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ABSTRACT

Background Progressive supranuclear palsy (PSP) is

a rare neurodegenerative condition characterised by a
range of motor and cognitive symptoms. Very little is
known about the longitudinal change in these symptoms
over time. Moreover, the effectiveness of clinical scales to
detect early changes in PSP is still a matter of debate.
Objective We aimed to determine longitudinal changes in
PSP features using multiple closely spaced follow-up time
points over a period of 2 years.

Methods

28 healthy control and 28 PSP participants, with average
time since onset of symptoms of 1.9 years, were
prospectively studied every 3 months for up to 24 months.
Changes from baseline scores were calculated at each
follow-up time point using multiple clinical scales to
identify longitudinal progression of motor and cognitive
symptoms.

Results The Montreal Cognitive Assessment, but not

the Mini-Mental State Examination, detected cognitive
decline at baseline. Both scales revealed poor longitudinal
sensitivity to clinical change in global cognitive symptoms.
Conversely, the Movement Disorders Society Unified
Parkinson’s disease Rating Scale — part Ill and the PSP
Rating Scale (PSPRS) reliably detected motor decline

less than 2 years after disease onset. The ‘Gait/Midline’
PSPRS subscore consistently declined over time, with the
earliest change being observed 6 months after baseline
assessment.

Conclusion While better cognitive screening tools are still
needed to monitor cognitive decline in PSP, motor decline
is consistently captured by clinical rating scales. These
results support the inclusion of multiple follow-up time
points in longitudinal studies in the early stages of PSP.

INTRODUCTION

Progressive supranuclear palsy (PSP) is a rare
neurodegenerative tauopathy and is the most
common of the atypical parkinsonian disor-
ders. It is characterised clinically by postural
instability with falls, supranuclear vertical gaze
palsy, levodopa-unresponsive parkinsonism,
dysphagia, dysarthria and cognitive impair-
ment. Neuropathological features include
neurofibrillary tangles and neuropil threads

affecting both neurons and glia in the basal
ganglia, brainstem, cerebellum and motor
cortex, caused by aggregation of 4-repeat tau.
In addition, tau-positive astrocytes contribute
to a more accurate diagnosis.””

The National Institute of Neurological
Disorders and Stroke and the Society for
PSP (NINDS-SPSP) first published diagnostic
criteria for the classic PSP phenotype, PSP-
Richardson Syndrome (PSP-RS), in 1996.
However, variability in the PSP spectrum has
been discussed for several years,* including
both differing distributions of neuropa-
thology and wide phenotypic divergence.
Other PSP variants/phenotypes recognised
in post-mortem neuropathological analysis
led to the development of new criteria by
the International Parkinson and Movement
Disorder Society5 (MDS-PSP). The MDS-PSP
criteria include different PSP subtypes and
show improved sensitivity compared with the
original NINDS-SPSP criteria.’ These new
criteria define four domains of symptoms,
including changes in the oculomotor system,
postural instability, akinesia and cogni-
tive dysfunction (cognition, behaviour and
speech).

The natural history and clinical features of
the disease have been extensively described
in the literature.” ' An RS phenotype, male
gender, older onset age, early dysphagia,
sleep disturbances, early cognitive impair-
ment and higher PSP Rating Scale (PSPRS)
score have been described as predictors of
shorter survival.® ' 12

Some well-established and validated clin-
ical instruments have been used in different
studies as clinical measures of the progres-
sion of symptoms, such as the Unified Parkin-
son’s Disease Rating Scale!® (UPDRS) and
the PSPRS,'* specifically designed for PSP,
A task force report15 recommended clinical
tools to assess PSP disability and progression,
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including motor, cognitive, behavioural and functional
measures. While these measures have proved to effectively
measure clinical symptoms and to report natural history
of the disease,7 16 very few studies'” have explored the
longitudinal change in different symptom domains. The
effectiveness of these clinical scales to detect changes in
different PSP features is still a matter of discussion in the
literature. While some studies report significant increases
in the PSPRS total score over timf:,18 9 other studies still
question its sensitivity to disease progression.20 It is not
clear how PSPRS subscales monitor longitudinal changes
and which major PSP features decline early in the course
of the disease. It has been reported that different PSPRS
subscores frequently exhibit ceiling effects.'’ Similarly,
the MDS-UPDRS motor section (part III) has proved to
be efficient assessing motor symptoms in PSP,*' however
little is known about how it compares to PSPRS in its ability
to monitor disease progression. Delays in the establish-
ment of a diagnosis may explain the well described rapid
progression of the disease but also ceiling effects seen in
some PSPRS domains that may start to decline earlier in
the course of the disease. Thus, it is of utmost importance
to prove the clinical validity of this tool in earlier stages of

PSP and to detect early changes in symptoms in individ-
uals with a shorter disease duration.

