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Progressive supranuclear palsy (PSP) is a rare neurodegenerative disorder
characterized by physical, cognitive, and behavioral impairments. The PSP

Rating Scale (PSPRS) is a widely used and validated, clinical scale to monitor
disease progression. Here we show the modification of PSPRS to improve
clinical meaningfulness and sensitivity. A conceptual framework was used to
select meaningful items. Datasets were analyzed to improve the psychometric
properties, understand factor structure, and develop a scoring algorithm.
Fifteen items of the PSPRS were selected based on whether the items reflect

concepts specific to the disease and those responsive to change over 12
months. Some items were rescored to reflect meaningful changes and to
improve discrimination and reliability. The rescored 15-item PSPRS was more
interpretable and sensitive to disease progression over 12 months. The
approach to develop the 15-item PSPRS provides an example of how to modify
an existing clinical outcome assessment for use as a primary endpoint in a
clinical trial of a progressive neurological disorder.

Progressive supranuclear palsy (PSP) is a rare neurodegenerative dis-
order, with the most common phenotype, PSP-Richardson syndrome,
characterized by progressive impairments in gait/postural instability,
ocular motor, swallowing, speech, sleep, cognition, and behavior
typically starting in the early 60 s and leading to death, on average, 7
years after symptom onset'. It is a rare and sporadic disease, occur-
ring in adults with a prevalence of approximately 6 cases per 100,000
individuals*®. Clinical symptoms appear to correlate with the dis-
tribution and density of 4 microtubule-binding domain repeat (4R) tau
pathology in neurons and glia in the basal ganglia, diencephalon,
brainstem, and cerebellum with restricted involvement of the
neocortex®.

There is currently no treatment available to slow the progression
of this fatal disease. Tau targeting therapies are in development for

indications such as Alzheimer's disease and PSP’. To measure the
impact of therapies designed to slow disease progression, clinician-
and patient-reported measures are often used as clinical outcome
assessments (COAs) in clinical trials.

Since the sixth authorization of the Prescription Drug User Fee Act
VI under Title I of the US Food and Drug Administration (FDA) Reau-
thorization Act of 2017, the FDA has developed a series of 4 metho-
dological patient-focused drug development (PFDD) guidance
documents to enhance incorporation of the patient’s voice in medical
product development and regulatory decision-making®. In PFDD gui-
dance 1and 2, the FDA provides methods to collect patient experience
data and approaches to identify what is most important to patients as it
relates to burden of disease and the burden of treatment. In PFDD
guidance 3, the FDA provides a roadmap for patient-focused outcome
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measurement in clinical trials that includes suggestions to understand
the disease, conceptualize the treatment benefit, and select or opti-
mize a COA. A well-defined COA should specify (1) the concepts of
interest that are relevant to an individual’s experience or clinical,
biological, physical, or functional state and (2) the context of use,
including how the COA will be used, the definition of the target
population, comparator groups, and timing and implementation of the
assessments®. A challenge, however, is that well-developed and fit-for-
purpose COAs do not exist for many disease/conditions. Furthermore,
development of new COAs can be time and resource intensive. Thus,
modification of an existing COA may be a preferred alternative.

In recent PSP clinical trials, the score from the PSP Rating Scale
(PSPRS), a standardized clinician-rated instrument developed to
monitor progression for routine patient care’, has been used as the
primary endpoint'®. Change on the total PSPRS score correlates with
changes on other assessments that measure various aspects of disease
severity, including brain volume, cognition, and activities of daily
living”. A linear change of approximately 11 points per year is generally
observed in patients with PSP recruited in clinical trials'®'*'s, The
PSPRS score has demonstrated good inter-rater reliability and predicts
gait ability and survival in patients with PSP'’. While the PSPRS is a good
scale for clinicians to measure progression, some of its clinimetric
properties (i.e., cohesiveness of the scale, overweighting, and
responsiveness to change) may limit its use as a primary endpoint in a
clinical trial. Efforts to address some of these challenges have recently
been published**>.,

We report on the development process and evidence generated
to support the modification of an existing COA, following the PFDD
principles and using data from completed natural history studies and
clinical trials. The objective of this work was to improve the psycho-
metric properties and performance of the PSPRS score for use as a
primary endpoint in the PASSPORT study (NCT03068468), a phase 2
clinical trial to evaluate the efficacy, safety, and tolerability of gosur-
anemab, a monoclonal antibody targeting extracellular tau, in parti-
cipants diagnosed with PSP". This work was completed while the
PASSPORT study was ongoing, and data collection on the PSPRS scores
remained blinded. The scoring algorithm for the 15-item PSPRS was
included in the statistical analysis plan that was finalized prior to
unblinding. This work to analyze and refine the structure of the PSPRS
was based on advice and iterative engagements with the FDA Division
of Neurology throughout the gosuranemab development program.
Development of an improved COA that captures what matters to
individuals with PSP, is reliable, and is sensitive to change is critical to
aid in the diagnosis, assessment of disease progression, and evaluation
of a clinically meaningful effect of an intervention.

