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Futility studies are designed to test new treatments over a short period in a small number of subjects to determine if 
those treatments are worthy of larger and longer term studies, or if they should be abandoned. An appropriate outcome 
measure for a neuroprotection futility study in Parkinson’s disease (sensitive to tracking disease progression in the 
short-term) has not been determined. Data sets from three clinical trials were used to compare Parkinson’s disease 
outcome measures. Total Unified Parkinson’s Disease Rating Scale (UPDRS; Mentation + Activities of Daily Living + 
Motor) change and Motor plus Activities of Daily Living UPDRS change, measured in untreated patients, required the 
smallest sample sizes of all the outcome measures explored. Other outcomes (UPDRS Motor, UPDRS Activities of Daily 
Living, and time to need levodopa) required somewhat larger sample sizes. Futility designs in Parkinson’s disease are 
feasible in terms of short duration and small sample size requirements, and this design is being applied in two ongoing 
Parkinson’s disease studies to select agents for future larger and longer term neuroprotection studies. 
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Neuroprotection clinical trials for Parkinson’s disease 
(PD) often require large sample sizes and frequently 
can involve long study participation. A pilot study with 
a futility design1 can help avoid unnecessary efficacy 
studies. The futility design is applicable to phase II tri­
als, and it identifies futile (or noneffective) treatments 
quickly with a small number of patients.1 A single 
treatment arm is compared with a predetermined lower 
limit of success (or an upper limit of worsening) in a 
one-sample test. If the treatment is better than or equal 
to the predetermined limit, it is a candidate for a phase 
III study. However, if the treatment is worse than the 
predetermined limit (ie, treatment is futile), then it 
would be eliminated from further study. 

In a futility design, an outcome measure must be 
sensitive enough to detect PD progression over a short 
period (ie, 12 months). An ideal short-term outcome 
measure would be sensitive enough to detect small 
changes and could discriminate between an effect on 
symptoms alone and an effect on the progression of 
PD. Theoretically, this distinction could be accom­
plished by a biomarker of disease progression or the 
use of a washout period sufficient to eliminate any 

pharmacodynamic effect on PD symptoms. Currently, 
however, there is no well-established in vivo biological 
marker, and washout periods are limited by practical 
and ethical concerns regarding leaving patients un­
treated and uncertainty about the pharmacodynamics 
of drugs.2 

Clinical rating scales remain the accepted approach 
for measuring PD clinical progression and assessing a 
treatment effect, although they do not easily separate 
disease-modifying from symptomatic effects. There are 
several available clinical rating scales for assessing PD 
impairment and disability. The most commonly used 
scale is the Unified Parkinson’s Disease Rating Scale 
(UPDRS).3 Other frequently collected measures in­
clude Hoehn and Yahr (H&Y),4 Schwab and England 
Activities of Daily Living (SE ADL),5 Clinical Global 
Impressions,6 12-Item Short-Form Health Survey (SF­
12),7 U.S. Parkinson’s Disease Questionnaire (PDQ­
39),8 Mini–Mental State Examination,9 Beck Depres­
sion Index,10 and Hamilton Depression Index.11 

The National Institute of Neurological Disorders 
and Stroke has sponsored a program of phase II and III 
trials to identify neuroprotective treatments for PD 
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(Neuroprotection Exploratory Trials in PD [NET­
PD]). Twelve compounds were identified, by an inde­
pendent group, as possible neuroprotection agents wor­
thy of further study.12 Futility studies are being used to 
help select the best candidates for long-term studies. In 
planning these studies, we examined data sets to answer 
two study design questions. First, what is the short-
term outcome measure that best captures PD progres­
sion in 12 months? Second, can short-term change be 
detected in patients who receive stable treatment with 
dopaminergic therapy? 

