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Stanley Fahn
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Abstract Levodopa therapy, as
originally established by George
Cotzias [2, 3], is the most powerful
treatment for Parkinson’s disease
(PD). Levodopa’s toxicity to neu-
rons in vitro has raised concerns if
it might hasten the progression of
PD, although in vivo animal studies
suggest it may be neuroprotective.
Objective To discuss the results of
the ELLDOPA trial that was carried
out to determine if levodopa ther-
apy influences the rate of progres-
sion of Parkinson’s disease (PD).
Design ELLDOPA was a multicen-
ter, parallel-group, double-blind,
dosage-ranging, randomized, con-
trolled clinical trial. Setting Aca-
demic movement disorders clinics
at 38 sites in the United States and
Canada. Patients Three hundred
and sixty-one patients with early
PD of less than 2 years’ duration
who did not require symptomatic
therapy. Interventions Subjects
were randomly assigned to one of
four treatment groups: carbidopa/
levodopa 12.5/50 mg t.i.d. (N =92),
25/100 mg t.i. d. (N =88), 50/200 mg
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t.i.d. (N =91), or matching placebo
(N'=90). The dosage was gradually
escalated over 9 weeks and then
maintained until Week 40, at which
time active treatment was with-
drawn over 3 days. After 2 weeks
without active treatment (Week
42), a final assessment of PD sever-
ity was obtained. Outcome mea-
sures The prespecified primary
clinical outcome was the change in
the total Unified Parkinson’s
Disease Rating Scale (UPDRS)
between baseline and Week 42,
comparing the four treatment
groups. The primary neuroimaging
component of the study in a sub-
group of 142 subjects was the per-
cent change in striatal Zjodine 2-
B-carboxymethoxy-3-$-(4-iodophe
nyl)tropane (B-CIT) uptake be-
tween baseline and Week 40 visits.
The neuroimaging substudy uti-
lized single photon emission com-
puted tomography (SPECT) of the
dopamine transporter. Results All
dosages of levodopa exerted clini-
cal benefit compared to placebo on
the UPDRS scores throughout the
study, including 2 weeks after dis-
continuing levodopa. The UPDRS
scores at Week 42 failed to reach
the level encountered in the
placebo group (change of 7.8 £9.0,
1.9+£6.0,1.9+£6.9,and -1.4 7.8,
for placebo, 150 mg/day, 300 mg/
day, and 600 mg/day, respectively,

p <0.0001). Nausea (p=0.001) and
dyskinesias (p =0.0001) were more

common in the levodopa groups,
especially with the higher dosages.
Freezing appeared around the
same time, but was more common
in the placebo (14%) and 150 mg/
day group (10%). The percent
decline of B-CIT uptake in the
striatum was significantly more
pronounced in the levodopa
groups than the placebo group
(-7.2%, -4 %, -6 %,and -1.4% in
600 mg/day, 300 mg/day, 150 mg/
day, and placebo, respectively;
p=0.035). Conclusions The clinical
outcomes not only indicate that
levodopa is effective in a dose-
dependent manner in overcoming
the signs and symptoms of PD,
they also support the concept that
the drug does not hasten the dis-
ease progression, but rather may
slow down the rate of the disease.
The clinical study failed to demon-
strate any evidence of levodopa
worsening early PD. However, the
B-CIT SPECT substudy indicates
the opposite effect, namely that
levodopa causes a more rapid
decline in the integrity of the
dopamine transporter located in
the nigrostriatal nerve terminals in
the striatum. These contradictory
findings warrant further investiga-
tion into the effect of levodopa on
PD. Other observations The
ELLDOPA study was the first
levodopa dose-response study ever
conducted. It showed that dose is a
factor in the cause of producing
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motor complications of dyskinesias
and wearing-off, and that these can
develop as early as 5 to 6 months.
On the other hand, freezing of gait
could be delayed or its occurrence
reduced by high dosage levodopa,
compared to placebo or low-dose
levodopa. Withdrawal of levodopa
over a 3-day step-down can be
safely carried out without inducing

the neuroleptic-like syndrome. The
UPDRS was shown to be a reliable
linear marker for disease progres-
sion. The ELLDOPA study also
called into question the interpreta-
tion of B-CIT SPECT in the pres-
ence of dopaminergic agents.
Neuroimaging in ELLDOPA also
showed that some people diag-
nosed with early PD do not have a

dopaminergic deficit, calling into
question how difficult the correct
diagnosis may be in people with
early symptoms of PD.
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Introduction

