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A double-blind crossover comparison of Sinemet CR4
and standard Sinemet 25/100 in patients with
Parkinson's disease and fluctuating motor
performance
JESSE M CEDARBAUM, MARY HOEY, FLETCHER H McDOWELL
From the Department ofNeurology, Cornell University Medical College, The Burke Rehabilitation Center,
White Plains, and The New York Hospital, New York, NY, USA

SUMMARY Fourteen Parkinsonian patients with fluctuations in therapeutic response to levodopa
completed a double-blind, crossover trial ofcontrolled-release levodopa/carbidopa (Sinemet CR4) vs
standard Sinemet 25/100 (STD). Significant increases in mean interdose interval and per cent of the
waking day spent "on", as well as reductions in the number of daily medication doses and number of
"off" episodes were noted. In the double-blind part of the study, relative to open treatment with
STD, ten patients rated themselves as improved while taking CR4, whereas only three considered
themselves improved with STD. Difficulties using CR4 included an increased "lag-time" to the onset
of antiparkinson effect, a tendency to produce increasingly severe dyskinesia late in the day, and a
somewhat lessened predictability of motor response. Nonetheless, since the overall level of motor
function through the day was equal to or better than that attained with STD, but with fewer
medication administrations, Sinemet CR4 should prove a useful antiparkinsonian agent.

One of the major problems facing the physician
treating patients with advanced Parkinson's disease
with levodopa is the emergence of therapeutic res-
ponse fluctuations (RFs).i-3 RFs are, to a large extent,
a pharmacokinetic phenomenon.' They result, at
least in part, from the inability of the residual
dopamine synthesis and storage capacity of the
striatum of patients with advanced disease to "buffer"
fluctuations in the availability of dopamine synthe-
sised from exogenously administered levodopa,910 a
drug with a short plasma half-life generally not
exceeding 2 hours.`-`2 Continuous intravenous
infusions of levodopa have repeatedly been shown to
reduce or eliminate RFs.8 '>" Likewise, oral con-
trolled-release formulations of levodopa plus decar-
boxylase inhibitor have been shown, in open studies,
to reduce the frequency of "off" periods and to
increase the interval at which medication doses are
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required in Parkinson's disease patients with RFs.'-24
We now report the outcome of a double-blind,
crossover comparison of one such preparation, Sin-
emet CR4, vs. standard Sinemet 25/100 (STD).

Methods

After giving informed consent, 19 patients entered and 14
completed the 24 week study. The mean age of the patients
completing the study was 58 3, SEM 1 9 years; the mean
duration of Parkinson's disease was 11-07, SEM 0 99 years,
and the mean duration of RF was 3-78, SEM 0-66 years. All
patients had idiopathic Parkinson's disease with disability
scores when "off " of at least 2 (mean = 2-86, SEM 0 23) on
the Hoehn and Yahr scale. All had an end-of-dose wearing-
offpattern of RFs; all but two suffered peak-dose dyskinesia.
Four additional patients had end-dose dystonia. Since it was
considered preferable to compare formulations with identical
carbidopa/levodopa ratios (Sinemet CR4 contains 50 mg
carbidopa and 200 mg levodopa), those patients taking
Sinemet 10/100 or 25/250 prior to study entry were switched
to 25/100 tablets, and the dose was adjusted to optimise
performance before actual entry into the study. Six patients
were taking anticholinergic agents and six amantadine at
study entry (two were taking both). Three patients had been
taking bromocriptine, which was discontinued at least 2
weeks prior to study entry.
The study consisted of two phases (fig 1): an 8-week open
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Fig 1 Diagram of the study design.

label dose-titration phase (DT) and a 16-week double-blind
phase (DB). Each phase was likewise divided into two
periods. During the first DT period (DT1), the dose of STD
was adjusted to achieve maximum "on" time with as little
"off" time and dyskinesia as possible. This process was

repeated for CR4 during the second DT period (DT2). The
starting interdose interval for the CR4 formulation was

determined by doubling the final interdose interval from
DT1. The initial dose was determined by taking the optimum
24-hour levodopa dose from DTI, and dividing by the
number of doses to be taken. Fractional amounts were

rounded upwards to compensate any decreased
bioavailability of levodopa from CR4.

