Y% A randomized, double-blind, futility
clinical trial of creatine and minocycline
In early Parkinson disease

The NINDS NET-PD Investigators*

Abstract—Background: Creatine and minocycline were prioritized for testing in Phase Il clinical trials based on a
systematic evaluation of potentially disease modifying compounds for Parkinson disease (PD). Objective: To test whether
creatine and minocycline alter the course of early PD relative to a predetermined futility threshold for progression of PD
in a randomized, double-blind, Phase Il futility clinical trial. Agents that do not perform better than the futility threshold
are rejected as futile and are not considered for further study. Methods: Participants had a diagnosis of PD within 5 years,
but did not require medications for the management of symptoms. The primary outcome was the change in the total
Unified Parkinson’s Disease Rating Scale (UPDRS) score from baseline to either the time when there was sufficient
disability to warrant symptomatic therapy for PD or 12 months, whichever came first. Subjects were randomized 1:1:1 to
receive creatine 10 g/day, minocycline 200 mg/day, or matching placebo. The futility threshold was set as a 30% reduction
in UPDRS progression based on the placebo/tocopherol arm of the Deprenyl And Tocopherol Antioxidative Therapy Of

Parkinsonism (DATATORP) trial. p Values < 0.1 indicate futility. Results: Two hundred subjects were randomized to the

three groups. Neither creatine (p = 0.96) nor minocycline (p = 0.66) could be rejected as futile based on the DATATOP
futility threshold. The rate of progression for the calibration placebo group fell outside the 95% CI for the DATATOP
historical control. In a sensitivity analysis, based on the threshold derived from the calibration placebo group, again
neither drug could be rejected as futile. Tolerability was 91% in the creatine group and 77% in the minocycline group.
Common adverse events included upper respiratory symptoms (26%), joint pain (19%), and nausea (17%). Conclusions:
Both creatine and minocycline should be considered for definitive Phase 11l trials to determine if they alter the long term
progression of Parkinson disease (PD). Additional factors must be weighed before selecting agents for Phase Il trials,
including safety, tolerability, activity, cost, and availability of these two agents in comparison with other agents currently
in development for PD.
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Creatine and minocycline were prioritized for clinical
testing in Parkinson disease (PD) based on a system-
atic review of potentially neuroprotective com-
pounds. This review considered the quality and
consistency of preclinical and clinical data.! Both
drugs are neuroprotective in preclinical models of
PD, are bioavailable with oral administration,? and
penetrate the blood—brain barrier.>®

Creatine monohydrate is a dietary supplement
that has generally been used for improving perfor-
mance in athletes. There have been no major safety
or tolerability problems with oral supplementation of
creatine in doses as high as 20 g per day for short
periods.? Creatine plays an important role in mito-
chondrial energy production. Creatine is converted to
phosphocreatine and can transfer a phosphoryl
group to ADP to make ATP, thereby buffering intra-

cellular energy stores. There is evidence of mitochon-
drial dysfunction in PD, with deficits in complex |
activity in platelets of patients with early PD®" and
in postmortem substantia nigra pars compacta
(SNpc) tissue of more advanced patients.® Oral
supplementation with creatine has been shown to
protect against 1-methyl-4-phenyl-1,2,3,6-tetrahy-
dropyridine (MPTP) induced dopamine depletion in
mice®® and is protective in transgenic rodent models
of Huntington disease (HD)'**? and amyotrophic lat-
eral sclerosis (ALS).134

Minocycline is a semi-synthetic second generation
tetracycline used for treating a variety of infections.
It has been used chronically in diverse conditions
such as acne®® and rheumatoid arthritis.** Minocy-
cline exerts anti-inflammatory effects independent of
antimicrobial effects. The loss of dopaminergic neu-

Editorial, see page 626
See also pages 628 and 660

*The NINDS NET-PD Investigators are listed in the Appendix.
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rons in the SNpc is associated with an inflammatory
response mediated by glial activation. Dopaminergic
neurons are highly susceptible to microglial medi-
ated injury which may promote neurodegeneration.’
Minocycline was shown to be protective in preclinical
studies in the MPTP model of PD,*®°and transgenic
models of HD?* and ALS,*?°2 although there are
reports of negative results in an HD? transgenic
model and exacerbation of MPTP toxicity.?

