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ABSTRACT
Purpose Flibanserin is being developed for treating hypoactive
sexual desire disorder in women; the main side effect is seda-
tion. The analysis objective was to relate flibanserin plasma
concentrations with acute sedative effects using a population
pharmacokinetic/pharmacodynamic (PK/PD) model.
Methods The population model was developed with NON-
MEM based on data from 24 healthy volunteers. “Drowsiness”
was serially assessed by a Visual Analogue Scale (VAS) on a
baseline day and after morning oral administration of 100 mg
flibanserin together with PK sampling.
Results PK was best described by a three-compartment dis-
position model and transit compartments accounting for the lag
time in absorption. VAS “drowsiness” baseline profiles were
modeled using linear splines with three breakpoints located
at clock times at first and last observation, and at the
median of the observation time across subjects. The drug
effect followed a sigmoidal EMAX model using predicted
effect site concentrations (Ce). The VAS vs. Ce relationship
was very steep and effect site and plasma concentration-
time profiles were very similar thus suggesting little delay
between the occurrence of maximum flibanserin plasma
concentrations and drowsiness.
Conclusions At effect site concentrations lower than ∼200
ng/mL that are reached approximately 4 h after administration,
flibanserin shows hardly any effect on the VAS “drowsiness”
scale.

KEY WORDS flibanserin . NONMEM . PKPDmodeling .
sedation

ABBREVIATIONS
-2LL -2xlog likelihood
36NPDE normalized prediction distribution errors
AEs adverse events
AIC Akaike information criteria
Ce predicted effect site concentration
ckt clock time
CL total plasma clearance
CLD2 CLD3 inter-compartmental clearances
F absolute bioavailability
f(Ce) pharmacodynamic model
HSDD hypoactive sexual desire disorder
k1e 1st order rate constant of distribution from the

central compartment to the biophase compartment
kA 1st order rate constant of absorption
ke0 1st order rate of elimination from the biophase
kTR 1st order rate constant of transit
NONMEM non-linear mixed effects model
NPC numerical predictive checks
NPDE normalized prediction distribution errors
PK/PD
model

pharmacokinetic/pharmacodynamic model

T1,..N transit compartments
V1, V2, V3 apparent volumes of distribution of the central,

peripheral shallow and peripheral deep
compartments, respectively

VAS visual analogue scale

INTRODUCTION

A significant percentage of the women diagnosed with sex-
ual dysfunction suffer from Hypoactive Sexual Desire
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Disorder (HSDD) which is associated with psychological
distress affecting quality of life (1,2). Currently there is no
approved pharmacotherapy available to treat HSDD, and
therefore a medical need exists for the development of novel
therapies.

Flibanserin (BIMT 17 BS) is a cortical, post-synaptic
full serotonin (5-HT)1A agonist and a 5-HT2A antagonist
(3), which was developed for the treatment of women
with HSDD (4,5). Flibanserin also binds with moderate
affinity to the dopamine D4, 5-HT2B, and 5-HT2C
receptor (6).

In humans, flibanserin is rapidly absorbed after oral
administration and shows an absolute bioavailability (F) of
approximately 33% mainly due to first pass metabolism
through the liver (7). Flibanserin is highly protein bound
(98%) and is mainly metabolized by the cytochrome P450
isoform 3A4. After administration of a single [14C] labelled
oral dose, flibanserin related material was found in urine
and feces in approximately equal amounts. After intrave-
nous administration of flibanserin, total plasma clearance
(CL) and volume of distribution (V) were 26 L h−1 and
186 L, respectively. The terminal half-life at steady-state
was approximately 10 h. These results were obtained by
non-compartmental pharmacokinetic (PK) analyses (7).

In clinical pharmacology studies, the highest tested
dose was 100 mg t.i.d. The incidence of adverse events
(AEs) in premenopausal women with HSDD taking fli-
banserin was low and the majority of adverse events
were mild to moderate in severity. The frequently occur-
ring events were dizziness, nausea, fatigue, and somnolence
at approximately 10–12% and insomnia at approximately
5% (7).

Sedative type side effects were usually most prominent in
the time frame between 1 and 4 h after dosing; thus, their
occurrence appeared to be related directly to the time of
maximum flibanserin plasma concentrations (7), which pro-
vides the opportunity to quantify this observation using a
model based approach.