Materials and Methods 
Data Sets 
The Neuroprotection Exploratory Trials in PD Steering 
Committee sought historical PD data sets from academic in­
vestigators and industry. We considered only data sets with 
untreated patients or patients stably treated with dopaminer­
gic therapy. Several data sets received were not included in 
this analysis because they lacked sufficient 1-year follow-up 
data, the exact date of initiation of dopaminergic treatment 
was not available, or the doses of dopaminergic therapy were 
variable to control increasing disease-related impairments and 
disability. The data sets analyzed in this study were previous 
clinical trials conducted by the Parkinson Study Group, in­
cluding Deprenyl and Tocopherol Antioxidative Therapy of 
Parkinsonism (DATATOP),13 Coenzyme Q10 Evaluation-2 
(QE2),14 and Comparison of the Agonist Pramipexole versus 
Levodopa on Motor Complications of Parkinson’s Disease 
(CALM-PD).15 The DATATOP and QE2 trials enrolled pa­
tients with recent onset of PD who did not require dopami­
nergic therapy. In contrast, the CALM-PD trial enrolled pa­
tients with early onset requiring their first dopaminergic 
therapy at the start of the trial.15 All analyses conducted in 
this study used only control groups receiving either placebo 
(QE2: N = 16), placebo plus tocopherol (DATATOP: N = 
401), or carbidopa/L-dopa (CALM-PD: N = 150). The 
starting point for the QE2 and DATATOP studies was the 
baseline visit. Because CALM-PD started treatment for sub­
jects receiving L-dopa with dosage adjustment over 10 weeks, 
we chose the 10-week time point when the carbidopa/L-dopa 
dose had been stabilized as the baseline visit for this analysis. 

Scales Available for Study 
The following clinical rating scales were available for analysis 
as potential primary outcome measures for a futility study: 
Total UPDRS (Mentation + ADL + Motor) score,3 Motor 
plus ADL UPDRS score, UPDRS Mental scale,3 UPDRS 
ADL scale,3 UPDRS Motor scale,3 H&Y,4 and SE ADL.5 

Time to Event 
The onset of need for dopaminergic therapy (either initial or 
supplemental) was considered as a possible short-term out­
come measure. Notably, in DATATOP and QE2, the onset 
of need for dopaminergic therapy was of primary interest, 
whereas in CALM-PD, the decision to administer supple­
mental L-dopa was of secondary interest. 

Time to onset of postural instability was also considered 
for a short-term outcome by exploring combinations of the 

UPDRS items Falling, Freezing, and Postural Instability and 
the H&Y at various cut points. The first occurrence of one 
of the above was counted as a failure in a survival analysis. 
More stringent failure definitions (ie, occurrence of postural 
instability for two consecutive visits) were also considered. 

Time Period of Investigation 
Because futility studies should be short-term, we analyzed 
only data up to 12 months. 

Statistical Techniques 
Each clinical rating score was described across time with box 
and whisker plots. For each clinical rating score, change from 
baseline to 6 and 12 months was examined. Last observation 
carried forward (LOCF) was used to adjust for missing visits. 
Paired t tests were conducted to test whether the change 
from baseline was significantly different from zero for con­
tinuous/normally distributed variables, and the signed-rank 
test was used for ordinal variables (H&Y and SE ADL). For 
outcomes that take time to event into account (eg, time to 
L-dopa), rates were estimated using Kaplan–Meier curves. 
The one-sided 99% pointwise confidence interval (CI) for 
the Kaplan–Meier estimate at 12 months was computed and 
examined to determine if it included zero. For the DATA­
TOP and QE2 data sets, we chose the last score taken at the 
time when open-label L-dopa was determined necessary and 
carried this score forward for all subsequent visits to 6 or 12 
months. Likewise, in the CALM-PD data, if the decision was 
made to administer supplemental L-dopa, then scores from 
this visit were carried forward. 

Sample size calculations for a futility study were done to 
test H0: (observed change [or proportion] at 12 months . 8) 
versus HA: (observed change [or proportion] at 12 months > 
8), where 8 (the maximum acceptable worsening) is defined 
as 30% less worsening than that observed in historical pla­
cebo data. Therefore, under the null hypothesis, we assume 
that patients given the treatment under study have at least a 
30% better outcome than historical control subjects. Thus, 
for each sample size calculation, 8 is considered to be 70% of 
the historical control value for the outcome measure under 
consideration (whether change or proportion). For example, 
if the proportion of historical control subjects having an 
event at 12 months was 10%, then 8 is defined as 7%. If the 
null hypothesis is rejected, the treatment will be considered 
futile. Failure to reject the null hypothesis indicates the treat­
ment warrants further evaluation in a phase III study. 