Based on this information we conducted a ran-
domized, double-blind, futility clinical trial of creat-
ine and minocycline, in parallel, in early PD. Our
goal was to test whether creatine and minocycline
had the potential to alter the short-term course of
early PD relative to a predetermined threshold for
progression of PD. Futility trials are a type of Phase
Il clinical trial that have been used successfully in
cancer research for many years.>*? Futility trials are
intended to eliminate agents that show low potential
for further development.?*26 Agents found to be futile
in comparison to the threshold would not be consid-
ered for further clinical testing. Agents that are not
found to be futile do not automatically advance to
Phase 111 clinical trials, but receive consideration for
further testing based on the overall profile including
safety, tolerability, and activity. A discussion of the
methods, use, and interpretation of futility trials is
presented in a companion article.?’

Methods. Organization. This multicenter clinical trial was or-
ganized by the Clinical Trials Coordination Center (CTCC) at the
University of Rochester, the Department of Biostatistics, Bioinfor-
matics, and Epidemiology at the Medical University of South
Carolina, and National Institute of Neurologic Disorders and
Stroke. National Institute of Neurologic Disorders and Stroke
sponsored the trial. The Steering Committee developed the proto-
col and consent forms with the participating sites and guided the
implementation of the trial. The protocol and consent were ap-
proved by a National Institute of Neurologic Disorders and Stroke
appointed Oversight Board (OSB), an independent Data Safety
Monitoring Board (DSMB), and the institutional review boards of
each of the participating sites. The DSMB monitored the safety,
data integrity, and progress of the trial.

Participants. Participants were men and women age 30 and
over who had a diagnosis of PD but did not require medications
for the management of their symptoms. Two of three cardinal
manifestations of PD (tremor, rigidity, and bradykinesia) were
required; these findings had to be asymmetric. The diagnosis of
PD must have been made within 5 years of randomization.
Women of childbearing potential were required to use adequate
birth control and have a negative pregnancy test at baseline.
Subjects were excluded if they had any secondary causes of par-
kinsonism, such as drug induced parkinsonism or structural le-
sions; had atypical parkinsonian syndromes; gait freezing or
impairment in postural reflexes; had prior stereotaxic surgery for
PD; used creatine, minocycline, or any investigational agent
within 90 days prior to randomization; had known hypersensitiv-
ity to creatine or minocycline; used CoQo in doses greater than
300 mg 90 days prior to randomization; or had any clinically
significant medical condition that could interfere with the sub-
ject’s ability to safely participate in the study or to be followed.

Study design and randomization. A single arm futility study
design was used to assess each of the study drugs, creatine and
minocycline. We included a placebo arm for calibration, to verify
and update the historical control assumptions used in sample size
estimation.® Eligible subjects were randomly assigned in a 1:1:1
fashion to receive 1) 10 g/day of creatine monohydrate and placebo
minocycline, 2) placebo creatine monohydrate and 200 mg/day of
minocycline, or 3) placebo creatine monohydrate and placebo mi-

nocycline. The primary futility analysis was at 12 months of
follow-up, but each subject was followed for 18 months for addi-
tional safety information. Subjects and investigators were kept
blinded to treatment group. On January 25, 2005, the 12 month
database was locked and the primary analyses were conducted.

Study intervention. Creatine was administered as 5 g sachets
mixed with 8 ounces of liquid taken twice a day and minocycline
was administered as 100 mg capsules taken twice a day. Both
were taken with meals. Creatine and matching placebo were pro-
vided by The Avicena Group, Inc., and minocycline and matching
placebo were purchased from Medicis Pharmaceuticals Corp.