Based on the above considerations, the main objective
of the present analysis was to further characterize the PK
characteristics of flibanserin and to describe the relation-
ship between the plasma concentrations and a standar-
dised assessment of “drowsiness”. Furthermore, the
measure of drug exposure that is best correlated with
drowsiness should be identified, and if possible a drug
exposure threshold below which a low incidence drows-
iness occurs should be determined. The result of that
analysis was a population model that allows to predict
the incidence of clinically significant changes in drowsi-
ness induced by flibanserin under different clinical scenarios
(i.e., different dose levels, dosing schemes or absorption rates)
that might be potentially explored during further clinical
development of flibanserin.

METHODS

Patient Population and Study Design

Data from two different phase I clinical trials were used.
Subjects either received flibanserin as an intravenous infusion
(IV study), or as an oral immediate release tablet (PO study).
The data from the IV study was used to develop the fliban-
serin disposition model.

All participants provided written informed consent con-
sistent with International Conference on Harmonization of
Technical Requirements for Registration of Pharmaceuti-
cals for Human Use—Good Clinical Practice (ICH–GCP)
and local legislation, once the nature and the intention of
the investigation were fully explained. The studies were
performed in accordance with the Declaration of Helsinki
and were approved by the institutional review board of the
ethics committee at each study site.

Inclusion criteria: Healthy volunteers were enrolled in
the study as determined by the results of screening based
upon a complete medical history, including the physical
examination, vital signs, 12-lead ECG, clinical laboratory
tests, and age between 21 and 50 years with a body mass
index between 18.5 and 29.9 kg/m2 or a Broca index ±20%
of the normal range.

Main exclusion criteria were a disease or observed abnor-
mality of clinical relevance, e.g. gastrointestinal, hepatic, re-
nal, respiratory, cardiovascular, metabolic, immunological,
hormonal, central nervous system, or psychiatric disorders;
relevant gastrointestinal tract surgery; smoking (more than 10
cigarettes or 3 cigars or 3 pipes per day); drug and/or alcohol
abuse; positive pregnancy test; excessive physical activities or
blood donation prior to the study, and participation in anoth-
er trial with an investigational drug within 2 months prior to
administration or during the trial.

IV Study

Flibanserin at dose levels of 0.5, 1, 2, 5, 10, and 20 mg was
administered to 12 healthy male volunteers by a 30 min
intravenous infusion. Each subject received three of these
doses separated by a washout period of 2 to 3 weeks, thus,
always six volunteers were treated per dose level.

Blood samples for determination of flibanserin in plasma
were taken pre-dose, 10, 20, 30, 35, 40, 50min, 1.25, 1.5, 3, 6,
9, 12, 15, 24, 32, and 48 h after start of infusion. Data from
this study were used in support of the PK model development
for flibanserin.

PO Study

This study was a single-centre, open-label trial in which,
amongst other formulations, flibanserin was administered
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orally as an immediate release tablet at the dose of 100 mg
to 24 healthy volunteers (14 males and 10 females). The
immediate release treatment period from which the data
were included for PK/PD modeling consisted of two study
days. On first day (baseline day), sedative effects were cap-
tured by the Visual Analogue Scale (VAS) “drowsiness” at
the same clock times of the day as scheduled on the treat-
ment day. On the second day (treatment day), the subjects
received the flibanserin 100 mg immediate release tablet
with ∼240 mL water in the time window between 7:00
and 9:00 in the morning after an overnight fast. VAS
response and blood samples for determination of flibanserin
in plasma were obtained pre dose and approximately at 15,
30, 45 min and 1, 1.5, 2, 3, 4, 6, 8, 10, 12, and 24 h after
drug administration. VAS measurements were always
recorded before blood sampling.

VAS “Drowsiness”

At each measuring time point, the volunteers assessed their
subjective impression of “drowsiness” by means of a VAS. The
volunteers were asked to mark an adequate position on a line
between the two limits “not in existence” and “very strong”.
The length of the line was exactly 10 cm, and the investigator
or a designee determined the score (values between 0 0 “not in
existence” and 10 0 “very strong”) by measuring the distance
in cm from the beginning of the line (position “not in exis-
tence“) to the position marked by the subject. Data were not
rounded to the closest natural value. The total scale had 101
possible values. The score was written down on the case report
form by the site personnel.

