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Abstract

Background—Two recent randomized, placebo-controlled trials of putative disease-modifying
agents (davunetide, tideglusib) in progressive supranuclear palsy (PSP) failed to show efficacy, but
generated data relevant for future trials.

Methods—We provide sample size calculations based on data collected in 187 PSP patients
assigned to placebo in these trials. A placebo effect was calculated.

Results—The total PSP-Rating Scale required the least number of patients per group (N = 51) to
detect a 50% change in the 1-year progression and 39 when including patients with < 5 years
disease duration. The Schwab and England Activities of Daily Living required 70 patients per
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group and was highly correlated with the PSP-Rating Scale. A placebo effect was not detected in
these scales.

Conclusions—We propose the 1-year PSP-Rating Scale score change as the single primary
readout in clinical neuroprotective or disease-modifying trials. The Schwab and England Activities
of Daily Living could be used as a secondary outcome.

Keywords

progressive supranuclear palsy; power calculation; placebo effect; clinical trials; rate of
progression

Methods

Two recent randomized, placebo-controlled clinical trials (clinicaltrials.gov: NCT01110720,
NCT01049399) of putative disease-modifying agents (davunetide and tideglusib) failed to
show efficacy in progressive supranuclear palsy (PSP)1-4 but provided relevant insights in
trial design in PSP.24 Sample size calculations from natural history PSP studies are difficult
to compare because of methodological differences.>13 Moreover, there are no available data
about placebo effect in PSP. Thus, we provide sample size calculations and placebo
estimations based on data from different relevant scales collected in 187 PSP patients and
assigned to the placebo arms in the davunetide and tideglusib trials.23

Study Population and Clinical Assessments

Statistics

Raw data were obtained from PSP patients of the placebo arms recruited in the davunetide
and tideglusib studies with similar inclusion-exclusion criteria?3 (supplementary material).
Both trials were planned to demonstrate similar effects on the same primary efficacy
variable: 37.5% and 40% annual change in the PSP-Rating Scale (PSPRS) total score,
respectively. Ethics approval was obtained at each site from the local ethics committee, and
all participants gave written informed consent.

Rating scales4-16 applied are given in the supplementary material. Raw data from the
clinical assessments were obtained for the 26- and the 52-week follow-up visits. The PSPRS
raw data from the first (week 4 for davunetide, week 6 for tideglusib) and the second follow-
up visit (week 8 for davunetide, week 13 for tideglusib) were obtained for the placebo effect
calculation.

All statistical analyses were conducted using R version 3.1.1.17

Sample Size Calculation—Individual differences between baseline and follow-up scores
after 26 and 52 weeks, respectively, were computed by subtracting the baseline score from
the respective follow-up score to obtain the absolute change (AY). Only cases for which both
baseline and follow-up measurements were available were included in the sample size
calculation. Following this, the mean difference and its standard deviation were used to
estimate a standardized effect size according to equation (1.1). Finally, obtained
standardized effect sizes were used to determine the required sample size per group for a 2-
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sample ttest.1® All sample size calculations were based on a 2-sided significance level of
5% and a power of 80%. An approximation of the required sample size per group for the
Mann-Whitney U'test based on the asymptotic relative efficiency was assessed by dividing
the sample size for the 2-sample ftest by 0.864.1°

gtay * P
Oay (1.1)

where d'is the calculated standardized effect size, Y'is the score of scale, (i y is the mean of
AY, pis the percentage of expected improvement considered clinically relevant (eg, 0.25),
and op yis the standard deviation of AY.

Correlation Analysis—Spearman rank correlation coefficient was applied to detect
possible correlations between the PSPRS total score and the Schwab and England Activities
of Daily Living (SEADL) score at baseline, week 26, and week 52.

Placebo Effect Estimation—There are no established definitions of the placebo effect in
PSP. Based on previous definitions in Parkinson’s disease,29 a considerable placebo effect
was defined as an individual improvement of at least 50% when compared with the baseline
score on a scale in 10% of all participants. Individual relative changes in scores (AS) were
computed using equations (2.1) to (2.3) and were expressed as percentages. Patients were
stratified by percentage of change using 50% as cut-off point. Finally, proportions of patients
with and without an improvement of at least 50% when compared with the baseline score
were calculated for each scale separately. Confidence intervals of these proportions were
estimated using the modified Wald method.2

if S5 > S, then AS = H*mo
mar b
if Sp < S, then AS = H*wo 02
if S¢g = S, then AS = 0 (2.3)

where S is the baseline score, Sris the follow-up score, Sy, is the lowest score on the
scale, and S, is the highest score on the scale.

