.9%) for
placebo. The treatment groups were similar with regard
to the kind and intensity of AEs. All subjects recovered
from their AEs by the end of the trial. No deaths, no AEs
leading to discontinuation, and no serious AEs occurred
during the trial. The AE with the highest incidence was
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headache, observed in 3 out of 54 subjects (5.6%) receiv-
ing BI 187004 and in 1 out of 17 subjects (5.9%) receiv-
ing placebo. All other AEs occurred with a frequency of
less than 5%. There were no notable findings with respect
to clinical laboratory evaluations, vital signs, and ECG
recordings. No hypoglycemic episodes were reported.

As summarized by Stomby et al. [13] following 11beta-
HSD1 inhibition serum cortisol levels decrease with a
compensatory increase of adrenocorticotropic hormone
(ACTH) leading to increased activity of the hypothala-
mus—pituitary—adrenal (HPA) axis. This is followed by
increased adrenal activity leading to stable cortisol levels
and increased androgens. At all BI 187004 dose levels,
cortisol levels decreased and dehydroepiandrosterone-
sulphate (DHEA-s) slightly increased in a dose-independ-
ent manner (Table 1). ACTH and androstenedione levels
increased in dose groups > 20 mg compared with placebo
and slightly decreased or remained unchanged thereafter
(Table 1). The observed differences from baseline in total
testosterone and sex-hormone binding globulin (SHBG)
levels were still within the respective reference ranges
(Table 1). In addition, total urinary corticosteroid excre-
tion increased ranging from 130.3% (2.5 mg) to 197.5%
(80 mg) across all BI 187004 dose levels suggesting an
effect of BI 187004 on the HPA axis (Supplementary
Table 1).

Pharmacokinetics

In a few subjects from the 2.5 mg BI 187004 dose group,
plasma concentrations were too low to estimate accu-
rately the terminal half-life (t;;,) of BI 187004. For these
subjects, several PK parameters like AUC,_,,, oral clear-
ance (CL/F) or apparent volume of distribution (Vz/F)
were not calculated. Dose normalized C,, and AUC
values suggest a non-proportional increase in BI 187004
plasma exposure over the 2.5 to 360 mg dose range
tested. A large inter-individual variability was notice-
able for some dose groups investigated in this study. For
the dose range of 5-360 mg regarding plasma exposure
(Chax/AUC), dose-proportionality can be assumed but
not for elimination (Ae_,). Plasma concentration—time
profiles were generally characterized by a quick absorp-
tion after single oral administration of BI 187004 with
peak concentrations observed between 1 h and 1.5 h after
dosing, individual BI 187004 plasma concentrations are
presented in Supplementary Tables 4—12. For a single
subject (subject 64), C_ ., was reached 24 h after admin-
istration of 240 mg BI 187004. However, for this subject,
plasma concentrations during the first 24 h were much
lower compared to any subjects treated at this dose level
(Supplementary Table 11). Thus, the plasma concentra-
tion time profile curve of the 240 mg group was sub-
stantially lower than the curve of the 160 mg group. The
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Table 1 Hormones of the HPA axis: mean difference from baseline
Parameter [Reference Rangel/ Placebo 25mg 5mg 10mg 20mg 40mg 80mg 160mg 240mg 360mg
Time point/Difference from N=17 N=6 N=6 N=6 N=6 N=6 N=6 N=6 N=6 N=6
baseline
Cortisol [171 - 536 nmol/L]
Baseline 396.1 3597 338.1 3956 3308 3013 3257 258.1 2194 3478
24:00 -39.0 -77.1 1.8 -78.7 184 -48.8 102.6 -49.2 -7.3 -40.0
96:00 -46.6 -65.3 -75.0 -128.8 -34.1 -75.5 -64.4 -69.9 -5 -1329
ACTH [1.03 - 10.74 pmol/L]
Baseline 4.96 3.80 4.26 4.59 3.25 252 2.01 2.82 3.64 342
24:00 -1.22 0.59 0.53 0.78 1.53 144 4.69 1.34 0.87 1.30
96:00 -1.84 -0.46 -1.65 -1.35 -0.58 -0.01 136 0.05 -0.27 0.38
DHEA-s [2.6 - 13.0 pmol/L]
Baseline 6.4 52 5.0 5.1 58 5.7 6.0 4.1 52 43
24:00 0.0 0.7 16 12 2.2 1.7 26 16 1.6 12
96:00 1.1 2.1 0.9 1.9 2.1 23 24 22 23 1.6
Androstenedione [1.1 - 10.9 nmol/L]
Baseline 9.6 11.0 105 8.1 59 84 9.8 6.2 75 6.7
24:00 -23 02 1.2 13 3.7 3.7 8.1 26 50 32
96:00 -26 -1.8 -3.7 -34 38 0.1 0.5 15 27 -0.3
Total Testosterone [9.9 - 27.9 nmol/L]
Baseline 16.1 184 16.7 18.7 154 203 16.3 134 15.6 116
24:00 0.2 0.1 -09 -0.2 -13 -0.5 0.8 1.0 -28 -0.3
96:00 -0.3 -0.3 -0.7 -2.0 -1.0 -0.8 0.6 24 24 0.7
SHBG [10 - 80 nmol/L]
Baseline 257 321 282 337 284 376 29.1 295 272 285
24:00 1.8 26 3.0 34 29 0.6 2.1 19 23 0.9
96:00 0.6 -0.1 27 0.2 13 -1.8 -1.3 -0.8 25 -22

