Population pharmacokinetics of tolcapone in parkinsonian patients in

dose finding studies

Karin Jorga, Barbel Fotteler, Ludger Banken, Paul Snell & Jean-Louis Steimer
Department of Research and Development, F. Hoffmann-La Roche Ltd, Basel, Switzerland

Aims To use pharmacostatistical models to characterize tolcapone’s pharmacokinetics
in parkinsonian patients, and to identify any demographic subpopulations which
may be at risk of either under- or over-exposure to this catechol- O-methyltransferase
(COMT) inhibitor.

Methods Four hundred and twelve patients participated in three multicentre, parallel,
double-blind, placebo-controlled, dose-finding studies and received either placebo
or tolcapone (50, 200 or 400 mg three times daily) in addition to levodopa/
decarboxylase inhibitor therapy. Sparse blood samples were obtained from 275
patients for tolcapone assay and the concentrations (1414 in total) were analysed
using the NONMEM program.

Results The pharmacokinetic model which best described the data was a two-
compartment open model with first-order absorption and possibly a lag-time.
Tolcapone pharmacokinetics were shown to be stable, with no systematic trend
between 2 and 6 weeks of treatment. The absorption of the drug was shown to be
rapid and concomitant food intake had only a minor effect on the relative
bioavailability (10—20% reduction compared with fasting). The overall clearance of
tolcapone could be estimated with good precision (approximately 4.5-5 1 h71), and
none of the investigated covariates (e.g. sex, age, body weight) had any clinically
significant influence on this parameter. The volume of distribution showed relatively
high variability and was calculated to be approximately 30 1, leading to an estimated
half-life in patients of approximately 5-8 h.

Conclusions Using sparse concentrations and mixed effect-effects modelling analysis
it is possible to describe the pharmacokinetics of tolcapone in parkinsonian
populations. The parameter estimates obtained agreed with those obtained from
conventional pharmacokinetic studies and no subpopulation was shown to be at risk
of either under- or over-exposure to tolcapone.
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Introduction

Tolcapone (3,4-dihydroxy-4'-methyl-5-nitrobenzophen-
one) is a catechol-O-methyltransferase (COMT) inhibitor
which has been developed to improve the pharmacokinet-
ics of levodopa and is used as an adjunct to com-
bined levodopa and aromatic amino acid decarboxylase
(AADC) inhibitor therapy [1, 2]. In the presence of
AADC inhibition, 3-O-methylation of levodopa via
COMT is the most important metabolic pathway,
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leading to fast elimination of levodopa and accumulation
of its metabolite 3-O-methyldopa. Therefore tolcapone,
as a potent, specific, and reversible COMT inhibitor,
increases the availability of levodopa and ensures more
constant levodopa delivery to the brain [3-7].

The pharmacokinetics and pharmacodynamics of tolca-
pone in healthy volunteers have been investigated in
several studies [3, 4, 8—10] and have been reviewed
elsewhere [11, 12]. The maximum concentration (C,,,y)
of tolcapone reached in elderly, healthy subjects after
repeated administration of 200 mg three times daily was
approximately 6—7 pgml ', and the area under the curve
(AUC) was approximately 24—-27 ug ml~ " h [4, 9]. These
previous studies have also shown that the pharmaco-
kinetics of tolcapone are linear and are characterized by
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rapid absorption and elimination; 2 h is the approximate
terminal half-life (t,5,,) for tolcapone in healthy volun-
teers [4, 9].

The current study aimed to evaluate and characterize
the pharmacokinetics of tolcapone in the target population
of parkinsonian patients. The main objective was to use
pharmacostatistical models to identify any demographic
subpopulations, which may be at risk of either under- or
over-exposure to tolcapone. We therefore included the
collection of blood samples for pharmacokinetic evalu-
ation in the dose-finding trials for tolcapone in parkinson-
ian patients who have a stable response to levodopa (i.e.
are nonfluctuators) and those who exhibit fluctuations in
their levodopa response (i.e. are fluctuators). Based on
the pathophysiology of the disease, we did not expect
there to be any differences in the pharmacokinetics of
tolcapone
However, for practical purposes, the data from the two
populations were analysed separately.

between fluctuators and nonfluctuators.