Results
PSP Conceptual Framework
A PubMed literature search was conducted to identify articles
exploring experiences of PSP from the patient perspective using a
combination of the following search terms: ([progressive supranuclear
palsy] OR Steele Richardson Olszewski) AND ([(qualitative) OR focus
group] OR interviews). The PubMed search identified 49 articles, which
were screened by title/abstract; 5 underwent full-text review and 2
were included in the review”?*. Findings from the reviewed literature
were used to develop an initial conceptual framework composed of 3
overall concepts: (1) motor symptoms and functions, (2) non-motor
symptoms and functions, and (3) the impact of PSP on patients’ lives.
Patients, carers, and physician interviews were conducted
between January and March 2018 by a third-party market research
vendor to (1) explore the PSP journey, including first symptoms to
diagnosis, timeline of progression, and (2) patient, caregiver, and
physician preferences. For patient preferences, participants were
asked specifically: Which symptoms are most bothersome? With a
disease-modifying therapy, which symptoms should receive priority?

The interview sample included 46 patients and/or their carers and 78
PSP-treating physicians, such as movement disorder specialists, gen-
eral neurologists, and primary care physicians from the US, Germany,
France, Italy, UK, Spain, and Japan. Interviewed participants were not
PASSPORT trial participants and were not selected based on pre-
specified criteria such as age, sex, disease severity, or PSP subtype;
participant information was blinded.

A subset of English-speaking interviews (19 patients/caregivers
and 16 clinicians from the US and UK) were transcribed, and the
transcripts were evaluated to elicit core disease-related concepts,
concepts relevant and important to patients, and the potential impacts
of these concepts and to understand which aspects of patient
experience with the disease should be targeted by a medical product
for a meaningful treatment benefit. Line-by-line coding of the tran-
scripts resulted in a rich pool of 564 unique codes and produced a
comprehensive set of concepts important to individuals living with
PSP. The interviews confirmed and expanded on the 3 overall concepts
identified through the literature review. New item-level concepts
within the motor symptoms and functions included akinesia, dystonia,
stiffness, ocular apraxia, and posture and facial expression issues.
Within the non-motor symptoms and functions overall concept,
additional item-level concepts included time loss episodes and issues
with reasoning, problem-solving, and visuospatial processing. Neu-
ropsychiatric symptoms such as personality and behavioral problems,
as well as sleep problems, abnormal dreams, and fatigue, were added
to the conceptual framework. Concepts important to patients and/or
caregivers are shown in Fig. 1.

During the interviews, patients indicated that slowing the pro-
gression of deterioration in speech, swallowing, vision, and cognitive
and behavioral issues was important. Patients, caregivers, and clin-
icians prioritized vision, swallowing, and mobility as important targets
for treatment.

Steps to Modify the PSPRS

The 28 PSPRS items were mapped and qualitatively compared with the
content of the conceptual framework. Overall, RMT analyses demon-
strated that the 28-item PSPRS total score appropriately targeted the
patient population and the range of PSP disability. However, the RMT
analysis identified that some items may be ambiguous and non-
cohesive with the overall scale. Although the PSP conceptual frame-
work identified 3 overall concepts, we focused on PSP motor symp-
toms and functional issues as the concept of interest. To improve the
ability of the PSPRS to capture motor symptoms and functions, we
considered several modifications, including evaluating the content
and method of scoring for each item (ie, collapsing response options
or changing the scoring algorithm). Because the phase 2 PASSPORT
study was enrolling and data collection with the PSPRS was ongoing,
adding or modifying instructions/training materials, modifying the
recall period, adding items, or modifying the wording of items or
response options was not possible.

Step 1: Item selection
Each PSPRS item was evaluated based on several considerations,
including whether patients identified these items as clinically mean-
ingful to daily activities, whether the measured concept was con-
sidered core to disease and not a downstream consequence of the
disease or other comorbidities, and responsiveness to change over a
12-month clinical trial duration. Fifteen of the 28 items met these cri-
teria and were selected for retention in the modified PSPRS. In addi-
tion, these selected items were the most responsive to change over
12 months, and the inclusion of these items maximized the overall
ability of the scale to measure disease progression in the natural his-
tory datasets.

The remaining 13 items were excluded from the modified PSPRS
for different reasons, including (1) items were least related to daily
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Fig. 1| Concepts Important to Patients With PSP Based on Literature Review
and Patient/Caregiver and Clinician Interviews. Color coding: Domains are
reflected by color coding which matches the corresponding overarching domains.
Sub-domains are reflected by two types of lighter shading of same color as asso-
ciated domains. Sub-domains are sorted alphabetically within each domain. Patient
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Instrumental activities of daily living. Definitions: Activities of daily living (ADL)
relates to routine activities including eating, bathing, dressing, toileting, transfer-
ring, and continence. Instrumental activities of daily living (IADL) relates to inde-
pendent living and include preparing meals, managing money, shopping for
groceries, performing housework, using a telephone, and doing laundry.