Outcome measures. The primary, prespecified outcome mea-
sure was the change in the total Unified PD Rating Scale
(UPDRS) score from baseline to either the time at which there
was sufficient disability to warrant symptomatic therapy for PD
or 12 months, whichever came first. Disability was assessed by
the site investigator, based on impairment in ambulation, activi-
ties of daily living, and occupational status. Investigators were
trained on this endpoint using case vignettes and retrospectively
each decision to initiate therapy was reviewed by members of the
Steering Committee and the DSMB. The mean change in total
UPDRS for each treatment group was compared to a prespecified
futility threshold of a 30% reduction in the historically derived
change in the total UPDRS, which was based on the placebo arm
of a previous clinical trial.? Tolerability was defined as the pro-
portion of subjects taking study drug for the full 12 months. All
severe adverse events (SAEs) were reviewed by the study medical
monitor and an independent medical monitor. Both the site inves-
tigator and the medical monitors assessed the potential relation-
ship between SAEs and study drug.

Study procedures. At the screening visit, the purpose and
potential risks and benefits were explained to potential subjects
and each subject gave written informed consent. Subjects then
had a baseline medical history, physical examination, and under-
went the UPDRS. Blood was obtained for serum chemistry and
complete blood count. Participants were re-evaluated at 1, 3, 6, 9,
and 12 months (6 days) after the baseline visit using the battery
of clinical scales and blood was drawn again at 6 and 12 months.

Sample size and statistical analysis. The sample size estima-
tion was based on data from patients on placebo/tocopherol partic-
ipating in the Deprenyl and Tocopherol Antioxidant Therapy of
Parkinsonism trial (DATATOP), a large cohort of newly diag-
nosed patients with PD similar to our planned study population.
The DATATOP study met the Pocock criteria for the use of histor-
ical controls.® The observed mean change from baseline of total
UPDRS in placebo/tocopherol patients (13 months + 30 days) was
10.65 (SD 10.4). The threshold value was defined as 30% less
progression on the total UPDRS than the 10.65 unit change in
DATATOP, or 7.46. A sample size of 58 per group provides power
greater than 85% to reject the null hypothesis of non futility if in
fact the true mean total UPDRS worsening is greater than the
threshold of 7.46 at the design alternative of 10.65. As with most
clinical studies, a certain degree of noncompliance (including sub-
ject withdrawal or lost-to-follow-up) was expected. Assuming the
noncompliance rate to be minimal at 5%, the required sample size
was increased to 65 per treatment arm to account for the noncom-
pliance in the intent-to-treat analysis.3* For each study arm, the
set of statistical hypotheses tested was as follows: Hy: L; 7.46 vs
H,, Li > 7.46 (=10.65), where L; is the mean change score (total
UPDRS at 12 months or at the time of initiation of symptomatic
therapy — total UPDRS at baseline) for the treatment arm i and
7.46 is the maximum mean increase (worsening) in the score be-
tween baseline and 12 months sufficient to warrant further eval-
uation of the drug in the Phase Ill trial. The hypothesis was
tested with a one-sample t test at one-sided alpha level of 0.10. If
the null hypothesis was rejected (p 0.1) then the drug would be
considered futile for further testing in a Phase Il trial.

A secondary analysis of the primary outcome was planned, if
the mean change in the total UPDRS score observed in the cali-
bration placebo group falls outside of the 95% CI of the historical
control mean change score of 10.65 (x1.02). The historical rate
derived from DATATOP would be updated by incorporating the
information from the calibration placebo group using Bayesian
methods to derive a posterior mean. The futility threshold would
be recomputed as 70% of this posterior mean and a one-sample t
test would be performed for each active treatment arm.

Analysis of the primary outcome was conducted under the
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434 Pre-screened
200 Randomized

67 received
Creatine

1 terminated

prior to completion

66 received
Minocycline

0 terminated

prior to completion

87 received
Placebo

2 terminated

prior to completion

Figure 1. Flow diagram from screening
to study completion (time until 12
months or need for symptomatic therapy,
whatever comes first). Values were im-
puted due to missing visits for one creat-
ine and one placebo patient and for those
terminating prior to completion listed
above. No imputation was required for

the two minocycline and one creatine pa-
tients who dropped out after initiation of
symptomatic therapy. Reasons for drop-

