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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Cholesteryl ester transfer protein (CETP) is a plasma

glycoprotein that facilitates the transfer of cholesteryl
esters from the atheroprotective high density
lipoprotein (HDL) to the proatherogenic low density
lipoprotein cholesterol (LDL) and very low density
lipoprotein cholesterol (VLDL) leading to lower
concentrations of HDL but raising the concentrations of
proatherogenic LDL and VLDL. Inhibition of CETP is
considered a potential approach to treat dyslipidaemia.

WHAT THIS STUDY ADDS
• The study provides information on preclinical

pharmacokinetics (PK) and pharmacodynamics (PD) as
well as information on physiologically-based
pharmacokinetic modelling of a novel inhibitor of CETP,
BAY 60–5521, as an approach to support the prediction
of a potentially effective dose in humans.

AIMS
The purpose of this work was to support the prediction of a potentially effective
dose for the CETP-inhibitor, BAY 60–5521, in humans.

METHODS
A combination of allometric scaling of the pharmacokinetics of the
CETP-inhibitor BAY 60–5521 with pharmacodynamic studies in CETP-transgenic
mice and in human plasma with physiologically-based pharmacokinetic (PBPK)
modelling was used to support the selection of the first-in-man dose.

RESULTS
The PBPK approach predicts a greater extent of distribution for BAY 60–5521 in
humans compared with the allometric scaling method as reflected by a larger
predicted volume of distribution and longer elimination half-life. The combined
approach led to an estimate of a potentially effective dose for BAY 60–5521 of
51 mg in humans.

CONCLUSION
The approach described in this paper supported the prediction of a potentially
effective dose for the CETP-inhibitor BAY 60–5521 in humans. Confirmation of
the dose estimate was obtained in a first-in-man study.
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Introduction

Preclinical pharmacokinetic (PK) studies aim to characterize
the absorption and disposition of a new chemical entity in
animals. In addition,these preclinical studies should also be
helpful to estimate its likely pharmacokinetic behaviour in
man.Such understanding is a prerequisite for the successful
conduction of the first clinical study. However, extrapola-
tions from animal pharmacokinetic data to man often
remain speculative. Therefore, consideration of physiologi-
cal or pathophysiological processes that may impact on the
pharmacokinetic profile is important to add rationale to the
extrapolation of the pharmacokinetic profile in humans.
Various methods and approaches address the prediction of
human pharmacokinetics from preclinical data in animals
such as allometric scaling, species scaling by adjusting for
maximum life span potential, incorporating differences in
metabolic clearance or clearance by hepatic uptake as
reviewed elsewhere [1–5]. PK/pharmacodynamic (PD)
modelling and simulation has been increasingly used
recently at various stages of drug development [6–8].

In this paper, we describe the use of a combination of
allometric dose-scaling of BAY 60–5521, a potent inhibitor
of cholesteryl ester transfer protein (CETP) with pharmaco-
dynamic studies in CETP-transgenic mice and in human
plasma with physiologically-based pharmacokinetic
(PBPK) modelling to predict an effective dose in terms of
HDL increase in humans.

CETP is a plasma glycoprotein that mediates the trans-
fer of cholesterol esters from the cardioprotective HDL to
the proatherogenic low density lipoprotein cholesterol
(LDL) and very low density lipoprotein cholesterol (VLDL)
leading to lower concentrations of HDL while raising the
concentrations of proatherogenic LDL and VLDL. On the
other hand, CETP transfers triglycerides (TG) from VLDL or
LDL to HDL leading to TG-enriched HDL which is more
readily hydrolyzed by hepatic lipase resulting in smaller-
sized HDL particles that more effectively promote reverse
cholesterol transport [9]. Thus, CETP inhibitors might be a
powerful tool for increasing HDL, decreasing LDL and
reducing the development of atherosclerosis [10].

Currently there are several compounds under investi-
gation in preclinical or clinical studies [11–14]. The synthe-
sis of novel tetrahydrochinoline derived CETP-inhibitors
has been described recently [15]. BAY 60–5521 was tested
in an early clinical study in humans and proved to be
clinically safe and well tolerated in this first-in man study
demonstrating clear pharmacodynamic effects on CETP-
inhibition and HDL [16].

Methods

Pharmacokinetic studies in vivo
All animal studies were approved by the competent
authority for labour protection, occupational health and

technical safety and were performed in accordance with
the ethical guidelines of Bayer Schering Pharma AG.