Table 1| Excluded PSPRS Items and Rationale

Excluded PSPRS items Rationale for exclusion

Sleep difficulty
Urinary incontinence

Not primary manifestations of PSP; may be downstream consequences or confounded by comorbidities

Tremor

Limb rigidity

Irritability.
Disorientation
Emotional incontinence

Contributed little to disease progression or were least responsive to change over time

Withdrawal Coghnitive or non-motor symptoms

Bradyphrenia

Finger tapping Based on semi-quantitative neurological examination-based assessments that are not clinically meaningful to patients
Toe tapping

Apraxia of hand movement

High potential for variability in clinician ratings within and across patients

Grasping

The change in patient ability to function associated with a change in score from absent to present is not assessed by the PSPRS

PSPRS Progressive Supranuclear Palsy Rating Scale.

activities or in some cases may have represented a downstream impact
of the disease or may have been confounded by comorbidities (eg,
sleep difficulty and urinary incontinence)*?%; (2) items, although
considered primary or a core concept related to the disease, con-
tributed little to disease progression or disability (eg, tremor, limb
rigidity, irritability, disorientation, and emotional incontinence); or (3)
items related to cognition or non-motor symptoms (eg, bradyphrenia
and withdrawal) were excluded as other COAs could measure the
concepts with greater specificity and sensitivity”’. Additionally, a few
items were removed as their response options did not reflect clear and
meaningful differences in patients’ conditions. Although finger tap-
ping and toe tapping measure bradykinesia, the response options were
based on semi-quantitative neurological examination-based

assessments that may not directly capture meaningful functional
impact compared with other items that were included (ie, item 4 ability
to hold a knife and fork). The excluded items and rationale for exclu-
sion are summarized in Table 1.

Step 2: Item Response Options

The response options for each item were reviewed to assess whether
the response options were non-overlapping and differences among
adjacent response categories reflected true differences in motor
function. The RMT analysis demonstrated that multiple items had
overlapping response options, which could lead to inconsistencies in
response patterns and add potential bias and variability to the data. Of
the 15 items selected for the modified PSPRS, only the response
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Table 2 | 15-Item PSPRS With Collapsing and Re-Scoring

PSPRS item no. PSPRS item name

Method for collapsing and re-scoring response options

3 Dysphagia for solids No collapsing

4 Using knife and fork, buttoning clothes, washing hands and face No collapsing

5 Falls Collapsing per Rasch analyses

12 Dysarthria Collapsing based on patient relevant functional differences
13 Dysphagia for liquids Collapsing per Rasch analyses

14 Voluntary upward saccades Collapsing per Rasch analyses

15 Voluntary downward saccades Collapsing per Rasch analyses

16 Voluntary left and right saccades Collapsing per Rasch analyses

17 Eyelid dysfunction Collapsing based on patient relevant functional differences
19 Limb dystonia Collapsing per Rasch analyses

24 Neck rigidity Collapsing per Rasch analyses

25 Arising from chair Collapsing based on patient relevant functional differences
26 Gait Collapsing based on patient-relevant functional differences
27 Postural instability Collapsing based on patient-relevant functional differences
28 Sitting down Collapsing based on patient-relevant functional differences

PSPRS Progressive Supranuclear Palsy Rating Scale.

options for item 3 (dysphagia for solids) and item 4 (using knife and
fork, buttoning clothes, washing hands and face) were non-
overlapping and meaningfully different. The response options of the
remaining 13 items did not all represent clear and meaningful differ-
ences in a patient’s condition. Hence, response options required col-
lapsing (or combining) into discrete, functionally meaningful
categories to improve interpretability to patients and increase repro-
ducibility. To guide collapsing of response options, 2 methods were
considered: (1) re-scoring to reflect clear and functional meaningful
differences in a patient’s condition or (2) method based on Rasch
analysis results (Table 2 and Supplemental Table 1).

However, collapsing response options resulted in some items being
measured using fewer intervals than was the case in the original PSPRS.
Items measured with different intervals would result in differential
weighting, with collapsed items contributing less weight to the total
score. Thus, we re-scored response options to provide each item with a
4-point maximum as follows: a score of 0 was assigned for no impair-
ment or slight impairment without an impact on function; a score of 4
was assigned for maximum impairment or total loss of function; and a
score of 1, 2, or 3 was assigned for intermediate levels of impairment.
Items measured with a 3-point interval score of 0, 2, or 4 were assigned;
items measured with a 4-point interval score of 0, 1, 2, or 4 were
assigned. The modified response options are presented in Table 2.

