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Abstract—Many agents are being considered for treatment of Parkinson disease (PD). Given the large number of agents
and the limited resources to evaluate new agents, it is essential to reduce the likelihood of advancing ineffective agents
into large, long-term Phase III trials. Futility design methodology addresses this goal. The authors describe how a
single-arm Phase II futility study uses a short-term outcome to compare a treatment group response to a predetermined
hypothesized or historically based control response. The authors present advantages and limitations of futility designs
along with examples derived from the data archive of a large Phase III efficacy study of treatments to delay PD
progression, the Deprenyl And Tocopherol Antioxidative Therapy Of Parkinsonism (DATATOP) trial. Using the same
control progression rate and treatment effect assumptions used to power the original DATATOP trial, the authors
calculated the number of subjects needed to conduct two 12-month futility studies. DATATOP was designed to enroll 800
patients. Using data on 124 consecutive subjects randomized into each of the DATATOP treatment groups, the authors
identified tocopherol as futile and deprenyl as worthy of further study. Using Phase II information, DATATOP could have
been simplified from a 2 � 2 factorial design to a comparison of deprenyl vs placebo. While not testing efficacy, futility
designs provide a strategy for discarding treatments unlikely to be effective in Phase III. A limitation is the dependence on
historical data or hypothesized outcomes for untreated controls. Futility studies may decrease the time to identify
treatments unworthy of further pursuit and reduce subjects’ exposure to futile treatments.
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Over the last 15 years many drugs have been studied
as potential therapeutic agents for Parkinson disease
(PD), and thousands of patients have been enrolled
in PD trials. While such agents as rasagiline1,2 and
coenzyme Q3 have shown promise, no therapies have
been proven to modify PD progression.4 Given the
resources required for traditional Phase III efficacy
studies and the large number of agents available for
study in PD, there is a need to select promising
agents efficiently. Single-arm Phase II studies ad-
dress this need.5-13

Phase II studies generally follow Phase I toxicity

studies, and provide some additional safety informa-
tion prior to proceeding to Phase III efficacy studies.
An alternative combines Phase I and Phase II into a
single design.12 Phase II studies may focus on identi-
fying agents with potential efficacy for testing in
randomized Phase III studies7-13 or on discarding
drugs without promise.5,6 These latter studies,
termed “futility studies” because they identify agents
that are “futile” for further development, are the fo-
cus of this article.

Futility study methodology, often used in evalua-
tion of cancer treatments,5-7,14 has been extended to
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stroke trials15 and applied in a trial of IV/IA rt-PA.16

More recently Phase II futility studies have been
used in evaluating treatments for PD. In hopes of
identifying new therapeutic agents to modify PD pro-
gression, the National Institute of Neurologic Disor-
ders and Stroke (NINDS) is sponsoring a series of
Phase II and Phase III trials, i.e., Neuroprotection
Exploratory Trials in Parkinson’s Disease (NET-PD).
This article explains the application of futility de-
signs to PD trials. To illustrate the differences be-
tween futility and efficacy studies, we provide
examples using data from the Deprenyl And Tocoph-
erol Antioxidative Therapy Of Parkinsonism (DATA-
TOP) trial.17,18

Futility design: Conceptual framework. A fu-
tility study compares the outcome in a single, treated
arm against a predetermined threshold value reflec-
tive of a clinically meaningful change observable
over a relatively short period of time. For example,
the observed outcome in a futility trial may be de-
fined as the proportion of treated patients who fail
treatment (ptx); for PD trials, failure is often defined
as those patients who require levodopa. The propor-
tion of patients expected to fail in the untreated
group is defined as p*. This p* is usually obtained
from historical data, but can be based on an investi-
gator’s best judgment or the consensus of clinical
experts. The reduction in failures considered clini-
cally meaningful, defined as (�), is set before Phase
II begins, and may be derived from the same sources