Pharmacokinetic studies were performed in male NMRI
mice, male CETP transgenic mice [17] (weight, 18 to 25 g, n
= 2–3 per time point), male Wistar rats (weight, 175 to
225 g, n = 3), and female beagle dogs (weight, 9 to 11 kg, n
= 3). For the studies in mice and rats, the compound was
dissolved in 10% ethanol, 10% Solutol HS15, and 80%
water (v/v/v). The concentration of the solution was
between 0.5 and 1 mg ml-1. A volume of 2 ml kg-1 was
administered to the mice and the rats. For the dogs, the
volume was 0.5 ml kg-1. The formulation of the test com-
pound was given as a single i.v. administration via a caudal
vein (mice and rats) or a cephalic vein (dog). The i.v. doses
were given either as a bolus injection (mice and rats) or as
a short infusion over 5 min (dogs). For oral administration,
a stomach tube system was used. The compound was dis-
solved in 10% ethanol, 10% Solutol HS15 and 80% water
(v/v/v). The application volume was 2.5 ml kg-1.

Sampling schemes were as follows: mouse i.v. studies:
0.033, 0.083, 0.167, 0.5, 1, 2, 4, 7, 16 and 24 h. For i.v. studies
in rats, the sampling scheme was 0.033, 0.083, 0.167, 0.5, 1,
2, 4, 7 and 24 h. In dogs, the i.v. sampling scheme was 0.083,
0.167, 0.25, 0.333, 0.5, 0.667, 1, 2, 3, 4, 7 and 24 h. The sam-
pling scheme for p.o. studies in rats was 0.167, 0.333, 0.667,
1, 2, 4, 7 and 24 h and for dogs 0.167, 0.333, 0.667, 1, 2, 4, 7,
24 and 30 h.

For the rats, blood samples were drawn from the right
jugular vein through an implanted cannula over the obser-
vational period while the rats were conscious. For the mice,
blood was obtained by exsanguination while the mice
were under anaesthesia. For the dogs, blood samples were
obtained from a punctured jugular vein while the dogs
were conscious. The blood was collected and placed into
heparinized syringes or vials. Plasma was obtained by cen-
trifugation of blood samples.

Bioanalysis and pharmacokinetic data analysis
The plasma was stored below -15°C before further analy-
sis. BAY 60–5521 plasma concentrations were determined
after protein precipitation by a fully validated assay using
liquid chromatography coupled with a tandem mass spec-
trometer (HPLC-MS/MS). A structural analogue of BAY
60–5521 was used as internal standard. The validated
working range was from 0.500 mg l-1 (the lower limit of
quantification, LLOQ) to 500 mg l-1. Inter-day accuracy and
precision of the assay were equal to 97.5–103.9% and
1.20–10.1%, respectively. BAY 60–5521 concentrations in
plasma were unchanged after three freeze-thaw cycles
and stability after storage at -15°C could be demonstrated
for at least 2 months.Quality control (QC) samples (0.500 to
4000 mg l-1) were analyzed together with study samples.

Chromatograms of lithium heparin blank plasma
samples did not reveal any relevant peak interfering with
the peak of BAY 60–5521.
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Plasma concentration vs. time data were evaluated
using non-compartmental techniques (Kincalc software
for PC, Bayer AG). Maximum plasma concentrations (Cmax)
and the time needed to reach these concentrations (tmax)
were assessed by inspection of the concentration vs. time
plots. Area under the concentration vs. time curve (AUC)
was calculated using the log-linear trapezoidal rule up to
the last time point with a concentration above LLOQ (tlast)
plus the extrapolated portion (AUC(tlast,•)). Whenever a
reasonable estimation of the terminal half-life was not
possible, the AUC(0,tlast) was used instead. Apparent
oral clearance (CL/F) was obtained by dividing dose by
AUC. Exposure parameters were normalized to dose
(Cmax/D and AUC/D) and dose per body weight (Cmax,norm

and AUCnorm).

Allometric scaling
The allometric scaling (correlation with body weight)
of the pharmacokinetic parameters was performed
as described by Boxenbaum [2]. After logarithmic/
logarithmic transformation, the parameters were fitted to
the equation y = a ¥ BWb, where BW is body weight and a
and b are the allometric coefficient and the allometric
exponent, respectively.

Protein binding assays
The level of protein binding of BAY 60–5521 to plasma
proteins was determined by the erythrocyte partitioning
method described by Schuhmacher et al. [18].

In vitro clearance determinations
with hepatocytes
Incubations with hepatocytes were performed at 37°C in a
total volume of 1.5 ml using a modified Janus® robotic
system (Perkin Elmer). The incubation mixtures contained
1mio viable cells ml-1, ~1 mM substrate and 0.05 M potas-
sium phosphate buffer (pH = 7.4).The final CAN concentra-
tion was �1%.

Aliquots of 125 ml were withdrawn from the incubation
mixture after 2, 10, 20, 30, 50, 70 and 90 min and typically
dispensed in a 96 well filter plate (0.45 mm Low-Binding
Hydrophilic PTFE; Millipore: MultiScreen Solvinert), con-
taining 250 ml ACN to stop the reaction. After centrifuga-
tion filtrates were analyzed by MSMS (typically API 2000 or
API 3000).