Step 3: Factor Structure and Total Scoring Algorithm
To understand whether multiple items could be combined to generate
a total score, CFA was conducted. Among individuals experiencing
PSP, clinical rationale, presumed underlying functional neuroanato-
mical etiopathology, and CFAs, we hypothesized 3 distinct underlying
disease constructs for the 15-item PSPRS before conducting the CFA:
(1) gait and limb function, (2) ocular motor, and (3) bulbar. The cor-
relation between these 3 constructs ranged from 0.36 to 0.56, with the
highest correlation between gait/limb function and bulbar and the
lowest correlation between gait/limb function and ocular motor.
Model-fitting indices of the CFA, comparative fit index=0.964, TFl=
0.956, RMSEA = 0.046, and SRMR = 0.051, supported a good model fit
with the 3-factor structure. The factor-loading estimates from the CFA
are summarized in Supplement Table 2. In addition, a CFA assuming
1-factor structure was conducted; model fit indices did not support a
1-factor structure.

Finally, analyses with different weighting approaches in factor
score and total score calculation were conducted and compared to

evaluate the scoring algorithm. The 3 approaches were as follows: (a)
using factor-loading estimates from the CFA; before the addition of
items in the same factor, the factor loading of each item was multiplied
by the scale score of each item; (b) using factor-loading estimates from
the CFA, for which the factor loadings were rounded to 1, 0.5. or 0.25
(factor loadings >0.75 are rounded to 1, factor loadings >0.25 and
<0.75 are rounded to 0.5, and factor loadings <0.25 are rounded to
0.25); and (c) not using the factor-loading estimates from the CFA (an
unweighted approach). Each item in a factor was given a weight of 1.
Similar results (mean SD ratio for the change from baseline score at 1
year) were observed between the weighted and unweighted approa-
ches. Based on these results, an unweighted approach was used for the
total score calculation, except for the 3 highly correlated bulbar items.
Given the high correlation between the voluntary saccade items (eg,
upward, downward, and left and right), the average of these 3 items
was used to calculate the total score. The 15-item PSPRS total score
algorithm is presented in Table 3. Each domain score is calculated as
the sum of item score multiplied by the weight, and the total score is
the sum of the 3 domain scores.

Performance of the 15-Item PSPRS Compared With the PSPRS
Comparative performance of the PSPRS and 15-item PSPRS was vali-
dated once the PASSPORT study was completed and unblinded.
Longitudinal data analyses of change from baseline to week 52 in
PSPRS and 15-item PSPRS using MMRM resulted in a mean-to-SD ratio
of 115 for the PSPRS and 1.22 for the 15-item PSPRS at week 52 for the
placebo group (Table 4). For a 2-arm study with 1:1 randomization and
20% dropout rate at week 52, the sample size needed per group for
80% power to detect a treatment effect of 25% slowing vs placebo for
change from baseline at week 52 is 240 for the PSPRS and 213 for the 15-
item PSPRS, an 11% improvement.

Discussion

We sought to create a modified version of the PSPRS that improved
both clinical meaningfulness and sensitivity to detect disease pro-
gression and potentially responsiveness to treatment. This article
outlines the process and analyses to refine the structure of the PSPRS.
The analyses presented demonstrate that the re-scored 15-item PSPRS
performed better and successfully improved the psychometric prop-
erties of the 28-item PSPRS. The 15-item PSPRS is fit for use as a primary
endpoint in a 12-month clinical trial since it (1) measures what matters
to patients, (2) has a clear well-defined concept of interest and context
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of use, (3) uses a data-driven approach to support that the optimized
scale reliably measures motor signs and symptoms of PSP-Richardson
syndrome, and (4) has enhanced sensitivity that could reduce the
required sample size of a future clinical trial.

This work may potentially have broad applicability to drug
development programs in progressive neurological disorders and/or
other clinical areas. Valid, reliable, and sensitive COAs do not exist for
many diseases. This report provides an example of the approach/
process to evaluate, modify, and generate evidence to support the
modification of an existing COA, following the FDA’s guidance docu-
ments for PFDD®. Patient-focused drug development is critical to
understanding the impact of disease on patients and what they value
most in terms of alleviation. This may assist regulators in conducting
risk-benefit assessments and drug developers to identify areas of
unmet need and the development of outcome measures that support
meaningful clinical benefit in medical product labeling.