Following DT2, fourteen patients entered the DB phase.
During this time, patients were given two sets of tablets, one

resembling STD, and the other CR4. The patients were

randomised into two groups. For one group, the yellow STD
tablets contained placebo during the first DB period (DBI),
during which they were given active CR4 tablets. Conversely,
these patients received placebo CR4 tablets and active STD
during DB2. For the remaining patients, the order was

reversed, so that they received active CR4 tablets during DB2
and active STD during DBI. At the beginning of DBI,
patients were instructed to take the yellow STD tablets on the
same dose schedule as had been established during DT1, and
the beige CR4 tablets on the schedule established at the end
of DT2. If dose adjustments had to be made during the DB
phase, the dose and/or interval for both tablets was adjusted
concurrently.

Cedarbaum, Hoey, McDowell

At the end of each double-blind period, 8-hour observa-
tion studies were carried out as previously described.'920
Patients reported to the clinic before taking their first
morning dose of medication, having eaten a low-protein
breakfast consisting of juice, toast and coffee. Patients who
were too severely disabled to travel to the clinic in the
morning without the benefit of medication, or who lived too
far away were admitted to the hospital the evening prior to
the study. From the time of the first dose, Parkinsonian
disability and dyskinesias were rated at half-hourly or hourly
intervals, utilising selected items from the modified Cornell-
UCLA scoring system. An overall score, ranging from -4
(most Parkinsonian) to + 4 (violent dyskinesias), with zero

representing the eumotoric state,25 was also assigned at each
time point. The patients were given a standard lunch,
consisting of a fruit salad, clear soup, pie or cake and a

beverage. Eight patients underwent similar studies at the end
of each DT period, with blood samples taken for determina-
tion of plasma levodopa, 3-0-methyldopa (OMD) and
carbidopa levels being drawn at the time of each examina-
tion. Two additional patients had blood level determinations
performed during the DB observation studies. Plasma con-

centrations were determined using HPLC-ED, and will be
reported in a separate communication. In no instance was

information regarding plasma levodopa levels used to guide
therapy in these patients.
The patients were evaluated biweekly, using the Unified

Parkinson Disease Scale (UPDS)26 and the Schwab and
England Activities of Daily Living (ADL) scale, according to
which patients (and/or spouses) were asked to rate overall
ADL function as a percentage of normal (100% = fully
independent, 0% = totally dependent in all ADL).2V ADL,
using both the percent scale and ADL portions of the UPDS,
were rated by the patients and/or spouses for both the "on"
and "off'" conditions. In addition, patients kept diaries 2
days each week, recording time spent ''off," "on," and "on
with dyskinesias." At the end ofeach DB period, the patients
were asked to rate their performance as compared with DT1.
At the end of DT2, patients were asked to express a

preference for the drug taken during DB1 or DB2.
Data analysis was performed using the CLINFO computer

facility of the Cornell Clinical Research Center. Compar-
isons were carried out using paired Student's t-tests and
nonparametric statistics where appropriate.

Table I Dose information and tabulation ofpatient diaries

Open-label Double-blind
% Change

STD (SEM) CR4 (SEM) STD (SEM) CR4 (SEM) (DB only)