Calculation of in vitro clearance values from half-life
data using hepatocytes, reflecting substrate depletion, was
performed using the following equations [19, 20]:

CL ml min kg
liver w

intrinsic′ ( ) = [ ]( )
×

− −1 1
1 20 693. min/in vitro t

eeight g liver kg body mass
cell number liver 

−[ ]( )
× ×[ ]

1

81 1 10. wweight g
cell number incubation volume ml

[ ]( )
×[ ] [ ]( )1 106

The CLblood was estimated using the nonrestricted well
stirred model [21]:

CL well stirred l h kg Q l h kg
CL

blood H

intrinsic

− − − −( ) = ( )[
× ′

1 1 1 1

ll h kg Q l h kg
CL l h kg

H

intrinsic

− − − −

− −
( ) ( )(

+ ′ ( )]
1 1 1 1

1 1

Specific liver weights and hepatic blood flows were
32 g kg-1 body mass and 4.2 l h-1 kg-1) for rats, 40 g kg-1

body mass and 2.1 l h-1 kg-1 for dogs and 21 g kg-1 body
mass and 1.32 l h-1 kg-1 for man. The cell number in the
liver was supposed to be 110 mio cells g-1 liver for all
species used.

CETP transgenic mice
CETP transgenic mice (FVB/NBAYTgN(CETP)) [17] were
bred in-house. To test for CETP inhibitory activity, BAY
60–5521 was administered orally by gavage. Male animals
were randomly assigned to groups of n = 4 1 day before
the start of the experiment. Before administration of the
substance, blood was taken from each mouse by puncture
of the retro-orbital venous plexus for the determination of
its basal CETP activity in serum. BAY 60–5521 was formu-
lated in 10% ethanol/10% Solutol/80% 0.9% NaCl (v/v/v).
BAY 60–5521 was administered at various doses using a
dosing volume of 10 ml kg-1 orally by gavage. At specific
times after administration of the test substance, blood
samples were collected, in general 16 or 24 h after sub-
stance administration. A control group of animals received
the formulation vehicle only. After clotting, the blood
samples were centrifuged and the serum was removed.

Effects of BAY 60–5521 on lipoproteins were deter-
mined against baseline at day 3 after treatment initiation.
Briefly, before the start of the experiment, blood was with-
drawn from the mice retro-orbitally in order to determine
cholesterol in the serum. The serum was obtained as
described above by incubation at 4°C overnight and sub-
sequent centrifugation at 6000 g. After 3 days of daily
administration of either BAY 60–5521 or torcetrapib at the
indicated dosages blood was again withdrawn from the
mice for lipoprotein analyses.

In vitro CETP inhibition assay
To assess CETP activity a micro-emulsion based assay
according to Bisgaier et al. [22] was used with the following
modification: (i) donor liposomes were prepared applying
1 mg cholesteryl 4,4-difluoro-5,7-dimethyl-4-bora-3a,4a-
diaza-s-indacene-3-dodecanoate (cholesteryl BODIPY®
FL C12, from Molecular Probes), 5.35 mg triolein (Sigma-
Aldrich) and 6.67 mg POPC (Sigma-Aldrich) respectively,
dissolved in a total volume of 600 ml dioxane and were
slowly injected into 63 ml buffer (50 mM Tris/HCl pH 7.3,
150 mM NaCl, 2 mM EDTA) in a water bath sonicator. This
suspension was then sonicated with 50 watt (Branson
Sonifier 450 with a cup-horn resonator) for 30 min under a
nitrogen atmosphere at room temperature, (ii) acceptor
liposomes were prepared in the same manner as donor
liposomes using 86 mg cholesteryl oleate, 20 mg triolein
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und 100 mg POPC dissolved in 1.2 ml dioxane and injected
into 114 ml buffer and (iii) in a total test volume of 100 ml
test compounds dissolved in DMSO (2 ml) were incubated
at 37°C for 4 h with 50 ml of a CETP containing sample
(1–3 mg CETP, enriched from human plasma) and 48 ml of a
liposome emulsion (1 volume donor, 1 volume buffer and 2
volumes acceptor, respectively). The increase of the fluo-
rescence intensity (excitation 485 nm, emission 535 nm) is
proportional to the cholesterol ester transfer. The inhibi-
tion of the transfer was followed in comparison with a
DMSO control.

To assess CETP activity in the presence of human
plasma 6 ml (12% v/v) of donor liposomes and 1 ml (2% v/v)
of a solution of the substance to be tested in DMSO were
added to 42 ml (86% v/v) of human plasma (Sigma P 9523).
The mixture was incubated at 37°C for 24 h. The change in
the fluorescence at 510/529 nm is a measure of the choles-
terol ester transfer. The inhibition of the transfer was fol-
lowed in comparison with a DMSO control.