Per PFDD guidance, patient input should be used in developing
instruments to collect data in clinical studies and to identify clinical
outcomes that are meaningful to patients. The literature review and
qualitative analyses to gather patient perspectives illustrate the
diversity and complexity of individuals living with and caring for PSP.
The systematic approach using interviews with patients and multiple
stakeholders supported the concepts measured by the 15-item PSPRS;
patient interviews captured the patient’s voice, while caregiver and
clinician interviews confirmed aspects of the patient experience that
were important from their perspective. Findings from these analyses
were inductively categorized in a conceptual framework comprising 3
overall concepts: proximal motor symptoms and functional issues,

Table 3 | 15-Item PSPRS total score algorithm

Motor domains Items Item names Weight for

total score

Gait and limb 04 Using knife and fork, buttoning 1

function clothes, washing hands and face
05 Falls 1
19 Limb dystonia 1
24 Neck rigidity 1
25 Arising from chair 1
26 Gait 1
27 Postural instability 1
28 Sitting down 1

Ocular motor 14 Voluntary upward saccades 1/3
15 Voluntary downward saccades 1/3
16 Voluntary left and right saccades  1/3
17 Eyelid dysfunction 1

Bulbar 03 Dysphagia for solids 1
12 Dysarthria 1
13 Dysphagia for liquids 1

PSPRS Progressive Supranuclear Palsy Rating Scale.

non-motor symptoms and functional issues, and the impact of PSP on
patients’ lives. The conceptual framework was used to understand the
disease and conceptualize clinical benefits and risks. The qualitative
interviews elicited key unmet needs (gait, vision, cognition) con-
sidered by patients and caregivers to be core disease-related symp-
toms and identified that slowing deterioration of these symptoms are
key priorities to inform clinical benefit of a potential therapy.

Although the PSPRS total score captures the spectrum of symp-
toms and impairments experienced by patients with PSP-Richardson
syndrome, some of the items are not meaningful to daily activities or
do not contribute to change. Rasch analysis identified that some items
may have issues with ambiguity and can impact the cohesiveness of the
overall COA. We focused on developing a scale that would capture the
motor symptoms and functional issues experienced with PSP. Poor
mobility, slowness of movement, and gait difficulty are the most
commonly reported symptoms at disease onset®. The earliest symp-
tom domains to demonstrate impairment in PSP is generally ocular
motor, followed by gait, and then limb motor; cognitive decline is
generally a later manifestation of PSP, Previous clinimetric analysis of
motor domain of the PSPRS suggested that removal of limb dystonia,
tremor, and dysphagia would improve internal consistency®’. The
confirmatory factor analyses supported a 3-factor structure with 3 key
motor domains of (1) gait and limb function, (2) ocular motor, and (3)
bulbar. Each of the 15 items mapped to one of these 3 motor domains.
By focusing on the motor aspects of PSP-Richardson syndrome, the 15-
item PSPRS is more fit for use as the selected items are more cohesive
and better define the concepts that are clinically relevant and impor-
tant to patients.

While cognitive impairment is a core feature of PSP and is directly
associated with tau burden®, cognitive items assessed by PSPRS (ie,
disorientation, emotional incontinence, withdrawal, irritability, and
bradyphrenia) are limited; exclusion of these 5 items improved the
sensitivity of the modified PSPRS. To better measure cognition in PSP,
multi-domain cognitive scales, such as the Repeatable Battery for the
Assessment of Neuropsychological Status (RBANS)**? or another
cognitive composite scale, may be more specific and sensitive to
cognitive changes than the PSPRS. Based on this, we developed a
separate COA to more thoroughly capture cognitive symptoms
experienced in PSP. This cognitive composite, based on RBANS (only
the picture naming is excluded), letter number sequencing test, and
phonemic fluency test, is more sensitive than the PSPRS and RBANS as
it accounts for ceiling/floor effects and the impact of PSP motor
impairments on individual cognitive tests. This PSP cognitive compo-
site was used as a secondary endpoint in the PASSPORT study?’.

By omitting some items that may be confounded by comorbid-
ities or contribute relatively little to disability over a 12-month period
given their low prevalence’ and re-scoring response options into dis-
tinct, non-overlapping, and functionally relevant options, our results
suggest that the 15-item PSPRS had improved overall performance. Re-
scoring response options such that all items were measured on a
similar 5-point interval (score range of O to 4) addressed issues with
over-weighting and ensured that each item equally contributes to the
total score. The 15-item PSPRS was able to detect change over a 12-

Table 4 | Comparison of 28- and 15-Item PSPRS based on data from the PASSPORT study at week 52

Outcome Adjusted mean difference (SD) from baseline Mean to Effect size® No. evaluable Sample size per arm after incorporating
at week 52, placebo SD ratio per arm 20% dropout®

28-Item PSPRS  10.59 (9.19) 115 0.287 192 240

15-Item PSPRS  7.57 (6.19) 1.22 0.305 170 213

Adjusted mean (SD) differences are from mixed-model repeated-measures analyses.
Effect size = (treatment effect of 25% slowing of mean placebo change x MSDR).

bSample sizes required for a 2-arm, 52-week duration to detect a treatment effect of 25% slowing vs placebo with 80% power and 1:1 randomization.

MSDR mean-to-SD ratio, PSPRS Progressive supranuclear palsy rating scale.
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month period. Variability over a 12-month period was decreased, likely
a result of removing items that were contributing to noise, and patient
or caregiver improved ability to understand and reliably select
response options that reflect the disease over time.