Doses/day 7-21 (0-3) 4-28 (0-26) 7-14 (0 3) 4-14 (0-3)* -42-0
Interval 2-42 (0-12) 4 50 (0-23) 2-39 (0-1) 4 57 (0 2)- +86-0
MG dopa/day 1050-0 (125-6) 1414-29 (71 -0)§ 1128-6 (117-5) 1371-4 (1721)¶I +218
#"Offs"/day 2-96 (03) 1-89 (0.3) 297 (05) 2-12 (03)* - 28-6
% "On" time total 70-49 (5-0) 78 26 (4.3)* 70-12 (5-0) 78-28 (3.6)* -11-6
With dyskinesia 25-49 (9-1) 27-00 (9-1) 31-70 (9-9) 31-10 (9 5) - 1.9
"Lag time" (hr) 0-96 (0-28) 0-96 (0-19)
Improved vs STD 3 1t
PTS preferring 1 1111

p Values (vs STD): t-test *< 0-001; §<0-002; 1 <0-0003; $<0-01; *<0.02; #<0-05.
Chi-square: t = 0-024; 11= 0-0015.
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Fig 2 Number ofdaily medication doses (top), mean
interdose interval (middle), and total daily levodopa dose
(bottom) during both open label dose-titration ("OPEN")
and double-blind ("DB") periods. * p < 0 0001;
§ p < 0-0003; T p < 0 0005; CR4 (open bars) vs STD

(filled bars).

Results

Dropouts: Five patients withdrew from the study, all
during open-label treatment with CR4. One patient
dropped out after 3 days ofDT2 (CR4 dose titration)
because he missed the "antiparkinson surge" of STD,
and disliked the gradual onset of action of CR4. Four
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more patients dropped out at the end of DT2; two
because of excessive dyskinesia, one due to worsened
cognitive function, and one due to worsened Parkin-
sonism despite a marked increase in daily levodopa
intake. The side-effect profile of CR4 was identical to
that of STD. The patient who was dropped from the
study due to worsened cognitive function had been
moderately impaired prior to the study and continued
to deteriorate thereafter.

In the double-blind portion ofthe study, 10 ofthe 14
patients considered their motor performance during
the CR4 DB period to be better than it was during
open-label treatment with STD during DTl, three
patients considered themselves better when on STD in
the DB phase than during DTl, and one could detect
no difference (Chi-square p = 0.024). In comparing
performance during the two DB periods, 11 patients
expressed a preference for the CR4 DB period, one for
STD, and two had no preference (Chi-square p =
0-0015). Eleven patients correctly surmised which
tablet was the active one in each of the double blind
periods, since individual doses of CR4 took longer to
"kick in". This effect was evident even though patients
with long delays to turn on were given a larger dose of
CR4 upon arising in an attempt to have plasma
levodopa levels reach "threshold" sooner. The
remaining four patients could not distinguish between
CR4 and STD.
During the DB periods of the study, the number of

doses per day was 42% less for CR4 than for STD,
4-14, SEM 0 3 vs 7 14, SEM 0 3 (p < 0-0001). The
mean interdose interval was increased 86% from 2-39,
SEM O lh on STD to 4 57, SEM 0-2 on CR4 (p <
0 0001). However, the mean daily intake of levodopa
was increased 21-8%, from 1128 6, SEM 117 5 to
1371-4, SEM 172-1 mg/day (p < 0 0003). A substan-
tial part of this increase may have been due to the fact
that patients were given a bedtime dose of CR4 in
hopes of extending benefit into the night. However,
only two patients specifically commented on improved
sleep patterns or ease of getting out of bed at night,

Table 2 Subjective patient ratings ofADLfunction

Open-label Double-blind

STD CR4 STD CR4
(SEM) (SEM) (SEM) (SEM)

Schwab & England (percent of "normal"):
"On" 84-28 (3 43) 86-42 (2 69) 83 60 (3 07) 84-29 (3 26)
"1OWf' 57-14 (4 24) 65 00 (4.16)* 53 57 (4-87) 57-14 (5 07)

AOff-On 27-14 (3 39) 21 42 (3-29) 30-00 (3-78) 27 14 (3-10)
UPDS ADL self-rating:

"On" 2 57(082) 2-86(1 04) 343 (1 19) 3.57(1-55)
"Off" 13-36 (1 47) 12 14 (1-33) 13 07 (1-94) 13 36 (1-99)