Methods
Subjects

A total of 412 patients with Parkinson’s disease (262:
(64%) males and 150 (36%) females) participated in the
three dose-finding phase II studies from 49 centres world-
wide. Two studies were in fluctuators and the third was
in nonfluctuators. Local ethics committee approval was
obtained, and each patient gave informed consent before
screening for the study. Tolcapone pharmacokinetics
could be evaluated in 275 patients (215 fluctuators and
60 nonfluctuators). A total of 981 concentration measure-
ments were taken in fluctuators and 433 in nonfluctuators.
The studies were conducted in full compliance with the
principles of the Declaration of Helsinki (as amended in
Tokyo, Venice and Hong Kong) or with the laws and
regulations of the country in which the research was
conducted, whichever afforded the greater protection to
the individual.

The inclusion criteria for the studies have been
described in previous publications focusing on the efficacy
and safety aspects of the trials [13—15]. All patients were
treated with either levodopa-carbidopa (Sinemet®) or
levodopa-benserazide (Madopar®), and their dosage
regimen was stable for at least one month prior to the
start of the study. Most other antiparkinsonian drugs
were excluded but, depending on the study group, some
patients were allowed to take monoamine oxidase B
inhibitors or dopamine agonists, other than apomorphine.

The demographics and the baseline laboratory values
for the trial population are given in Table 1. The
distribution of age, lean body weight (LBW) and
creatinine clearance (CLc,;) are shown in Figure 1.
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CLe, was calculated as: CLe, (ml minfl) =factor
1*(140-age)*BW/serum creatinine where factor 1 is 1.23
for males and 1.04 for females, BW is measured in kg,
and serum creatinine in pm [16]. LBW was calculated as:
LBW (kg) = (1.10¥BW-128*BW~)/height” for males,
and LBW (kg)=(1.07*BW-148*BW")/height’ for
females, where BW is measured in kg, and height in cm
[17, 18].

Correlation analysis revealed that the following variables
were highly correlated according to the Spearman
correlation coefficient (1'2): age and CLc, (—0.62); height
and body weight (BW) (0.65); height and LBW (0.87);
BW and LBW (0.89); LBW and CLc, (0.61); aspartate
transferase and alanine transferase (0.69).

Study design

All three studies were multicentre, parallel, placebo-
controlled dose-finding studies. All patients entered a
single-blind placebo run-in period of 1 or 2 weeks
(placebo-baseline period) before entering a double-blind
phase in which they were randomized to either continue
receiving placebo or were given tolcapone. The tolcapone
doses in the fluctuator studies were 50 mg (n=75),
200 mg (n="74) and 400 mg (n=066) three times daily,
whereas the patients randomized to tolcapone in the
nonfluctuator study received either 200 mg (n=33) or
400 mg (n=29) three times daily for 6 weeks. The first
dose of tolcapone or placebo was taken together with
the first daily intake of levodopa, and the second and
third intakes were at 6 h intervals.

Patients in the fluctuating groups continued to follow
their usual dosage regimen of levodopa/AADC inhibitor
(either carbidopa or benserazide) during the study period,
unless levodopa dose reduction was felt necessary to
control dopaminergic side-effects. However, the levodopa
dosage could not be changed during the placebo run-in
period or on the first day of the double-blind treatment.
In the nonfluctuators, the levodopa dose of each patient
was reduced by approximately 33—43% on the first day
of test treatment, with the option to increase the dose
again during the study to restore the therapeutic response.
No increase in levodopa dose above baseline dosage was
permitted in any of the studies. Generally, no dietary
restrictions were specified and the relationship of food to
drug intake was recorded.

A total of 5-8 blood samples was taken from each
patient on 2—5 occasions. Blood samples were taken at
baseline (i.e. prior to treatment during the placebo run-
in period) and either on day 14, 21 or 28, and in all
patients on day 42. During the treatment phase, the
objective was to collect blood samples from each patient
before drug intake, close to the time of C,,. for
tolcapone and during the concentration decline phase.

