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ABSTRACT: Background: Progressive supranuclear
palsy (PSP) is a rare and fatal neurodegenerative disorder
for which there are currently no disease-modifying treat-
ments. Recent trials of potential therapies had durations of
12 months, which may be insufficient because of non-
random missingness due to death. Longer durations, incor-
porating PSP Rating Scale and survival, can reduce the
potential for type Il error. Selecting efficacy measures more
sensitive to disease modification may facilitate identification
of treatment effect.

Objective: The objective of this study was to evaluate
the simulated phase 3 PSP trial assessing the effect of
disease-modifying intervention on a novel combined
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primary endpoint comprising function (PSP Rating Scale)
and survival, the Combined Assessment of Function and
Survival (CAFS), and to determine operating characteris-
tics of the CAFS.

Methods: To simulate PSP progression in the trial popu-
lation, we developed models of PSP Rating Scale and
survival using data from published clinical studies. These
models were used to define operating characteristics of
the CAFS for use in a phase 3 trial.

Results: The sample size determined (N = 384; 1:1 ran-
domization) would provide >80% power to detect signifi-
cant treatment effects on the CAFS compared with
placebo. The CAFS provides good operating
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characteristics and increased power to detect moderate
treatment effects on the PSP Rating Scale. We propose
a trial design allowing potential detection of treatment
effects at a preplanned interim analysis after participants
complete 12 months of treatment, with assessment of
effects of treatment (<24 months) on survival.

Conclusions: Use of the CAFS could provide a compre-
hensive and robust estimate of the clinical benefit of

e

future therapies. © 2024 UCB. Movement Disorders pub-
lished by Wiley Periodicals LLC on behalf of International
Parkinson and Movement Disorder Society.

Key Words: joint rank test; clinical rating scale;
item response theory; progressive supranuclear palsy;
neurodegenerative disease
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Progressive supranuclear palsy (PSP) is a rare, progres-
sive neurodegenerative disease."> The different clinical
phenotypes of PSP share a common pathophysiology
and may converge to PSP-Richardson’s syndrome over
time.>* PSP leads to death after an average of 6 to
7 years.”® Neuropathologically, PSP is an archetypical
primary four-repeat tauopathy that affects neurons, oligo-
dendrocytes, and astrocytes.”®

There are currently no approved disease-modifying
treatments that halt or delay PSP progression.” Recent
studies have elucidated the pathogenesis of tauopathies,
facilitating the development of disease-modifying interven-
tions.'® However, earlier clinical trials (CTs) that evalu-
ated the efficacy and disease modification potential of
investigational therapies for PSP were unsuccessful.!">'>

To date, most PSP studies have used the PSP Rating
Scale (PSPRS) as a primary outcome measure and
defined change in the PSPRS within a 12-month obser-
vation period as the primary endpoint."'""* The PSPRS
is a prospectively validated physician-rated measure of
disease severity in PSP, measured by 28 items within six
categories (daily activities, mentation, bulbar, ocular
motor, limb motor, gait/midline examination).'* The
rater assigns a score of 0 to 2 or 0 to 4 points for each
item, yielding a total PSPRS score from 0 to 100.
Higher PSPRS scores indicate greater disease severity,
with more functional impairment.'® Previous studies
that used the PSPRS indicate annual increases in total
PSPRS score in patients with PSP between 10 and
12.'%1? A reduction in progression of PSP scores by
~40% is considered clearly clinically meaningful®® and
would likely increase survival time.

Results from past CTs suggest the investigational
therapies evaluated were not efficacious. Optimization
of trial protocols is still warranted to increase sensitivity
of trials to changes in functional decline, obtain addi-
tional information on potential effects on mortality,
and detect delayed effects of treatment (by increasing
the duration of trials). Previously, data missing after
patient death were treated as missing at random."' This
could bias estimates of treatment effect, reduce power
to detect efficacy, and may cause potential reductions in
mortality to be overlooked. This could lead to a lack of
definitive data to support the approval of novel
therapies.