as p*. If the observed proportion of failures in the
treatment group is greater than the predefined
threshold (p* - �), based on a statistical test, then
the treatment would be considered futile to evaluate
further for efficacy. Both p* and � are used to esti-
mate sample size for Phase II (table 1). The approach
used is similar to that used in developing sample
size estimates for Phase III studies. For a continuous
outcome such as change in Unified Parkinson’s Dis-
ease Rating Scale (UPDRS), the threshold can be the
hypothesized mean change in the historical control
(p*) group reduced (lower score is better) by the ex-
pected treatment effect (�). Determination of the
threshold value is important as too small a � for a
given control value, p*, might allow an ineffective
treatment to be carried on to Phase III, whereas too
large a � could exclude drugs that might demon-
strate efficacy in Phase III.

The hypotheses being tested in a single-arm
Phase II futility study with a binary outcome are as
follows:

H0: ptx � p* � � vs HA: ptx � p* � �

If we reject the null hypothesis, we conclude that
the proportion of patients on treatment (ptx) who fail
is greater than the predetermined threshold (p* – �),
and it is futile to proceed to a Phase III efficacy trial.
Conversely, if we fail to reject the null hypothesis,
we did not observe enough failures to conclude futil-
ity, and we would consider further testing of the
treatment in a Phase III efficacy trial. Regardless of

Table 1 Effect of changes in assumptions on sample size for Phase II and Phase III trials

Historical
placebo
outcome (p*)

Hypothesized
minimal treatment

benefit (�)

Hypothesized
treatment outcome

(ptx � p* – �) Alpha (�)
Power
(1 � �)

Total
required

sample size
for Phase II†

Minimum no. of
failures required

in Phase II to
reject the null

hypothesis

Total required
sample size for

phase III‡

0.425 0.1 0.325 0.1 0.85 124 47 336

0.425 0.1 0.325 0.05 0.85 165 64 420

0.425 0.1 0.325 0.1 0.90 153 58 400

0.425 0.1 0.325 0.05 0.90 198 76 491

0.425 0.2 0.225 0.1 0.85 28 10 78

0.425 0.2 0.225 0.05 0.85 36 13 97

0.425 0.2 0.225 0.1 0.90 35 12 93

0.425 0.2 0.225 0.05 0.90 44 15 114

0.425 0.05 0.375 0.1 0.85 514 207 1,379

0.425 0.05 0.375 0.05 0.85 686 279 1,723

0.425 0.05 0.375 0.1 0.90 629 252 1,643

0.425 0.05 0.375 0.05 0.90 818 330 2,016

† Sample size for test that a proportion equals null value (normal approximation) in a single arm Phase II trial.

n �
�Z1 � ��ptx�1 � ptx� � Z1 � ß�p*�1 � p*� �2

�ptx � p*�2

‡ Sample size for two-sided chi-square test of proportions in a two arm Phase III trial (placebo vs treatment).

n �
	Z1 � �/2�2p� �1 � p� � � Z1 � ��p*�1 � p*� � ptx�1 � ptx� 
2

�p* � ptx�
2 , where p� � (p* � ptx)/2
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the results of the Phase II study, we cannot conclude
we have demonstrated efficacy.

The futility hypotheses differ from hypotheses
specified in traditional Phase III trials of efficacy,
and Type I (alpha) and Type II (beta) error probabil-
ities are interpreted differently. Table 2 compares
the interpretation of these error probabilities in
Phase II futility study vs Phase III efficacy designs.15

In Phase II futility trials, alpha and beta are set
relative to the questions under investigation. We do
not want to miss an effective agent; consequently we
are less concerned about failing to reject the null
hypothesis (falsely concluding an ineffective treat-
ment is possibly effective). Additionally the sample
size must be kept small. Thus, we set beta (false
positive) greater than alpha (false negative) and set
alpha at a value greater than 0.05. If we fail to reject
the null hypothesis, we may proceed to a Phase III
trial of efficacy, generally with smaller error proba-
bilities (values of beta and alpha) and larger sample
sizes. In the case of a binary outcome such as starting
levodopa (yes, no), the statistical test of the futility
hypothesis can be the one-sample test for comparing
proportions (normal approximation).19 For a continuous
outcome the test can be a one-sample t test.

