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Abstract: In Parkinson’s disease, effects of medications on the
progression of the underlying disease can be assessed clinically
by evaluating patients at baseline prior to treatment and at
endpoint following medication washout. With this design, it is
critical to employ a washout of sufficient duration to ensure
elimination of all symptomatic effects. To assess the time
course of resolution of symptomatic effects, we evaluated 31
patients with early Parkinson’s disease for 2 weeks following
discontinuation of levodopa–carbidopa and bromocriptine after
14 months of treatment. Patients had previously been randomly
assigned to treatment with selegiline or placebo, and these had
been discontinued 2 months earlier. Data from 20 patients with
a clear washout of clinical benefit were used to investigate

quantitative models describing the time course of total (Activi-
ties of Daily Living + motor) Unified Parkinson’s Disease Rat-
ing Scale score change. The mean half-life of loss of clinical
benefit was 7.9 days (95% confidence interval, 2.2–30.4 days).
This indicates that a washout period of 32 days (4 half-lives)
may be required to eliminate approximately 90% of the long-
term symptomatic effects of levodopa–carbidopa and bromo-
criptine following their withdrawal from patients with early
Parkinson’s disease. © 2002 Movement Disorder Society
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Medication washouts are being used in clinical trials
in Parkinson’s disease (PD) to assess progression of the
underlying disease over time in treated patients.1,2 To
eliminate the symptomatic effects of medications, pa-
tients are evaluated at baseline prior to treatment, fol-
lowed through a treatment phase, and evaluated at end-
point following medication washout. If the washout is
long enough to eliminate symptomatic effects, the mag-
nitude of clinical change from baseline to end point can
serve as an index of underlying disease progression. Pos-
sible neuroprotective and neurotoxic effects can be
evaluated using this methodology. However, it is critical

to know the time course of resolution of symptomatic
effects following medication withdrawal. If the washout
is too short, symptomatic effects may persist and con-
found evaluation of disease progression. If the washout is
too long, patient discomfort will be unnecessarily pro-
longed and the number of dropouts during the washout
period may increase.

We previously reported results of a 2-week washout of
levodopa–carbidopa and bromocriptine in 31 patients3

who were part of a larger study.1 We found that mean
motor and total (Activities of Daily Living [ADL] +
motor) Unified Parkinson’s Disease Rating Scale (UP-
DRS)4 scores significantly increased (worsened) during
both the first and second washout weeks. However, we
do not know whether scores would increase further after
2 weeks or how long a washout is required to eliminate
symptomatic effects of these medications. In the study
described herein, we used modeling to estimate the half-
life of loss of clinical benefit following withdrawal of
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levodopa–carbidopa and bromocriptine in early PD and
to predict the washout duration required to eliminate
most or all of their symptomatic effects.

PATIENTS AND METHODS
Patients participating in a prospective, double-blind

trial designed to determine the effects of selegiline, levo-
dopa, and bromocriptine on the progression of signs and
symptoms of early PD1 were invited to undergo a 2-week
washout of levodopa–carbidopa and bromocriptine. The
structure and methods of the original study are reported
elsewhere.1 In brief, patients were randomly assigned to
treatment with 10 mg of selegiline per day or placebo
and also randomly assigned to symptomatic treatment
with levodopa–carbidopa or bromocriptine. Levodopa–
carbidopa and bromocriptine doses were adjusted as
deemed clinically appropriate by an unblinded treating
neurologist. Patients assigned to bromocriptine therapy
could receive supplemental levodopa–carbidopa if an ad-
equate clinical response was not achieved with bromo-
criptine at a dose of 20 mg per day. Patients were with-
drawn from selegiline at 12 months and from levodopa–
carbidopa and bromocriptine at 14 months. An
investigator blinded to medication treatment performed
all study evaluations. Thirty-one patients in this study
consented to UPDRS evaluations the morning following
discontinuation of levodopa–carbidopa and bromocrip-
tine (day 0) and on days 2, 4, 7, 10, and 14. All patients
signed informed consent forms approved by the Institu-
tional Review Boards of the participating sites.