Sample size calculations for continuous/ordinal outcomes 
were based on a one-sample t test. Sample size calculations 
for the time to event outcomes assumed exponential survival, 
accrual of subjects over a 6-month period, and exactly 12 
months of follow-up after end of accrual. All sample sizes 
were computed to provide at least 85% power to reject the 
null hypothesis of nonfutility if, in fact, the true mean 
change was greater than or equal to the average historical 
control change (or proportion), using a one-tailed test at the 
10% level of significance.16 This level of significance reduces 
the sample size, whereas maintaining an acceptably low 
chance of incorrectly calling a drug futile.16 
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Criteria for a Short-term Outcome Measure 
Outcome measures of choice were conceptually defined as 
those that would track disease progression in the short-term 
and may be correlated with long-term disease progression. 
Therefore, only outcomes showing short-term changes indi­
cating clinical decline significantly different from baseline 
( p < 0.01) were considered. This a value was selected to 
identify only measures with a robust potential for detecting 
clinical changes. For time to event outcomes, the 99% CI 
must not include zero. 

Results 
Rating Scales 
The Figure shows box plots of Total UPDRS change 
over time for two different types of samples: (1) pa­
tients receiving a stable dose of carbidopa/L-dopa 
(CALM-PD); and (2) two groups of patients receiving 
no dopaminergic therapy (DATATOP and QE2). In 
the first group, the box plots show mean and median 
changes near zero at each time point (3, 6, 9, and 12 
months) and range from -20 to 20. By 12 months, 
there is only a slight (1.2 point) worsening compared 
with baseline (week 10 visit). In contrast, both groups 
of subjects not receiving dopaminergic therapy showed 
mean worsening over time, noticeable as early as 4 to 6 
months and reaching approximately 10 points after 12 
months. Box plots for the Motor plus ADL UPDRS, 
ADL UPDRS, Motor UPDRS, and SE ADL scales 
showed patterns similar to Total UPDRS (not shown). 

The Table shows the change from baseline to 6 and 
12 months for the UPDRS scales, H&Y, and SE ADL. 
For the sample of patients stably treated with L-dopa 
(CALM-PD), no change scores were significantly dif­
ferent from zero at 6 months ( p > 0.01) and only 
Motor plus ADL UPDRS change was significantly dif­
ferent at 12 months ( p < 0.01). For DATATOP, all 
outcome measures showed statistically significant dete­
rioration at 6 and 12 months ( p < 0.01). QE2 data 
showed declines similar in magnitude to DATATOP at 
both 6 and 12 months. 

Among all outcomes in the same data set, the coef­
ficient of variation for Motor plus ADL UPDRS was 
the smallest, followed closely by Total UPDRS. For ex­
ample, in DATATOP, for change at 12 months, the 
coefficient of variation for Motor plus ADL UPDRS 
was 106% (compared with 107% for Total, 363% for 
Mental, 118% for Motor, 117% for ADL, 175% for 
H&Y, and -120% for SE). Thus, the data scatter 
compared with the mean was smallest for Motor plus 
ADL and Total UPDRS at both time points. 

Onset of Need for Dopaminergic Therapy 
Time until need for dopaminergic therapy, either ini­
tial or supplemental, was considered as a short-term 
survival outcome measure. Approximately 40% of pa­
tients in DATATOP (placebo + tocopherol) and QE2 

Fig. Total Unified Parkinson’s Disease Rating Scale change 
over time for two different types of Parkinson’s disease samples. 
(A) Subjects stably treated with dopaminergic therapy. Baseline 
is defined as week 10 visit, at which point the carbidopa/L­
dopa doses were stabilized for long-term treatment. If supple­
mental L-dopa needed to be added, the score at that visit asso­
ciated with need for dosage increase was carried forward for 
this analysis. Data from Comparison of the Agonist 
Pramipexole versus Levodopa on Motor Complications of Par­
kinson’s Disease (CALM-PD; L-dopa arm: N = 135). (B) 
Subjects not receiving dopaminergic therapy at baseline. If the 
need for L-dopa was reached before 12 months, then the score 
at that visit associated with the need for L-dopa was carried 
forward for this analysis. Data from Deprenyl and Tocopherol 
Antioxidative Therapy of Parkinsonism (DATATOP; pla­
cebo ± tocopherol arms: N = 399) and Coenzyme Q10 
Evaluation-2 (QE2) trial (placebo arm: N = 16). The length 
of the box represents the interquartile range. The plus sign 
represents the mean. The horizontal line in the box represents 
the median. Whiskers extend to minimum and maximum 
values. Missing or out of window values were imputed using 
the last observation carried forward. 