Based on the Joint Rank Test (JRT),>' the Combined
Assessment of Function and Survival (CAFS) was devel-
oped for analysis of function adjusted for mortality in
patients with amyotrophic lateral sclerosis.”* Data from
recent PSP trials, as well as recent FDA guidance for
amyotrophic lateral sclerosis,*® prompted us to apply
this methodology to PSP. We describe simulation work
used to define operating characteristics of the CAFS
and enable use of the CAFS in PSP trials.

Subjects and Methods

Two reference datasets were used to obtain the rele-
vant parameters to inform trial simulations. Data from
a phase 2/3 CT of davunetide®* were used to determine
parameters for assessment of disease progression mea-
sured by PSPRS, and parameters for survival were
assessed using data from the research conducted to
develop and validate the PSPRS.'* Data from trials of
riluzole?® and tideglusib'® were also used to calculate
sample sizes required for assessment of impact on over-
all survival.

Phase 3 Clinical Trial Design

The proposed design of a hypothetical phase 3 PSP
trial was a double-blind, placebo-controlled study with
up to 24 months treatment duration, assessing efficacy,
safety, and tolerability of a disease-modifying therapy.
The final proposed design included a preplanned interim
efficacy analysis after the last participant reached
12 months post-randomization, to allow early stopping
for a positive result. The proposed population com-
prised participants >40 years of age with probable/
possible PSP-Richardson’s syndrome (meeting Move-
ment Disorder Society-PSP diagnostic criteria).” The pri-
mary endpoint was the CAFS, comprising change from
baseline to month 24 in the signs and symptoms of PSP
(assessed using PSPRS) and time to death to month 24.

The Item Response Theory Model to Simulate
Longitudinal PSPRS Data
An Item Response Theory (IRT) model was devel-

oped based on the complete PSPRS dataset from a trial
of davunetide in PSP to simulate disease progression in
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the trial population.”* The IRT model is a psychometric
approach based on the relationship between the disease
severity of each individual, measured by a test item,
and the overall measure of disease progression that the
item was designed to measure.”® The model was used
to simulate a CT in a two-step approach and was run
using the final parameters estimated based on the over-
all davunetide dataset (313 participants with PSPRS
who received davunetide [n=157] or placebo
[n = 156]), including 28 items for each participant.**
For technical details of the IRT model, see the
Supporting Information Methods. The IRT model was
used to stimulate the PSPRS of 5000 placebo-treated
participants  (disease  duration <7 years) and
5000 active-treated participants for each of three clini-
cal scenarios of treatment effect, depending on the
extent of expected efficacy:

¢ Absence of efficacy or null: annual change from base-
line in PSPRS total score as observed in the
davunetide trial** (~11.1 points).

¢ Clinically significant effect: treated participants
annual change from baseline reduced by 40% com-
pared with the null.

¢ Moderate effect: treated participants annual change
from baseline reduced by 20% compared with
the null.

The following visit schedule was assumed: baseline,
six visits during year 1, and four visits during year 2.

The IRT model developed was qualified for use in sim-
ulations using the Visual Predictive Check approach.
The Visual Predictive Check approach compared
the predicted versus the observed mean score for
each item, the predicted versus observed probabilities
for each score item, and the predicted versus total
score.

In neurodegenerative disease, moderate treatment
effects (ie, 20% to 35% reduction in disease progres-
sion) often have no impact on cognitive impair-
ment.?”*® The IRT model allowed estimation of disease
progression without assuming the relationship between
time and increase in the total PSPRS score. The only
parametric assumption in the IRT model links time
with progression of disease (disease severity), which
defines the latent variable.

Scores generated by the IRT model, representing the
virtual dataset, were analyzed using a linear mixed-
effects model to compute the mean percentage change
in total PSPRS score between treatment groups. This
two-step simulation process ensures the use of different
models for virtual data creation and analysis.