29 (43%) needed 37 (54%) 34 (52%) needed 32 (48%) 33 (49%) needed 32 (48%)
symptomatic completed 12 mo symptomatic completed 12 mo symptomatic completed 12 mo
therapy without symptomatic therapy without symptomatic therapy without symptomatic
therapy therapy therapy
67 included 66 included 67 included
in analysis in analysis in analysis

ping out included the following: malaise,
death (creatine), cardiac arrhythmia,
lack of efficacy (minocycline), and colon

cancer, depression (placebo). Of the 434 prescreened, 77 declined (major reasons being travel requirements, family’s ad-
vice, or doctor’s advice), 76 were excluded (major reasons being exclusionary medications or PD was too advanced), and
the remaining 81 were identified as potential subjects (via chart review) but never screened. Seven signed inform consent

but did not enroll (see text).

intent-to-treat principle where all randomized subjects are in-
cluded in the analyses. For the small proportion of subjects who
were lost to follow-up, we imputed their UPDRS change scores
using the worst change score observed within their respective
treatment groups. Exploratory analyses included multiple imputa-
tion to account for missing values and a sensitivity analysis in
which we used a 30% reduction from the observed calibration
placebo value to recompute the futility threshold value. No two-
sample comparisons were made between placebo and treatment
groups as the study was not designed or powered for this type of
analysis. A two sample comparison would be underpowered com-
pared to the planned futility analysis.

Results. Subjects enrolled. Between June and Novem-
ber of 2003, 434 potential participants were identified and
prescreened for eligibility. Of these, 207 (48%) participants
met study entry criteria and consented to further screen-
ing at the 45 participating sites. Three potential study
subjects were found to be ineligible and four did not enroll
for unknown reasons. The remaining 200 eligible subjects
were randomized to one of three treatment groups (figure
1). The treatment groups were similar at baseline on de-
mographic variables and total UPDRS and UPDRS sub-
scores (table 1).

Futility. Compliance with study visits was high and
only two patients in the creatine group and no patients in

Table 1 Baseline characteristics

the minocycline group had missing values requiring impu-
tation. The mean change (SD) in total UPDRS from either
baseline to 12 months or the time at which symptomatic
therapy was needed was 5.6 (8.69) for the creatine group
and 7.09 (8.71) for the minocycline group (table 2) (figure
2). The observed progression in both the creatine and mi-
nocycline groups did not exceed the predetermined futility
threshold. Therefore, the null hypothesis that the means
were less than or equal to the threshold value of 7.46 (30%
less than the 10.65 DATATOP historical rate of progres-
sion) could not be rejected for creatine (p = 0.96) or mino-
cycline (p = 0.63). Creatine and minocycline could not be
rejected as futile using this analysis and therefore met the
criteria for consideration for further clinical testing. Using
multiple imputation instead of worst change score for the
group to account for missing observations yielded similar
results.

The calibration placebo group mean change of 8.39
(9.76) fell outside the 95% CI for the DATATOP historical
control of 9.63 to 11.67. As planned in our design, the
historical control rate was updated using the observed pla-
cebo information. With this update, the threshold value
decreased to 7.2. Against this comparison, neither creatine

Creatine, n = 67

Minocycline, n = 66 Placebo, n = 67

Male, n (%) 47 (70)
White, n (%) 62 (93)
Hispanic, n (%) 3(4)
Age, y (SD) 61.5 (10.6)
Duration PD, y (SD) 0.78 (1.06)
Total UPDRS (SD) 23.9(9.07)
UPDRS Mental (SD) 1.13(1.29)
UPDRS Motor (SD) 16.4 (6.77)
UPDRS ADL (SD) 6.33 (3.07)
Hoehn and Yahr (SD) 1.43 (0.5)
Schwab and England ADL (SD) 92.7 (5.25)

39 (59) 40 (60)
63 (95) 63 (94)
1(2) 2(3)
64.8 (10.5) 60.7 (9.8)
0.57 (0.64) 0.64 (0.59)
24.4 (9.74) 22.8 (9.63)
1.52(1.81) 1.13 (1.19)
16.5 (7.19) 15.6 (7.01)
6.38 (3.6) 6.03 (3.45)
1.58 (0.5) 1.46 (0.5)
92.5 (6.4) 94.2 (4.81)