© 2000 Blackwell Science Ltd Br J Clin Pharmacol, 49, 39-48
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Table 1 The demographic
characteristics and baseline laboratory

Non-fluctuators Fluctuators Combined

values for the trial population. The n=97 n=315 n=412, *n=411
sample included 402 (98%) Caucasians, 1
black, 3 Orientals, and 6 patients of Age (years) 67 (47-83) 65 (34-82) 65 (34-83)
other ethnic origin. Of the trial Height (cm) 172 (146—188) 169 (132-213) 170* (132-213)
population, 23% (1=95) of patients Weight (kg) 72 (44-110) 71 (36-153) 71 (36-153)
received dopamine agonists, 87% LBW (kg) 55 (34-75) 55 (25-83) 55% (25-83)
reported drinking caffeine (n=2358), 57% Protein (g17") 72 (60-80) 72 (56-87) 72 (56—-87)
(n=234) reported drinking alcohol and Albumin (g1~ ") 45 (37-52) 44 (26-55) 44 (26-55)
10% (n=42) were smokers. All data are CL¢, (ml min~ ") 70 (41-141) 68 (22-148) 68*% (22-148)
given as median values (minimum— Aspartate aminotransferase (U 1Y 13 (5-51) 10 (3—48) 10 (3-51)
maximum value). Alanine aminotransferase (U 1_1) 11 (1-74) 7 (1-85) 8 (1-85)
Alkaline phosphatase (U 171) 64 (28—-297) 58 (30—-177) 59 (28-297)
Bilirubin (xm) 8 (3-22) 9 (3-39) 8 (3-39)

Therefore, blood samples (10 ml) were taken before the
first dose of tolcapone or placebo and between 0.5 and
2 h and 3—4 h after intake.

Sample preparation

Blood samples were collected in ethylene diamine
tetraacetic acid tubes, and separated by means of
centrifugation at 4° C. The plasma samples were then
stored at —40° C or less until analysis. Plasma concen-
trations of tolcapone were determined by reversed phase
h.p.J.c. on Inertsil ODS 2 (5 pm) with isocratic elution
and u.v. detection. The mobile phase consisted of a
phosphate buffer/methanol mixture with tetrahydrofuran
as modifier. The limit of quantification was approximately
0.1 ugml ™', Further details of the analytical procedure
have been described previously [19].

Data analysis

Model development The goal of the modelling process was
to determine a basic pharmacokinetic and statistical model
which best describes the data. The model-building
strategy used in this study consisted of four steps: the
development of a basic population model, covariate
model selection, full model selection, and finally model
verification. The data from fluctuators and nonfluctuators
were analysed separately and each potential influencing
factor (covariate) was investigated individually. The two
different datasets were used to avoid bias and for validation
purposes, as well as keeping computation time manage-
able. Although the same procedures were applied for the
different datasets, where possible the approach was varied.
For example, the order of factors included into the model
was altered to avoid potential procedure bias.

Data analysis was performed by means of nonlinear
mixed effect models using the software package
NONMEM version IV with double precision [20, 21].
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Data input and data retrieval was facilitated with SAS
programs. During the model-building process the First
Order estimation method was used. Final estimates were
obtained with the First Order Conditional Expectation
method whenever possible.

Step 1: Basic population model NONMEM’s model library
was used to define the basic population pharmacokinetic
model (without covariates). Since all blood samples were
taken after multiple dosing, steady-state calculations were
applied. It was assumed that the dosing information on
the day before blood sampling was representative for an
individual patient and this regimen was used to generate
steady-state concentrations. One and two compartment
models (ADVAN1 to ADVAN4) were applied. As
tolcapone might be absorbed by passive diffusion or an
active transport system [22] zero or first-order input
models and the inclusion or exclusion of a lag-time (#,)
were investigated. All models were parameterized in
terms of absorption rate constant (ka) or duration of zero
order input (f0), clearance (CL) and intercompartment
clearance (Q), and volume of distribution (17; central
volume, V., and peripheral volume, V/,) using the
subroutine TRANS2 for the one compartment model
and TRANS4 for the two compartment model. The
absolute bioavailability ‘fasted’ (F1) was fixed to 0.6 [22].