Simulation of Overall Survival

The largest CT to evaluate survival for up to 3 years
in people with PSP-Richardson’s syndrome was the

PROGRESSIVE SUPRANUCLEAR PALSY
riluzole phase 3 trial,>® which estimated the probability
of survival for 3 years from enrollment to be approxi-
mately 50%. A 2-year mortality rate of approximately
30% is expected with placebo or ineffective treatment.
A strong association between higher PSPRS scores and
higher probability of death has previously been
demonstrated,' and a score of >70 equated to >50%
probability of mortality within 1 year.

Data from research completed to develop the
PSPRS'* indicated that a higher baseline (median base-
line scores >40) and a greater increase in PSPRS score
during the first year (exceeding the median 1 year slope
of 9.55) were correlated with a reduction in median
survival of >1 year. The correlation between PSPRS and
survival was incorporated in the simulation design,
with a higher simulated baseline, or faster progression
correlated with a higher risk of death.

Survival data were simulated based on the hazard
function determined in the placebo arm of the riluzole
trial,” including the simulated individual PSPRS scores
as covariates in the model. The simsurv package from
R was used to perform the simulation, and hazard
ratios (HR) for survival were used to compare survival
between the treated and placebo groups (eg, HR of 2
would indicate risk of death in the treated group was
twice that in the control group).”’ The baseline hazard
was obtained using a flexible spline model with three
knots, based on the time-to-death data in the riluzole
study. At each simulation replication, the simulated
PSPRS baseline and 1-year individual slope were
included as proportional-hazard covariates in the sur-
vival simulation model.

Survival probabilities observed in the riluzole tria
ie, 97%, 87%, 78%, and 70%, at months 6, 12,
18, and 24, respectively, were used to define the null
condition (HR = 1). From there, three treatment condi-
tions were simulated:

25
L,

¢ HR = 1.1: Treatment increased mortality risk.

e HR = 0.8: Treatment moderately reduced mortal-
ity risk.

e HR = 0.5: Treatment greatly reduced mortality risk.

The indirect treatment effect was introduced via
covariate adjustment with the individual baseline and
annual slope of simulated PSPRS data.

Calculation of the CAFS

Each participant’s outcomes were compared with all
other participants in the trial in N—1 comparisons. A
score of —1 (worse), 0 (equal), or 1 (better) was
assigned to each pairwise comparison (Fig. 1). The
pairwise comparison was first based on survival status
last known at the time of the analysis, essentially
resulting in no missing data:
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e If person A died and the comparative participant
(person B) was alive, —1 was assigned to the former
and 1 to the latter.

 If both participants died, the comparison would be
based on time to death: the longer survival time
would be assigned a score of 1 and the shorter —1; if
both had the same survival time, a score of 0 would
be assigned to both.

e If both participants were alive at their last visit, the
changes in PSPRS score between baseline and the last
common visit would be compared.

e The smaller increase would be assigned a score of
1 and the larger —1; if both had the same change in
PSPRS, a score of 0 would be assigned to both.

The N—1 scores are summated, and the corresponding
rank is their CAFS.

Sample Size

The simulation was based on participants with PSP-
Richardson’s syndrome being randomized to investiga-
tional therapies or placebo (1:1). A total of 384 partici-
pants were required to provide >80% power to detect

subcomponents of the CAFS. Based on the survival
probabilities determined in the riluzole trial placebo
arm, the simulation identified that 384 participants
would provide >80% power to detect a minimum 50%
reduction in relative risk of death (HR = 0.5) in the
investigational therapies group compared with placebo,
after 24 months of treatment. This sample size would
account for an expected 20% random censoring by the
end of the 2-year double-blind treatment period, as
observed in the riluzole trial. Additionally, assuming a
mean annual change from baseline in PSPRS score of
11.24 (standard deviation: 9.95),'° as in the davunetide
and tideglusib trials,'®** 384 participants would pro-
vide >90% power to detect 240% reduction (4.6-point
difference) in annual disease progression, with 1% type
I error (assuming up to 10% annual random dropout
and ~15% annual mortality).