PD = Parkinson disease; UPDRS = Unified Parkinson Disease Rating Scale; ADL = activities of daily living.
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Table 2 Primary outcome: change in total Unified Parkinson
Disease Rating Scale (UPDRS) from baseline to 12 months or

need for symptomatic therapy (whichever comes first)

Outcome/treatment group Mean (SD) 95% CI
Primary analysis*
Total UPDRS
Creatine 5.6 (8.69) (3.48,7.72)
Minocycline 7.09 (8.71) (4.95, 9.23)
Placebo (Calibration) 8.39(9.76) (6.01, 10.8)
DATATOP Placebo/Tocopherol ~ 10.65 (10.4)  (9.63, 11.67)
Secondary outcomes
Motor UPDRS
Creatine 3.27(6.65) (1.65, 4.89)
Minocycline 3.98 (5.92) (2.53, 5.44)
Placebo 5.34(6.82) (3.68, 7.01)
Mental UPDRS
Creatine 0.33 (1.66) (-0.08, 0.73)
Minocycline 0.38 (2.04) (-0.12, 0.88)
Placebo 0.81(1.87) (0.35, 1.26)
ADL UPDRS
Creatine 2.21(3.09) (1.46, 2.96)
Minocycline 2.73 (3.42) (1.89, 3.57)
Placebo 2.60 (3.74) (1.68, 3.51)
Hoehn & Yahr 0.39(0.52) (0.26, 0.52)
Minocycline 0.38(0.72) (0.2, 0.56)
Placebo 0.43 (0.74)  (0.25, 0.61)
Schwab & England (investigator)
Creatine —4.8(6.12) (-6.3,-3.3)
Minocycline -7.6(9.33) (-9.9,-5.3)
Placebo -7.6(8.59) (-9.7,-5.5)

Worst change score for the group is used to impute missing

values.

* Primary analysis compares each treatment to the futility
threshold, or 70% of historical control, which equals 7.46. Sec-
ondary analyses included an updated futility threshold of 7.02
based on the calibration group and a sensitivity analysis with a

futility threshold of 5.87.

ADL = activities of daily living.

(p = 0.93) nor minocycline (p = 0.54) could be rejected as
futile. Additionally, an exploratory sensitivity analysis was
performed based on the calibration placebo group. Using
only data from the placebo group, the threshold value was
recomputed as 30% less than 8.39 and the futility thresh-
old decreased to 5.87. With a threshold of 5.87, neither
creatine (p = 0.6) nor minocycline (p = 0.13) could be
rejected as futile, although minocycline was close to the
prespecified alpha level of 0.10.

Combining all three arms of the study, 96 (48%) sub-
jects required symptomatic therapy during the course of
the trial (see figure 1). Subjects requiring symptomatic
therapy had greater changes in their UPDRS scores than
those who completed 12 months without the addition of
symptomatic therapy. The 104 (52%) subjects who did not

=

Worse
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+

Total UPDRS Change

< r .~ .+ | e Creatine
— —— Minocycline

Better

Placebo

N PO P N Wb Do e O
I

Months from Baseline

Figure 2. Change from baseline in Total Unified Parkin-
son Disease Rating Scale over time. Excludes visits con-
ducted after patients needed symptomatic treatment, and
carries forward the need for symptomatic therapy visit.
Missing visits are imputed with worst change score for the
group. Bars represent standard errors of the means at 1,
3, 6, 9, and 12 months.

receive symptomatic therapy (or terminated prior to com-
pletion) had a mean change of 4.35 (8.83) on their total
UPDRS score over 12 months compared to 12.36 (8.86) for
the 22 subjects starting levodopa and 8.98 (8.84) for the 47
subjects starting dopamine agonists. The observed changes
in the total UPDRS were largely driven by changes in the
motor subscore and to a lesser extent the ADL subscore
(see table 2).

Safety and tolerability. Creatine, minocycline, and the
matching placebo formulations were generally well toler-
ated, although minocycline was less well tolerated than
creatine. Study drug was prematurely discontinued in 5
cases (7%) in the creatine arm, 14 (21%) in the minocycline
arm (figure 3), and 4 (6%) in the calibration placebo arm.
There were 8 patients with dose reductions and 8 patients
with temporary suspensions in the creatine group, 15 pa-
tients with dose reductions, and 15 patients with tempo-
rary suspensions in the minocycline group, and 11 patients
with dose reductions and 8 patients with temporary sus-
pensions in the placebo group, some of whom eventually
discontinued study treatment.