To assess CETP activity in a scintillation proximity assay
the transfer of 3H-cholesterol ester from human HD lipo-
proteins to biotinylated LD lipoproteins was measured.
In the test batch, 10 ml of HDL-3H-cholesterol ester
(~50 000 counts min-1) were incubated at 37°C for 18 h
with 10 ml of biotin-LDL (Amersham) in 50 nM Hepes/
0.15 M NaCl/ 0.1% bovine serum albumin/ 0.05% NaN3

pH 7.4 containing 10 ml of CETP (1 mg ml-1) and 3 ml of a
solution of the substance to be tested (dissolved in 10%
DMSO/ 1% BSA). SPA-streptavidin bead solution (TRKQ
7005, 200 ml) was then added, incubated further with
shaking for 1 h and then measured in a scintillation
counter. Corresponding incubations with 10 ml of buffer,
10 ml of CETP at 4°C and 10 ml of CETP at 37°C served as
controls.

Physiologically-based pharmacokinetic
(PBPK) modelling
PBPK simulations were carried out using the generic PBPK
software PK-Sim® (Version 3.0, Bayer Technology Services
GmbH, Leverkusen, Germany). PK-Sim® is part of a larger
SystemsBiology software platform. PK-Sim® has been able
to predict and simulate the pharmacokinetic behaviour of
a variety of structurally different drugs [23–32]. A descrip-
tion of the PBPK model structure implemented in PK-Sim®
has been described elsewhere [33]. The software contains
databases with physiological parameters relevant for PBPK
simulations for various laboratory animals including mice,
rats and dogs as well as humans [34]. Based on this physi-
ological information, the software uses validated mecha-
nistic models to calculate gastro-intestinal transit and
absorption as well as organ permeability and partition
coefficients that determine the rate and extent of distribu-
tion of the compound into each organ based on its physi-
cochemical properties [35–38]. For BAY 60–5521, the
experimentally obtained membrane affinity (log MA =
5.10), binding constant to serum albumin (log KdHSA =

-5.20) and molecular weight (MW = 504 g mol-1) were
used as physicochemical input parameters. Another input
parameter was the clearance of BAY 60–5521 as deter-
mined in hepatocytes (well stirred method).

PK predictions with PK-Sim® were performed for a male
virtual individual with a body weight of 73 or 100 kg and
body height of 176 cm following oral administration of 5,
12.5, 25 or 50 mg BAY 60–5521.

Results

Pharmacokinetics
The pharmacokinetics of BAY 60–5521 were investigated in
mice, rats and dogs. Pharmacokinetics after oral adminis-
tration were linear in rats (3 to 30 mg) and dogs (1 to
10 mg). The compound showed low blood clearance in all
species. The apparent volume of distribution at steady
state (Vss) for BAY 60–5521 was moderate in mice, rats and
dogs (Table 1).

The absolute bioavailability of BAY 60–5521 after
administration of drug in solution was 44% in rats and 74%
in dogs. The incomplete bioavailability in rats is regarded
as a result of incomplete absorption rather than first-pass
metabolism as implicated by a variety of factors including
the low blood clearance and by pharmacokinetic behav-
iour of BAY 60–5521 after administration of very high
dosages. Although oral administration of high doses of up
to 150 mg kg-1 in rats and up to 200 mg kg-1 in dogs indi-
cated dose-dependent increases in plasma concentrations
and AUC in both species the increase appeared less than
dose-proportional (data not shown). However, due to vari-
ability and the shape of the plasma exposure curve over
the time investigated definite conclusions about dose-
proportionality can not be drawn from the data. Pharma-
cokinetics in non-transgenic mice were only investigated
after i.v. application.

CETP inhibition of BAY 60–5521 in vitro
Results of CETP inhibition measurements in vitro are sum-
marized in Table 2.

BAY 60–5521 inhibited CETP activity in a fluorescence
assay using artificial liposomes with an IC50 of 25 nM. In a
second assay (scintillation proximity assay, SPA) BAY
60–5521 showed an IC50 of 7 nM. Figure 1 shows the in vitro
activity of BAY 60–5521 in the two different assay formats.
In human plasma, BAY 60–5521 showed an IC50 of 50 nM

whereas the IC50 of BAY 60–5521 in plasma from CETP
transgenic mice was 25 nM (Figure 2).

Protein binding of BAY 60–5521 was high and species
dependent. The fraction unbound, fu, for humans is fu,human

0.0244% and in CETP transgenic mice fu,CETPmouse 0.0140%.