Parkinson’s disease (PD) is a progressively disabling
neurodegenerative disorder manifested clinically by
bradykinesia, tremor, rigidity, flexed posture, postural
instability and the freezing phenomenon. It is charac-
terized pathologically by loss of pigmented neurons in
the brainstem, particularly dopaminergic neurons in the
substantia nigra pars compacta and noradrenergic neu-
rons in the locus ceruleus. The neuronal degeneration is
accompanied by the presence of intracytoplasmic
eosinophilic inclusions known as Lewy bodies and by
gliosis [1]. The course of clinical decline parallels the
progressive degeneration of remaining neurons [2].
Neurochemical and pharmacologic studies implicate
striatal dopamine deficiency as the basis of most of the
motor features of PD [3]. Dopamine replacement ther-
apy with the precursor, levodopa, as originally estab-
lished by George Cotzias [4,5],is highly effective in ame-
liorating many signs and symptoms in the early stages
of PD and in improving the quality of life and survival
of treated patients. It provides superior benefit to all
other currently available drugs [6]. Unfortunately,a host
of disabling complications usually ensues within
months to years, and sometimes within weeks after ini-
tiation of levodopa [7], greatly limiting the overall effec-
tiveness of the drug. In fact, the motor complications of
levodopa-induced dyskinesias and fluctuations (i.e.,
wearing-off) are the primary reasons for delaying the
initiation of levodopa therapy [8].

Whether to introduce levodopa therapy early or later
in the course of the disease has been a controversy that
has engulfed the movement disorder community.
Adding to this controversy were the findings that lev-
odopa is neurotoxic to aminergic cells in vitro [see re-
views 9, 10]. These findings have raised concerns that
chronic levodopa exposure might hasten disease pro-
gression in PD patients by enhancing the degeneration
of dopaminergic neurons. Accordingly, some physicians
and patients have opted to defer the use of levodopa for
as long as possible [8]. Others physicians support using
levodopa as first-line therapy, arguing that it is inappro-
priate to withhold the most potent symptomatic treat-

ment for PD in the absence of clinical evidence of toxic-
ity [11-13].

Despite in vitro studies indicating that levodopa can
be toxic to dopaminergic neurons, the results from in
vivo studies in animals were mixed. Suggestive that
levodopa could hasten the demise of dopamine neurons
in patients with PD were two studies published in 2002,
in which functional neuroimaging techniques had
been used to compare patients initially treated with
pramipexole vs. levodopa (CALM-PD) and ropinirole
vs. levodopa (REAL-PET). The CALM-PD trial used
single photon emission computerized tomography
(SPECT) to look at striatal dopamine transporter (DAT)
activity (B-CIT uptake) as a marker for intact nigro-
striatal dopaminergic nerve terminals. This 4-year trial
showed a more rapid rate of decline of B-CIT uptake in
the group assigned to early levodopa compared with
early pramipexole treatment [14]. On the other hand,
the clinical results of this trial showed that levodopa was
more effective than pramipexole in reducing the clini-
cal signs of PD [15]. Similar imaging [16] and clinical
[17] results were found in the REAL-PET trial, which
used positron emission tomography (PET) to look at
putaminal ¥F accumulation (due to '¥F-DOPA uptake
and decarboxylation) as a marker for functional
dopaminergic terminals. These studies showed a more
rapid rate of reduction of ¥F accumulation in patients
who were initially treated with levodopa vs. ropinirole,
but a better clinical response with levodopa. Since there
was no placebo group in either study, the findings of the
two studies could be interpreted to show that dopamine
agonists slow the progression of PD, levodopa hastens
the progression of PD, or both. They also raise the
question of whether levodopa or dopamine agonists
have direct pharmacological effects on DAT or L-aro-
matic amino acid (dopa) decarboxylase that might con-
found the interpretation of these results. Thus, caution
must be used in interpreting these and other studies
that use imaging markers to document “neuroprotec-
tion” [18-20].