The influence of a covariate was
modelled according to the following equations:
Continuous covariates (using BW as an example):

CL=TV(CL)*(BW/median(BW))"*%

Modelling of covariates

where TV(CL) is the typical value of clearance for a
patient with the median covariate value (covariate specific
typical value) and Oy is the estimated influence factor
for body weight.

Categorical covariates (using sex as an example):

V= TV(V)*(1 + IScx*(eScx - 1))
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Figure 1 The distribution of a) age, b) LBW and ¢) CL, values
recorded in the sample population.

where Ig., = Indicator variable sex (0 =male, 1 =female),
Osex=1 in females relative to males, TV(V) =
Covariate specific typical value of volume (in this case
for males)

Modelling of random effects Random effects were modelled
according to the following equations:
Intra-subject errors (residual errors: ¢):

DV =CP* exXp (Ernult_) + €add.

where e, and e,qq are normally distributed with
. . 2 2 .
expectation O and variances op,. and 6,39 DV 1is

the measured and CP the individually predicted
concentration.
42

Inter-subject errors (biological variability : n): for example,
CL=TV(CL* exp(ncr)

where ¢y is normally distributed with expectation 0 and
. 2

variance ¢ cr.
Inter-occasion variability (IOV): for example,

CLI_] = TV(CL)* exp (Yh_l)
where CL; and 7

iij are the CL and the random IOV
effect of the i patient in period j, respectively [23].
Samples from study day 14 were assigned to period 1,
samples from study days 21 or 28 to period 2 (no patient
had samples at both days), and those from study day 42
were assigned to period 3.

Step 2. Covariate model selection Estimates of individual
parameters (so called POSTHOC estimates) and the
differences between these and the population mean (v;)
were used for diagnostic plots for covariate selection.
Log-transformed POSTHOC pharmacokinetic par-
ameters or w; were plotted vs the log-transformed
covariates, and linear regression analyses were performed.
For categorical covariates, analysis of variance (ANOVA)
was used with the log-transformed pharmacokinetic par-
ameters as dependent variables and the categorical
covariates as factors.

Individual covariates were temporarily included in the
model and were only kept in the final model if the
criteria outlined below (see Step 3. Full model selection)
were met. The covariates with lowest P-value were
included first. However, covariates that were thought to
influence the pharmacokinetics based on physiological
considerations, such as BW on 1/, were added temporarily
to the model—even if they did not appear to, based on
the graphical evaluation and the statistical pretests. The
following continuous and categorical covariates were
tested for significance: BW, height, the derived parameter
LBW, tolcapone dose (i.e. 50 mg, 200 mg or 400 mg
three times daily), duration of treatment, concomitant
food intake, sex, age, albumin, protein, CLc,, smoking,
coadministration of dopamine agonists, bilirubin, alkaline
phosphatase and aspartate aminotransferase. The influence
of race on the pharmacokinetics of tolcapone could not
be estimated because only a few non-Caucasians partici-
pated in the trial.

Step 3. Full model selection Covariate relationships were
investigated further to confirm the absence of a relation-
ship and to explore the possible substitution of one
covariate with another with which it is correlated (e.g.
BW and LBW) and to test whether a covariate which is
significantly related to one parameter may be tested for a
relationship with another parameter, where the two show
correlation. To evaluate the significance of covariate

© 2000 Blackwell Science Ltd Br J Clin Pharmacol, 49, 39-48



effects, the difference in minimum value of the objective
tunction (OF) provided by NONMEM between a model
with and without a specific covariate relationship was
compared with a ;(2 distribution in which differences of
4, 6 and 11 were considered significant at the 5%, 1%
and 0.1% levels, respectively. The 5% level was used as
the default threshold. If the decision between the two
alternative models was borderline, the following criteria
were used to distinguish between them: (a) standard error
(s.e.) of the estimates (parameter precision); (b) the
overall goodness of fit, assessed by evaluation of plots of
predicted (PRED) vs DV, residual (RES) vs PRED,
weighted residuals (WRES) vs PRED, and the individual
weighted residuals (IWRES) vs the individual predictions
(IPRED). If no decision in favour of one or the other
could be reached according to the above criteria, the
model building process was continued using both options
in parallel until a clear discrimination became obvious
based on the previous criteria.