(placebo) met the need for L-dopa therapy within 12 
months from baseline (99% CI did not include zero). 
Similarly, in CALM-PD (L-dopa arm), 28% of pa­
tients, after being stably treated with L-dopa, had a 
need for supplemental L-dopa therapy within 12 
months (99% CI did not include zero). 
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Table. Mean (SD) Change from Baseline and Coefficient of Variation (%CV) for Various Outcome Measures 

Changea from Baseline to Month 6 (±30 days) 

UPDRS Motor + 
ADL UPDRS Total UPDRS Mental UPDRS Motor UPDRS ADL Hoehn & Yahr Schwab & England 

Data Set N Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV 

CALM-PD 135 0.01 (5.43) 73,287 -0.01 (5.21) -70,332 0.01 (0.98) 6,648 -0.04 (4.43) -9,966 0.03 (2.20) 7,410 -0.04 (0.45) -1,102 N/A N/A
 
QE2 16 3.56 (7.71) 216 3.13 (6.70) 214 0.44 (1.50) 344 0.88 (3.45) 395 2.25 (4.33) 192 0.00 (0.32) — -1.88 (4.03) -215
 
DATATOP 399 5.37b (9.28) 173 5.19b (8.83) 170 0.19b (1.40) 742 3.47b (6.68) 193 1.72b (3.23) 188 0.16b (0.48) 307 -3.60b (6.58) -183
 

Change from Baseline to Month 12 (± 30 days) 

UPDRS 
Motor+ADL UPDRS Total UPDRS Mental UPDRS Motor UPDRS ADL Hoehn & Yahr Schwab & England 

Data Set N Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV Mean (SD) %CV 

CALM-PD 135 1.20 (5.40) 452 1.17b (5.18) 444 0.04 (0.87) 2342 0.65 (4.27) 659 0.50 (2.28) 452 0.02 (0.48) 2,179 N/A N/A
 
QE2 16 11.25b (9.30) 83 10.38b (8.34) 80 0.88 (1.41) 161 6.19b (6.15) 99 4.19b (4.26) 102 0.09 (0.38) 400 -6.88b (6.29) -92

DATATOP 399 10.11b (10.83) 107 9.70b (10.29) 106 0.41b (1.49) 363 6.45b (7.60) 118 3.25b (3.81) 117 0.29b (0.51) 175 -6.55b (7.83) -120


Data includes only placebo/control arms. All missing values after baseline were imputed using LOCF. The 4-month visit was used as a surrogate 
for 6 months in QE2 because no visits were collected at 6 months. 
aChange = X months (±30 days) score - baseline score. 
bSignificantly different from zero ( p < .01). 

SD = standard deviation; UPDRS = Unified Parkinson’s Disease Rating Scale; CALM-PD = Comparison of the Agonist Pramipexole versus 
Levodopa on Motor Complications of Parkinson’s Disease; QE2 = Coenzyme Q10 Evaluation-Z; DATATOP = Deprenyl and Tocopherol 
Antioxidative Therapy of Parkinsonism; N/A = not applicable. 

Onset of Postural Instability 
When the onset of postural instability was defined as 
the first visit where either UPDRS Postural Instability 
was greater than 0, UPDRS Falling was greater than 0, 
or UPDRS Freezing was greater than 2, then the pro­
portion of subjects that became posturally unstable in 
12 months was at its greatest (44% in DATATOP 
[99% CI did not include zero], 31% in QE2 [99% CI 
included zero], 23% in CALM [99% CI did not in­
clude zero]). However, for all definitions of postural 
instability explored, more than half of the patients who 
had an onset of postural instability reverted to normal 
at a subsequent visit. 

When the onset of postural instability was defined 
more rigorously, with patients required to meet the 
definition of postural instability at two consecutive vis­
its without reverting to normal, then little short-term 
change could be detected. Only 8% (99% CI did not 
include zero) in DATATOP, 0% (99% CI included 
zero) in QE2, and 1% (99% CI included zero) in 
CALM-PD met this stringent definition of onset of 
postural instability over 12 months. 