Determination of Flibanserin Concentrations in Plasma

In the PO study, flibanserin was analyzed in human plasma
by Boehringer Ingelheim with a validated high performance
liquid chromatography coupled to tandem mass spectrom-
etry (HPLC-MS/MS) method using deuterated internal
standard, [D8]flibanserin. Samples were purified by solid-
phase extraction. Chromatography was conducted on an
analytical C18 reversed-phase column with isocratic elution.
The analyte was detected and quantified with MS/MS
using electrospray ionization in the positive ion mode. A
linear calibration curve was obtained over the concentration
range from 1 to 1,000 ng/mL of flibanserin using a plasma
volume of 50 μL. The lower limit of quantification was
1 ng/mL. Within study bias and precision of the assay was
below 6% and 3%, respectively. In the IV study, flibanserin
plasma concentrations were determined after liquid/liquid
extraction by a HPLC method with ultra-violet (UV) detec-
tion at 210 nm using a flibanserin analog as internal stan-
dard. The calibration range of this method was 2–1,000
ng/mL, 2 ng/mL being the lower limit of quantification.

The variability for concentrations below 10 ng/mL
was <12.5% and <7.5% for concentrations greater than
10 ng/mL, the assay bias was below 6.5%.

Data Analysis

The population approach was applied for all analyses using
the software NONMEM version VI (8) with the first order
conditional estimation (FOCE) method with INTERAC-
TION. Inter-subject and inter-occasion (9) variability (ISV,
and IOV) were modeled exponentially. Prior to the analysis
the PK and PD observations were logarithmically trans-
formed. Plasma concentrations below the limit of quantifi-
cation were ignored. Residual variability was described with
an additive error in the log domain for PK and PK/PD
data. During the development of the PK/PD model for
flibanserin effects on VAS “drowsiness,” the PK data were
analyzed first and then the response data were fitted using
the individual pharmacokinetic parameter model estimates.
It was not possible to fit the PK and PD data simultaneously
as the models did not terminate successfully and did not
provide estimates for model parameters.

Model Selection

Selection between models was based mainly on the inspection
of goodness-of-fit plots including conditional weighted resid-
uals, CWRES (10), and the precision of the parameter esti-
mates. The minimum value of the objective function provided
by NONMEM that is approximately equal to −2xlog likeli-
hood (−2LL), served as a guide during model building. For
two nested models a decrease in −2LL of 6.63 points for an
added parameter, corresponding to a p-value of 0.01, was
regarded as a significant improvement of the model. For
non-nested models the Akaike information criteria, AIC (11),
calculated as AIC 0 −2LLx2xNP, where NP is the number of
parameters in the model, was used for selection between
models. Model parameter estimates were presented together
with the corresponding relative standard error [RSE(%)], as a
measure of parameter imprecision, which were computed
from the results obtained from the covariance step in NON-
MEM. The degree of ISV was expressed as coefficient of
variation [CV(%)].

Model Evaluation

Parameter precision for the parameters of the final PK and
PK/PD model was further evaluated computing the 2.5th,
50th, and 97.5th percentiles obtained from the analysis of
two hundred bootstrap datasets. The bootstrap analysis was
performed using Perl-speaks-NONMEM (12).

Model performance was further evaluated by exploring
normalized prediction distribution errors, NPDE (13), and
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numerical predictive checks (NPC). For both, NPDE and
NPC, five hundred datasets with the same study design
characteristics as the original studies were simulated. For
each dataset the medians of the individual maximum con-
centration (CMAX), AUClast (area under the concentration
vs. time curve between 0 and last time of measurement),
VASMAX_Day 1 (cm), maximum VAS score at day 1 (baseline
day), VASMAX_Day 2 (cm), Maximum VAS score at day 2
(treatment day), and % Δ VAS >2 cm, percentage of sub-
jects showing a difference greater than 2 cm in the maxi-
mum increment in VAS response between treatment and
baseline days were calculated. Then the 5th, 50th, and 95th
percentiles of the overall median distribution were comput-
ed, and compared with the 50th percentiles obtained from
the raw data.

Pharmacokinetic Modeling

Data from the IV and PO studies were analyzed simulta-
neously. Disposition of flibanserin in plasma was analyzed by
compartmental models parameterized in apparent volumes of
distribution, elimination- and distribution clearances. Differ-
ent absorption models (14) including transit compartment
models (15) were evaluated to describe drug input.

Pharmacokinetic/Pharmacodynamic Modeling

The following steps were followed to establish the PK/PD
VAS effects model.

Step 1: Baseline Model. To develop the baseline model, the
data obtained at the baseline day were used. A visual in-
spection revealed that, within a subject, the VAS data did
not remain at a constant value over time during a day. In
addition, the way the VAS data varied with clock time (ckt)
did not suggest a clear trend across subjects or occasions.
Therefore an empirical model based on linear splines was
developed.