apparent clearance (CL/F) of BI 187004 was generally low
(4.21—6.44 L/h). A trend showing a continuous decrease
in CL/F values from 5 to 160 mg BI 187004 and then an
increase for doses of 240 and 360 mg was observed. The
volume of distribution (V,/F) of BI 187004 was moder-
ate (87.9—281.0 L) and a similar trend as for CL/F was
observed across the BI 187004 tested dose range. The
apparent terminal t ,, of BI 187004 decreased from 33.5 h
to 14.5 h between the 5 mg and 160 mg dose groups. At
higher BI 187004 doses (240, 360 mg) t,,, was compara-
ble to the 160 mg group. The cumulative fraction of the
BI 187004 dose excreted in urine during the 0-72 h col-
lection interval was low (3.00-4.93%) with the largest
proportion being excreted during the first 12 h post dos-
ing. The data are summarized in Table 2 and Fig. 1.

BI 187004 concentration in plasma compared with the
concentration in AT at 24 h post dosing, was approxi-
mately 10 times higher (range of ratio AT,, /Plasmac,,:
8.58—11.4). Plasma concentration at 10 h post dos-
ing compared to the AT concentrations showed factor
between 8.36 and 16.2 times higher values except for
the 240 mg dose group in which the gMean ratio plasma

concentration /AT concentration was higher (25.1%) due
to very low BI 187004 plasma concentrations observed in
one subject (Table 3).

11beta-HSD1 inhibition in the liver

The pharmacodynamic effects of BI 187004 were evalu-
ated based on the urinary concentrations of cortisone
(UFE, UTE), cortisol (UFF, UTF) and their respective
metabolites (QTHF, THE, THE) over a 24 h period. Inhibi-
tion of 11beta-HSD1 in the liver was assessed indirectly
by urinary concentration of THF and THE, i.e. the ratio
of (aTHF+THF)/THE (in short: (aTHF+ THF)/THE
ratio), by calculating the change from baseline related to
baseline and compared for treatment with single ascend-
ing doses of BI 187004 versus placebo (placebo-corrected
change from baseline of the (aTHF 4 THF)/THE). Inhi-
bition in the 2.5 mg group was calculated as 54.8% and
by 69.9% in the 5 mg group remaining on this level in all
higher treatment groups (10-360 mg) without any dose-
dependent effect (Fig. 2) Urinary THF/THE ratios are
summarized in Supplementary Table 2. Individual THEF/
THE ratios are presented in Supplementary Table 13.
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Table 2 Summary of pharmacokinetic parameters of Bl 187004 after single oral dose administrations in healthy male volunteers