Sample Size Calculations for a Futility Study 
Using DATATOP (placebo ± tocopherol) as the his­
torical control, we computed sample sizes for all out­
comes: Motor + ADL UPDRS (n = 69), Total UP­
DRS (n = 70), Motor (n = 84), ADL (n = 84), 
Mental (n = 830), H&Y (n = 186), SE ADL (n = 
87), onset of need for L-dopa (n = 85), and onset of 
postural instability (for two consecutive visits; n = 

577). Thus, Motor + ADL UPDRS and Total UPDRS 
required the smallest sample sizes, followed closely by 
ADL UPDRS, Motor UPDRS, and need for L-dopa. 

In contrast, using the same parameters, but using the 
CALM-PD L-dopa data as the historical control, the 
sample sizes needed are much larger: Motor + ADL 
UPDRS (n = 1,172), Total UPDRS (n = 1,184), 
Motor (n = 2,578), ADL (n = 1,243), Mental (n = 
28,243), H&Y (n = 34,381), onset of need for addi­
tional L-dopa (n = 138), and onset of postural insta­
bility (for two consecutive visits; n = 4,867). 

Discussion 
Clinical Rating Scales 
Patients not requiring dopaminergic therapy at baseline 
showed statistically significant worsening over 12 
months in all clinical rating scales, and relatively small 
sample sizes would be needed to test a futility hypoth­
esis when the maximum acceptable worsening is 70% 
of the historical control rate (ie, 30% less worsening 
than historical data). In these untreated patients, the 
Motor + ADL UPDRS and Total UPDRS (Menta­
tion + ADL + Motor) were the most responsive clin­
ical rating scales to short-term change and required the 
smallest sample sizes. Change in 6 months in these two 
outcomes may also be appropriate for short-term stud­
ies but would require larger sample sizes. 

In contrast, the sample of patients treated with 
L-dopa in CALM-PD showed no significant changes at 
6 or 12 months in any clinical rating measure except 
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for Motor plus ADL change at 12 months. Because the 
patient demographics in CALM-PD were similar to the 
other studies for sex (male patients: 66% in DATA­
TOP; 75% in QE2 placebo; 66% in CALM-PD 
L-dopa), age (61.1 ± 9.4 years in DATATOP pla­
cebo ± tocopherol; 63.1 ± 12.1 years in QE2 placebo; 
60.9 ± 10.5 years in CALM-PD L-dopa), and disease 
duration (1.23 ± 1.1 years in DATATOP placebo ± 
tocopherol; 1.8 ± 1.7 years in CALM-PD L-dopa; not 
reported in QE2), we consider that the primary reason 
for the inability to detect change in most outcome 
measures was the presence of dopaminergic therapy. 
Although there was a slight increase in Motor + ADL 
UPDRS scores in the CALM-PD group stably treated 
with L-dopa over 12 months, the much larger sample 
size of nearly 1,200 subjects practically precludes a rea­
sonable futility trial for subjects already treated with 
dopaminergic therapy using this outcome. 

The 2003 Movement Disorder Society critique of 
the UPDRS considered the scale the “gold standard” 
assessment tool in PD because of its wide use, respect 
among physicians, and comprehensive assessment of 
the disorder.17 Efforts to revise the UPDRS and im­
prove its clinometric deficiencies currently are under– 

17way.

Time to Event Outcome Measures 
A time to event outcome would also be appropriate for 
a futility study if a substantial percentage of control 
patients met a given end point over 12 months. The 
DATATOP trial used the onset of the need for dopa­
minergic therapy as the primary outcome. This out­
come had a high end point rate in a short period in 
both DATATOP and QE2 and required only a slightly 
larger sample size than Total UPDRS. The need for 
initial dopaminergic therapy as an end point is appeal­
ing in its simplicity; however, the subjectivity of the 
decision to initiate dopaminergic therapy evoked de­
bate over the outcome in the past.18–20 Given that 
many features of disability unrelated to disease progres­
sion can promote the decision to initiate dopaminergic 
therapy, and because the sample size requirements are 
somewhat larger for this outcome, the time to need for 
dopaminergic therapy may be less suitable than the 
UPDRS in the futility setting. Because the futility de­
sign is an unblinded, one-arm study, the more subjec­
tive nature of this type of end point also might cause 
the results to be suspect. 