The difference between treatment groups in the CAFS
was tested using analysis of covariance (ANCOVA),
adjusted for baseline PSPRS score, with treatment
group as a fixed effect. Statistical significance of the
treatment effect was evaluated using the P value
corresponding to the Wald-test statistic of the fixed

significant  treatment effects on either of the effect of treatment.
Combination Scoring pair (A vs B) Survival Survival time PSPRS time
A No -1
. B Yes 1
A No Shorter -1
2 B No Longer 1
3 A No Tied
B No Tied 0
A Yes Larger -1
4 B Yes Smaller 1
. A Yes Tied 0
B Yes Tied 0

(

et

et

Score each patient based on PSPRS or time to death, relative to all other patients — obtain a sum-score per patient

[ *© ] - : - ]
|—| I—l
[ Rank based on summated score ]

Mean score

|

Drug

E 4.33

Compare means of
rank scores by group

FIG. 1. Schema of the Joint Rank Score. For all comparisons, scores of 0, 1, or —1 are assigned, the process is repeated for all participants, resulting
in a summated score that is ranked. Participants are assigned by treatment group, then mean summated score is calculated per group. The mean
ranked score per treatment group is compared using ANOVA. PSPRS, Progressive Supranuclear Palsy Rating Scale; ANOVA, analysis of variance.
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» Simulated PSPRS item-level data with IRT: 5000 placebo, 5000 Null, 5000 20%, and 5000 40%

. 0,
G Introduce random dropout, 10%/year

Clinical
Trials

» Simulate 5000 clinical trials by random sampling 192 active and 192 placebo for each effect size condition

~
* For each trial, simulate survival data using simsurv, with the baseline hazard as in riluzole, dependent on the simulated/sampled
PSPRS data for each direct effect condition (HR = 1.1, 1, 0.8, 0.5)
* PSPRS data post death set to missing )
N
* Interim analysis timing specified assuming 14 Months recruitment, 180 sites open by Month 10 (85 by Month 6),
0.25 patients/site/month
* Interim analysis performed when all patients reach 12 months post randomization )
» CoxPH for univariate analysis of survival data )
» Random effect model with visit as a categorical covariate, and baseline as continuous covariate for the univariate analysis of PSPRS
« Joint Rank Test as primary analysis, by using ANCOVA to compare treatment groups in the CAFS )

FIG. 2. Simulation study sequence. Missing data are introduced via two mechanisms. First, a random annual dropout of 10% is introduced to the
PSPRS data, assuming equal probability of dropout at each study month. Subsequently, once survival data are simulated, PSPRS data generated after
(simulated) date of death are made missing. PSPRS, Progressive Supranuclear Palsy Rating Scale; IRT, ltem Response Theory; HR, hazard ratio;
CoxPH, Cox proportional hazards model; ANCOVA, analysis of covariance; CAFS, Combined Assessment of Function and Survival.

Clinical Trial Simulations and Analysis

Effect sizes (for PSPRS and survival) were simulated;
Figure 2 shows the sequence followed in the simulation
study. For both variables, a null scenario (no difference
between placebo and the investigational therapy) was
generated, and two levels of effectiveness corresponding
to minimum detectable differences in endpoints (survival
HR = 0.5, and 40% reduction in PSPRS progression)
and intermediate effect (survival HR = 0.8, and 20%
reduction in PSPRS progression). The intermediate effect
is meant to understand power of the JRT when combin-
ing moderate effects. A further effect size was generated
to simulate a slightly deleterious effect of treatment on
survival (HR = 1.1) and to evaluate the corresponding
loss of power when using the CAFS in this scenario.

A total of 5000 participants per scenario provided
stable results, and each step was run in a loop 5000
times. At each of the 5000 replications, a new CT sam-
ple was drawn from the IRT model-generated PSPRS
“population data” comprising 192 placebo participants
and 192 participants treated with investigational thera-
pies. At each new replication of the 24-month trial, a
new bootstrap sample was drawn for each effect size,
with replacement. Based on the randomly drawn sam-
ple of PSPRS data, survival data were generated. An
interim dataset was created after all participants com-
pleted the 12-month treatment period to evaluate per-
formance of the preplanned interim analysis. Each
virtual trial was analyzed considering both interim and

final simulated data, according to the stopping rules,
and alpha spending strategy (Fig. 3).