Step 4. Model verification To explore the robustness of the
final model, the covariates, certain characteristics of the
structural model (e.g. absorption ty,), and the statistical
model (e.g. correlation of random effects) were removed
in a stepwise manner in order to ensure that each part of
the model had a significant contribution [24].

Secondary pharmacokinetic parameters

Once the final model had been verified, the additional
secondary pharmacokinetic parameters AUC and t;,5,,
were calculated for each subject based on the individual
estimates of CL, Q, /. and V/,. For AUC the following
equation was used: AUC =dose*Fy/CL, where Iy is
the relative bioavailability based on the absolute bioavail-
ability fasted (F1) of 0.6 [22] and any additional covariate
(e.g. food). The t,,,, was calculated as:

t/23.=In(2)*z,
where
B=0.5[(k12+ ka1 + k1o)-/{ (k12 + oy + kio) —4karkio}]
ki»=Q/V¢, kyy=Q/V and ky(=CL/V .

Results
The final model
The final models derived independently for both the

fluctuator and nonfluctuator datasets were very similar in
most aspects. For both datasets a two-compartment open
model with first-order absorption fit the data best. A few
minor modifications were used to optimize the fit for
both datasets. In contrast to the nonfluctuator model, the
fag Was excluded from the fluctuator model (see Model

© 2000 Blackwell Science Ltd Br J Clin Pharmacol, 49, 39-48
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verification below). For CL and Vp (and V. for the
fluctuator data) the inclusion of log normal intersubject
error models improved the fit.

For the fluctuator dataset a random interoccasion
variability was found to be significant for 17,. The
intrasubject error was estimated using a proportional
model and covariates were included into the final model
according to the following equations:

Equations for the fluctuator dataset.

CL=TV(CL)*(LBW/55)""¥(x
(PI‘OtCil’l/72)0 Protein (CL)*e'qCL

V=TV *LBW/55)" PV VOx(1 415 sme*
LI

(Oposesomg — 1))* (1 + Ibose400mg* Opose400mg — 1))
Q=TV(Q
IVp=TV(Vp)*(Albumin/44) Slouming VPx(1 4 [Dosesome™
D)y*(1+ IDose4()()n1g (e]_)ose4()()1ng 1))*erp
ka=TV(ka)

= 06*(1 + IFood*(eFood - 1))

(6D0565()1ng

For the nonfluctuator dataset interoccasion variability for

CL was found to be significant and was included into the

model. The intrasubject error was estimated using a

combined multiplicative and additive model. Covariates

were included into the final model according to the

following equations:

Equations for the nonfluctuator dataset.

CL=TV(CL)*(CLc,/68) """ Pt

V. =TV(V ) *(Protein/72) " "V Ixe1Ve

Q=TV(Q)
Ve=TV(Vp)

=TV (ka)
tlag TV(tlag)

F1 :06*(1 + IFood*(eFood_ 1))

Model verification

All exclusions of the individual parts of the models led
to deterioration of the fit. Table 2 summarizes the effects
of the model verification process on the OF values. It
was verified that the inclusion of a f,, in the fluctuator
model was not necessary as the temporary inclusion and
then exclusion of this parameter changed the OF value
by only 2 units.

Final estimates

A summary of the parameter estimates together with
their precision is given in Table 3 and an example of
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Table 2 Summary of effects from model verification.

Fluctuators

(Basic OF: 1470)

Non-fluctuators
(Basic OF: 1133)

Observation: Observation:
Model Excluded feature increase in OF Excluded feature increase in OF
Two compartment, first order tag 2 Nag 12
absorption model with tlag
Effects on F1 Food effect 9 Food effect 8
Effects on CL LBW 73 CLe, 86
Protein 7
Effects on I/ LBW (V) 5 Protein (1) 13
Dose (V) 24
Dose (V) 19
Albumin (V) 9
Statistical model IOV (1},) 10 IOV (CL) 12
¢ (add) 18
¢ (mult) 95

Fluctuator model

Non-fluctuator model

Table 3 Summary of results from the
final models.