Pharmacokinetic Bl 187004
parameter
2.5mg 5mg 10mg 20 mg 40 mg 80 mg 160 mg 240 mg 360 mg
gMean gMean gMean gMean gMean gMean gMean gMean gMean (%gCV)
(%gCV) (%gCV) (%gCV) (%gCV) (%gCV) (%gCV) (%gCV) (%gCV)
AUC, o, [nmol*h/L] - 2,500 5910 12,400 25,900 51,100 111,000 109,000 191,000
) (23.0) (29.2) 412) (36.1) (40.2) (19.5) (534) (254)
AUC,,4 [Inmol*h/L] 212 1,490 4,380 9,450 19,900 43,100 82,100 71,700 135,000
(35.2) (21.5) (23.2) (32.1) (26.6) (36.9) (12.6) (74.1) (22.0)
Crnax [INnmol/L] 1.8 150 502 1,030 2,210 2,460 8310 7,120 13,400
(75.0) (19.7) (14.0) (14.4) (27.8) (56.2) (11.0) (64.9) (34.1)
Cy4 [Inmol/L] 4.54 300 713 161 321 878 1,630 2,130 2,690
(25.2) (28.0) (46.1) (66.3) (50.8) (36.0) (25.9) (22.5) (36.0)
T [N]* 1.0 10 10 138 1.0 225 10 10 10
(1.0—1.5) (1.0—1.5) (0.5—2.5) (0.5—1.5) (05—3.0) (1.0—2.5) (0.5—2.0) (1.0—24.0) (0.5—1.0)
ty, [h] - 335 23.7 212 189 17.1 145 134 139
(14.4) (18.0) (17.8) (19.7) (35.6) (8.92) (28.9) (16.0)
V,/F (L] - 281 169 144 123 113 879 124 110
(27.7) (44.3) (52.2) (49.8) (533) (14.6) (48.2) (16.1)
CL/F [L/h] - 582 493 4.70 4.50 4.56 4.21 6.44 548
(23.0) (29.2) (412) (36.1) (40.2) (19.5) (53.4) (254)
feg 7o [%] - 3.00 4.03 493 421 4.55 475 4.88 4.25

- no descriptive statistics calculated, gMean Geometric mean, %gCV Geometric coefficient of variation, AUC, ., Area under the concentration-time curve over time

interval from 0, extrapolated to infinity, AUC,_,, Area under the concentration vs time curve during one dosing interval, C,

2x Maximum observed drug concentration,

C,4 Drug concentration in 24 h dosing interval, t,,,, Time of maximum observed drug concentration, *t,,,, Is given as median and range (min - max), t; , Half-life
associated with terminal rate constant in non-compartmental analysis, VZ/F Apparent volume of distribution during the terminal phase Az, CL/F Oral clearance, fe0-

72 h Fraction of Bl 187004 eliminated in urine from 0to 72 h

Furthermore, total urinary corticosteroid excretion
(sum of UFF, UFE, aTHF, THF and THE) increased up to
197.5% indicating activation of cortisol turnover (Supple-
mentary Table 1).

11beta-HSD1 inhibition in adipose tissue

Conversion of d2-cortisone to d2-cortisol in AT as meas-
ure of 11beta-HSD1 enzyme activity 10 h after a single
dose of BI 187004 decreased by 86.8% in the 10 mg and
by 81.5% in the 20 mg dose group and remained greater
than 95% in the dose groups 40—360 mg. 24 h after a sin-
gle dose cortisone to cortisol conversion was 59.4—84.6%
in the dose groups 10-40 mg and remained greater than
95% in the dose groups 80—-360 mg (Table 3, Fig. 3). Indi-
vidual cortisol levels are presented in Supplementary
Table 14.

Discussion

The results of this randomized, double-blind, placebo-
controlled, single rising dose study are the first clini-
cal data from the 1lbeta-HSD1 inhibitor BI 187004 in
humans. The compound in single doses of up to 360 mg
was well tolerated in healthy male subjects. The overall
incidence of AEs was low, did not show any dose-depend-
ency and was not different between BI 187004-treated
and placebo-treated subjects.

BI 187004 was generally absorbed quickly after the
administration of the oral solution with a non-propor-
tional increase in BI 187004 plasma exposure over the
entire dose range. The plasma PK profiles observed
showed a change in distribution and elimination of
BI 187004 over the entire dose range of 2.5 to 360 mg
BI 187004: From 2.5 to 160 mg volume of distribution
as well as clearance showed a trend to decrease and
then increased for the doses 240 and 360 mg as pos-
sible explanation of these changes. However, a possi-
ble increase in the absorption of BI 187004 could also
explain the change in distribution and clearance.