To compare operating characteristics of the CAFS
with the univariate analyses of its subcomponents, we
used a linear mixed-effects model to analyze treatment
effects on the PSPRS total score, and a Cox propor-
tional hazards model was used to analyze treatment
effects on overall survival.

Results

The Item Response Theory Model of
Longitudinal PSPRS Data

The davunetide CT did not show statistically signifi-
cant differences between treatment arms for any clinical
endpoints; therefore, IRT analysis was performed in the
complete sample without compromising the validity of
the results. The predicted versus observed PSPRS total
scores comparing PSPRS disease progression with IRT
modeling are presented in Supporting Information
Figure S1. The IRT model and the derived final parame-
ters were used to simulate the PSPRS total score for
384 virtual participants.

Clinical Trial Simulation

The proposed trial design (Supporting Information
Fig. S2) included an interim analysis after the last par-
ticipant reached 12 months post-randomization, to
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12-MONTH ANALYSIS

(when all participants recruited have
completed 12 months of treatment)

CAFS

24-MONTH ANALYSIS

(when all participants recruited have
completed 24 months of treatment)

P <0.025 NO CAFS
YES NO Declare
futility
Stop &
declare
success
- YES
Univariate Univariate
PSPRS survival Declare
analysis analysis success
Univariate Univariate
PSPRS survival
analysis analysis

FIG. 3. Testing sequence and alpha spending. A Bonferroni split of alpha will be applied in the trial to maintain the familywise 2-sided type | error at 5%
between the interim and final analysis. CAFS, Combined Assessment of Function and Survival; PSPRS, Progressive Supranuclear Palsy Rating Scale.

allow early stopping for efficacy. A futility analysis was
not planned because all patients would be enrolled and
treated for a long time. Continuation to the final analy-
sis would be of interest to provide definitive evidence of
efficacy and comprehensive safety data. Assuming
384 participants, a recruitment rate of 0.25 participant
per site per year (Supporting Information Methods) and
180 sites open by month 10 (~90 sites by month 6), a
total duration of ~38 months is expected (10% ran-
dom annual dropout), meaning that interim analysis
could be projected at month 26 (~12 months after
14 months of recruitment) and 1 year earlier than the
completion date. According to this strategy, success
could be declared at the interim analysis when the
P value of the JRT (ANCOVA) was <0.025. If success
was declared at the interim, the trial was not “ana-
lyzed” at month 24. Final analyses would be completed
only for trials where the JRT P value for treatment
effects was >0.025 at the interim.

Operating characteristics of the JRT in the final trial
design across conditions indicate type I error was well
controlled by the Bonferroni correction, keeping the
familywise type I error rate <5% (Table 1). The trial

design is characterized by high power at the interim
analysis, given PSPRS effects of 40% are present
irrespective of survival effects. Improved survival rates
in the active arm increased power significantly (>90%)
and were particularly valuable when the effect of treat-
ment on the PSPRS was moderate (20%). Reduced sur-
vival rates in the active arm, even when mild, led to
reduced power, reflecting the protective properties of
the JRT, indicating comprehensive evaluation of treat-
ment effect.

The current simulation design showed that a small
number of trials would be expected to be negative at the
interim analysis, but positive at the final analysis. This
number, however, was much larger when the PSPRS
effects were null, and effects on survival were large
(HR = 0.5). This pattern of results was partly due to the
properties of the JRT, but largely due to the assumptions
of the simulation design. The final analysis is expected
to provide additional value when assumptions fail, eg,
delayed treatment effects, slower rate of death, faster
recruitment, and/or larger variability at interim analysis.