How might levodopa be toxic to aminergic neurons?
The most common explanation is that levodopa aug-
ments oxidative stress via the production of quinones,
hydrogen peroxide and oxyradicals. Because the



dopaminergic neurons in patients with PD are already
under oxidative stress that contributes to neuronal
death, adding further oxyradicals would enhance the
demise of these neurons. The biochemical evidence of
oxidative stress in the parkinsonian substantia nigra
pars compacta is multiple. There is a reduction of re-
duced glutathione, increased levels of malondialdehyde
and lipid hydroperoxides, oxidative DNA and protein
damage, oxidative (nitrative) modification of a-synu-
clein, and reduced complex I activity; and both the
MPTP and rotenone animal models of PD involve ox-
idative stress [21-23].

Because of ongoing controversy about whether lev-
odopa is toxic to dopamine neurons in patients with PD,
a large, multicenter, randomized controlled clinical trial
comparing three different doses of levodopa with
placebo treatment in patients with early PD (the ELL-
DOPA study) was designed and executed by the Parkin-
son Study Group to answer this question [24]. This arti-
cle reviews the main results of the ELLDOPA study and
discusses its contribution to the understanding of lev-
odopa therapy in PD.

Analysis of the ELLDOPA study

This was a double-blind, placebo-controlled, parallel
group, multicenter clinical trial of patients with early PD
who had not been previously treated with symptomatic
therapy. A total of 361 patients were enrolled, and were
randomized to receive treatment with either low
(150 mg/day), middle (300mg/day), or high
(600 mg/day) dosage levodopa, or placebo, with the
medications divided into a dosing schedule of three
times daily. The daily dose was built up gradually over a
9-week period. After 40 weeks of treatment, the patients
underwent a 3-day taper of their medications, followed
by a 2-week washout period during which they received
no treatment for their PD. The primary outcome mea-
sure was the change in the total Unified Parkinson’s Dis-
ease Rating Scale (UPDRS) score between baseline and
after the washout period at Week 42. The goal of the
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study was to determine whether levodopa treatment af-
fects the rate of progression of PD.

At the end of the 2-week washout period, the UPDRS
scores of patients treated with all three doses of lev-
odopa were lower (better) than those of the placebo-
treated group, in a dose-response pattern (Fig.1). These
findings suggest that levodopa is not neurotoxic, and
may even be neuroprotective, though the possibility that
patients were experiencing a longer duration of symp-
tomatic response to levodopa that had extended beyond
the 2-week washout period could not be excluded. The
highest dosage of levodopa was, however, associated
with a higher incidence of motor complications, includ-
ing dyskinesias and a trend to develop the “wearing-off”
phenomenon (Table 1).

In addition to the clinical data, a subset of patients in
the ELLDOPA trial was also evaluated with B-CIT
SPECT imaging, which (as in the CALM-PD trial) was
used as a marker for intact nigrostriatal dopaminergic
neurons by labeling the dopamine transporter (DAT).

Change in UPDRS from baseline to Week 42

P <0.0001

Change in Total UPDRS from baseline

-2 t+2 6 10 14 18 22 26 30 34 38 [42 46
Week Medications

——Placebo ==-=150mg 300mg 600mg

Fig.1 Total UPDRS dose-response changes to levodopa and placebo therapy over
40 weeks of treatment and then 2 weeks of no medication. Ratings were obtained
from the blinded Treating Investigators. The scores were obtained prior to the first
daily dose of experimental medication. Figure reproduced from Ref. 24. Permission
granted by Massachusetts Medical Society, which holds the copyright (2004)

Table1 Dopaminergic adverse effects in the

Adverse event Placebo Levodopa Levodopa Levodopa P-value
ELLDOPA

OPA study 150 mg/day 300 mg/day 600 mg/day (Trend)
Subjects, N 90 92 88 91
Dyskinesia 3(33) 3(33) 2(23) 15 (16.5) < 0.001
Dystonia 19(21.1) 19 (20.1) 14(15.9) 12(13.2) 0.30
Freezing 13 (14.4) 9(9.8) 6(6.8) 5(5.5) 0.15
On-Off 3(33) 1(1.1) 0(0.0) 3(33) 0.26
Wearing-Off 12(133) 15(16.3) 16(18.2) 27 (29.7) 0.06

Data shown are the number of subjects (with percentages in parentheses) affected with each adverse effect. Data
from Ref. 24. Permission granted
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These neuroimaging studies showed that there was a
larger decrease in striatal DAT binding in patients
treated with levodopa, in a dose-response pattern
(Fig.2).Thus,in contrast with the clinical data, the imag-
ing findings suggested that levodopa may hasten the
progression of PD. As with other neuroimaging studies,
however, it is possible that the observed changes in the
levels of uptake of this marker reflected a pharmacolo-
gical effect of levodopa on DAT activity, rather than ev-
idence of injury to dopaminergic neurons.