Final s.e. of the Final s.e. of the
Parameter estimate estimate estimate estimate
Pharmacokinetic
CL (1h™" 4.8 0.2 4.5 0.3
V. (1) 16 4.5 3.5 1.5
1, () 12 3.6 24 3.1
Q@h™h 5.2 2.0 7.7 2.4
ka (h™ ") 1.7 0.6 0.7 0.2
fag (h) — — 0.4 0.02
Inter-subject variability s (% coefficient variation)
7(CL) 0.08 (29%) 0.02 0.06 (25%) 0.02
(V) 0.42 (72%) 0.17 1.34 (168%) 0.64
(V) 0.28 (57%) 1.08 — —
Covariates
Okood(r) 0.88 0.04 0.83 0.12
OBw(cr) 0.73 0.14 — —
Oprocein(cn) —0.81 045 — —
Oproncincvey — — -7 3.47
OLw(ve) 0.65 0.45 — —
fcrcrcn — — 1.19 020
Oboses0me (V) 0.55 0.08 — —
Obescd00me (V) 1.40 0.30 — —
O Albumin (vp) 2.82 1.09 — —
Inter-occasion variability o
10V (13,) 2.12 2.47
IOV (CL) 0.04 0.02
Intra-subject variability o
¢ (mult) 0.22 0.03 0.18 0.04
¢ (add) — — 0.52 0.27

how the modified model predicts the tolcapone plasma
concentration for the 200 mg group of the fluctuator
dataset is illustrated in Figure 2. A similar pattern was
obtained with the other doses and dataset.

Tolcapone was rapidly absorbed with a typical ka of
1.7h™ " in the absence of a hag (fluctuators) or with a
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typical ka of 0.7 h™ " after a tag Of approximately 0-5 h
(nonfluctuators). Although concomitant food intake had
no effect on ka or f,,, it was shown to decrease F1 fasted
by approximately 10—15% in fluctuators and 15-20% in
nonfluctuators.

In both datasets, tolcapone’s total 17 (V. plus 17,,) was

© 2000 Blackwell Science Ltd Br J Clin Pharmacol, 49, 39-48
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estimated to be approximately 28 1 after 200 mg tolcapone
three times daily. The intersubject variability of this
parameter was high. During the model development
process, the individual estimates for V. plus 17, varied,
but the sum of both was always around 30 1. Although
IV was independent of dose in nonfluctuators (both
within and between patients), the 17 increased with
increasing doses of tolcapone in fluctuators and, taking
the estimated factors into account, the total IV with
50 mg three times daily and 400 mg three times daily was
151 and 391, respectively. Other influencing factors on
7 in fluctuators included LBW on IV and serum albumin
on V,, and in nonfluctuators serum protein levels on
V.. However, these factors could only be estimated with
relatively poor parameter precision. They were also
relatively small and may have been driven by a few very
high 17 estimates.

For both patient groups, CL was the pharmacokinetic
parameter that could be obtained with the best precision.
For both datasets this parameter was estimated to be
typically around 4.6 1 h™" with an intersubject variability
of approximately 30%. Estimates for both CL and
intersubject variability were stable throughout the model
development process. As shown in Figure 3, CL appeared
to increase with LBW in the fluctuator dataset. The CL
estimated for the nonfluctuators increased with increasing
CL¢,, although this effect was relatively modest. This is
shown in Figure 4.

The absence of an influence of treatment duration in
the final model indicates that tolcapone pharmacokinetics

© 2000 Blackwell Science Ltd Br J Clin Pharmacol, 49, 39-48
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Figure 3 Graph showing the relationship between LBW (kg)
and POSTHOC estimates of CL (1 h71). The line illustrates the
prediction of the model.

do not change systematically between 2 and 6 weeks of
multiple dose treatment. Similarly, age or sex did not
show an influence in the final model, indicating that
neither of these parameters have an important effect. In
the fluctuator dataset, the pharmacokinetics of tolcapone
were also independent of CL(, and coadministration of
dopamine agonists. In the nonfluctuator dataset, the
pharmacokinetics were independent of tolcapone dose,
BW and albumin levels.