We further calculated the placebo effect, which was defined as an individual improvement of
at least 20% and 30% when compared with the baseline score on a scale in 10% of all
participants.
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Study Population
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A total of 187 PSP (156 davunetide, 31 tideglusib) patients were included in the analysis (84
women, 103 men). The average age of the participants at base-line was 67.35 (7.04) years,
and disease duration was <5 years in 153 (80.8%) patients, > 5 years in 20 (10.6%) patients,
and unknown in 14 patients (9.6%). Rating scale scores at different time points and group-
level 1-year differences are given in Table 1. PSPRS was available at 1-year follow-up in
144 patients, and the annual difference in the total PSPRS score was 11.24 (9.95), in
agreement with previous studies.%12

Sample Size Calculations—Table 2 shows sample size calculations required for a 2-
arm, 1-year follow-up therapeutic trial without adjusting for an expected dropout rate, and
sample sizes for a 2-arm, 26-week trial are given in Supplementary Table 1.

Combining the dropout rates of the 2 trials (23% in davunetide, 35% in tideglusib)2=3 results
in a 26% dropout rate (ie, [davunetide dropouts 1 tideglusib dropouts]/[ davunetide ITT
population 1 tideglusib ITT population] 5 [50170]/[1391313]). After adjusting for a dropout
rate of 26% (calculated sample size/0.74), the sample size for the PSPRS total score was 69
per group (ie, 51/0.74), to detect a 50% reduction of the progression rate.

The results of subgroup analyses for different age groups, disease durations, and SEADL
scores showed that excluding patients with a disease duration of >5 years reduced the
sample size for the total PSPRS score by approximately 25% (from 51 to 39; Supplementary
Tables 2 and 3).

Correlation Analysis—The PSPRS and SEADL scores were highly correlated at baseline
(r=-.63, P<.001, N = 187), week 26 (r=-.72, P<.001, N = 152), and week 52 (r=-.71,
P<.001, N = 141).

Placebo Effect Calculation—There was no evidence of a placebo effect in any of the
evaluated clinical scales according to the definition of an individual improvement of at least
50% when compared with the baseline score on a scale in 10% of all participants
(Supplementary Table 4). Further calculations for possible placebo effect, defined as 20%
and 30% individual improvement when compared with the baseline score on a scale in 10%
of all participants, showed that the Frontal Assessment Battery (FAB), the Starkstein Apathy
Scale (SAS), and the Geriatric Depression Scale (GDS) exhibited a placebo effect
(Supplementary Table 5). Additional data analysis indicated no statistically significant
change over time for the FAB (baseline vs. week 26, P=.69; baseline vs. week 52, P=.60),
SAS (baseline vs. week 26 £ =.69; baseline vs. week 52, = .36), or GDS (baseline vs.
week 26 P=.13; baseline vs. week 52, P=.07).

Discussion

We analyzed prospective 1-year data of a decline in rating scales in 144 PSP patients,
derived from the placebo groups of the davunetide and tideglusib studies. When compared
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with all the other scales, we found that the total PSPRS score, a disease-specific rating scale
capturing deficits in the different functional domains in PSP, required the least number of
patients (51/arm) to detect a 50% change in 1 year (1-year-50%), which was further reduced
to 39 when including patients with a disease duration of <5 years. The PSPRS gait subscore
required the least number of patients (63/arm) for detecting a 1-year-50% difference or
53/arm when including patients with a disease duration of <5 years. These results differ
from a recently published study on 27 PSP patients (eg, 67 patients/arm for a PSPRS total
score and 97/arm for a PSPRS gait subscore),13 which showed that the PSPRS ocular
subscore would require the least number of patients for detecting a 1-year-50% difference.
These discrepancies are probably a result of the smaller number of patients and the mono-
centre design in contrast to the results reported here.13

In terms of scales addressing activities of daily living, the SEADL score, previously used in
other clinical trials,312:22 would require 60/arm for a 1-year-50% change if patients with a
disease duration of <5 years are included. Although the UPDRSII activities of daily living
scale would require 42 patients per arm only, this analysis was based only on 21 patients,
and therefore these results cannot be safely recommended.

All of the scales used to assess cognition or depression showed no ability to deliver adequate
results with a reasonable number of patients. This, together with the fact that these scales do
not correlate with disease duration or severity, implies that one might omit those in future
trials.23:24 Of note, our results can only be applied to patients with Richardson’s syndrome,
and the numbers of needed patients presenting with other PSP-phenotypes?® is unknown.

An important issue in PSP clinical trials is the high dropout rate. High dropout rates in PSP
are not surprising given the great motor and cognitive impairment and the rapid decline of
PSP patients,2> and this translates into higher numbers of patients that need to be recruited.
Therefore, it is crucial to improve the sustainability of PSP patients in studies. Ideally, a
shorter study duration would reduce the dropout rate; however, the sample size needed to
detect any improvement would be unacceptably high.