Thus, intriguing as the results of the ELLDOPA study
are, it remains unclear whether levodopa may (either
positively or negatively) affect the natural history of
PD. Given the evidence from the ELLDOPA study that
the dosage of levodopa is important in the development
of motor complications, it is reasonable to customize
the dose of levodopa to fit the specific needs of each pa-
tient.

Other information learned from the ELLDOPA
study

Dose-response

This is the first time that a dose-response curve with lev-
odopa has been studied. The curves in Fig. 1 indicate the
mean change of UPDRS from baseline at each visit. Er-
ror bars indicate £ SE. The scores were obtained from
examinations carried out prior to the subjects receiving
their first daily dose of medication. The highest dose of
levodopa provided maximum improvement of UPDRS
scores until Week 24 (mean benefit of 5 UPDRS units be-

SPECT SCAN RESULTS IN ELLDOPA
Subjects with low putamen < 3.25 (n =116)

Percent change in striatal 3-CIT uptaken from
baseline to 40 weeks of treatment

0 T4
24 7 -6.0 4.0 -72
i
—4 1
//
_6 +
gl
Placebo 150mg/d 300mg/d 600mg/d
P (vs. Placebo) 0.17 0.4 0.015

P (dose-response) = 0.036

Fig.2 Percent change of striatal 3-CIT uptake from baseline to Week 40. Values
are expressed mean changes. P-values refer to dose-response effect and to indi-
vidual doses versus placebo. The 19 subjects eliminated had putaminal B-CIT up-
take > 3.25 (> 75 percent age expected uptake). Data from Ref. 24. Permission
granted

low the baseline level), at which time the symptoms
started to revert towards baseline as seen at the Week 40
visit. Clinical benefit was seen even at the lowest dose
tested, 12.5/50mg t.i.d. The two lowest doses
(150 mg/day and 300 mg/day) showed a reversal towards
baseline beginning after Week 9; after Week 24, the wors-
ening of Parkinson’s disease was parallel to that en-
countered in the placebo group. The 150 mg/day group
reached its baseline UPDRS scores around Week 27, and
the 300 mg/day group around Week 40. The 600 mg/day
group still showed improved UPDRS scores compared
to baseline by the time levodopa was withdrawn at Week
40. The placebo and the two lowest levodopa groups
showed a steady rate of worsening over the 2-week
washout period, but almost all the worsening of UPDRS
scores for the 600 mg/day group occurred during the
first week of drug withdrawal, with little noticeable
change afterwards. At Month 9 (Week 40), UPDRS scores
improved after a dose of medication, and this short-du-
ration benefit of the 300 and 600 mg/day dosages re-
mained superior to the baseline score (data not shown).
The group receiving 600 mg/day of levodopa main-
tained its degree of symptomatic benefit throughout
even before the first dose of the day.

Usefulness of UPDRS to measure progression of PD

Fig. 1 also shows that the total UPDRS scores in the con-
trol (placebo) group steadily (almost linearly) worsened
over the 42 weeks of the study. The mean change from
baseline varied from 7.8 units (results of the Primary
Raters) to 9 units (results of the Treating Investigators)
over the 42 weeks (9.5 months). This linear change indi-
cates that total UPDRS is a valid scale in early PD. The
consistency of the rate of change of total UPDRS among
the several controlled clinical trials evaluating patients
with early,mild PD is another indication that the UPDRS
is a reliable scale to measure the progression of PD
(Table2).

Development of wearing-off and dyskinesias

The ELLDOPA study is the first time that dosage of lev-
odopa was shown to be a factor in the development of
dyskinesias (P <0.001) and most likely also motor fluc-
tuations (P=0.06) (Table 1). Retrospective studies sug-
gest that duration of levodopa therapy, severity of PD
and duration of illness may be important factors
[29-33]. The time of onset of the motor complications in
ELLDOPA was 5-6 months after starting levodopa.