Model for Washout of Clinical Effect
A model for washout of drug effect was fitted to total

(ADL + motor) UPDRS scores. It was assumed that the
return of the disease status score (total UPDRS) was
explained by first-order elimination of some active sub-
stance associated with levodopa–carbidopa treatment,
bromocriptine treatment, or both (Equation 1). The effect
of this substance on disease status (Equation 3) was pre-
sumed to be immediately and linearly related to the con-
centration of active substance (Equation 2).

C�t� = C0 � exp�−ln�2��Thalf � t�
Equation 1 concentration of active

substance C
E�t� = � � C�t� Equation 2 effect E produced by C
S�t� = Sss − E�t� Equation 3 disease status S

C0 is the concentration of active substance at the mo-
ment of drug withdrawal. It is assumed to have a nominal
value of 1 because its actual value is unknown. � is the
slope of a linear pharmacodynamic model relating con-
centration to effect. The choice of an arbitrary value of 1

for C0 only changes the scale of the model parameter �

but does not affect the description of the time course of
response. The disease state at time 0, S(0), is predicted by
� � C0, which is estimated by � because C0 is assumed
to be 1.0. Sss is the disease state when the effect of the
drug has been completely withdrawn and a new steady
state has been reached.

Graphs of data points (total UPDRS scores vs. wash-
out days) for each patient were reviewed independently
by 20 neurologists specializing in movement disorders.
Data for each patient were classified by each reviewer as
showing no washout, complete washout, incomplete
washout, or uncertain if complete washout. “Washout”
was meant to indicate that the data reflected a worsening
of clinical status over time. “Complete” was meant to
indicate that the worsening of clinical status had stabi-
lized and no further worsening was expected. “Incom-
plete” was meant to indicate that the worsening of clini-
cal status had not stabilized and further worsening was
expected.

Observations of those patients showing washout of
clinical benefit after withdrawal of levodopa–carbidopa
and bromocriptine were fitted simultaneously using a
model that assumed the same population values for � and
Sss for both drugs. Various models were used to estimate
the washout half-life, Thalf, depending on whether levo-
dopa, bromocriptine, or both drugs had been withdrawn
and whether patients had previously been randomly as-
signed to selegiline treatment. Population parameter vari-
ability was assumed to be log normally distributed. Pa-
rameter estimates are therefore reported as geometric
means. Residual error was assumed to be normally dis-
tributed and estimated by standard deviation (SD).

A hierarchical, mixed-effect model was developed us-
ing NONMEM v. V, rel. 1.1 (GloboMax, Hanover, MD).
The model was compiled using Compaq Visual Fortran v.
6.6, and executed on a 1.066-GHz Pentium III under Win-
dows XP. A convergence criterion of three significant dig-
its in the parameter estimates was used. The first order
method was used for estimation. Goodness of fit and pa-
rameter statistics with confidence intervals based on per-
centiles were obtained by bootstrapping5,6 the data set with
each subject’s records as the sampling unit to obtain 1,000
successfully minimized runs. The null model distribution of
the objective function value was obtained by fitting models
to 2,500 data sets created by random permutations of treat-
ments. The null hypothesis was tested by comparing the
objective function value obtained from the original data
under the alternate hypothesis with the null model distribu-
tion (randomization test).
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RESULTS
Thirty-one patients consented to a 2-week washout of

levodopa–carbidopa and bromocriptine. Mean age (±
standard error) was 69.2 ± 1.5 years and mean disease
duration was 4.0 ± 0.6 years. Fifteen patients had been
assigned to levodopa–carbidopa therapy (Fig. 1) and
were taking a mean levodopa dose of 411.7 ± 25.5 mg
per day. Sixteen patients had been assigned to bromo-
criptine therapy and were taking a mean of 23.8 ± 2.8 mg
per day. Five of the patients assigned to bromocriptine
were also receiving levodopa–carbidopa at a mean dose
of 320.0 ± 20.0 mg per day. Seven patients in the levo-
dopa group and 8 patients in the bromocriptine group had
been assigned to selegiline, which had been withdrawn 2
months earlier.