AOff-On 10-79(0 87) 9-29(1-21) 9-64(1-58) 9-79(1-59)

p Values * < 0-05. A = On-Off difference.
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Fig 3 Number of "oft' periods per day (top), per cent of
the waking day spent "on" (middle), and per cent of "on"

time occupied with dyskinesias during both open label dose-
titration ("OPEN") and double-blind ("DB") periods.
* p < 0-02; * p < 0 0001, CR4 (open bars) vs STD (filled
bars).

and the mean initial Parkinson disability scores on the
days of serial clinical observations were not different
for the two formulations, indicating that medication
given at bedtime failed to last through the entire night.
There were no significant differences between the DB
and DT periods for either STD or CR4 in the number
of doses per day, the mean interdose interval or in total

Cedarbaum, Hoey, McDowell

Table 3 Results of8-hour observation studies (double-blind
periods only)

STD (SEM) CR4 (SEM)

Modified Cornell PD score:
Mean 4144 (4*77) 39 33 (7 23)
Range 55 36 (8 06) 51 50 (5 98)
CV 5581 (966) 61 16 (97)
AUC 310 32 (49-46) 289-36 (56-87)

"Global" rating:
Mean - 0 04 (0 19) - 0 07 (0 21)
Range 3 07 (0 28) 2 50 (0 27)
CV 208 94 (43 42) 263 11 (52 65)
AUC 1-32 (1 54) 059 (1 71)
Lag time 0 96 (0 18) 1 82 (0-33)*

Dyskinesia score:
Mean 2 57 (0 56) 2 14 (044)
Range 4-89 (1 19) 5 54 (101)
CV 61 22 (161) 15258 (294)t
AUC 21 88 (5-34) 18 72 (3 40)

p Values * <002; t <005.
AUC, area under curve; CV, coefficient
Dev/Mean).

of variation (Std

daily levodopa intake (table I and fig 2). Neither the
number of or interval between STD doses during DT I
predicted the final dose or interval for CR4 treatment,
but most patients easily tolerated a doubling of their
previous interdose interval up to a maximum of 6
hours.

During the DB phase of the study, there was a

28 6% reduction in the number of daily "off " periods,
from 2-97, SEM 0-5 on STD to 2-12, SEM 0-3 on CR4
(p < 0-02), and a 11-6% increase in the percent of the
waking day spent "on", from 70 12, SEM 5 0 to 78-28,
SEM 3 6% (p < 0 02). The percentage of "on" time
spent with dyskinesia was unchanged. Again these
results were not significantly different from those
obtained during the DT periods (table 1 and fig 3).
Curiously, review of patients' diaries from the last 4
weeks of each double blind period did not support
patients' observations of an increased "lag time" with
CR4. The mean interval recorded from the time of the
first dose of medication in the morning to the time
when patients first reported being "on" was 0 96, SEM
0 28 (median 0 61) hours on STD and 0 96, SEM 0 19
(median 1 125) hours on CR.
The quantitative improvement in RFs was not,

however, accompanied by a qualitative improvement.
Except for a slight improvement on "off period self-
rating during the open-label portion of the study,
mean ADL self-ratings revealed no difference in best
"on" performance, worst "off " performance, or in the
difference between them (A Off-On) on either the
UPDS or the percent scales (table 2). These self-
observations were confirmed by the lack of significant
difference in the mean, range, coefficient of variation
(C.V. = Std Dev/Mean), or the area under the
disability score-vs-time curve of Parkinson disability
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Sinemet CR4
or global rating scores obtained during the serial
observation studies (table 3). However, in contrast to
patients' diary reports, an increased "lag time" to the
onset of medication effect was reflected by an increase
in the interval between the first dose and the first
recorded "global" score of 0 or greater, being 0-96,
SEM 0-18 (median 0 75) hours on STD and 1-82, SEM
0 33 (median 1-5) hours on CR4.
Discussion