Iv/41

Table2 Rate of worsening of PD in placebo arm of

clinical trials in mild, untreated PD Name of study Drug being studied tUPDRS/duration tUPDRS/year Reference
DATATOP Deprenyl/tocopherol 12/year 12/year 25
ROADS Lazabemide 8/year 8/year 26
QE2 Coenzyme Q10 12/16 months 9/year 27
TEMPO Rasagiline 4.1/6 months 8.2/year 28
ELLDOPA Levodopa 8.4/9.5 months 10.6/year 24
Freezing of gait SWEDDs

The ELLDOPA study also showed that levodopa, partic-
ularly high dosage, can delay the development of freez-
ing of gait. Onset of freezing occurred mainly in the
placebo group, with onset between 5 and 6 months.
Whether the delay or prevention of freezing by levodopa
is due to its symptomatic or to a neuroprotective effect
is uncertain.

Withdrawal from levodopa

The withdrawal of levodopa was also studied in the ELL-
DOPA trial. Withdrawing levodopa over a 3-day step-
down prior to its discontinuation did not produce the
“neuroleptic malignant-like syndrome.” Whether this
step-down approach avoided this complication or
whether it would not have occurred anyway, given the
short duration of levodopa therapy and the mild state of
PD, cannot be ascertained.

Without levodopa, the worsening of UPDRS scores
occurred almost entirely in the first week off medica-
tion. Because the washout period was only 2 weeks, it is
uncertain if the symptomatic benefit from levodopa
would still be present beyond the 2-week washout pe-
riod.

Neuroimaging

The placebo controlled imaging component in the
ELLDOPA study was discordant from the clinical results.
A dose-responsive reduced binding of B-CIT could re-
flect either enhanced progression of PD from levodopa
or pharmacologic interference by levodopa of the activ-
ity of the dopamine transporter, which is labeled by [3-
CIT. Therefore, the ELLDOPA study calls into question
the value of neuroimaging studies in the presence of
dopaminergic agents. This applies to the interpretation
of the CALM-PD and the REAL-PET studies described
above.

The ELLDOPA study confirmed that some patients di-
agnosed with early PD appear to have no striatal
dopaminergic deficit, calling into question their diagno-
sis. These Scans Without Evidence of Dopaminergic
Deficit (SWEDDs) have been seen in CALM-PD and
REAL-PET, as well. What is the correct diagnosis for
these patients? Is it possible that the diagnosis was in-
correct, with patients possibly having some other ill-
ness, such as essential tremor or depression? Psy-
chogenic parkinsonism, dopa-responsive dystonia and
even a Parkinson-plus syndrome are possible alterna-
tive diagnoses. It is important to ascertain what the cor-
rect diagnosis is for such patients. Furthermore, a pre-
determined analysis plan needs to be formulated on how
to handle these individuals when studying a population
of early PD subjects for clinical trials.

One piece of evidence that those with SWEDDs do
not have PD is their lack of any clinical response to lev-
odopa therapy (Table 3). One would expect patients with
PD to have symptomatic benefit when treated with
600 mg/day of levodopa, but those with SWEDDs failed
to show improvement.

Interpretations of the ELLDOPA study

The clinical results suggest either a strong neuroprotec-
tive effect from levodopa, particularly a high dosage of
at least 600 mg/day, or that there is a very long duration
of clinical benefit not previously recognized. The dis-
cordance of the neuroimaging results indicate that if lev-

Table3 Response of SWEDDs vs. non-SWEDDs in the 600 mg/day group

Baseline Week 40
Category N UPDRS N AUPDRS (40-0)
SWEDDs 8 144+7.6 8 24+4.2
Non-SWEDDs 30 29.7£11.6 28 -49+104
P 0.004 0.002

UPDRS scores are Total UPDRS obtained by the Treating Investigators, mean + S. D.
P-value by Student’s t-test. Their parkinsonian symptoms do not appear to be due
to DA deficiency
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odopa is neuroprotective, then the imaging results prob-
ably reflect interference of the binding of B-CIT due to
levodopa. However, if the imaging result is a reflection of
enhanced neuroprogression by levodopa, then the clini-

symptomatic benefit with only a 2-week withdrawal of
levodopa. Because of this uncertainty, one cannot rec-
ommend starting high dosage levodopa at the time of
diagnosis. A follow-up study to resolve the uncertainty

cal results would reflect incomplete elimination of the

in interpretation is strongly recommended.
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