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SHORT REPORT

Does selegiline delay progression of Parkinson's
disease? A critical re-evaluation of the
DATATOP study

Christopher D Ward

Abstract
The deprenyl and tocopherol antioxida-
tive treatment (DATATOP) study has
shown that selegiline (deprenyl), with or

without tocopherol, reduces physical and
psychological deficits in patients with
Parkinson's disease within one month of
treatment and reduces the probability of
reaching a primary endpoint, the deci-
sion to treat with levodopa. This paper
critically re-evaluates the inference that
selegiline has a neuroprotective effect
and thus delays progression of
Parkinson's disease. Analysis is based on

a simple model which assumes that clini-
cally measured impairment is propor-
tional to degree of cellular dysfunction in
Parkinson's disease. The analysis sug-

gests that the reduced probability of
reaching an endpoint was due to a direct
treatment effect rather than to neuropro-
tection.
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Selegiline ((-)deprenyl) is a monoamine oxi-
dase-B (MAO-B) inhibitor' that might theo-
retically inhibit the action of a putative toxin
or reduce "oxidative stress" on neurons.24
The sole purpose of this paper is to examine
evidence from the deprenyl and tocopherol
antioxidative treatment (DATATOP) study5-7
that selegiline is "neuroprotective"-that is, it
reduces the rate of progression of Parkinson's
disease. Despite some controversy,8 the neuro-

protective hypothesis has been widely accepted.9
Eight hundred previously untreated

patients were randomised to receive either
selegiline, tocopherol, tocopherol and selegi-
line, or placebo. No levodopa or other treat-
ment was given. Treatment effects were

found for selegiline but not for tocopherol.
The primary endpoint was the decision to ini-
tiate levodopa treatment. Other indices of
treatment effects were termed secondary
response variables and included measures of
motor impairment, physical disability, and
mental state. Analysis showed that selegiline
treatment delayed the primary endpoint by
about nine months. Secondary response vari-
ables showed improvement at one and three
months of treatment ("wash-in" effect), and
some deterioration was seen two months after

stopping selegiline ("wash-out"). Mean rate
of change of these variables was significantly
lower in the treatment group.
The study was based on the assumption

that when disease progression reaches a
threshold, a measurable clinical endpoint
occurs as shown schematically in the figure
(A). Individual levels of impairment (for
example, degree of motor slowing) are dis-
tributed about the mean and increase with
time. The figure (B) shows the effect of a
neuroprotective agent: the rate of change of
impairment is reduced. The figure (C) shows
a direct treatment effect (such as that of lev-
odopa). The rate of disease progression is
unchanged but mean time to endpoint is
delayed as a result of a quantal reduction in
initial impairment. The model assumes that
individual progression rates are roughly paral-
lel. In keeping with this assumption, patients
in the DATATOP study who reached the
endpoint had higher average levels of baseline
impairment and disability than those who did
not. Rate of change of secondary response
variables was in fact non-linear rather than
as shown in the figure,5 but a non-linear
model would have similar properties.

Influence of study design on
interpretation
In the figure the probability of reaching end-
point is represented by the proportion of sub-
jects above threshold: it is 05 at the point
where the line representing mean level of
impairment crosses the threshold level. In the
DATATOP study Kaplan Meier curves were
used to plot the probability of reaching the
endpoint at intervals after randomisation.
The rate at which patients reach the end-
point, and hence the slope of the Kaplan
Meier curve, will depend on the speed of pro-
gression. The neuroprotective hypothesis
predicts that the rate at which subjects reach
the endpoint will be reduced, so that the
Kaplan Meier curve will have a lower slope in
the treated than in the untreated group. The
figure (C) shows that a quantal reduction in
initial impairment also causes a delay in
reaching threshold so that the probability of
reaching the endpoint is initially reduced.
The underlying speed of progression is
unchanged, however. The extent to which the
DATATOP study distinguishes neuroprotec-
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Figure Schematic
representation of
progression ofmotor
impairment in a cohort of
untreated patients with
Parkinson's disease. Each
line represents a single
patient. Clinical endpoint
occurs at threshold level.
(A) Untreated cohort.
(B) Effect of
neuroprotective treatment.
The rate ofprogression of
impairment is reduced and
the mean time at which
threshold is reached is
delayed compared with the
untreated group.
(C) Effect of direct
("symptomatic")
treatment (for example,
with levodopa). A quantal
reduction in impairment
does not affect rate of
progression thereafter but
does delay the time at
which threshold is reached.
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In conclusion, the primary endpoint
was subject to several influences and pro-
vided only an indirect index of disease pro-
gression.