In retrospect, the davunetide study was sufficiently powered to detect the 1-year-37.5%
expected change, whereas the tideglusib study was not sufficiently powered to detect a 1-
year-40% expected change. This, together with the observation that there may be a slowing
in the MRI atrophy rate in a subgroup of patients included in the latter study, may imply that
tideglusib could warrant further investigation.26

Last, we did not find a considerable placebo effect in PSP, defined as an individual
improvement of at least 50% when compared with the baseline score on a scale in 10% of all
participants, in any of the scales analyzed in contrast to the well-known placebo effect in
PD.27 The mechanism underlying placebo effect is complex,2® and the prefrontal cortex and
the basal ganglia are involved, in particular, a substantial release of endogenous dopamine in
the striatum has been found in PD patients.2? The widespread and severe postsynaptic
degeneration in PSP may be the reason for a lack of placebo effect. When defining placebo
effect as a 20% to 30% improvement on a scale when compared with base-line in 10% of all
participants, we found this moderate placebo effect to be present for the FAB, SAS, and

Mov Disord. Author manuscript; available in PMC 2017 February 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Stamelou et al.

Page 6

GDS. However, these scales did not change significantly over time. This, together with the
power calculations for the FAB, SAS, and GDS, strengthens the fact that these scales could
be omitted from future trials. Moreover, because there is no control group, we cannot rule
out that both arms had a similar placebo effect. However, data from natural history studies in
PSP have shown a similar decline in the PSPRS and SEADL as the one observed here, and
thus this possibility is unlikely.%11

In summary, we propose that the total PSPRS score as a single primary efficacy measure for
use in future PSP clinical neuroprotective or disease-modifying trials, which requires the
least number of patients to detect 1-year-50% change, with included patients having less
than 5 years disease duration. The SEADL could be used as a key secondary outcome
measure. Last, more sensitive scales could be developed to capture changes in cognitive and
neuropsychiatric features of PSP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Scores in the rating scales at baseline, 26 weeks, and 52 weeks (1 year) follow-up and their 1-year difference

Rating scales

Baseline mean (SD)

After 26 weeks mean (SD)

After 52 weeks mean (SD)

One-year difference mean
(SD

Both studies
SEADL

PSPRS

Total score
Bulbar score
Gait score
History score
Limb score
Mentation score
Ocular score
CGIDS

Only davunetide

VF

GDS

Only tideglusib
FAB

SAS

UPDRSII

LVF

CVF

N =187, 156 derived
from the davunetide study
0.54 (0.21)

N =187, 156 derived
from the davunetide study

39.59 (10.97)
2.82 (1.47)
10.39 (3.80)
8.50 (3.42)
4.90 (2.18)
3.66 (2.66)
9.32 (3.09)

N =187, 156 derived
from the davunetide study
3.99 (0.90)

N = 156
10.99 (6.35)

N = 156
13.14 (6.75)

N=29
10.97 (4.49)

N=31
19.58 (8.14)

N=31
21.87 (5.68)
N=31
9.03 (7.00)

N=31
19.23 (10.11)

N = 156, 133 derived from
the davunetide study
0.47 (0.22)

N = 156, 133 derived from
the davunetide study

44,55 (12.49)
3.17 (1.64)
11.79 (4.14)
9.71 (3.68)
5.48 (2.53)
4.15 (2.83)
10.33 (3.10)

N = 25, 2 derived from
the davunetide study
4.80 (0.92)

N =128
9.97 (6.33)

N =131
13.75 (7.36)

N =22
11.68 (3.94)

N=21
20.14 (11.05)
N =24
23.96 (6.82)

N =22
11.73 (9.77)

N=22
20.23 (10.62)

N =141, 120 derived
from the davunetide study
0.38 (0.22)

N =144, 123 derived
from the davunetide study

49.96 (13.98)
3.77 (1.80)
13.33 (3.96)
10.69 (3.95)
6.17 (3.01)
4.83 (3.15)
11.16 (2.91)

N =147, 120 derived
from the davunetide study
4.76 (0.94)

N=113
9.12 (6.41)

N =116
14.01 (7.51)

N=18
12.83 (3.94)

N =16
20.56 (8.76)
N =21
28.67 (7.40)

N=19
12.21(7.17)

N=19
17.84 (8.85)

-0.18 (0.18)

11.24 (9.95)
1.00 (1.32)
3.33(3.29)
2.44 (3.30)
1.42 (2.25)
1.21 (2.88)
1.83 (2.39)
0.84 (0.95)

-2.23 (4.56)

0.82 (4.89)

0.56 (2.50)

1.56 (6.64)

7.43 (5.94)

2.26 (5.67)

23.84 (9.05)

Data are given as mean (standard deviation [SD]). N is the total number of patients from both studies (davunetide and tideglusib). SEADL, Schwab

and England Activities of Daily Living Scale; CGIDS, Clinical Global Impression of Disease Severity; PSPRS, Progressive Supranuclear Palsy
Rating Scale; VF, verbal fluency (F, A, or S words per minute); FAB, Frontal Assessment Battery; SAS, Starkstein Apathy Scale; UPDRSII,
Unified Parkinson’s Disease Rating Scale II; LVF, two letter verbal fluency; CVF, category verbal fluency; GDS: Geriatric Depression Scale.
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