Washout of Clinical Effect
Data were available from 31 subjects who contributed

123 observations of total UPDRS score. The majority of
reviewers identified 11 patients (35%) as exhibiting no
washout (Patients 1, 2, 4, 5, 6, 8, 11, 15, 20, 29, and 30),
7 (23%) as exhibiting complete washout (Patients 3, 9,
12, 14, 17, 19, and 21), 10 (32%) as exhibiting incom-
plete washout (Patients 7, 10, 13, 22, 24, 25, 26, 27, 28,
and 31), and 3 (10%) as exhibiting washout for which
completion was uncertain (Patients 16, 18, and 23). Data
from the 20 patients (97 observations) showing washout
were used to investigate models describing the time
course of loss of clinical benefit following medication
withdrawal.

These 20 patients had a mean age of 69.8 ± 1.9 years
and a mean disease duration of 4.1 ± 0.9 years. Eight
patients had been assigned to levodopa–carbidopa
therapy (Fig. 1) and were taking a mean levodopa dose of
434.4 ± 33.7 mg per day. Twelve patients had been as-
signed to bromocriptine therapy and were taking a mean
dose of 26.3 ± 3.3 mg per day. Four of the patients
assigned to bromocriptine were also receiving levodopa–
carbidopa at a mean dose of 325.0 ± 25.0 mg per day.
Nine subjects had been taking 10 mg of selegiline per
day, which was withdrawn 2 months earlier (levodopa–
carbidopa � 3, bromocriptine � 4, bromocriptine +
levodopa–carbidopa � 2).

The geometric mean half-life of loss of clinical benefit
was 7.9 days (95% confidence interval, 2.2–30.4 days;
Table 1). Geometric mean total (ADL + motor) UPDRS
score was 16.8 units (Sss-�*CO) the morning following
discontinuation of levodopa–carbidopa and bromocrip-
tine and was predicted to reach 33.7 units (Sss) upon
completion of washout (Table 1). There was no signifi-
cant difference in the time course of loss of clinical ben-
efit between patients who had been treated with

levodopa–carbidopa and those who had been treated with
bromocriptine (P � 0.49, randomization test). There was
a trend for a more prolonged time course of loss of
clinical benefit among patients who had been treated
with selegiline compared with patients who had been
treated with selegiline placebo (P � 0.06, randomization
test; Table 2).

DISCUSSION

We used a quantitative parametric model to describe
the time course of loss of clinical benefit following with-
drawal of levodopa–carbidopa and bromocriptine in
early PD. The model is empirical and assumes the clini-
cal response is linearly related to an unknown mediator
that is eliminated by a first-order process. The first-order
assumption is required to extrapolate from the model and
predict the response if washout were complete (Sss). We
used the model in an exploratory analysis of previously
reported data3 to gain additional insights into the time
course of loss of clinical benefit following medication
withdrawal.

Because of the limited amount of data, we attempted
to improve the robustness of the parameter estimates
using the bootstrap method.5,6 Nevertheless, there is still
substantial uncertainty in the parameter estimates and
this prevents us from being able to reach firm conclu-
sions about the time course of loss of clinical benefit.
The results do, however, provide our best estimate using
these data and raise important considerations regarding
trial designs that rely on assumptions about washout of
clinical response.

The washout model predictions fit the UPDRS scores
reasonably well (Fig. 2). This figure shows the time
course of response in all 31 patients, including those who
did not have a clear washout. The between-subject vari-
ability in the time course of washout adequately reflected
the individual predictions.