Table 2 shows operating characteristics of the univar-
iate analyses of the PSPRS for total score, as a function
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TABLE 1  Operating characteristics of the Joint Rank Test (ANCOVA) analysis performed with the PSPRS total score

PSPRS Success at Success at

HR? ES (%) Interim (%) Final (%)® Power®
0.5 Null 30.1 23.24 0.53
0.5 20 89.8 6.56 0.96
0.5 40 99.84 0.16 1.00
0.8 Null 8.48 3.36 0.12
0.8 20 63.18 6.56 0.69
0.8 40 96.6 1.22 0.97
1.0 Null 3.4 1.02 0.04"
1.0 20 40.56 2.78 0.43
1.0 40 89.02 1.24 0.90
1.1 Null 2.64 1.62 0.04
1.1 20 30.06 1.26 0.31
1.1 40 82.64 1.08 0.84

Success is determined by P < 0.025.
*True direct effect simulated on survival.

PSuccess at final analysis shows the percentage of trials with a negative result at interim analysis and positive result at final analysis.
“Power reflects the proportion of trials that are either successful at the interim or at final analysis, simulating a real trial; thus, trials successful at the interim are not reanalyzed at

the final analysis.
9Two-sided type I error.

Abbreviations: ANCOVA, analysis of covariance; PSPRS, Progressive Supranuclear Palsy Rating Scale; HR, hazard ratio; ES, effect size.

of the outcome in the primary analysis of the JRT. For
each clinical scenario defined by survival HR and effect
size in PSPRS, probability of each potential outcome
was defined, with higher probability resulting in the
most likely scenario. Although the rank score cannot be
interpreted by itself, descriptive statistics of the CAFS
for the 10-item and total PSPRS scores across simula-
tion conditions are available in Supporting Information
Tables S2 and S3.

Overall, power of the JRT was largely driven by
effects on the PSPRS; thus, a significant JRT was
commonly accompanied by a significant effect on the
univariate PSPRS analysis. When treatment effects on
the PSPRS are moderate (ie, 20% reduction in the
annual progression), the linear mixed-effects model is
always underpowered (Table 2). In contrast, the JRT
allows the detection of treatment effects that are
moderate in the PSPRS, if accompanied by moderate
(HR = 0.8) or strong (HR = 0.5) treatment effects on
survival, with powers of 0.69 and 0.96, respectively
(Table 1). Greater discrepancies between results of
the JRT and of the PSPRS change alone appeared
when significant JRT was driven by treatment effects
on survival, accompanied by moderate treatment
effect (20%) on the PSPRS. In the absence of treat-
ment effect on the PSPRS, when direct effects
on survival were strong (HR = 0.5), many trials
(30% to 40%) result in a nonsignificant JRT
(Table 3). However, the Cox proportional hazards

analysis of survival would be statistically significant
at the end of month 24 in >80% of trials. Although
this simulated scenario is artificial and unlikely, these
findings highlight that the operating characteristics of
the JRT are largely driven by effects on function
(PSPRS), and survival is taken into consideration but
is not driving the trial outcome.

Discussion

Clinical scores are key to assessing disease progres-
sion in neurodegenerative conditions, because they rep-
resent outcomes that cannot be assessed directly. Based
on the simulated results, a phase 3 trial design has been
recommended, with 384 participants with PSP-
Richardson’s syndrome, randomized 1:1, over a treat-
ment duration of 12 to 24 months. A trial design was
proposed based on the CAFS and included an interim
analysis after all participants completed 12 months of
treatment. The sample size determined would provide
>80% power to detect significant treatment effects on
either of the two subcomponents of the CAFS (change
from baseline in PSPRS and time to death).

In this new phase 3 trial design concept, two major
design changes from previous studies in PSP''""* were
suggested to optimize decision making. First, the option
to increase the treatment period from 12 to 24 months.
This will detect potentially delayed treatment effects
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TABLE 2 Operating characteristic of PSPRS total score analysis

Final
Yo-sig
Interim %-sig Interim %-sig Final %-sig PSPRS Probability
PSPRS PSPRS 12 M PSPRS 24 M PSPRS 12 M 24 M of JRT
HR* ES (%) Result of JRT Effect Effect Effect Effect Result (%)

0.5 20 NSP 0.3 0.5 0.3 0.6 3.6
0.5 20 Significant interim 58.0 19.3 59.8 67.4 89.8
0.5 20 Significant final® 0.8 0.4 0.9 2.0 6.6
0.5 40 Ns® 0