The sensitivity to change on the 15-item PSPRS was higher than
that of the PSPRS, and a smaller sample size is required for the 15-item
PSPRS. For a 2-arm study with 80% power and a treatment effect of
25%, the sample size per arm would be reduced from 240 to 213,
approximately an 11% reduction in sample size by using the 15-item
PSPRS. This enhanced sensitivity indicates that these modifications
could improve the power of the scale to detect a potential benefit from
an anti-tau therapy.

The 15-item PSPRS has shown itself to be superior for use in
clinical trials of patients with PSP-Richardson syndrome. However, we
recognize that the original PSPRS was designed primarily as a clinical
tool to monitor progression in clinical practice, and many of the 13
items removed from the 28-item PSPRS are of potential utility to
clinicians in monitoring patients’ disabilities as part of routine clinical
care. Salient examples are the items on sleep, urinary incontinence,
limb rigidity, irritability, disorientation, emotional incontinence,
withdrawal, apraxia, and involuntary manual grasping. Thus, the 28-
item PSPRS remains an important tool in clinical practice and could
continue to be used in clinical trials to enable both the 15-item and 28-
item scores to be accessible.

There are some limitations to this study. Because the PASSPORT
trial was already in progress at the time of this work, items could not be
revised, new items could not be added, response options could not be
rewritten or changed, and response options could only be combined/
collapsed. Evidence to support the modification of the PSPRS used
external datasets. Data from the PASSPORT trial were not used. These
analyses were conducted on data from previously enrolled clinical
trials (AL-108-231, PROSPERA), a longitudinal natural history study
(4RTNI), or longitudinal clinical care observations (Rutgers dataset). As
such, results were not biased by looking at PASSPORT data for signs of
a response to gosuranemab. These available natural history studies
were not diverse in terms of geographic regions and/or under-
represented population; thus, future analyses should be conducted in
a more diverse study population.

Additionally, data from these studies were primarily from patients
with PSP with 1 clinical PSP syndrome, Richardson syndrome, which
was consistent with the population enrolled in the PASSPORT study
and contemporary clinical studies because this population can be
reliably diagnosed with some certainty. Thus, the 15-item PSPRS and
the PSP cognitive composite scale developed for PSP-Richardson
syndrome may not be as sensitive in other PSP phenotypes. Recent PSP
diagnostic criteria®*** were designed with the aim of broadening the
definition of PSP to include more people at earlier disease stages in
clinical trials. Two recent publications®*® have demonstrated the
performance of the PSPRS and a modified PSPRS among individuals
with 4R tauopathies. First, analyses in the PROSPECT natural history
study suggest that the PSPRS and modified PSPRS* perform well and
are quite sensitive to disease progression in multiple PSP phenotypes,
including PSP-Richardson syndrome, PSP-cortical group, and PSP-
subcortical group®. To advance therapeutic trials in PSP, development
of new COAs remains a critical need. Additional work to develop new
COAs for PSP that capture a broad spectrum of motor and non-motor
symptoms across all PSP phenotypes, particularly for mild severity or
early disease, is needed for use in future clinical trials in these PSP
subtypes. The recent development of the Cortical Basal Ganglia
Functional Scale” may be used in combination with the PSPRS to
assess motor and non-motor experiences in daily living.

In summary, the 15-item PSPRS is a comprehensive COA that
captures clinically meaningful concepts important to patients with
PSP-Richardson syndrome and their caregivers. The items and
response options included in the instrument are functionally relevant

and interpretable to patients, and the scale demonstrated improved
sensitivity relative to the original 28-item PSPRS. The use of only 3
motor domains provides the 15-item PSPRS improved interpretability,
reliability, and sensitivity. As such, the 15-item PSPRS instrument is fit
for use to measure motor signs and symptoms in patients diagnosed
with PSP-Richardson syndrome and may be considered for use as a
primary endpoint in future clinical trials for PSP-Richardson syndrome.

Methods

The research in this manuscript complies with all relevant ethical
regulations. For the PASSPORT study, the study protocol was
approved by Advarra’s institutional review board (https://www.
advarra.com/irb-services/sponsors-cros/) for 6 US sites: Rutgers
Robert Wood Johnson Medical School, New Brunswick, NJ; University
of Florida Center For Movement Disorders and Neurorestoration,
Gainesville, FL; Banner Sun Health Research Institute, Sun City, AZ;
University of South Florida-Morsani College of Medicine, Tampa, FL;
QUEST Research Institute, Farmington Hills, MI; and St Joseph’s Hos-
pital & Medical Center/Barrow Neurology Clinics, Phoenix, AZ. For all
other sites, the institutional review board or ethics committee at the
institutions listed for the PASSPORT study group investigators
approved the study protocol.