The need for supplemental dopaminergic therapy (in 
patients stably treated with dopaminergic therapy) was 
explored as a short-term outcome measure using the 
CALM-PD data. This outcome had a fairly high rate 
of onset in 1 year, suggesting it is a feasible outcome 
for a short-term study. The larger sample size required 
for this outcome is balanced by the fact that enroll­
ment need not be limited to untreated (not receiving 

dopaminergic therapy) patients. However, specific pro­
tocol demands in the CALM-PD study may have con­
tributed to the high rate of need for supplementation. 
Approximately 10% of patients were unable to reach a 
stable dose of therapy by 10 weeks and hence were 
forced to receive supplemental therapy. Therefore, the 
true rate of need for supplemental therapy may be 
overestimated here. Similar to the initiation of dopa­
minergic therapy in untreated patients, this outcome is 
hampered by the inherent subjectivity of ascertainment 
in an unblinded study. 

One must be sure of the historical rate of the onset 
of either initial or supplemental dopaminergic therapy, 
because both are likely to be influenced by changes in 
practice styles. If an outcome of this type were selected 
for a futility study, it would be prudent to include a 
placebo arm to verify the accuracy of the historical pla­
cebo rates in this setting and to allow blinding, even 
though the number of subjects would not give suffi­
cient power to compare treatment and placebo groups. 

The onset of postural instability is a clinically signif­
icant turning point in PD, one that may not be fully 
corrected by dopaminergic therapy. As such, it could 
be a viable short-term outcome measure. However, be­
cause of the frequent tendency for patients who met 
postural instability criteria, however measured, at one 
visit to revert back to normal at a subsequent visit, we 
found this outcome measure to be problematic for a 
futility study. The large number of reversions to nor­
mal over subsequent visits may be because the onset of 
postural instability happens gradually or because of in­
consistencies in the application of the pull test, which 
is at the core of this assessment. A recent study evalu­
ating the execution of the pull test indicates there is 
substantial variability in the method of performance, 
suggesting that postural instability is not well as­
sessed.21 When a more rigorous definition of postural 
instability was used in which patients must meet the 
definition of postural instability on at least two consec­
utive visits, the rates of onset were low and required 
too large a sample size to be pertinent for a 12-month 
study. 

Futility Design 
Although relatively new to the study of PD, futility 
designs have been applied to stroke and cancer research 
in several situations.22,23 An underlying assumption of 
futility analyses is that an agent with no short-term ef­
fect will also have no long-term effect. As such, only 
agents that prove to be nonfutile in short-term studies 
will become candidates for definitive studies in long­
term trials. One potential problem with this assump­
tion is that a neuroprotective agent with a slowly de­
veloping impact on cellular death cycles may 
theoretically cause no observable short-term effect, may 
be judged as futile, and may be unfairly excluded from 
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further study. In this instance, if there is scientific ra­
tionale from pharmacokinetics, cellular chemistry, mo­
lecular biology, or empiric observation to doubt this 
caveat for a given intervention, futility studies may not 
be suitable. However, given the time constraints and 
without significant evidence that an agent is likely to 
have an extended development period before impact, 
the time frame of 6 to 18 months of follow-up is rel­
evant for the futility setting. It is difficult to imagine 
neuroprotection manifesting clinically in less than 6 
months, and more extended follow-up (beyond 18 
months) would defeat the point of a short-term study. 
Given these concerns, a quickly occurring end point 
(1–3 months) would also not be ideal. 

Another problem with focusing attention on short-
term outcomes is that some elements of observed 
changes may reflect symptomatic effects on parkinson­
ism and confound the analysis of delay in disease pro­
gression. As shown in the CALM-PD study, once do­
paminergic therapy is introduced, disease progression 
(measured by clinical rating scales) cannot be detected 
in small sample sizes. If a futility trial examines an 
agent with any symptomatic benefit, the detection of 
disease-modifying properties will be problematic. In 
this way, a purely symptomatic drug with no potential 
neuroprotective mechanism will prove nonfutile and 
remain in the candidate pool for large studies. We em­
phasize that futility designs do not implicitly resolve 
this confusion between symptomatic and neuroprotec­
tive effects. Whereas frequent visits would allow a tem­
poral charting of changes in the UPDRS, these pat­
terns of change would offer only insights and not clear 
evidence. The separation of neuroprotection from 
symptomatic benefit requires a trial conducted over 
several years. 