The decrease in the plasma terminal half-life of
BI 187004 may be explained by a smaller decrease in
the oral clearance compared to the apparent volume
of distribution but can also be related to the lack of PK
samples collected beyond 96 h to determine the actual
terminal phase for BI 187004 doses above 2.5 mg. In the
240 mg dose group a single subject reached C__,, only
24 h after drug administration and showed plasma con-
centrations which were approximately tenfold to 60-fold
lower compared to the measurements of the other sub-
jects at the individual time points. Thus, the plasma
concentration time profile curve of the 240 mg is sub-
stantially lower than the curve of the 160 mg dose group.

Of particular interest for this mode of action are
changes in the plasma hormone concentrations as
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Fig. 1 Arithmetic mean plasma concentration-time profile of Bl 187004 after single oral administration of 2.5, 5, 10, 20, 40, 80, 160, 240 and 360 mg
BI 187004 for (A) 24 h and (B) 96 h after drug administration. n=5 (2.5 mg), n=6 (5-360 mg)

summarized by Stomby et al. [13]. Extra-adrenal
regeneration of cortisol by 11beta-HSD1 substantially
contributes to the overall amount of circulating cor-
tisol. Successful 1lbeta-HSD1 enzyme inhibition is
expected to enhance the net metabolic clearance rate
of cortisol. Thus, in response to 11beta-HSD1 inhibi-
tion serum cortisol levels tend to decrease but due to
loss of negative HPA axis feedback there occurs a com-
pensatory increase in ACTH and the cortisol secretion
rate. Furthermore, DHEA-s and androstenedione levels
are expected to increase while serum cortisol overall
remains stable or slightly decreases. In line with the
findings of Stomby [13] our data also suggest that a sin-
gle dose of an 11beta-HSD1 inhibitor is likely not suf-
ficient to significantly activate the HPA axis: after single
ascending doses of BI 187004, all HPA axis hormones
remained within the normal range. However, there
was a transient increase of ACTH 24 h after the sin-
gle dose of BI 187004. Also total urinary corticosteroid

excretion increased by up to twofold, which indicates a
transient activation of the HPA axis hormones.

Data from mice indicate that wild type mice mostly
excrete urinary corticosteroids as metabolites of cor-
ticosterone and less than 10% as 11-Dehydrocorticos-
terone (11-DHC) metabolites, whereas in whole body
11beta-HSD1 knockout mice, 20-25% are excreted as
11-DHC metabolites [14]. In contrast, liver specific
11beta-HSD knockout mice showed similar glucocor-
ticoid excretion patterns as control mice [15]. Thus, at
least in animal models, urinary steroid metabolite excre-
tion might be substantially influenced by extrahepatic
inhibition of 1lbeta-HSDI1. In clinical studies, reduc-
tion in urinary (aTHF + THF)/THE ratio is still used as
relevant non-invasive indirect measure of 11beta-HSD1
enzyme inhibition in the liver [16]. In our study uri-
nary (aTHF+ THF)/THE ratio decreased by approxi-
mately 70% after a single dose of 5 mg BI 187004 with
no further decrease in all higher dose groups. Only the
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Table 3 PK/PD relationship between Bl 187004 concentration in adipose tissue and plasma and ex vivo 11beta-HSD1 inhibition in AT
after a single dose of Bl 187004

Dose (mg) Bl 187004 Bl 187004 Bl 187004 11beta-HSD1 Bl 187004 Bl 187004 Bl 187004 11beta-HSD1
Plasma C;, ATC,, AT:plasma inhibition in Plasma C,, ATGC,, AT:plasma inhibition in
gMean (range) gMean (range) ratio (range) AT* median gMean (range) gMean (range) ratio (range) AT* median
[nmol/L] [nmol/L] 10h (min-max) [nmol/L] [nmol/L] 24h (min-max)

10 h [%] 24 h [%]