The three most commonly reported adverse events
across the three treatment groups were upper respiratory
symptoms (26%), joint pain (19%), and nausea (17%) (table
3). There were seven cases of tooth discoloration and four
cases of skin discoloration, all in the minocycline group,
but only one case of tooth discoloration led to discontinua-
tion of medication. There were six incidents of elevated
serum creatinine in the creatine group; three of these,
occurring in two subjects, were judged to be clinically sig-
nificant. Adverse events occurring with a frequency
greater than 5% are reported in table 3.

Fourteen SAEs occurred during the study. Five oc-
curred in the creatine group (cardiomyopathy, coronary
artery disease, fatal motorcycle accident, myocardial in-
farction, and spinal stenosis surgery). Six occurred in the
minocycline group (two cases of coronary artery disease,
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Figure 3. Kaplan—Meier estimate of time to permanent dis-
continuation of study treatment. Bars represent the 95%
pointwise Cls. The minocycline group had more discon-
tinuations early, but then slowed after 3 months.

two cases of pneumonia, syncope, and squamous cell carci-
noma). Three occurred in the calibration placebo group
(colon cancer, pneumonitis, renal calculus). Of the events

in the two active treatment groups, only the squamous cell
carcinoma in the minocycline group was coded by blinded
investigators as possibly related to the study interven-
tions. None of the SAEs was judged as definitely or proba-
bly related by the independent medical monitor.

Discussion. This randomized, double-blind, futil-
ity trial showed that neither creatine nor minocy-
cline could be rejected as futile in a 12-month
evaluation of the clinical progression of PD. The ob-
served mean changes in total UPDRS scores for cre-
atine and minocycline were not significantly greater
than the futility threshold values. Based on these
findings, both creatine and minocycline merit further
consideration for Phase III clinical trials.

The effects of creatine on UPDRS progression
were robust to a range of threshold values, whether
based on the historical control data, updated histori-
cal control, or calibration placebo group. The mean
progression in the minocycline group was actually
above the futility threshold based on the calibration
placebo group (5.87) in the sensitivity analysis. How-
ever, the minocycline group cannot be rejected as
futile. This is because the minocycline group mean
falls close enough to the threshold value that it is
still below the rejection region of the distribution of

Table 3 Adverse events occurring in more than 5% of subjects in any one treatment group

Event (WHO term) Creatine, no. (%)

Minocycline, no. (%)

Placebo, no. (%) Total, no. (%)

Joint pain 13 (19)
Dizziness 9(13)
Headache 7(10)
Tremor aggravated 5(7)
Depression 5(7)
Irregular sleep 5(8)
Constipation 6(9)
Gastroesophageal reflux 2(3)
Nausea 11 (16)
Upper respiratory symptoms 17 (25)
Back pain 1(1)
Fatigue 2(3)
Edema 8(12)
Fall 3(4)
Diarrhea 4(6)
Serum creatinine increased 6(9)
Hypertension 0(0)
Rash 1(D)
Skin/tooth discoloration 0(0)
Balance difficulty 0(0)
Heartburn 0(0)
Dry mouth 2(3)
Hypercholesterolemia 1(D
Anemia 0(0)
Influenza-like symptoms 2(3)