Was duration of follow up adequate?
The model shown in the figure indicates two

I ffi reasons why an inadequate period of follow
3 6 9 12 15 18 21 24 up will underestimate the rate of reaching

endpoint and therefore overestimate any ther-
1reshold _ apeutic effect. The first consideration is the

Mea_ shape of the probability distribution of
impairment: the most severe cases are rela-
tively rare, as shown schematically in the
figure. Secondly, as there is a lag period
between the time when the first untreated

E I I patients pass the endpoint and the time when
3 6 9 12 15 18 21 24 treated patients begin to do so, the ratio of

treated to untreated patients achieving end-
hreshold point is small initially. Kaplan Meier curves

derived from an untreated cohort as in the
//e/ / figure (A) can only be validly compared with

a treated group after a lag period correspond-
ing to the mean delay in reaching the end-
point. This delay was nine months in the

L JiJ iLl l~ DATATOP study.7 Analysis performed
3 6 9 12 15 18 21 24 shortly after this period will be hazardous

Treatment duration (months) because of non-linearity and it is therefore
desirable to analyse results when follow up
has been continued for a period not far short
of the projected mean time for treated

im a direct treatment effect depends patients to reach the endpoint; this was 24
issues related to trial design. Firstly, months.7
sease progression validly measured? As well as overestimating any treatment
Iy, was duration of follow up adequate? effect, premature analysis will hinder inter-

pretation of the effect's mechanism. Because
an initially low rate of reaching the endpoint

sease progression validly in the treatment group may be artefactual, it
red? does not provide support for neuroprotection.
mary endpoint, the need for levodopa Definitive interpretation would require fur-
nt, was based on subjectively per- ther follow up to ensure that the rate
needs of the patient rather than on remained lower and that hazard ratios
e measurements such as motor speed. remained stable well beyond the lag period.
bjective impact of disease is a poor With the direct treatment effect shown in the
r of severity of impairment in neuro- figure (C) Kaplan Meier curves would
disorders102 and therefore has an diverge initially but would eventually become
in relation with the underlying patho- parallel.
process. The question under discus- The first published results of the study
re is the biological efficacy of selegiline were based on an analysis performed when
europrotective agent; in this respect the mean period of follow up was 12
]OP was an "efficacy" rather than a months-that is, only three months longer
atic" trial.13 The primary endpoint than the lag period.5 Results suggested diver-
d only a weak indication of either the gence of Kaplan Meier curves, supporting
or the rate of progression of neuronal neuroprotection. In keeping with the predic-
.tion. To demonstrate the effect tions outlined, however, subsequent analysis7
in the figure (B) it would have been showed a decline in the estimate of the size of
)le to use reliable, valid, serial mea- treatment effect. More importantly, Kaplan
'biologically based impairments. Meier curves showed divergence only for 18
,iline significantly improved the months of follow up; they were subsequently
3 mental subscore at one and three parallel. This finding could either be due to
and the Hamilton Rating Scale at lack of long term patients or to a direct treat-

nonths of treatment.57 Although in ment effect as argued earlier. The more
ials selegiline has not been found to recent analysis does not support neuro-
ctive treatment for depression in protection.
on's disease'415 it does increase feel-
vitality.'6 It is possible, therefore, that
levation could have influenced timing
oint without disease progression being
1.

Evidence for neuroprotection
In terms of the model shown in the figure, the
most important evidence for neuroprotection
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comes from studying the effect of treatment
on the rate at which impairment increases
over time. As the figure (B) predicts, selegi-
line treatment reduced the mean rate of
change of secondary response variables. The
published reports5 7 do not state how this rate
was calculated and the data are not fully pre-
sented. Interpretation is complicated by the
fact that rate of change of variables was non-
linear. This is apparent from the size of the
short term wash-in effect and from the state-
ment that most of the deterioration occurred
in the period immediately before reaching the
endpoint5; comparisons of mean rates would
not seem to be the ideal form of analysis for
non-linear data. There remains one finding7
that is supportive of neuroprotection, how-
ever, and that is difficult to explain on the
basis of a direct treatment effect. Patients
who had not reached the endpoint were stud-
ied after the two month wash-out period and
those treated with selegiline had significantly
lower mean rates of decline.