Pharmacodynamics in the CETP transgenic
mouse model
CETP activity varies markedly in different species, and
some species, such as mice, lack CETP activity. Because
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‘normal’ mice do not express CETP, transgenic mice carry-
ing the human CETP-gene are characterized by an altered
lipoprotein pattern compared with non-transgenic mice
[17]. In (FVB/NBAYTgN(CETP)) – (CETP) transgenic mice,
HDL is reduced and the Apo-B containing fractions (VLDL,
LDL) are significantly increased. Thus, these animals have,
due to the expression of CETP, a more human like lipopro-
tein profile compared with regular mice.

To test the activity of BAY 60–5521 in this model,
CETP-inhibition was determined ex vivo 16 and 24 h after
administration of the respective compound. BAY 60–5521
showed a trend for dose-dependency at lower doses
and significantly inhibited the CETP activity at 16 and
24 h after a single oral administration of 2 mg kg-1

(Figure 3). Administration of 2 mg kg-1 BAY 60–5521
increased HDL by 53.7 � 7.4% (mean/SD from n = 8 mice)
in these mice statistically significantly (P < 0.001) vs.
baseline at day 0.

Robust and reproducible effects on HDL concentra-
tions can be found starting at day 3 after daily administra-
tions of ‘effective’ doses of CETP inhibitors in CETP
transgenic mice. Therefore, the ‘effective’ dose was defined
as the dose sufficient to increase robustly HDL-
concentrations in a 3 day experiment vs. baseline at day 0.

The area under the plasma concentration curve after a
single administration of the ‘effective dose’ of 2 mg kg-1

BAY 60–5521 was 6.202 mg l-1 h.

Human dose prediction on the basis of
allometric scaling and the effective AUC in
CETP transgenic mice
The calculation of clearances and Vss in humans by allom-
etric species scaling of in vivo clearances under consider-
ation of fu is depicted in Figures 4 and 5 and the
parameters are listed in Table 3. The inhibition of CETP
activity in CETP transgenic mice correlated with the
plasma concentrations of BAY 60–5521 as shown in
Figure 6.

Pharmacodynamic investigations of CETP inhibition in
mouse (CETP-mouse) vs. human plasma revealed differ-
ences in CETP-inhibitory activity. Therefore these species
differences in IC50 need to be taken into account for the
estimation of the effective AUC in humans. As the binding
of BAY 60–5521 to plasma proteins is different in human
and mouse plasma, the respective IC50 values need to be
corrected for protein binding, yielding an IC50,unbound in the
CETP transgenic mouse plasma of 0.0035 nM and in human
plasma of 0.012 nM.

An effective human plasma AUC for BAY 60–5521 can
then be derived using the formula:

AUC AUC
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eff human eff mouse u mouse u human
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AUC AUC I Ieff human eff mouse human mouse, , , ,= × ( )C C50 50 (2)

An effective human dose for BAY 60–5521 can then be
calculated using the formula:

Dose AUC I I
CL

human eff mouse human mouse

plasma hum

= × ( )
×

, , ,

,

C C50 50

aan humanF , (3)

Based on the scaled parameters and the assumptions
as outlined above the estimated human dose for BAY
60–5521 is 51 mg man-1 day-1.

The Cmax was calculated using the formula

C F V t
max

max .= × × × − ×( )dose ess
k1 (4)

Based on the scaled parameters the estimated Cmax

value for a human dose of 51 mg is approximately
700 mg l-1.

The elimination half-life, t1/2, in humans was calculated
using the formula

t V1 2 0 693/ .= × CL (5)

Based on the scaled parameters the estimated t1/2 value
was approximately 9 h.

Bioavailability was assumed to be 50% taking incom-
plete absorption observed in animals into account.

We applied a similar approach for an effective dose-
prediction in humans to torcetrapib. Pharmacokinetic
parameters were determined and allometric scaling was
performed as described in the Methods section.The ‘effec-
tive’ torcetrapib dose in the CETP-transgenic mouse model
was determined to be 20 mg kg-1 once a day as this dose
led to an increase of HDL in these mice of 27.2 � 8.3%
(mean/SD from n = 8 mice) that was statistically significant
(P < 0.001) vs. baseline at day 0. However, after administra-
tion of 20 mg kg-1 torcetrapib to CETP transgenic mice ex
vivo inhibition of CETP activity at 16 h after administration
was not detectable and, after 24 h, CETP activity was inhib-
ited by 12.4 � 20.8% (mean/SD from n = 4 mice) which was
not statistically significant vs. baseline.