A linear spline is characterized by a number of real
numbers called breakpoints and a number of polynomials,
which simply join at the breakpoints (16). Number and
locations of the breakpoints were selected as a part of the
model building process, and the heights of the spline at each
of the breakpoints were the model parameters to be esti-
mated. With regard to location, two approaches were ex-
plored: (a) breakpoints located at equally spaced clock times,
and (b) breakpoints located at different sets of percentiles of
clock times. The predicted VAS scores were constrained to
be in the interval between 0 and 10. In the following
expressions, a baseline model including an internal break-
point located at the 50th percentile of the clock time distri-
bution (ckt50th) is represented.

First, variables TP1, TP2, and TP3 were defined as
follows:

TP1 ¼ log H0th

1�H0th

� �
; TP2 ¼ log H50th

1�H50th

� �
; TP3 ¼ log H100th

1�H100th

� �

ð1Þ
where Hth

0 , H
th
50, and Hth

100 represent the population heights
(parameters to be estimated) at the breakpoints located at
the 0th, 50th, and 100th percentiles of the clock time distri-
bution, cktth0 , ckt

th
50 , and cktth100 , respectively. H

th
0 , H

th
50 , and

Hth
100 were constrained between 0 and 1. To constrain the

individual model predicted heights at the breakpoints (H1,
H2, and H3) between 0 and 1 the following transformation
was used:

H1 ¼ eTP1þη1

1þeTP1þη1
; H2 ¼ eTP2þη2

1þeTP2þη2
; H3 ¼ eTP3þη3

1þeTP3þη3
ð2Þ

where η1–3 represent random effects with mean 0 and
variance w2

1�3, respectively.
Individual predicted heights at times different from the

location of breakpoints were obtained by linear
interpolation.

Finally the predicted baseline VAS value (VAS Base,ckt)
in logarithmic scale at any given clock time was obtained
based on the following algebraic expressions:

logðVASBase;cktÞ ¼ log 10� H1þ H2�H1
ckt50th�ckt0th

� �
� ckt� ckt0thð Þ

h i� �

for ðckt0th � ckt < ckt50thÞ
logðVASBase;cktÞ ¼ log 10� H2þ H3�H2

ckt100th�ckt50th

� �
� ckt� ckt50thð Þ

h i� �

for ðckt50th � ckt < ckt100thÞ
ð3Þ

Step 2: Drug Effect Model. The VAS data obtained during
the baseline and treatment days were fitted simultaneously
to select the drug effect model. The baseline base model
established in step I was used, but parameters were re-
estimated. Linear and non-linear drug effect models were
assessed for their ability to describe the relationship between
the plasma concentration in the central compartment (CP),
the effect site concentration,Ce, (17) and the VAS data. The
equation below shows the model structure of a sigmoidal
EMAX model based on Ce to describe drug effects observed
at certain clock times (VASckt) in logarithmic scale:

logðVAScktÞ
¼ log VASBase;ckt þ ð10� VASBase;cktÞ � Cg

e

Cg
e þ Cg

50

� �� � ð4Þ

where C50 is the predicted Ce at half-maximal VAS re-
sponse [10-VASBase,ckt], and γ is the parameter governing
the steepness of the VAS vs. Ce curve. The right hand of
Eq. 4 resembles a sigmoidal EMAX model in which EMAX
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instead of being estimated was substituted by the maximal
score 10 minus the baseline score. This parameterization was
used to prevent the predicted response to be greater than the
maximum score, regardless of the VAS score at baseline.

During model building the logistic transformation was also
explored resulting in a worse description of the data (−2LL
increased in more than 100 points with respect the selected
model). The logit (L) had the form of L 0 VASBase,ckt + f(Ce),
where VAS Base,ckt had the same structure as described above
(3) without the need of constraints for Hth

0�100, and H1-3, and f
(Ce) represents a linear or non-linear (EMAX, or sigmoidal
EMAX) model describing drug effects.

In the current analysis only the impact of sex on the PK
and PD parameters was investigated.

Model Simulations

To explore the relationship between CMAX and drowsiness
effects of flibanserin, five hundred studies of the same design
characteristics as the original PO study were simulated using
the selected PK/PDmodel, and various first order absorption
rate constants (KA): 1.61, 0.8, 0.4, 0.2 and 0.1 h

−1. For each of
the simulated datasets the median of the individual CMAX

values and the percentage of subjects showing a difference
greater than 2 cm in the maximum increment in VAS re-
sponse between baseline and treatment day (% ΔVAS >2 cm)
were calculated. The definition of a clinically significant
change in drowsiness as a maximum increase in the VAS
score of greater than 2 cm was chosen by analogy to analyses
of VAS scores for pain (18).