0.5 40 Significant interim 97.9 45.8 98.5 99.6 99.8
0.5 40 Significant final 0.1 0.0 0.1 0.1 0.2
0.8 20 NS 8.7 3.6 9.6 11.6 30.3
0.8 20 Significant interim 47.6 14.3 49.4 50.9 63.2
0.8 20 Significant final 2.8 0.8 3.1 4.3 6.6
0.8 40 NS 1.8 0.4 1.9 2.0 2.2
0.8 40 Significant interim 94.7 41.6 95.8 96.3 96.6
0.8 40 Significant final 1.0 0.1 1.0 1.2 1.2
1.0 20 NS 241 7.3 26.2 28.1 56.7
1.0 20 Significant interim 33.8 9.7 35.0 35.1 40.6
1.0 20 Significant final 1.3 0.3 1.5 2.1 2.8
1.0 40 NS 8.6 2.1 9.0 9.4 9.7
1.0 40 Significant interim 86.9 37.0 88.6 88.8 89.0
1.0 40 Significant final 1.1 0.3 1.1 1.2 1.2

Significance of PSPRS evaluated at P < 0.05 because no multiple testing correction will be applied to supplementary analysis. All calculations assume that once the interim is sig-

nificant, the trial stops (and therefore there is no final analysis). A negligible amount of models between 0% and 1.6% failed to converge at the interim analysis because of missing

follow-up data.

*True direct effect simulated on survival.

°Not significant either at the interim or the final analyses.

“Significant JRT at final analysis when the interim JRT was not significant.

Abbreviations: PSPRS, Progressive Supranuclear Palsy Rating Scale; HR, hazard ratio; ES, effect size; JRT, Joint Rank Test; sig, significant; M, month; %-sig PSPRS 12 M
effect, percentage of significance for the Progressive Supranuclear Palsy Rating Scale at 12 months; %-sig PSPRS 24 M effect, percentage of significance for the Progressive

Supranuclear Palsy Rating Scale at 24 months; NS, not significant.

and provide additional time for biological effects to be
translated into clinical benefit, boosting power when
combined with treatment effects on PSPRS. Second,
~20% mortality would be expected over 24 months,
resulting in nonrandom missing data and resulting bias.
We proposed to switch the primary endpoint from
PSPRS to a combined assessment of function and sur-
vival using the CAFS. The CAFS acknowledges death
as an important outcome (rather than a random event
and loss of information if using PSPRS alone). This
approach would also allow detection of moderate treat-
ment effects and is currently the FDA-recommended
approach to amyotrophic lateral sclerosis, including for
ongoing phase 3 studies.”**°

The CAFS would be evaluated initially after all partici-
pants reached 12 months of treatment. If positive, the
double-blind treatment period would stop, otherwise

treatment would continue until all participants reached
24 months, when the CAFS would be evaluated again.
Overall, the trial is designed to maximize the probability
for success at the interim analysis but retain alpha and
power for the final analysis, in case of violation of
assumptions. Continuation of the trial to 24 months if the
interim analysis is negative is expected to be of value if:

e The effect on PSPRS is moderate and an effect on
survival is present.

e Treatment effects are delayed (eg, differences in
PSPRS progression are observed only from
month 6 onward).

¢ Participant survival is higher than predicted.

e Significant differences in PSPRS are required/
desirable at 24 months, regardless of the outcomes at
12 months.
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L PROGRESSIVE SUPRANUCLEAR PALSY
TABLE 3 Operating characteristic of survival analysis
% Survival % Survival Probability of Power Power
PSPRS  Result of JRT Significant Significant JRT Survival Survival

HR® ES (%) (Total) (P < 0.05) Interim (P < 0.05) Final Outcome (%) Interim Final
0.5 Null NS 27.7 38.9 47 0.59 0.83
0.5 Null Significant interim ) 29.8 30 0.96 0.99
0.5 Null Significant final 20.6 23.2 23 0.88 1