Table 2
CETP inhibition of BAY 60–5521 in vitro in various assay formats and substrates (mean and SD)

IC50 (nM)
Fluoassay; artificial liposomes SPA assay Fluoassay; human plasma Fluoassay; murine plasma

BAY 60–5521 25 � 5 7 � 3 50 � 22 25 � 5
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Figure 1
CETP inhibition of BAY 60–5521 in vitro in two different assay formats:
scintillation proximity assay, SPA ( ) or fluoassay ( )

0
–10 –9

Log concentration (M)
–8 –7 –6 –5

25

50

C
E

T
P

 in
hi

bi
ti

o
n 

(%
)

75

100

Figure 2
CETP inhibition of BAY 60–5521 in vitro in human plasma ( ) and murine
plasma (�) using a fluoassay
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In this model, single administration of the ‘effective’
dose resulted in an AUC of 19.342 mg l-1 h. Additional
input parameters used for the dose prediction included
fraction unbound fu,human of 0.033% and for CETP transgenic
mice fu,CETPmouse 0.0124%, CLplasma of 0.060 l h-1 kg-1 and
assumed F of 30%.

Based on the above mentioned assumptions the esti-
mated effective human dose for torcetrapib is
105 mg man-1 day-1 for a person of 70 kg body weight.

Physiologically-based pharmacokinetic
(PBPK) modelling
After confirming that PK-Sim® is able to describe the plasma
pharmacokinetics in rats and dogs (Table 1), plasma

concentration–time profiles after oral administration of
various doses of BAY 60–5521 were predicted in humans.

PK parameters estimated by PBPK for humans after a
single administration of 5, 12.5, 25 or 50 mg to a human
with 73 kg or 100 kg body weight are depicted in Table 4.
For modelling purposes we chose a single administration
of the CETP inhibitor and predicted PK over a 24 h time
frame. According to the PBPK model, doses above 12.5 mg
in humans resulted in plasma concentrations above the
IC50 in human plasma for 24 h and could, thus, be consid-
ered effective. Furthermore, the predicted Cmax for the
50 mg dose was in very good agreement with the afore-
mentioned estimated value of approximately 700 mg l-1. It
should be noted that we have used a body weight assump-
tion of 70 kg as the basis for the calculated dose estimate.
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Change in CETP transfer vs. baseline (at time ‘0’) (in pmol CE h-1), mean and SD) 16 and 24 h after administration of vehicle control (mean � SD) (�); BAY
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Body weights of patients suffering from dyslipidaemia may
differ from this modelling assumption. Using the PBPK
approach, we, therefore, modelled plasma concentrations
after administration of either 12.5, 25, 50 or 100 mg BAY
60–5521 in a human individual of approximately 70 kg
body weight and, in addition, of 100 kg body weight. In
both scenarios, the doses above 12.5 mg exceeded the IC50

of BAY 60–5521 vs. CETP as determined in in vitro experi-
ments (Figure 7). Based on an IC50 value of 50 nM, the PBPK
model predicts a mean CETP inhibition over 24 h of >68%
for doses of 12.5 mg and above, while the mean CETP inhi-
bition is below 55% for the lowest investigated dose.

Therefore, the aforementioned 51 mg dose of BAY
60–5521 would comfortably meet the criterion as an‘effec-
tive dose’ that is able to increase concentrations of HDL.

Based on the preclinical data and the results of the
PBPK modelling approach, 50 mg was recommended as
the potentially effective dose in humans.

Discussion

The approach used for assisting the dose finding for
a first-in-man dose used allometric scaling and

pharmacokinetic-pharmacodynamic (PK–PD) relationship
modelling with the help of PBPK modelling in humans.

We assumed that an ‘effective’ (with respect to HDL
increase) AUC in CETP transgenic mice would translate into
an ‘effective’ AUC in humans.

Estimated human pharmacokinetic parameters from
allometric species scaling were used in combination with
information on CETP inhibition in transgenic mice and
human plasma. This approach resulted in a dose recom-
mendation of 51 mg when the pharmacodynamics of BAY
60–5521 in a transgenic CETP mouse model were consid-
ered in perspective to the pharmacodynamic profile of BAY
60–5521 in human plasma. We furthermore tested our
hypothesis using the CETP inhibitor, torcetrapib, in preclini-
cal models and applied a similar dose-prediction approach
to the CETP inhibitor, torcetrapib. Data in the above-
described CETP transgenic mouse model have, to our
knowledge, not been published for torcetrapib.