RESULTS

The PK model was developed with a total of 729 plasma
concentrations (n0404, IV study; n0325, PO study)
obtained from 12 to 24 volunteers, respectively.

A total of 647 VAS observations from 24 subjects partici-
pating in the PO study were used to establish the final PK/PD
model; 335 were obtained at baseline day, and 312 during the
treatment day.

Pharmacokinetic Modeling

Flibanserin disposition in plasma was best described with a
three-compartment model. ISV was included for CL, distri-
bution clearance between the central and shallow peripheral
compartment (CLD2), and the apparent volume of distribu-
tion of the shallow peripheral compartment (V2). Fliban-
serin showed linear PK characteristics for the two
administration routes and over the dose range studied. An

oral absorption model including a series of transit compart-
ments provided a better fit compared to a model with only a
first order rate absorption. The data supported the incor-
poration of ISV on kA, MTT, mean transit time, and NTC,
number of transit compartments, but not on the absolute
bioavailability that was found to be lower than 100% and
was estimated to be 45.9%. Covariance between ISV and
the presence of IOV were non-significant (p>0.05). Resid-
ual variability was described with an additive random-effect
model in the logarithmic scale, and the estimation of differ-
ent magnitudes of the residual variability between the IV
and PO studies was not supported by the data. Figure 1
shows a schematic representation of the selected PK model.
Sex did not show significant covariate effect in any of the PK
parameters (p>0.05).

Table I lists the estimates of the population PK model. ε-
shrinkage was 11%, and η-shrinkage corresponding to CL,
CLD2, V2, kA, MTT, and NN was 7, 7, 22, 8.4, 5.1, and
26%, respectively (19). All parameters were estimated with
adequate precision. Results from the bootstrap analyses
provided median values of the parameters that were very
close to the NONMEM estimates, and the 95% confidence
intervals did not include the value of zero for any of the
parameters in the model. Figure 2 showing the goodness
of fit plots with the results from the NPDE, indicates
that the model perfomed properly for the intravenous
and oral data. Similar results were obtained from the
NPC (see Table II). The two descriptors (CMAX and
AUClast) calculated from the raw data at each dose level
fell within the 90% prediction intervals calculated from
the simulated studies except for AUClast for the lowest
intravenous dose.

Pharmacokinetic/Pharmacodynamic Modeling

Baseline Model

A model including three breakpoints located at the clock time
of the first observation, the clock time corresponding to the
median of the observation time across subjects, and the clock
time of the last observation (6.65, 10.77, and 21.1 h, respec-
tively), was initially fitted to the baseline VAS vs. clock time
data. ISV was introduced for each of the height parameters
and residual variability was modeled using an additive vari-
ability model. Increasing the number of breakpoints and
locating them at the different percentiles of the clock time
distribution did not result in a better fit.

Drug Effect Model

A decrease of approximately 100 points in −2LL was
obtained when drug effects were modeled using an EMAX

model based on CP, compared to a model in which drug
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effects were ignored. Further model improvements were
obtained when CP was substituted by Ce, and when a
sigmoidicity factor was introduced in the effect vs. Ce rela-
tionship. With the drug effect added, ISV remained signif-
icant for each of the height parameters of the baseline
model, and it was found to be necessary to account for
ISV in C50. Covariance between ISV and the presence of
IOV were not supported by the data (p>0.05). Sex did not
significantly influence any of the baseline and drug effect
parameters (p>0.05). Residual variability was described by

an additive random-effect model on the logarithmic scale.
Table III lists the PD parameter estimates of the population
PK/PD model. ε-shrinkage was 5.75%, and η-shrinkage
corresponding to H6.65, H10.77, H21.1, and C50 was 13, 6.6,
5.7, and 12.1%, respectively. All parameters were estimated
with adequate precision. Results from the bootstrap analyses
provided median values of the parameters that were very
close to the NONMEM estimates and the 95% confidence
intervals did not include the value of zero for any of the
parameters in the model. The results shown in Fig. 3

Table I Population Pharmacokinetic Parameter Estimates

Bootstrap analysis (500 replicates) Median [2.5th–97.5th percentiles]

Parameter Estimate (RSE%) ISV (RSE%) Estimate ISV

kA (h−1) 1.61 (1.9) 52 (34) 1.62 [1.25–2.05] 51 [31–68]