10 174 17.9 10.3 86.8 713 - - 594
(118 - 250) (123-26.7) (778 - 14.8) (81.1-914) (39.1-112) (991 -22.6) (9.58-20.1) (34.0-78.6)

20 382 38.1 9.97 81.5 161 17.5 10.8 823
(253 - 529) (26.2 — 49.5) (847 -134) (68.5 -93.6) (85.8 - 353) (11.1-33.3) (590-16.7)  (65.0-90.7)

40 796 80.3 10.1 95.6 321 27.5 8.58 84.6
(467 - 1,140) (67.6-122) (7.22-14.5) (93.6 -96.7) (169 - 625) (189-42.7) (6.84-125) (82.9-95.0)

80 1,530 128 8.36 97.5 878 84.5 9.62 935
(1,040 - 2,570) (92.3-207) 6.71-12.2) (95.7 - 98.8) (605 - 1,560) (63.7 -128) (818-120) (91.1-96.9)

160 3,000 412 13.7 99.1 1,630 168 103 979
(1,940 - 4,290) (328-582) (874 -20.7) (988-99.4) (1,360 - 2,690) (105 - 325) (773-124)  (94.0-98.9)

240 2,600 653 25.1 994 2,130 212 9.96 98.1
(313 -5,800) (474 - 899) (11.4-207) (99.1-99.6) (1,530 -2,630) (143 -283) (832-117) (96.8-98.8)

360 5,300 857 16.2 99.5 2,690 307 114 98.6
(3,360 - 7,680) (595 - 1,480) (931 -344) (993-99.6) (1,790 - 4,740) (191 - 404) (851-150) (98.0-994)

- no descriptive statistics calculated (> 60% of subjects had concentrations below lower limit of quantification), gMean Geometric mean, AT Adipose tissue, C;, Drug
concentration 10 h after single dose treatment, C,, Drug concentration 24 h after single dose treatment

* 11beta-HSD1 inhibition in AT defined as % decrease from baseline in d2 cortisol levels

THF/THE ratio
2
1.8
L6 |
1.4
2
E 1.2 A
T 11 MW baseline
-
£08 - 024 h
-
0.6 -+
0.4 -
0.2 A
0 -
Placebo2.5mg 5mg 10mg 20mg 40mg 80 mg 160 mg 240 mg 360 mg
Fig. 2 Tetrahydrocortisol (aTHF +THF) / tetrahydrocortisone (THE) at baseline and after single ascending dose administrations in healthy
volunteers. Data are mean = SD, n=14 (placebo), n=6 (Bl 187004)

lowest dose of 2.5 mg showed a slightly less decrease
in the (aTHF + THF)/THE ratio by 54.8%. Thus, a true
dose—response relationship could not be established. In
addition, there were only minimal changes over time sug-
gesting the maximum hepatic 11beta-HSD1 inhibition
for BI 187004 was already reached in the second lowest
dose of 5 mg after single dosing.

A reduction in (aTHF+THF)/THE ratio by 70%
after single dose treatment is in the range of what was

previously reported for other 1lbeta-HSD1 inhibitors:
maximum decrease in the urinary (aTHF+ THF)/THE
ratio was as high as 92% for RO5093151 after 4 weeks [17]
and 92% at the highest dose of 900 mg for AZD4017 after
9 days [18] and as low as 26% for PF-915275 after 14 days
of treatment [19]. In patients with T2DM treatment with
BI 135585 decreased urinary (aTHF+THF)/THE ratio
by 65-75% after a single dose and by 75% after 14 days
compared to placebo which was already achieved in the
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Fig. 3 11beta-HSD1 inhibition in adipose tissue 10 h and 24 h after single oral doses of Bl 187004 in healthy male volunteers. Data are median 4= SD,
n=14 (placebo), n==6 (Bl 187004)

lowest dose (5 mg) without further decrease with higher
doses [20]. Currently, the question remains to what
extent inhibition of 11beta-HSD1 in the liver leads to a
reduction in the (aTHF + THF)/THE ratio. Although this
open question remains, we demonstrated that BI 187004
led to a significant and sustained 11beta-HSD1 inhibi-
tion in the liver as indicated by the reduction in urinary
(aTHF 4 THF)/THE ratio already at low doses.