Based on the dose-prediction approach described
above our in-house calculated prediction of a potential
human dose of torcetrapib that would be sufficient to
elevate HDL was 105 mg man-1 day-1, which is very close to
the clinical dose reported for torcetrapib. Results from the
clinical phase I and II studies with torcetrapib showed that

Table 3
Calculation of Vss or CL in humans by allometric species scaling of in vivo clearances under consideration of fu

Species BW (kg) log (BW) fu (%) Vss (l kg-1) Vss,unbound (l) log (Vss,u) CL (l h-1 kg-1) CLunbound (l h-1) log (CLu)

Mouse (observed) 0.0200 -1.70 0.02 0.44 44 1.64 0.21 20.5 1,31
Rat (observed) 0.200 -0.699 0.03 1.34 893 2.95 0.26 173.3 2,239

Dog (observed) 10.8 1.03 0.03 0.56 20 160 4.30 0.06 2059.2 3.31
Human (predicted) 70.0 1.85 0.02 0.41 14 3608 5.16 0.03 8803.2 3.94
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Correlation of CETP inhibition in CETP transgenic mice (n = 4/point) and plasma concentrations of BAY 60–5521
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this assumption might be true as torcetrapib showed a
46% or a 73% increase in HDL cholesterol at a daily dose of
120 mg [39, 40]. However, the late stage clinical develop-
ment of torcetrapib was discontinued after negative
results on clinical end points were obtained in phase III
studies [41–44]. Potential off-target effects have been dis-
cussed in the literature such as an increase in blood pres-
sure that may have contributed to the failure of this CETP
inhibitor [11, 45, 46].

We have viewed our dose estimation approach as con-
servative leading possibly to high doses as the elimination
half-life of BAY 60–5521 is shorter in mouse than in man.

Another point of consideration relates to the CETP inhi-
bition profile of BAY 60–5521 which differs between the
transgenic mouse and human plasma.

In CETP transgenic mice, inhibition of CETP activity cor-
related with the concentration of BAY 60–5521. On the
other hand, in the transgenic mouse model CETP inhibition
did not exceed 50% over the time course of 24 h after
administration of a single dose of 2 mg kg-1 BAY 60–5521.
The target enzyme for inhibition, CETP, is (over)-expressed
in the CETP transgenic mouse.This may not only impact on
the dynamics with respect to the desired effects on HDL
which are robustly detectable only after 3 days of CETP
inhibitor administration in this model but may also affect
the PK/PD relationship compared with the situation in
humans.

Therefore, we asked the question how the dose esti-
mates obtained on the back of data from CETP transgenic
mice might compare with estimates using a second model.
For modelling purposes we have assumed that the plasma
exposure of CETP inhibitors should exceed the IC50 for the
respective inhibitor over a dosing interval in order to result
in sufficient clinical efficacy as defined by elevation of HDL.
Particularly, a single administration of an ‘effective dose’
should result in plasma exposure sufficient to inhibit CETP
activity �50% over a 24 h period. For torcetrapib, a robust
increase of HDL was observed in an early clinical study
after treatment with 120 mg of torcetrapib [39], a dose that
has been shown to inhibit CETP activity by more than 50%
24 h after administration of a single dose [40].

We modelled human PK vs. CETP inhibition using PBPK
with PK-Sim® in order to confirm or challenge our
estimates.

It is well documented that PK-Sim® is able to predict
and simulate the pharmacokinetic behaviour of a variety of
structurally different drugs [28–37]. The PBPK model
behind PK-Sim® describes 17 organs plus several other
containers (arterial and venous blood pool, portal vein,
bile, urine, etc), each organ consisting of three to four sub-
compartments, leading to a total number of >70 compart-
ments that are pre-parameterized according to their
physiology [38, 39]. According to our PBPK-modelling
approach, the human dose could be even lower than
50 mg and as small as approximately 12.5 mg man-1 day-1

to allow plasma concentrations of BAY 60–5521 to be
above the plasma IC50 of 50 nM for 24 h.

However, as pointed out above, plasma IC50 in mouse
and man as determined have shown discrepancy mainly
depending on assay format of the in vitro assay used and
the respective donor. For BAY 60–5521, highest IC50 in
human plasma was determined to around 200 nM. Body
weight, as another variable, was addressed as well in the
modelling approach.

As determined in the PBPK approach, a 50 mg dose
would cover plasma concentrations even above an IC50 of
50 nM in human plasma up to 200 nM for about 24 h in
humans up to 100 kg body weight.

Table 4
PK parameters for humans after a single administration of 5, 12.5, 25 or
50 mg to a human with 73 kg (A) or 100 kg (B) body weight estimated by
PBPK or (C) in a first-in man clinical study [16]