Levodopa has a long duration response (LDR) that
lasts days to weeks.7–10 Nutt and colleagues7 found that
following 1 year of treatment, a 72-hour withdrawal of
levodopa was insufficient to allow complete resolution
of symptomatic benefit, as patients had not returned to
baseline. Ogasahara and coworkers8 evaluated the de-
cline of symptomatic response during a 7-day levodopa
drug holiday for 6 patients with a stable response and 6
patients with motor fluctuations. Patients with fluctua-
tions approached maximal disability over 3–4 days,
whereas stable responders experienced a progressive de-
cline over the 7-day observation period. Barbato and
associates9 found that after withdrawal of chronic
levodopa–carbidopa CR treatment, it took 6.8 ± 3.0 days
for early disease patients to deteriorate back to baseline

QUANTITATION OF LOSS OF CLINICAL BENEFIT 963

Movement Disorders, Vol. 17, No. 5, 2002



FIG. 1. Disposition of the 31 patients who consented to a 2-week washout of levodopa–carbidopa (LD) and bromocriptine (B). Patients had been
withdrawn from selegiline (S) or selegiline placebo (−S) 2 months earlier. A washout (w-o) was judged to be observed in 20 patients.
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disability. In contrast, we previously reported that sig-
nificant worsening occurred during the second week fol-
lowing withdrawal of levodopa–carbidopa and bromo-
criptine in early PD, indicating that a 1-week washout
was not sufficient to eliminate their symptomatic ef-
fects.3

Little information is available concerning the time
course of loss of clinical benefit in PD patients following
bromocriptine discontinuation in early PD. That our
model found the washout half-lives of clinical effect to
be relatively similar for levodopa and bromocriptine, de-
spite their very different serum half-lives,11,12 suggests
that the time course of loss of clinical effect may be
related to a common postsynaptic pharmacodynamic
mechanism.9

Selegiline is an irreversible inhibitor of monoamine
oxidase B (MAO-B), and recovery of MAO-B functional
enzyme activity after withdrawal of selegiline is depen-
dent on brain synthesis of new MAO-B. The time to 50%
recovery (half-time) of MAO-B following selegiline
withdrawal is approximately 40 days.13 In the
DATATOP (Deprenyl and Tocopherol Antioxidative
Therapy of Parkinsonism) study, total UPDRS scores
were significantly worse at 2 months, but not 1 month,
following selegiline withdrawal compared with selegi-
line placebo withdrawal.14 Our model demonstrated a
trend for slower loss of clinical benefit in subjects who
had been treated with selegiline that was discontinued 2
months earlier. This could be due to a persistent symp-
tomatic or neuroprotective effect.

We noted that less than 25% of patients in our study
were judged by Parkinson’s disease experts to have com-
pleted washout within 14 days based on review of the
UPDRS scores over time. This also suggests that clinical
trials that assume all patients have completed washout
over this time period will lead to erroneous conclusions.

Interestingly, a large proportion (35%) of patients
were judged to have had no detectable washout through
14 days of observation following medication withdrawal.
We do not know if this was because these subjects did
not have a long duration symptomatic benefit, it was too
small to detect, there were insufficient data, or the time
course of loss of clinical benefit was much more pro-
longed in this group. Quattrone and colleagues10 found
that 4 of 25 patients with early to moderate PD did not
exhibit an LDR following 15-day levodopa treatment
periods of varying dose intervals. This may suggest that
some patients do not develop an LDR or may require
more time to develop it. In our study, the estimated
washout half-life might have been substantially longer if
all patients were included in the quantitative analysis.

An important limitation of this study was that patients
and evaluators were aware that a medication washout
was under way. This could have led to a negative placebo
effect and made clinical deterioration appear worse than
it really was, or altered the observed time course of
symptomatic worsening. To minimize this potential bias,
a double-blind study could be undertaken with patients
randomly assigned to either stay on study medication or
switch to placebo. Evaluations could be performed by
blinded investigators and the time course and magnitude
of loss of clinical benefit could be assessed in patients
randomly assigned to placebo. An alternative would be a
staggered washout design in which patients come off
active medication and are switched to placebo at stag-
gered times to help keep evaluators blinded as to whether
subjects are undergoing a washout at any particular time.