F (%) 45.9 (2) – 46 [39–53] –

MTT (h) 0.41 (3.2) 47 (30) 0.42 [0.34–0.49] 46 [31–61]

NTC 16.4 (11.1) 94 (34) 16.2 [10.2–22.7] 88 [55–114]

V1 (L) 13.1 (2.3) – 13.0 [12.0–13.9] –

CL (Lxh−1) 23.5 (2.5) 36 (20) 23.7 [21.5–25.7] 36 [28–43]

V2 (L) 141 (2) 47 (24) 142 [120–169] 46 [33–58]

CLD2 (Lxh
−1) 20.7 (4.3) 72 (23) 20.8 [17.1–25.7] 71 [52–86]

V3 (L) 58.5 (4.9) – 58.6 [51.7–67.0] –

CLD3 (Lxh
−1) 90.0 (3.6) – 90.6 [82.3–99.0] –

Residual error log(ng/mL) 0.13 (12) – 0.13 [0.12–0.15] –

Estimates are listed together with their corresponding relative standard error (RSE%); ISV, inter-subject variability expressed as coefficient of variation (%). kA, 1st
order rate constant of absorption; F, absolute bioavailability; MTT, mean transit time; NTC, number of transit compartments; V1, V2, V3, apparent volumes of
distribution of the central, shallow peripheral, and deep peripheral compartments, respectively; CL, total plasma clearance; CLD2, CLD3, inter-compartmental
clearances between the shallow and deep peripheral compartments and the central compartment, respectively
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Fig. 1 Schematic representation of the PK/PD model used to describe the effects of flibanserin on VAS response. F; absolute bioavailability; T1,..N, transit
compartments; kTR, 1st order rate constant of transit; kA, 1st order rate constant of absorption; V1, V2, V3, apparent volumes of distribution of the central, peripheral
shallow and peripheral deep compartments, respectively; CLD2, CLD3, inter-compartmental clearances; CL, total plasma clearance; k1e, 1st order rate constant of
distribution from the central compartment to the biophase compartment (using the effect compartment model its estimation is not required); ke0, 1st order rate of
elimination from the biophase; Ce, predicted effect site concentration; ckt, clock time; f(Ce), pharmacodynamic model, g(ckt), baseline model.
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(goodness of fit plots also showing NPDE) indicate that the
model was supported by the data. Similar results were
obtained from the NPC (see Table IV). The three descrip-
tors (VASMAX_Day 1, VASMAX_Day 2, and% ΔVAS>2 cm)
calculated from the raw data fell within the 90% prediction
intervals calculated from the simulated studies. Based on the

results from model evaluation it can be concluded that the
selected model describes the raw data well.

Figure 4 allows the comparison of the observed data with
the performance of the PK/PD model on an individual level.
Taking into account the scattered nature of the data, themodel
overall provides a good description of the individual profiles.

2 6 2 5 10 30 2 6

3 7 3 7 20 50 2 6

2

6

2

5

-2

2

-1

3

3

7

3

7

-5

0

-1

3

Log(Observations) vs Log(PRED) Log(Observations) vs Log(IPRED) CWRES vs Time NPDE vs Log(PRED)

Log(Observations) vs Log(PRED) Log(Observations) vs Log(IPRED) CWRES vs Time NPDE vs Log(PRED)

Intravenous

Oral

Fig. 2 Goodness of fit plots corresponding to the population PK model. PRED, population model predictions; IPRED, individual model predictions;
CWRES, conditional weighted residuals; NPDE, normalized prediction distribution errors. Solid lines show the identity lines (left panels) and CWRES and
NPDE 0 0 (right panels).

Table II Results from the Numerical Predictive Check Corresponding to the Selected Population Pharmacokinetic Model

Formulation Dose (mg) CMAX (ng/mL) AUClast (h × ng/mL)

Raw Simulated Raw Simulated

Immediate release 100 413 426 [374–478] 2180 1938.2 [1706.4–2235.0]

Intravenous 0.5 9.7 9.5 [8.0–10.9] 5.5 6.9 [5.8–8.3]

1 19.4 18.9 [16.1–21.9] 15.6 16.9 [14.4–19.8]

2 41 38.1 [31.6–44.1] 45.5 49.6 [40.3–60.7]

5 105 94.7 [77.0–111.2] 171.9 175.8 [133.2–221.8]

10 196 189.6 [158.6–218.7] 319.2 354.9 [279.6–449.7]