12 (18) 12 (18) 37(19)
15 (23) 4(6) 28 (14)
10 (15) 6(9) 23 (12)
3(5) 3(4) 11(6)
9(14) 4(6) 18 (9)
10 (15) 6(9) 21(11)
9(14) 5(7) 20 (10)
5(8) 2(3) 9(5)
16 (24) 7(10) 34 (17)
13 (20) 21 (31) 51 (26)
6(9) 6(9) 13(7)
8(12) 4(6) 14.(7)
9(14) 8 (12) 25 (13)
7(11) 5(7) 15 (8)
3(5) 1(1) 8(4)
0(0) 0(0) 6(3)
2(3) 4(6) 6(3)
4(6) 2(3) 7(4)
11.(7) 0(0) 11(6)
4(6) 0(0) 4(2)
4(6) 1(1) 5(3)
5(8) 1(1) 8 (4)
4(6) 0(0) 5(3)
4(6) 2(3) 6(3)
4(6) 1) 7(4)
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the futility threshold. This is reflected in the p value
of 0.13, which is close to the significance level of 0.1
for concluding that the drug is futile. The threshold
for futility used in this study was a 30% reduction in
PD progression measured by the UPDRS. While
other thresholds could be chosen, this decision was
based on effects seen in previous trials and clinical
judgment about the magnitude of a meaningful
effect.?¢

There was a one point improvement in total
UPDRS evident after 1 month of creatine treatment
(see figure 2). This could be interpreted as a short-
term or "symptomatic” effect that may not be sus-
tained. However, creatine would not be rejected as
futile even if the one-point change were discounted
and the analysis were conducted using a change in
creatine of 6.84 (8.54) on the total UPDRS (p = 0.25).
Further follow-up would determine if the slowed rate
of progression seen in the last 3 months of the study
in the minocycline group (see figure 2) is sustained,
but the primary, prespecified futility analysis was at
12 months. These futility trials were not designed to
determine long-term results, but to reject agents
that show no potential for success in long-term
Phase III trials.

Creatine was well tolerated and 91% of subjects
continued creatine throughout the 12 months of the
study. The volume of the creatine suspension was
not problematic for compliance and there were no
serious renal complications in the creatine arm.
Seventy-six percent of subjects tolerated minocycline
for the entire study. Subjects who discontinued mi-
nocycline generally did so within the first 30 to 60
days due to gastrointestinal discomfort (see figure 3).
Tooth discoloration in the minocycline arm occurred
more commonly than expected from previous trials'®
and clinical use®?*32 but only led to discontinuation of
drug in one case. Since we added a discussion on
tooth discoloration to the informed consent during
the trial, it is possible that the investigators were
unblinded for those participants with tooth discolor-
ation. If investigators were expecting minocycline to
be effective, the potential unblinding could have the
effect of inflating the positive results for minocycline.
It is also possible that taking a placebo in addition to
the active agent may have reduced tolerability and
compliance although patients with PD commonly
take multiple medications in both clinical studies
and routine care.

The calibration placebo rate of progression fell
outside the 95% CI for the DATATOP historical rate.
This finding may be due to sampling variability or
measurement error. Recent trials, such as the Coen-
zyme Qo in Early PD trial (QE2) published in
2002,%* showed a rate of progression nearly identical
to DATATOP in early, untreated PD subjects. In con-
trast, a trial of the MAO-B inhibitor lazabemide pub-
lished in 1996 showed a 12-month rate of
progression of 8.1 units on the total UPDRS.?* This
suggests some variability in observed UPDRS pro-

gression that is not due to temporal practice or co-
hort effects.

Another explanation for the observed difference
between our placebo group and DATATOP is a sys-
tematic difference in the types of subjects or how
they were cared for in the study. The baseline char-
acteristics in the three groups were similar to the
DATATOP placebo/tocopherol cohort in age, sex,
race, and ethnicity. The total UPDRS score at entry
for DATATOP was 25.4 (11.6) compared to 23.68
(9.46) overall in our study. The study cohort had an
average time from diagnosis of PD to randomization
of 0.66 years (0.8) compared to a somewhat longer
disease duration, 1.2 (1.1) years, for DATATOP. We
performed a secondary analysis selecting DATATOP
placebo patients with characteristics (age, duration
of PD, and baseline UPDRS) similar to participants
in this futility trial. These analyses gave a similar
mean change in UPDRS as obtained from the analy-
ses using the entire group of DATATOP placebo sub-
jects. It is possible that the clinical care of early PD
in this study was different from the clinical care in
DATATOP and the QE2 trial. In this study subjects
starting levodopa had an average change in total
UPDRS of 12.36 (8.86) compared to 16.3 (10.7) for
DATATOP. The change in the readiness to use levo-
dopa may be due to the results of the earlier vs later
levodopa trial (ELLDOPA).3¢ The ELLDOPA trial
may have changed some investigators’ prior belief
that levodopa hastens the progression of early PD
and may have thereby reduced the amount of pro-
gression needed to trigger the decision to initiate
levodopa therapy. The initiation of dopamine ago-
nists, which were not a treatment option for the
DATATOP endpoint, was associated with an even
smaller 8.3 unit change in total UPDRS scores. The
exact reasons for the difference in the placebo rate of
progression remain unclear. A second futility study
with different agents that is currently in progress
will help determine if the discrepancy between our
placebo group and DATATOP are due to sampling
and measurement variability or more systematic dif-
ferences in clinical practice.