Evidence for a direct treatment effect
A direct treatment effect as in the figure (C)
would predict an early improvement in
impairment and this was found: all variables
that improved did so significantly within three
months of treatment, and most within one
month. A further prediction from a direct
effect would be that withdrawal of treatment
would cause a short term increase in impair-
ment; withdrawal of a neuroprotective agent
would have no short term effects. In the ear-
lier publication5 patients reaching the end-
point were studied one month after stopping
selegiline and wash-out effects were not seen.
In the second publication7 patients who had
not reached endpoint were also studied up to
two months after treatment. At two months
there was a significant decline in total impair-
ment score and in the motor component.
Both wash-in and wash-out studies thus sup-
ported a direct treatment effect.

According to the model in the figure (C) a
larger direct treatment effect might be associ-
ated with a longer period before the endpoint
is reached. No such relation was shown.7
There was a time lapse of several months,
however, between the occurrence of early
treatment effects and the primary endpoint
and a direct treatment effect might have been
less pronounced with time. Interpretation is
further complicated by a possibility not illus-
trated in the figure (C): a larger initial treat-
ment effect could have been correlated with a
higher level of impairment and hence with a
greater prior probability of reaching endpoint
early. Another consideration is that in this
large scale clinical study of Parkinson's dis-
ease diagnostic error was probably 20% to
30%17; the error rate is around 24% when an
early, untreated cohort is selected. 18 Mis-
diagnosed patients are usually resistant to
treatment and their inclusion in group analy-
ses complicates the relation between initial
treatment effects and outcome.

Can a small direct treatment affect
endpoint?
Within three months of treatment the treated
group had better scores than the untreated
group on most scales measuring aspects of
disability and motor impairment; mean
improvements were small (between 13% and
23% of standard deviation) but highly
significant. The authors described the direct
treatment effect as "slight and not likely to be
of clinical consequence". The reduced num-
bers reaching the endpoint illustrated in the
figure (C), however, would be produced by
reduction in impairment of less than half a
standard deviation if we assume a normal dis-
tribution.'9

Furthermore, the direct treatment effect in
individual patients may have been larger than
the sample mean values would suggest, hav-
ing been diluted by either of two factors.
Firstly, if improvement were confined to
patients with above average levels of baseline
impairment, the result shown in the figure
(C) could be associated with a mean reduc-
tion of less than a quarter of a standard devia-
tion. Secondly, diagnostic error in the sample
dilutes observed mean direct treatment effects
as misdiagnoses respond poorly to drug treat-
ment (see earlier).

Health economic implications
A major economic benefit of a neuroprotec-
tive agent would be a reduction in severe
morbidity at later stages of the disease.202'
The DATATOP study provides no indication
that reductions in morbidity would be sus-
tained during chronic treatment, however;
the lack of washout effect argues against a
sustained effect. Although it is suggested that
a 10% reduction in morbidity would produce
annual savings in the United States of $327
million ($1-3 per head)22 this is only a little
more than the current cost of treating all
patients with Parkinson's disease with 10 mg
selegiline daily, assuming a prevalence of 1-6
per 1000.23 In routine use, misdiagnoses
would add substantially to this cost.
Conventional therapeutic agents can be used
selectively in individual patients and are less
expensive than a drug used indiscriminately
for all patients carrying the diagnosis of
Parkinson's disease.

Conclusion
The DATATOP study is the largest thera-
peutic trial ever undertaken in Parkinson's
disease and its authors have produced valu-
able data to suggest that selegiline has direct
therapeutic effects in Parkinson's disease,
although clinical indications require further
study. The size of the direct treatment effect
was sufficient to explain the observed reduc-
tion in probability of reaching endpoint.
There is little evidence that selegiline reduces
the rate of progression of Parkinson's disease.
A further trial is ethically justified and should
be based on measures of underlying disease
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progression with rate of change of impair-
ment as the main treatment criterion.
Analysis of such a trial must take account of
theoretical considerations that indicate the
minimum period of informative follow up.

I am grateful for comments made on an earlier draft by Dr M
Campbell and Professor C George.
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