The patients completing this double-blind, placebo-
controlled, crossover study preferred Sinemet CR4 to
STD by a ratio of 3:1. If the patients who dropped out
due to excessive dyskinesia or lack of drug effect
during the DT phase are included, 58% of the study
entrants perceived benefit from CR4 (Chi-square p =
0.04). Patients completing the double-blind portion of
the study achieved a slight increase in the amount of
daily "on" time when on CR4 as well as a 28-6%
reduction in the number of "off" episodes, while
taking 42% fewer doses of medication per day than
when they were taking STD.
No differences were noted between DT and DB

periods for either formulation, and the majority of
patients correctly identified the active formulation
during the "blinded" periods of the study. This
suggests that the blind was, in fact, not adequately
maintained owing to the quite distinct temporal
pattern of clinical response to CR4 and STD. In fact,
complete masking of a study comparing these two
formulations may well be impossible for this reason.
Nevertheless, the results of this study confirm the
results of our previous open-label study with CR42 2'
as well as those of Goetz et al.'2 Similar results were
also obtained by Sage and Mark in a study of similar
design to our own.28 These investigators reported an
increase of "on" time in 58% of patients, with 79% of
patients taking fewer doses per day of CR than of
STD, and a reduction in the mean number of doses
taken per day from 7-8 of STD to 5 3 of CR4.

Sinemet CR4 behaves more as a slow-release than a
truly controlled-release preparation.0 Absorption of
levodopa from CR4 does not provide constant plasma
levodopa levels throughout the day, but rather allows
for an extended interdose interval by prolonging the
absorptive phase of the dose cycle. The slower absorp-
tion oflevodopa from CR4 has two major consequen-
ces. The first is an increased lag time to the onset of
action ofindividual doses. This was experienced by the
patients as a delay to turn "on" in the morning
following the first dose of the day, and some patients
disliked the absence ofa "surge" ofenergy at the onset
of medication, an effect they were accustomed to with
STD. The action of successive doses during the day
also tended to be less reliable than with STD, and
occasional long delays to turn "on", as well as a
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decreased predictability in the occurrence of "off"
periods, were experienced by most patients. The
second major consequence of the prolonged absorp-
tion of levodopa from CR4 is that successive doses
tend to produce successively greater peaks in plasma
levodopa levels, since interdose trough levels tend to
be higher than those seen with STD. This led to
increasing severity of dyskinesia late in the day, which
was dealt with by giving larger doses in the morning
than in the afternoon. Reducing the size of the
afternoon doses often reduced the amount of dyskin-
esia, but at the price of additional "off " time. In open
treatment we have found the addition ofSTD to CR4,
particularly at the first morning dose and as a prn
medication during the day,20 21 can effectively compen-
sate for the increased lag time ofCR4 and, in fact, the
two are best used in combination.
As in the above-mentioned studies,21'23 28 there was

no improvement reported by the patients in the quality
of their "on" time during CR4 treatment. That the
quality of the "on" time experienced was no different
from that with STD should not be surprising. Nutt et
al have demonstrated a "ceiling" effect in the action of
levodopa. That is, that increasing the dose beyond a
certain level for a given patient produces increments
only in the duration, but not the quality of the anti-
parkinson effect, whereas the severity of dyskinesia
continues to increase.7
Given the limitations inherent in the pharmacokin-

etics and pharmacodynamics of levodopa, Sinemet
CR4 appears to be a useful addition to our therapeutic
armamentarium. In our group of patients with predic-
table end-of-dose wearing-off of levodopa effect and
relatively mild dyskinesia, reduced dosing frequency
and the consequent reduction in the number of "off"
periods per day were universally cited by all patients
and spouses alike as the major benefit of CR4. It is in
this type ofpatient that CR4 is likely to find its greatest
usefulness. However, patient with more complicated
patterns of response fluctuations may benefit as well.-0
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