The average values for the secondary parameters AUC
and t;,,,, for each dose are summarized in Table 4. As
expected for the fluctuators, the AUC values are dose
proportional due to the independence of CL from dose.
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Figure 4 Graph showing the relationship between CL,
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illustrates the prediction of the model.

However, the apparent f;,,,, of tolcapone is increasing
with dose due to the dose dependency of I.

Discussion

Blood sampling can be difficult in parkinsonian patients,
particularly those showing severe symptoms of the disease.
However, using sparse blood sampling and data evaluation
with population pharmacokinetic methods, it was possible
to describe the pharmacokinetics of tolcapone in this
target population. Samples were obtained from almost all
patients participating in the dose-finding trials with
tolcapone, and the quality of the data enabled the
pharmacokinetics to be evaluated under a wide range of
influencing factors in parkinsonian patients.

Our study showed a great consistency in the final
models derived for two independent datasets, confirming
the robustness of the process as well as the assumption
that tolcapone pharmacokinetics are similar in parkinson-
ian patients with a fluctuating and nonfluctuating response
to levodopa. The basic pharmacokinetic model was a
two-compartment open model with first-order absorption
and potentially a tlag. Such a model had already been
used to fit data from a conventional single dose clinical
pharmacology study with tolcapone in healthy young
volunteers [22], and similar results were obtained (ka:
11h™ 5 e 05 h; CL: 7.1 Th™ ! Ve 491 12 9.91).
The consistency between the current analysis (using
sparse data and mixed effect modelling with two
independent datasets) and the earlier study (based on a
data-rich situation applying nonlinear regression method)
gives confidence in the modelling process as well as the
validity of the results. The datasets differ in a few minor
aspects and some fine-tuning was applied to optimize the
fit individually for each dataset. For example the finding
that a fi,, is not always required for the final model is
most likely a result of the timing of the blood sampling
(i.e. only four samples were obtained between 0.5 and
1h after drug intake for the nonfluctuators verses 37

46

samples in the fluctuators during the same interval),
which can not always be so well controlled in thera-
peutic trials.

In general, the pharmacokinetics of tolcapone were
not systematically changed during the treatment duration
of 6 weeks and any influence of age, sex or the
concomitant use of dopamine agonists on tolcapone
pharmacokinetics was excluded. The fast absorption of
tolcapone described in healthy volunteers was also
confirmed in patients and the ka was estimated to be
approximately 1-2 h™ . Although from an earlier study
we know that food does affect the rate of absorption of
tolcapone (Hoffmann-La Roche, data on file), it could
not be described using the present approach. This was
probably because the blood sampling during the absorp-
tion process was too sparse. The effect of food on the
bioavailability of tolcapone as detected in healthy volun-
teers was confirmed in patients. When this drug is taken
concomitantly with food there is a decrease of 10-20%
in relative bioavailability. Based on the decrease in OF,
this effect was statistically significant, but because of the
relatively flat dose—response curve of tolcapone it is not
considered to be clinically relevant [14]. The current
recommendation is that tolcapone can be taken with or
without food.

Tolcapone is highly bound to plasma albumin
(>99.8%) and its distribution is therefore restricted [25].
In healthy volunteers the volume of distribution at steady
state after intravenous dosing was estimated to be 91
[22]. Our current analysis suggested a wider distribution
of tolcapone in parkinsonian patients with a total 17 of
tolcapone of approximately 301 in both analyses.
Although this parameter showed a high variability and
could not be estimated with good precision, both
independent analyses gave the same result and this was
relatively consistent throughout the model development.
It is therefore possible that the elderly parkinsonian
patients exhibit a higher 1V for tolcapone than healthy
young people. The influence of any covariates on I/ was
not very strong and the findings were inconsistent
between the two datasets indicating that the high estimates
for IV observed in a few patients may have driven the
relationships. Based on the high protein binding of
tolcapone, we would have expected some influence of
serum protein or albumin levels on tolcapone distribution.
However, despite a relatively wide range of wvalues
contained in our dataset, no relationship was detected.
The dose dependency of IV observed in the fluctuator
dataset could not be confirmed by the nonfluctuating
data. This could have been due to only a maximum of
two doses of tolcapone (200 and 400 mg) being adminis-
tered to this patient group. This would be in line with
an earlier study in healthy volunteers where a slight
nonlinearity in tolcapone pharmacokinetics was observed
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Population pharmacokinetics of tolcapone