Ideal criteria for choosing historical controls have
been published, and should be considered when
choosing Phase II control values.20,21 If all the criteria
are not met or if the historical control response is in
doubt, inclusion of a small calibration group22 of con-
current placebo patients could strengthen the futility
design. The calibration group is not utilized for di-
rect comparison between a treatment group and pla-
cebo, but provides limited data on the validity of the
hypothesized threshold value (p* – �).22

Data source. We used data from DATATOP, a
Phase III trial conducted by the Parkinson Study
Group,17 to construct a Phase II futility study as an
example of futility methodology. DATATOP enrolled
patients with recent onset of PD, not requiring
levodopa therapy. Patients were randomized to pla-
cebo (N � 199), tocopherol � placebo (N � 202),
deprenyl � placebo (N � 202), or tocopherol � depre-
nyl (N � 197), in a 2 � 2 factorial design. Although
24 months follow-up was planned, treatment codes
were revealed after an average of 14 months follow-
up. In the original study, tocopherol failed to show
efficacy whereas deprenyl was considered efficacious.
However, interpretation of these results remains
controversial.23

The following example of a constructed Phase II
study uses data from the groups receiving either to-
copherol alone or deprenyl alone. The groups receiv-
ing only placebo or both tocopherol and deprenyl are
excluded as the objective was to test the effect of
each treatment separately in a constructed single-
arm Phase II study. Comparisons were made to the
hypothesized control rate used in the design of the
original Phase III trial rather than to the concurrent
DATATOP placebo group.

Example 1. For this example we used the DATA-
TOP primary outcome, need to initiate levodopa
therapy, in order to determine what would have been
concluded had a Phase II study been conducted. As a
short term outcome, in order to make such a Phase II
futility study practical, we used DATATOP data only
through 12 months of follow-up. Treated DATATOP
patients who needed levodopa therapy by the end of
12 months follow-up were considered failures;
treated patients who continued through 12 months
without dopaminergic therapy were considered
successes.

To determine our threshold for failure, we utilized
the original estimates (based on a university prac-
tice) on which DATATOP study investigators devel-
oped their Phase III sample size.24 The DATATOP
study investigators assumed the placebo proportion
reaching endpoint (onset of the need for levodopa
therapy) would be 85% in 2 years.17 DATATOP inves-
tigators assumed an absolute decrease of 10% as the
minimally clinically meaningful difference (i.e., 75%
of patients in the treatment arm would fail). Assum-
ing the proportion of failures is linear over time, we
assumed 42.5% of untreated patients would need
levodopa therapy at 1 year. We chose the futility
threshold (maximum allowable proportion of failures
for an efficacious treatment) to be 32.5%, based on
the same minimally clinically meaningful difference
and assuming a strong early benefit of treatment.
We then created two single-arm Phase II futility
studies: in one study all patients received tocopherol
and in one study all patients received deprenyl.

We set alpha to 0.10, tolerating a 10% chance of
rejecting an effective treatment, and we set beta at
15%, accepting a greater chance of carrying an inef-
fective treatment forward to Phase III testing. We
computed the sample size needed (N) for a Phase II
futility study to be 124 (assuming one-sided alpha �
0.1, power � 0.85, historical placebo, p* � 0.425,
difference between treatment and placebo, � � 0.1).

Table 2 Interpretation of alpha and beta under Phase II futility and Phase III efficacy studies*

Type I error (alpha) Type II error (beta)

Phase II futility study
(tentative result)

Recommending an effective treatment
should not move forward

Recommending an ineffective
treatment should move forward

Traditional Phase III
efficacy trial
(definitive result)

Declaring an ineffective treatment to
be effective

Declaring an effective treatment to be
ineffective

* Adapted from reference 15.
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The formula used to calculate this sample size is
given in table 1.