Participants and study design

Participant-level PSPRS data from 5 observational and clinical trials
were obtained, and data from the first 4 were pooled, including (1)
Rutgers clinical data (unpublished), (2) PROSPERA clinical trial data”,
(3) davunetide clinical trial data'®, (4) 4-Repeat Tauopathy Neuroima-
ging Initiative (4RTNI) natural history study data®®, and (5) PASSPORT
clinical trial data". The PASSPORT clinical trial data were used as a
separate validation cohort after the study was completed and results
were unblinded. Study and recruitment materials were approved by
institutional review boards or ethics committees at each site. Written
informed consent was obtained from all participants before they
underwent any study evaluations. Clinical trials were performed in
accordance with the principles outlined in the Declaration of Helsinki
and Good Clinical Practice guidelines. The Rutgers study includes
clinical practice data from Lawrence Golbe, MD.

PROSPERA (NCTO01187888) was a phase 2, multinational, double-
blind, randomized, placebo-controlled trial that examined the efficacy
and safety of rasagiline 1 mg or placebo (randomized 1:1) administered
orally once daily for 52 weeks in 44 individuals with PSP who fulfilled
the National Institute of Neurological Disorders and Stroke/Society for
PSP (NINDS-PSP) criteria®.

The davunetide study (NCTO01110720) was a phase 2/3, multi-
national, double-blind, randomized, placebo-controlled trial that
examined the efficacy and safety of davunetide 30 mg or placebo
(randomized 1:1) administered intranasally twice daily for 52 weeks in
313 individuals with possible or probable PSP™. Enrolled individuals
met the modified NINDS-PSP criteria defined as at least a 12-month
history of postural instability or falls occurring during the first 3 years
that symptoms were present, decreased downward saccade velocity or
supranuclear ophthalmoplegia, and an akinetic-rigid syndrome with
prominent axial rigidity.

The 4RTNI studies (NCT01804452 and NCT02966145) were
observational studies to examine the use and reliability of volumetric
magnetic resonance imaging in measuring disease progression in 4R
tauopathies. Fifty-five individuals with PSP who met the modified
NINDS-PSP criteria were enrolled and followed for 1 year,

PASSPORT was a phase 2, multinational, double-blind, rando-
mized, placebo-controlled trial that examined the efficacy and safety
of gosuranemab 2000 mg or placebo (randomized 2:1) in 486 indivi-
duals with possible or probable PSP". Participants were recruited at 90
outpatient specialized movement disorders clinic study sites across 13
countries (sites listed as affiliations for the PASSPORT study group
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investigators). Recruitment/screening visits began on April 24, 2017,
and the final data collection for the primary outcome occurred on
September 6, 2019. The primary efficacy outcome was change from
baseline in the PSPRS score at week 52 in participants treated with
gosuranemab relative to participants treated with placebo. The pri-
mary safety outcomes were frequency of death, serious adverse
events, adverse events leading to discontinuation, and grade 3/4
laboratory abnormalities graded by numerical criteria from the Com-
mon Terminology Criteria for Adverse Events version 4.0.3. Secondary
efficacy endpoints included change from baseline to week 52 on the
Movement Disorder Society Unified Parkinson’s Disease Rating Scale
part Il (motor experiences of daily living), Clinical Global Impression
(CGI)-Change score at week 52, change from baseline to week 52 on
the PSP cognitive composite battery and PSP-Quality of Life scores,
change from baseline to week 48 in the Schwab and England Activities
of Daily Living scale score, change from baseline to week 52 in CGI-
Severity (CGI-S) score, change from baseline to week 48 in a phonemic
fluency test, and absolute change from baseline to week 52 in volumes
of the total lateral ventricles, whole brain, midbrain, and pons on
magnetic resonance imaging scans. Exploratory endpoints included
gosuranemab concentrations in blood and cerebrospinal fluid and
unbound N-terminal tau concentrations in cerebrospinal fluid.

Sex and/or gender were not considered in the design for this
endpoint development. No analyses of sex and/or gender were per-
formed for this manuscript. Sex and/or gender are reported elsewhere.
Sex was based on participants self-reported information in the PASS-
PORT study'*""15%,

Progressive supranuclear palsy rating scale

The PSPRS’ is a clinician-reported outcome measure comprising 28
items organized into 6 categories. The first category relies on a patient
interview about daily activities and symptoms over the previous
30 days. The other 5 categories (mentation, bulbar, ocular motor, limb
motor, and gait/midline examination) rely on neurological examina-
tion. The PSPRS total score sums all 28 items and ranges from O
(normal) to 100 points, with higher scores indicating greater severity.