Complementary analyses of 11beta-HSD1 enzyme inhi-
bition in AT showed consistent results. Single ascend-
ing doses of 10-360 mg BI 187004 led to 11beta-HSD1
inhibition of >90% 10 h after single dosing in the 40 mg
group and 24 h after single dosing in the 80 mg group.
The strong enzyme inhibition of >90% was expected
based on the achieved BI 187004 concentration in AT
and preclinical modeling data using the 11beta-HSD1
inhibitor BI 135585 [21].

The data are in line with published data with other
11beta-HSD1 inhibitors: Several groups reported data
on 1llbeta-HSD1 inhibition in AT after single dose
treatment. For instance, INCB13739 inhibited 1lbeta-
HSD1 enzyme >90% in AT after a single dose for at least
24 h based on a decrease in (aTHF+ THF)/THE ratio
[22]. Similarly, single dose of AMG 221 administration
resulted in sustained >90% 11beta-HSD1 inhibition in AT
for the 24-h study duration [23]. Likewise, a single dose
of BI 135585 led to 90% inhibition of 11beta-HSD1 in AT
24 h after dosing [20].

Based on preclinical modeling [21] an inhibition
of >90% of 11beta-HSD1 in AT is regarded as a prereq-
uisite to obtain sustained glucose lowering efficacy.

Therefore, a dose of at least 40-80 mg BI 187004 is
thought to be needed to achieve a long-term blood glu-
cose following long-term effect.

In summary, BI 187004 leads to a significant and
strong reduction in urinary (aTHF+THF)/THE ratio
indicating 11beta-HSD1 inhibition in the liver after sin-
gle rising doses as well as a dose dependent almost full
inhibition of 11beta-HSD1 in AT. As expected, BI 187004
did transiently activate the HPA axis after single doses.
In contrast to the clinical development of other 11beta-
HSD1 inhibitors, data on enzyme inhibition in liver and
AT were assessed with BI 187004 already in the first-
in-human trial in subjects with overweight or obesity,
a population close to the target population of T2DM and
obesity.

This first-in-human trial demonstrated that BI 187004
is a potent 11beta-HSD1 inhibitor in both, liver and AT.
Therefore, it fulfils the prerequisites to evaluate the effect
of 11beta-HSD1 inhibition in improving glucose metabo-
lism, body weight and lipid profile in patients with T2DM
and obesity.

Conclusion

It can be concluded that, (i) the novel 11beta-HSD1
inhibitor BI 187004 is safe and well tolerated after sin-
gle dose in healthy male volunteers with overweight or
obesity; (ii) there is significant and over 24 h sustained
11beta-HSD1 enzyme inhibition in liver and AT; (iii)
the promising pharmacodynamic effects justify further
investigation of BI 187004 in multiple dose trials.
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under the concentration—time curve over time interval from 0 extrapolated
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dose treatment; C,,: Drug concentration 24 h after single dose treatment; Cl:
Confidence interval; CL/F: Drug clearance from plasma after oral administra-

tion; .., Maximum observed drug concentration in plasma; D2: Deuterized;

DHEA-s: Dehydroepiandrosterone-sulphate; ECG: Electrocardiogram; fey,, ,:
Fraction of BI 187004 eliminated in urine from 0 to 72 h; gMean: Geometric
mean; h: Hour; HPA: Hypothalamus—-pituitary—-adrenal; L: Liter; LC-MS/MS:
Liquid chromatography-tandem mass spectrometry; mg: Milligram; PD:

Pharmacodynamics; PFOS: Powder for oral solution; PK: Pharmacokinetics; RE:
Relative error; RSD: Relative standard deviation; SD: Standard deviation; SHBG:

Sex-hormone binding globulin; t, ,: Half-life; T2DM: Type 2 diabetes mellitus;
THE: Tetrahydrocortisone; t,.,,c Time of maximum observed drug concentra-
tion; UFE: Urinary free cortisone; UFF: Urinary free cortisol; UTE: Urinary total
cortisone; UTF: Urinary total cortisol; V,/F: Apparent volume of distribution;
VZ/F: Apparent volume of distribution during the terminal phase Az.
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