A
PBPK predictions (70 kg) 5 mg 12.5 mg 25 mg 50 mg

AUC (mg l-1 h) 2220 5550 11100 22200
AUCnorm (kg l-1 h) 31.1 31.1 31.1 31.1

Cmax (mg l-1) 87.6 219 439 877
Cmax,norm (kg l-1) 3.0 3.0 3.0 3.0

tmax (h) 1.3 1.3 1.3 1.3
t1/2 (h) 34.1 34.1 34.1 34.1

Vss (l kg-1) 1.4 1.4 1.4 1.4
Vss/F (l) 102 102 102 102

CLplasma (l h-1 kg-1) 0.030 0.030 0.030 0.030
CL/F (l h-1) 2.19 2.19 2.19 2.19

Bioavailability 96% 96% 96% 96%

B
PBPK predictions (100 kg) 5 mg 12.5 mg 25 mg 50 mg

AUC (mg l-1 h) 1570 3925 7850 15700
AUCnorm (kg l-1 h) 31.4 31.4 31.4 31.4

Cmax (mg l-1) 62.0 155 309 619
Cmax,norm (kg l-1) 1.2 1.2 1.2 1.2

tmax (h) 1.1 1.1 1.1 1.1
t1/2 (h) 51.4 51.4 51.4 51.4

Vss (l kg-1) 2.0 2.0 2.0 2.0
Vss/F (l) 208 208 208 208

CLplasma (l h-1 kg-1)) 0.030 0.030 0.030 0.030
CL/F (l h-1) 3.13 3.13 3.13 3.13

Bioavailability 96% 96% 96% 96%

C
Clinical data 5 mg 12.5 mg 25 mg 50 mg

AUC (mg l-1 h) 905.5 1737 4012 10960
AUCnorm (kg l-1 h) 15.46 10.87 12.62 18.06

Cmax (mg l-1) 56.32 88.03 217.5 568.1
Cmax,norm (kg l-1) 0.9616 0.5733 0.6925 0.9358

tmax (h) 6.0 4.0 6.0 6.0
t1/2 (h) 76.42 143.4 144.1 117.4

Vss (l kg-1) n.d. n.d. n.d. n.d.
Vz/F (l) 610.6 1495 1298 773.4

CLplasma (l h-1 kg-1)) n.d. n.d. n.d. n.d.
CL/F (l h-1) 5.538 7.226 6.224 4.567

Bioavailability n.d. n.d. n.d. n.d.

n.d. not determined
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The comparison between the pharmacokinetic param-
eters predicted by the allometric method and using the
PBPK approach shows that the PBPK model predicts a
greater extent of distribution for BAY 60–5521 in humans,
as is evident from a larger predicted volume of distribution
and longer elimination half-life. This is a consequence of
differences in the body composition (e.g. the fat content)

between humans and the laboratory animals, that are con-
sidered in the physiological model but not reflected by the
allometric scaling equation. The influence of the fat
content is also reflected by the difference of the predicted
volume of distribution in the virtual individual with a body
weight of 100 kg (2.0 l kg-1) in comparison with a normal
weight individual (1.4 l kg-1). Furthermore, the PBPK model
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predicts on the basis of the underlying species specific
physiological differences of the gastro-intestinal tract that
the bioavailability, that is limited by the poor solubility of
BAY 60–5521 in rats (38%) and dogs (72%), is 96% in
humans in the dose range between 5 and 50 mg.

The dose estimate was confirmed in an early single
dose escalation study in humans covering doses of 5, 12.5,
25, or 50 mg BAY 60–5521 [16]. Starting at a single dose
of 25 mg, a mean CETP inhibition >40% over 24 h was
observed. However, a mean 50% inhibition of CETP activity
over the course of 24 h was not achieved with that dose.
After a single administration of 50 mg, the mean CETP inhi-
bition was above >50% for at least 24 h. For lower doses
than 50 mg, the increase of HDL was not statistically sig-
nificant, in line with our assumption that the CETP activity
should be inhibited by more than 50% over time in order
to result in sufficient clinical efficacy [16].

The predictions using the PBPK model agreed reason-
ably well (i.e. mean observed AUC and Cmax within 1.5 to
3.2-fold and 1.1 to 2.3-fold of the prediction for a 70 kg and
100 kg subject, respectively) with the data observed in the
clinical study [16]. The slight overestimation of AUC and
Cmax is accompanied by an underprediction of the volume
of distribution and terminal half-life. The latter was under-
predicted by a factor of between 1.5 and 4.2 by the PBPK
model, but it should be mentioned, that the experimental
values for t1/2 were observed up to 336 h after administra-
tion of BAY 60–5521, while the simulation only captured
the first 24 h after administration.The terminal half-life pre-
dicted by allometric scaling was only 9 h and, thus, far
shorter than the observed values.

In summary, we have used a combined approach
including allometric species scaling of clearance and dis-
tribution together with experimental pharmacodynamic
parameters obtained in vitro in human plasma and in a
transgenic mouse model to estimate an effective dose for
BAY 60–5521. The estimated dose of 51 mg was further-
more supported by PBPK using PK-Sim®. The combined
approach allowed the prediction of an effective human
dose under consideration of variability in parameters like,
for instance, weight or even pharmacodynamic param-
eters like the in vivo IC50 that may be influenced by protein
binding. Confirmation of the above mentioned dose esti-
mate was obtained in a first-in-man study [16].
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