The use of historical or other external controls has
been a controversial issue, especially when these
types of controls are used to replace randomized
Phase III trials. However, in this study, we are look-
ing for indications to conduct Phase III trials. See
the companion article by Tilley et al.?” for more dis-
cussion of this issue. Concerns about sampling vari-
ability or cohort effects prompted the inclusion of a
calibration placebo group in this study. Most futility
trials in cancer, where this design is used most com-
monly, do not include controls?” since the expected
control rate (usually tumor recurrence) is well-
established. But some authors have advocated for
calibration control arms in futility studies as a check
or calibration of the historical rate.?® Given these
results of this study the use of a calibration placebo
group should be considered in future futility studies
in PD. Based on the 65 subjects in the calibration
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placebo group, it would be premature to abandon the
progression rate from DATATOP, which was based
on nearly 400 subjects. But the calibration placebo
group allowed us to consider a range of futility
threshold values. Data from the placebo group were
used to update the historical rate by calculating a
Bayesian posterior mean and provided a lower futil-
ity threshold for the sensitivity analysis. The study
was not intended or powered, however, to make di-
rect comparisons between the placebo group and ac-
tive arms.

The effects of creatine on UPDRS progression
were robust to the range of threshold values tested.
The magnitude of effect seen with creatine is compa-
rable to the effect seen with 1,200 mg day of Coen-
zyme Q;, in QE2.3* The similarity is intriguing since
both agents are thought to support aspects of mito-
chondrial function. The evidence supporting a role
for mitochondrial dysfunction in the pathogenesis of
PD is multifaceted, including MPTP models and
other environmental toxins,?® deficits in complex I in
platelets®”*° and nigral tissue,® and genetic muta-
tions such as DJ-144! and PINK1.42 Taken together
with the results of the Coenzyme Q;, trial, this study
suggests that interventions that augment mitochon-
drial function and ameliorate oxidative stress may
hold promise in PD.

This study was not designed to determine if either
agent is actually effective in slowing the clinical pro-
gression of PD. Randomized, placebo controlled,
Phase III clinical trials that focus on clinically mean-
ingful outcomes will be needed to prove or disprove
the clinical efficacy of these agents. Therefore, nei-
ther creatine nor minocycline should be used clini-
cally for treating PD based on the results of this
study. The conclusion from this futility trial is that
these agents at the doses studied merit consideration
for Phase III trials. Other doses of creatine or mino-
cycline could be tested using this Phase II design to
estimate the dose-response relationship and deter-
mine the most promising dose for further study. Sev-
eral additional factors must be weighed before
selecting agents for Phase III trials, including the
observed safety, tolerability, activity, cost, and avail-
ability of these two agents in comparison with other
agents currently being tested in Phase II trials.

In addition to identifying therapies to consider for
a large simple Phase III efficacy trial, the futility
study provided other valuable information. If the fu-
tility study had not been completed, the estimate
used for the placebo mean in subsequent trials could
have been an overestimate of the expected increase
in UPDRS and could have led to incorrect sample
size estimates for Phase III trials. The futility study
showed that de novo patients with PD can be en-
rolled rapidly, in substantial numbers. Specific is-
sues in performance, such as low minority
recruitment, were identified and will be addressed
before future trials begin. Since recruitment, reten-
tion, simplicity, and consistency of data collection are
critical elements of success for future trials, this fu-
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tility testing phase should improve the likelihood
that a long term Phase III trial can be successfully
conducted.
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