Statistics and reproducibility

The sample sizes for the analyses of the Rutgers clinical data, PROS-
PERA clinical trial, davunetide clinical trial, and 4RTNI study included
data from evaluable patients, who were defined as ambulatory with
complete data at baseline and at least one post-baseline visit through
year 2. Complete data was defined as all 28 items in the PSPRS
recorded at a visit. Ambulatory patients were defined as patients
with a baseline PSPRS item 26 gait response of 0, 1, or 2. In the Rutgers
dataset, which followed patients in routine clinical care, many
patients did not have complete data at a point 12 months after
the initial evaluation (eg, patients had data at month 15 or 20 but
not at year 1). No statistical method was used to predetermine the
sample size. No data were excluded from the analysis. Data from the
PROSPERA and davunetide clinical trials are based on randomized
experiments and the investigators were blinded to treatment
assignment.

Mixed-methods psychometric research was used to improve the
performance and interpretability of the PSPRS. Qualitative methods
identified concepts important to the lives of patients with PSP. Con-
cepts important to patients with PSP were identified by (1) reviewing
published literature and (2) analyzing interview transcripts of patients
with PSP, their caregivers, and clinicians who care for patients with
PSP. Standard analytical techniques of conceptual framework devel-
opment were used to categorize data in higher-order overarching
categories referred to as concepts, subdomains, and domains®. A
saturation analysis was conducted at the subdomain level to determine
the point at which no new relevant information emerges from addi-
tional qualitative data*. These data were then used to create a

conceptual framework to guide the identification of PSPRS items that
were meaningful to patients.

Quantitative methods evaluated the performance and interpret-
ability of the PSPRS. Rasch Measurement Theory (RMT) analyses"
assessed measurement properties of the PSPRS items, including eva-
luation of how well the PSPRS fit the intended target population,
evaluation of sample measurements, whether the items worked toge-
ther to define a single measurement construct, item independence,
responsiveness to change, and whether the response options worked
as intended or required re-scoring. An analysis of item-level respon-
siveness to change over 12 months was used to identify sensitive items
to retain in the modified PSPRS. For these analyses, data from 402
ambulatory participants with complete data through year 2 were
analyzed (244 participants in the pooled PROSPERA, davunetide, and
4RTNI dataset and 158 participants in the Rutgers dataset).

To understand the underlying structure of the selected items and
develop a scoring algorithm, confirmatory factor analysis (CFA) was
conducted. A 3-factor structure was hypothesized for the 15-item
PSPRS and was tested using function CFA in R package lavaan. For CFA
analyses, data from 620 participants with baseline data were analyzed.
Validity of the factor structure was assessed using the following model-
fit statistics and criteria: comparative fit index >0.95, Tucker-Lewis
index (TFI)>=0.95, standardized root-mean squared residual
(SRMR)<0.08, and root-mean-squared error of approximation
(RMSEA) < 0.08*2. Comparative fit and TFI values closer to 1 indicate
better fit (values range from O to 1); SRMR and RMSEA values between
0.05 and 0.08 indicate acceptable fit, with values <0.05 indicating
good fit. Multiple weighted and unweighted scoring algorithms were
compared to determine the best total score algorithm.

To compare the sensitivity of PSPRS with that of the 15-item
PSPRS, we analyzed changes from baseline to week 52 in the placebo
groups from the PASSPORT study using a mixed-model repeated
measures (MMRM) approach with fixed effects of treatment group,
time, treatment group-by-time interaction, baseline value, baseline-
value-by-time interaction, region (US or non-US), and baseline Color
Trails 2 test (<170 or >170 s; a measure of frontal cognitive and visual
function). The mean-to-SD ratio was calculated using (absolute value
of adjusted mean change for the placebo group)/(SD from the
variance-covariance matrix from the MMRM model).

SAS version 9.4 was used for data preparation, descriptive sta-
tistics, and statistical modeling. RUMM2030 was used for Rasch ana-
lyses. R was used for CFA. Reproducibility of the experimental findings
was done via analytical replication. Analyses were produced by a pri-
mary statistical programmer or statistician. These analyses were
reproduced by an independent statistical programmer or another
statistician. All attempts at analytical replication were successful.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

For the PASSPORT study, the Biogen Clinical Trial Transparency and
Data Sharing Policy is available at https://clinicalresearch.biogen.com/.
Individual participant data collected during the trial that support the
research proposal may be shared after anonymization and upon
approval of the research proposal. Biogen commits to share patient-
level data, study-level data, clinical study reports, and protocols with
qualified scientific researchers who provide a methodologically sound
proposal. Data requests are initially reviewed by Vivli and Biogen for
completeness and other parameters (relating to scope and meeting
Biogen'’s policies) and are then reviewed by an independent review
panel. Deidentified data and documents will be shared under agree-
ments that further protect against participant reidentification. To
request access to data, please visit https://vivli.org/. The 4RTNI dataset
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can be freely downloaded from the Laboratory of Neuroimaging
Imaging and Data Archive at https://ida.loni.usc.edu/login.jsp. The
davunetide and PROSPERA datasets may be obtained through a
request to Dr Adam Boxer (adam.boxer@ucsf.edu) and will require a
data use agreement with UCSF. For the Rutgers dataset, please visit
https://rarediseases.org/rdca-dap/.
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