Using the first 124 patients enrolled in the tocoph-
erol (�placebo for deprenyl) arm, the proportion of
patients needing levodopa therapy (failures) in the
first year was 0.42. Comparing this proportion to the
futility threshold (p* – �) of 0.325, the p value is
�0.01, implying that tocopherol is futile to take for-
ward into a Phase III trial. If the � had been chosen
to be 0.15 rather than 0.1, the required sample size
would be 53 and the p value would be 0.09. If the �
had been chosen to be 0.2, the required sample size
would be 28 and p value would be 0.005. Both results
would imply futility.

Similarly, selecting the first 124 patients enrolled
in the deprenyl arm, the proportion of failures is
0.14; compared to the futility threshold of 0.325, the
p value is  0.99. Thus for the deprenyl arm, we fail
to reject the null hypothesis and cannot declare de-
prenyl futile. Based on this analysis, a Phase III trial
could be conducted to assess efficacy.

Example 2. Table 1 shows the sample size re-
quirements for a variety of scenarios, varying alpha,
power, and the hypothesized treatment benefit. We
also compare the sample size required for a single-
arm Phase II study to a Phase III study with a treat-
ment and control arm. For a Phase II study, using
alpha � 0.05 and the same power, placebo proportion
of failures, and threshold as used in Example 1, the
sample size increases from 124 to 165 (33%). A
Phase III trial with power � 85% and the traditional
alpha � 0.05 requires a sample size of 420 per group
or 840 total.

Discussion. Because DATATOP used a factorial
design, the investigators were able to test both de-
prenyl and tocopherol using just 800 patients, ap-
proximately the same number that would be needed
to compare just one treatment to placebo. In the
factorial design DATATOP investigators assumed no
interaction between deprenyl and tocopherol (i.e., no
synergy and no detrimental effect of receiving the
two treatments together). If this interaction had
been present, the study would have been underpow-
ered as only the arms with a drug alone vs placebo
alone could have been used to test treatment effects.
By using the Phase II design, the elimination of to-
copherol could have simplified the final study design
to a two-group comparison. While the Phase II sam-
ple size was large (N � 124) this is a reduction from
the 400 needed to compare either tocopherol or de-
prenyl directly with concurrent placebo. In the Phase
II design the tocopherol group would have been fol-
lowed only 12 months at a decreased cost to the
study.

If we had failed to reject the null hypothesis for
both agents, there would have been an increased cost
of the additional two groups of 124 patients followed
for 1 year in addition to the 800 patients required for
the factorial design. However, other gains, such as

more precision in sample size estimation for Phase
III, might have justified this extra expense. The pri-
mary advantage of the futility design is the rejection
of agents without promise, and the reduction in the
number of subjects exposed to treatment with an
agent that has no reasonable hope of modifying dis-
ease progression. Recent reports on high doses of
tocopherol emphasize the importance of limiting
seemingly innocuous exposure.25,26

The proposed futility design would not have de-
tected synergy, particularly a situation where we re-
ject both drugs but would not have rejected the
combination. If synergy is hypothesized, then it
would be better to conduct the Phase II trial with the
combination. Where there is an interest in testing
multiple doses, the same Phase II approach could be
used for each dose with the sample size based on the
hypothesized threshold for each dose. If the effect
size of interest is the same for all doses, then the
sample sizes for each Phase II study would be iden-
tical. Others have proposed selection designs where
the goal is to choose the best treatment to take for-
ward.27,28 In our setting where multiple drugs and/or
multiple doses may be tested, we are not trying to
find the best treatment nor are we requiring that
any drug be chosen.