20 335 379.2 [318.9–436.3] 686 795.1 [595.9–1017.2]

Results are shown as median (raw data) and median [5th–95th percentiles] (simulations). CMAX, maximum concentration of flibanserin in plasma, AUClast,
are under the plasma drug concentration versus time curve between 0 and last time of measurement
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Table III Population Pharmacodynamic Parameter Estimates

Bootstrap analysis (500 replicates) Median [2.5th–97.5th percentiles]

Parameter Estimate (RSE%) ISV (RSE%) Estimate ISV

H0th (cm) 2.01 (21) 21 (42) 2 [1.1–3.04] 28 [18–40]

H50th (cm) 0.63 (31) 10 (40) 0.65 [0.32–1.1] 7 [6–8]

H100th (cm) 1.01 (22) 11 (28) 1.01 [0.62–1.6] 11 [8–14]

ke0 (h
−1) 2.24 (27) – 2.6 [1.5–5.15] –

C50 (ng/mL) 306 (13) 43 (43) 317 [250–427] 42 [22–60]

γ 5.21 (23) – 5.2 [3.35–7.32] –

Residual error [log(cm)] 0.78 (18) – 0.71 [0.65–0.91] –

Estimates are listed together with their corresponding relative standard error (RSE%); ISV, inter-subject variability expressed as coefficient of variation (%). H0–100th,
Height of breakpoints at 6.65, 10.77, and 21.1 h clock time, respectively; ke0, first order rate constant of elimination from the effect compartment; C50, effect site
concentration (Ce) eliciting half of maximum attainable VAS response; γ, parameter governing the steepness of the VAS vs. Ce relationship
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Fig. 3 Goodness of fit plots corresponding to the population PK/PD model. PRED, population model predictions; IPRED, individual model predictions;
CWRES, conditional weighted residuals; NPDE, normalized prediction distribution errors. Solid lines show the identity lines (left panels) and CWRES and
NPDE 0 0 (right panels).
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The population’s typical concentration- and VAS
profiles predicted by the model are visualized in
Fig. 5. The typical profiles of flibanserin plasma con-
centrations in the central compartment and in the effect
compartment are quite similar (left panel). The model
predicted typical values of CMAX and maximum Ce of
417 and 324 ng/mL at 45 and 90 min after

administration, respectively. The steepness of the VAS
vs. Ce relationship as shown in the middle panel sup-
ports the concept of a threshold Ce concentration
(∼200 ng/mL) below which the flibanserin concentration
has hardly any impact on the drowsiness effect. The
VAS vs. clock time profile at baseline and after admin-
istration of a single oral dose of 100 mg flibanserin is
represented in the right panel: a typical VAS increase of
approximately 4 cm is predicted for a baseline VAS
score of 2 cm that reaches its maximum within the first
2 h after drug administration and returns to baseline
values 4 h after administration.

Model Simulations

Figure 6 shows the distribution of the percentages of
subjects with a difference greater than 2 cm in the max-
imum increment in VAS response between baseline and
treatment day for different hypothetical maximum fliban-
serin plasma concentrations resulting from different ab-
sorption rates.

Table IV Results from the Numerical Predictive Check Corresponding to
the Selected Population Pharmacokinetic/Pharmacodynamic Model

Raw Simulated

VASMAX_Day 1 (cm) 5.05 5.6 [4.5–6.6]

VASMAX_Day 2 (cm) 6.95 6.99 [6.1–7.8]

% ΔVAS>2 cm (%) 25 37 [21–56]

Results are shown as median (raw data) and median [5th–95th percentile]
(simulations). VASMAX_Day 1 (cm), Maximum VAS score at day 1 (no
treatment day); VASMAX_Day 2 (cm), Maximum VAS score at day 2 (treat-
ment day);% ΔVAS>2 cm, percentage of subjects showing a difference
greater than 2 cm in the maximum increment in VAS response between
day 2 and day1
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Fig. 4 Comparison of individual observed VAS response values (grey circles, baseline day; black triangles, treatment day) and individual model predictions
(grey line, baseline day; black line, treatment day).
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DISCUSSION