An outcome for a futility study must convey some­
thing about disease progression at later stages to be 
clinically credible. If the short-term outcome used in 
the futility study is to be a clinical marker of disease 
progression, it should also correlate with long-term 
change. Total UPDRS as a primary outcome has been 
extensively used in long-term studies, showing that this 
measure is capable of assessing long-term change.24–26 

However, the Total UPDRS does not measure all as­
pects of neurodegeneration and will need to be aug­
mented by other outcome measures for long-term trials 
of potential neuroprotective agents. 

Limitations 
Data used in these analyses were taken from available 
data sets from existing trials. We examined only data 
sets from patients with mild baseline impairment and 
disability. It is possible that data from other trials in 
different groups of patients (eg, more advanced) may 
give different results. Yet, patients with advanced dis­
ability would likely necessitate frequent medication 

changes even over 12 months, adding further analytic 
limitations. 

Although restricting enrollment to a subset of PD 
patients is not ideal for neuroprotection trials, these 
data advise against designing short-term futility studies 
enrolling patients both receiving and not receiving 
symptomatic therapy. A weakness to enrolling only 
early untreated PD patients is that the impact of a neu­
roprotective agent in these patients may be different 
than for PD patients with later onset; hence, larger and 
longer term trials enrolling patients with more ad­
vanced disease may not see the magnitude of improve­
ment observed in a futility study. 

Given the single-arm futility design, the accuracy of 
the historical rate of UPDRS change observed in this 
study is an important consideration. Although the UP­
DRS is more quantitative than the decision to initiate 
(or supplement) symptomatic treatment, it is still sus­
ceptible to changes in practice patterns or methods of 
application. Furthermore, placebo rates for the revised 
UPDRS will need to be determined. 

In this example, given the lack of established criteria, 
the choice of 8, the maximum allowable worsening, 
was relatively arbitrary (30% less than the historical 
control rate) and was applied universally across all out­
come measures. The conclusions would be similar for 
any other percentage reduction, whereas a smaller per­
centage would require larger sample sizes. However, if 
there is reason to believe that the clinically meaningful 
difference is not a fixed percentage, but may vary 
across outcomes, then the outcome measure requiring 
the smallest sample size could change. If there is some 
justification for choosing different rates for different 
outcomes, then the approach presented in this article 
could be used to choose among the potential short-
term outcomes using the new values for clinically 
meaningful differences. 

LOCF was used as the method of imputation to fa­
cilitate the comparison with the results from existing 
studies.14 One may wonder if the results of the test for 
futility would be sensitive to the method of imputation 
used. In the PD futility setting, LOCF may make it 
more likely to consider a treatment for further study 
compared with less biased imputation approaches, be­
cause LOCF has the potential to underestimate the 
magnitude of the worsening. Many other methods exist 
that may be less biased than LOCF, and these newer 
methods should be considered in designing future PD 
trials.27 

Future Directions 
Of those outcomes explored in this article, Motor + 
ADL and Total UPDRS changes at 12 months, as 
measured in untreated patients, are the most appropri­
ate outcomes for a futility study. Other possible out­
comes, such as the onset of the need for L-dopa, Motor 
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UPDRS change, and ADL UPDRS change, required 
sample sizes 20% greater. The onset of need for sup­
plemental dopaminergic therapy (measured in patients 
stably treated with dopaminergic therapy) may also be 
a viable outcome if the historical rate is well estimated. 
If formal agreement of the definition and comprehen­
sive training of the assessment of the pull test are es­
tablished, then a short-term outcome measure for the 
onset of postural instability could be developed. 

Futility studies of creatine, minocycline, coenzyme 
Q10 (CoQ10), and GPI-1485 in PD patients are under 
way. The concept of futility studies applies to the 
broad range of neurological disorders for which treat­
ment includes a focus on neuroprotection.28 The use 
of short-term studies to eliminate drugs without poten­
tial allows rapid focus on agents of interest and protects 
the interests of patients who deserve access to the best 
candidates at pivotal times in the progression of their 
disease. 
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