Table 4 Calculated AUC and t,,,,, for

tolcapone after multiple dose treatment Tolcapone dose Parameter Fluctuators Non-fluctuators
with different doses of tolcapone. Data
are presented as means+s.d. 50 mg AUC (ugml~ ' h) 6.7+1.6 N/A
t1/2,, (h) 29422 N/A
200 mg AUC (pgml  h) 265+7.8 28.0+10.8
t1/25, (h) 55+4.1 8.0+4.2
400 mg AUC (pgml " h) 55.81+16.7 54.34+19.8
t172, () 744£33 7.7+3.2

for doses up to 50 mg, and linear pharmacokinetics above
this level [8].

Tolcapone CL could be estimated with great precision
and the value obtained, i.e. approximately 4.5-5 1 h!
under the assumption of 60% bioavailability fasted, i
close to the 71h ™" observed in healthy young volunteers
[22]. Even the intersubject variability of tolcapone CL
was estimated with good confidence and the value of
30% confirms the modest variability of tolcapone pharm-
acokinetics even in parkinsonian patients.

A few covariates with potential effect on tolcapone
pharmacokinetics were identified, but none of these
appeared to have any effect of clinical relevance. LBW
had the greatest impact on CL in the fluctuator dataset.
For a patient with a LBW of 15 kg below or above the
median value of 55 kg (i.e. the majority of patients), the
CL was predicted to be 80% and 119% of the TV,
respectively. Therefore, an adjustment of tolcapone dose
based on LBW does not appear to be justified. CL, had
the greatest impact on CL in nonfluctuators. However,
for a patient with a CLq, value of 50 ml min~ ', the
tolcapone CL would still be 70% of the TV of 4.5 1 h ',
which is considered to be acceptable without any dose
adjustment. Although the main influencing factor on CL
for the two populations was different, i.e. LBW for
fluctuators and CL¢, for nonfluctuators, both variables
are intercorrelated and it is therefore possible that one
factor reflects the other. Since tolcapone is not renally
cleared an effect of CL(, on tolcapone was not expected
[26]. We believe that the effect of LBW is more likely
to be a true influence factor on CL and that the
relationship with CLc, is artificial because body weight
is part of the equation to calculate CLc,. Further analyses
are under way to verify this hypothesis. Plasma protein
concentrations were identified as minor factors which
influence tolcapone CL. However, the variability in CL
due to this influencing factor would not be more than
+10% for a range of 64-80 gl

It appears that the pharmacokinetic characteristics
derived for tolcapone in parkinsonian patients are in
general agreement with the results from conventional
pharmacokinetic studies in young and elderly volunteers
[8, 9, 22] and that none of the covariates tested had any
clinically important effects on the pharmacokinetics of
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tolcapone. Based on the estimates for CL, the average
AUC calculated with the 200 mg dose of tolcapone was
approximately 27 ug ml~ "' hin patients, which fits well
with the estimates in healthy elderly volunteers
(24-27 pg ml " h) [9]. The estimated t;,,,, of tolcapone
(i.e. 5-8 h after 200 mg) was longer than that observed
in healthy volunteers (i.e. approximately 2 h), due to the
greater 1/ in parkinsonian patients.
exposure to tolcapone was essentially unaffected and dose
proportional, no adjustment of the dosing regimen in
parkinsonian patients is warranted.

In conclusion, the pharmacokinetics of tolcapone
recorded in the current study were in agreement with
those obtained in healthy volunteers, even though a
higher IV was observed in patients with Parkinson’s
disease. The pharmacokinetics of tolcapone were stable

However, since

between 2 and 6 weeks of treatment and no subpopulation
at risk of either under- or over exposure to tolcapone
was identified.

We would like to thank all the investigators and study nurses for
their support in this study.
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