TABLE 2. Bootstrap parameter estimates from 20 subjects
exhibiting a washout for total* UPDRS score washout model

with different estimated half-lives**

Variable
Geometric

mean

95% confidence
interval

5% 95%

� 13.1 8.6 30.9
Sss 29.5 23.3 47.9
ThalfLS 9.8 4.3 38.9
ThalfBS 8.3 3.8 39.1
ThalfL0 5.6 2.4 18.6
ThalfB0 2.8 1.3 25.8
SD 2.7 2.1 3.3

Following withdrawal from levodopa (or levodopa+bromocriptine)
with (ThalfLS, n�5) or without (ThalfL0, n�7) prior selegiline, and
bromocriptine alone with (ThalfBS, n�4) or without (ThalfB0, n�4)
prior selegiline.

*ADL + motor.
**Thalf, days.
�, slope of a linear pharmacodynamic model relating concentration

to effect; Sss, disease state; Thalf, half-life (days).

TABLE 1. Bootstrap parameter estimates from 20 subjects
exhibiting a washout for total* UPDRS score washout model

with the same estimated washout half-life** for
all treatments

Variable
Geometric

mean

95% confidence
interval

5% 95%

� 16.9 8.6 44.3
Sss 33.7 23.7 60.9
Thalf 7.9 2.2 30.4
SD 2.9 2.1 2.9

*ADL + motor.
**Thalf, days.
�, slope of a linear pharmacodynamic model relating concentration

to effect; Sss, disease state; Thalf, half-life (days); SD, standard devia-
tion.
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FIG. 2. Observed and predicted total (ADL + motor) Unified Parkinson’s Disease Rating Scale (UPDRS) scores after treatment withdrawal in all
31 patients participating in the 2-week washout study. The solid line is the individual prediction and the dotted line is the population prediction based
on a single washout half-life estimated from 20 patients with clear washout. Results of reviews of graphs showing data points for each subject,
conducted by 20 neurologists specializing in movement disorders, are displayed in the boxes. N, no washout; C, complete washout; U, uncertain if
complete washout; I, incomplete washout.
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FIG. 2. Continued.
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We found a geometric mean half-life of 7.9 days for
loss of clinical benefit following withdrawal of levo-
dopa–carbidopa and bromocriptine in early PD. This in-
dicates that a washout period of 32 days (four half-lives)
may be required in a typical patient to eliminate approxi-
mately 90% of their symptomatic effects. Although four
half-lives are considered adequate to reach steady state
as a general rule of thumb, more precisely considered,
four half-lives allow 93.25% of steady state. The remain-
ing 6.75% may be important in clinical trials attempting
to assess disease progression, as the “benefit” attribut-
able to incomplete washout could mistakenly be attrib-
uted to a neuroprotective effect.

We believe that it would be difficult for PD patients to
discontinue symptomatic medications for more than 2 to
4 weeks. Using a design incorporating multiple measure-
ments of disease status during an incomplete washout, a
model-based analysis could be employed. This would
allow symptomatic effects to be separated from effects
on disease progression without causing undue distress
for patients during a prolonged drug withdrawal.

Trials that evaluate clinical status following washout
of symptomatic medications as an index of underlying
PD are under way. In such studies, it is critical that the
effects of symptomatic agents be largely, if not wholly,
eliminated for the endpoint to be valid. Double-blind
washout studies may be useful to further define the time
course of resolution of symptomatic effects for medica-
tions used to treat PD. Smaller, more informative studies
are possible if multiple evaluations are made during the
treatment and washout phases. This repeated measure
design can use models to separate the symptomatic ef-
fects from effects on disease progression and are not
dependent on the assumption of complete washout of
symptomatic effects in all patients.
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