0.5 20 NSP 1.5 2.5 4 0.4 0.7
0.5 20 Significant interim 83.1 88.5 90 0.92 0.99
0.5 20 Significant final® 4.4 6.4 7 0.66 0.98
0.5 40 Significant interim 94.9 99.2 100 0.95 0.99
0.5 40 Significant final 0.1 0.1 0 0.38 0.88
0.8 Null NS 9.3 13.1 88 0.11 0.15
0.8 Null Significant interim 5.3 5.8 8 0.62 0.69
0.8 Null Significant final 1.5 2.8 3 0.44 0.85
0.8 20 NS 1.7 32 30 0.06 0.11
0.8 20 Significant interim 29.1 38.1 63 0.46 0.6
0.8 20 Significant final 1.3 4 7 0.2 0.61
0.8 40 NS 0 0.1 2 0 0.03
0.8 40 Significant interim 47.6 65.2 97 0.49 0.67
0.8 40 Significant final 0.1 0.3 1 0.07 0.26

All calculations assume that once the interim is significant, the trial stops, and therefore no final analysis is performed.

*True direct effect simulated on survival.
Not significant either at the interim or the final analyses.
“Significant at final analysis when the interim was not significant.

Abbreviations: HR,, hazard ratio; PSPRS, Progressive Supranuclear Palsy Rating Scale; ES, effect size; JRT, Joint Rank Test; NS, not significant.

¢ Data collected at interim analysis have higher vari-
ability than predicted.

e Recruitment occurs at an accelerated rate, in which
case, direct treatment effects on survival would be
key to a significant result.

IRT modeling was useful in simulating a CT without
any underlying hypothesis about the shape of the dis-
ease progression profile versus time. In addition, IRT
models can be used as psychometric tools to describe
performance of the PSPRS in assessing disease progres-
sion. Based on IRT modeling results, different items in
the PSPRS can be ranked indicating which items are
most sensitive when describing disease severity.

The design was conceived as a single pivotal study, to
provide definitive evidence of efficacy and a comprehen-
sive safety package, in the absence of any prior proof of
concept/efficacy study, and assuming no parallel phase 3
study would be feasible due to the rarity of PSP. The
study would provide strong evidence to support a regu-
latory submission in the context of high unmet need in
a rare disease. Our proposal is an innovative and

scientifically robust approach to provide PSP patients
accelerated access to a much-needed treatment.

In general, IRT modeling results confirmed expected
limitations of the PSPRS scoring approach to measure
disease progression. Intermediate scores were often
problematic, including many of the most sensitive
items, demonstrating tendency of the investigators to
consider these items as dichotomous. This reinforces
the requirement to revise the answer categories, or at
least scoring of those items. Revisions to the PSPRS
were not an objective of this trial; however, the pres-
ented JRT approach was also tested on a smaller scale,
focusing on the 10 items considered more clinically rele-
vant by the FDA.*! Although the IRT model confirmed
that the selected items were among the most informa-
tive, the 10-item scale had a negligible impact on oper-
ating characteristics compared with the 28-item scale
(Supporting Information Table $4). The expected mor-
tality rate was derived from the Natural History and
riluzole trial, which is 20 years old.>* There have since
been advances in medical treatment and earlier recogni-
tion of possible PSP.>> Therefore, referral to a trial
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would occur at a point in the disease course with lesser
mortality, resulting in more prolonged post-enrollment
survival than the model anticipates.

In addition, distortion in mortality rate could occur if
another pandemic heavily affects the elderly or dis-
abled, therefore affecting only part of each patient’s
clinical course, injecting statistical noise, and reducing
the statistical power of the CAFS approach.

Switching the primary endpoint from change in the
PSPRS to the CAFS mitigates against nonrandom “mis-
singness” due to participant mortality and consequen-
tial bias. The CAFS could facilitate a comprehensive
and robust estimate of the clinical benefit of potential
future therapies for people living with PSP and optimize
the probability of clinical success (if the drug is effec-
tive). These results provide guidance for the PSP com-
munity around design and interpretation  of
future CTs. ®
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