In this study a population PK/PD model for the drows-
iness effects of flibanserin in healthy volunteers was

developed. The various evaluation methods applied to
the PK and the PK/PD model underlined successfully
the abil i ty of the model to describe the data
comprehensively.
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Fig. 5 (a) Typical predicted plasma and effect concentrations time profiles after a 100 mg oral dose of flibanserin. (b) Typical predicted pharmacodynamic profiles
for baseline VAS scores of 2, 4, and 6 cm. (c) Typical predicted VAS profile over time after administration of a single oral dose of 100 mg flibanserin (black, baseline
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Fig. 6 Relationship between
percentage of subjects showing
a difference greater than 2 cm
in the maximum increment in
VAS response between treatment
day and baseline day vs. CMAX.
CMAX values represent the
median maximum plasma
concentrations calculated
from 500 simulated studies.
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Flibanserin showed similar PK characteristics between
males and females and linear PK characteristics in the dose
range studied. Population estimates of CL, V (calculated as
the sum of V1, V2, and V3, the apparent volumes of distri-
bution of the central, and shallow and deep peripheral
compartments, respectively) and F were 23.5 L h−1,
212.6 L and 46%, respectively. These values were similar
to values obtained from previous studies by non-
compartmental analysis, 26 L h−1, 186 L, and 33%, respec-
tively (7). After oral administration flibanserin was quickly
absorbed. Once the drug was released from the tablet,
46% of the absorbed dose reached the systemic circula-
tion in approximately 25 min, and maximum concentra-
t i on in p l a sma occu r r ed 45 min a f t e r d rug
administration. Inter-subject variability in the processes
representing the latency period during absorption was
high while inter-subject variability in total drug exposure
represented by CL was moderate (36%).The analysis of
the time course of the VAS effects revealed that there
was a small but significant delay in the kinetic profiles of
flibanserin between the central compartment and the
effect site, that was accounted for by introducing an
effect compartment model (17). The derived value for
the half-life of elimination of the effect compartment was
short (approximate 18 min) indicating that plasma and
effect site concentrations are rapidly in equilibrium. Al-
though the distribution delay between central compart-
ment and effect site was small, the model including the
effect compartment resulted in a better description of the
response vs time profiles. Although it is well known that
there is a circadian rhythm in day-time alertness which
also varies significantly between individuals and occasions
(20), the observed high variability in the magnitude of
VAS and in the time trends between subjects precluded
the identification of clear patterns, and represented a
challenge for the description of the time course of VAS
at baseline and for extracting the drowsiness effects of
flibanserin. Linear splines have often been used to de-
scribe complex drug absorption profiles (21), or transient
experimentally induced changes in baseline response (22).
Given the variability shown in the data and the subjec-
tive nature of the measurements, some degree of IOV
was expected, however could not be accounted for, prob-
ably due to the fact that only measurements from one
baseline day were used. The model used to constrain the
predicted VAS score has been applied several times in
the analysis of continuous data as in case of the IIEF
domain in erectile dysfunction (23), VAS pain rating (24),
and PANSS scores in schizophrenia (25). The model was
adequate to describe the data taking into account that
none of the observed VAS score achieved the maximum of
10 cm. In case individuals reporting frequently maximum
VAS scores, which was not the case here, other approaches

considering maximum response as censored observation
might represent a better alternative (26,27).The PK/PDmod-
el established in the present study has been built with VAS
data obtained after a single oral administration of the pro-
posed therapeutic dose of flibanserin for the treatment of
hypoactive sexual desire disorder in premenopausal women.
As female HSDD patients generally present with good phys-
ical health, this model, although established based on healthy
volunteer data, may serve as a good basis for further inves-
tigations of drowsiness over time in the target population.

The model developed in the current analysis has potential
applications as the occurrence of acute sedative side effects of
flibanserin can be predicted in situations where the plasma
concentration-time profile of flibanserin and especially maxi-
mum flibanserin plasma concentrations are altered, e.g. due to
concomitant disease or medication or due formulation
changes (Fig. 6). However it has to be recognized that the
model describing drowsiness over time is highly empirical.
One of its limitations is that two breakpoints are located at
the time of the first and last measurements. However such
characteristic will not limit its applicability of simulating dif-
ferent clinical scenarios since the drug administration and
measurements times used in the current trial can be consid-
ered very standard and likely to be used in further studies. It
has to be taken into consideration that the model was devel-
oped based on single dose data and therefore inference to
multiple dosing should be done with caution.

To summarize, a population PK/PD model for the VAS
drowsiness effect of flibanserin has been developed from
data obtained in healthy female and male volunteers. A
rapid distribution from the central to the effect compartment
has been identified. The VAS vs. Ce relationship was very
steep, suggesting that at Ce lower than ∼200 ng/mL that are
reached approximately 4 h after administration, flibanserin
exerts a relatively small effect on drowsiness as measured by
the VAS scale.
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