In general, although Phase II studies gather effi-
cacy data, they are not suitably powered to test an
efficacy hypothesis, and failing to reject the null hy-
pothesis does not guarantee a positive Phase III
trial. Additionally, failure to reject the null hypothe-
sis is only one criterion that investigators must re-
view in selecting agents for large-scale studies.
Patient compliance, cost, availability, other ongoing
studies of the same treatment, or other procedural
issues may make an agent that successfully passed a
futility study impractical for a Phase III trial. If mul-
tiple candidates for Phase III are identified in Phase
II studies, the previous criteria may be used to
choose the subset of drugs to be carried forward.
Phase II studies also provide some information on
safety and toxicity. Safety information would be con-
sidered in the decision to proceed to Phase III; how-
ever, the true test of safety would come from a Phase
III study and postmarketing surveillance. Calibra-
tion controls may provide descriptive safety compar-
isons, but are limited by small sample size. In
contrast, futility studies are designed to test the null
hypothesis of futility with strong statistical power.

Futility designs utilize historically derived data to
establish a threshold for comparison with the ob-
served results. Generally authors of texts on clinical
trials discourage the use of historical controls to
study efficacy due to concerns that changes in dis-
ease management, new therapies, and new methods
for assessing therapeutic responses occur over
time.29-31 However, these same authors recognize the
usefulness of single armed studies for Phase II. For
example, the use of historical controls has been de-
scribed “As a rapid, relatively inexpensive method of
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obtaining initial impressions regarding a new thera-
py. . .” (p. 50).29

After the Phase II study is completed, secondary
sensitivity analyses allow investigators to assess the
impact of the assumptions regarding the control rate
(p*), particularly if a calibration group is included. If
the calibration group response is worse than hypoth-
esized, it may be necessary to repeat the Phase II
study with a new hypothesized control rate in order
to avoid the severe error of missing an effective
treatment. If the calibration group response is better
than hypothesized, repetition of the study is not re-
quired if the investigator is willing to accept the
greater possibility that an ineffective drug is being
carried forward. Generally, decisions about proceed-
ing to Phase III primarily would be based on the
preset threshold, the safety issues, and the other
considerations described above.

The sample size for the Phase II futility study we
created from DATATOP data was relatively large. If
patients are being recruited over an extended period
of time, it is possible to do interim analyses with
stopping guidelines within futility studies and stop
the trial early if a futility threshold is reached before
full enrollment. This approach, often applied to
Phase III trials,32 has been adapted to Phase II tri-
als.8 However, some sequential designs require rapid
ascertainment of outcomes, often not practical in PD
Phase II trials.7,33 If it becomes apparent that we will
fail to reject the null hypothesis, it is advisable to
continue to the end of Phase II and obtain more
information on the magnitude of treatment effects,
side effects, compliance, and procedural issues in-
volved in trial conduct. The additional information
on the treatment to be studied in Phase III should
result in a more efficient, rigorous Phase III design.

Another issue for Phase II trials in PD is the
choice of an acceptable short-term outcome to iden-
tify agents that may modify PD progression. Previ-
ously these authors investigated the properties of
several short-term outcomes.34 In PD, short-term
outcomes are usually only surrogates for long-term
outcomes of interest and have the limitations de-
scribed by other authors for such surrogates.35

NET-PD used a futility threshold based on change in
the Unified PD Rating Scale (UPDRS) from baseline
to 12 months or start of symptomatic therapy, which-
ever came first, estimated from DATATOP placebo
data. Using the same NET-PD Phase II studies
threshold and applying it to the DATATOP treat-
ment groups, we again would have found tocopherol
to be futile (p � 0.001), and we would have failed to
find evidence of futility for deprenyl (p � 0.74).

The futility design, shown to be valuable in PD
and stroke, could be applied to any neurologic dis-
ease (including Alzheimer disease, amyotrophic lat-
eral sclerosis, and multiple sclerosis), where a short-
term outcome can be identified. There is substantial
flexibility in choosing the short-term outcome, but
the sample size will depend on the magnitude and
variability of the short-term response to treatment.

As with PD, the choice of an historical standard for
comparison in Phase II will depend upon what is
known about the changes in disease definition or
standards of care over time. Known changes may
require some adjustment to the historical control
rates before finalizing the design.
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