Cognitive impairment is a key feature in PSP diagnosis
with patients showing a vast range of deficits in different
cognitive domains such as executive functions, verbal
fluency, attention and visuospatial functions (for a review
see”). A comprehensive assessment of the full neuropsy-
chological profile of PSP patients is not always possible
to perform, both in research and clinical settings. Brief
cognitive screening tests such as the Mini-Mental State
Examination” (MMSE) and the Montreal Cognitive
Assessment™ (MoCA) are useful tools to support the diag-
nosis of neurodegenerative diseases. These scales were
not designed specifically for PSP and their sensitivity to
detect cognitive decline in this condition is still a matter
of discussion in the literature.*

Overall, it is fair to say that the sensitivity of the existing
clinical measures to detect changes in PSP trajectory
over time is still a matter of debate. Moreover, most of
the recommended clinical tools were validated in popu-
lations of patients several years after symptom onset and
it is still not clear how well they monitor changes in symp-
toms in the early stages of the disease. In this study, we

Table 1 Demographics and baseline (visit 1) scores for HC and PSP participants

HC (n=28) PSP (n=28)

Mean (range) Mean (range) P value
Age, years 66.2 (56-72) 69.2 (52-88) 0.134*
Gender, M/F 10/18 15/12 0.140t
Age at onset of symptoms 65.9 (51-86)
Time since diagnosis, years NA 1.2 (0.1-5.10)
Time since onset of symptoms to visit, years NA 1.9 (0.2-6.3)
Education, years 15.4 (12-17) 14.0 11-20) 0.017*
LEUs, mg NA 345.5 (50-800)
Motor assessment
MDS-UPDRS-III 2.25 (0-11) 44.4 (21-72) 0.000*
PSPRS 38.9.1 (19-64)
H&Y 3.0 (1-4)
Functional assessment
Schwab and England scale 71.1 (20-90)
Neuropsychological assessment
MMSE 29.1 (26-30) 26.0 (20-30) 0.000*t
MoCA 28.0 (26-30) 22.4 (12-30) 0.000*t
Fluency, phonemic 46.3 (27-65) 19.9 (6-50) 0.000"f
Fluency, Semantic 42.0 (33-55) 21.8 (6-41) 0.000"f

*Mann-Whitney U test.
tx? test.
tCorrected for ‘Education’.

F, female; HC, healthy controls; H&Y, Hoehn and Yahr Scale; LEU, Levodopa equivalent unit; M, male; MDS-UPDRS-III,
Movement Disorders Society Unified Parkinson’s Disease Rating Scale - part Ill; MMSE, Mini-Mental State Examination;
MoCA, Montreal Cognitive Assessment; NA, not applicable; PSP, Progressive Supranuclear Palsy; PSPRS, Progressive

Supranuclear Palsy Rating Scale.
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Figure 1

Flow chart illustrating the inclusion and lost to follow-up of participants at each visit time point. Twenty-eight cases

with progressive supranuclear palsy were recruited in 2016-2020. Participants completed a baseline assessment at visit one
and underwent a follow-up assessment every 3 months over a period of 18 months. Of the 28 participants enrolled in the
OxQUIP study, 15 withdrew due to a combination of reasons including: being too unwell to attend visits (9), death (5) or to a
change of diagnosis (1). Participants reported as early clinical PSP-related symptoms prior to the first OXQUIP visit the following
symptoms: speech impairments, falls, rigidity, problems with balance, hand tremors, pain, photosensitivity and micrographia.
The figure also shows previous diagnosis received by the participants prior to the PSP diagnosis. PSP, progressive supranuclear
palsy; PD, Parkinson’s disease; OxQUIP, Oxford Quantification in Parkinsonism.

aimed to determine longitudinal changes in symptoms of
PSP using different clinical measures at multiple closely
spaced follow-up time points.

METHODS

Participants

The participants were recruited as part of the Oxford Quan-
tification in Parkinsonism (OxQUIP) study (demographics
summarised in table 1; further information about the study
described in online supplemental table 1).

All PSP participants received a diagnosis of possible or
probable PSP, according to the MDS PSP criteria’ by a
consultant neurologist. Healthy control (HC) individuals
were spouses/ caregivers of the OxQUIP participants and
had no history of neurological or psychiatric disorders
at the time of testing. All participants were given written
information about the study, and informed consent was
obtained prior to participating.

Each visit lasted no more than 2hours and it comprised
two parts: motor and cognitive assessment. Nine visits
were planned over 24 months, one baseline visit followed
by eight visits at months 3, 6, 9, 12, 15, 18, 21 and 24
(figure 1). However, only data from the first seven visits
(ie, the first 18 months of follow-up) are analysed here,
due to the fact that the already high dropout rate was
compounded at visits 8 and 9 by the discontinuation of
some participants due to COVID-19 lockdown restric-
tions (all visit seven time points had passed prior to the
pandemic).

Research protocol

Demographic data were collected according to the
OxQUIP protocol®® and the following information was
initially collected at baseline assessment: time since onset
of symptoms, time since diagnosis, age at onset of symp-
toms, laterality, previous diagnosis, early and predomi-
nant symptoms and medication details. Time since onset
of symptoms was defined as the time since the earliest
reported clinical symptom attributable to a parkinsonian
diagnosis, to their baseline visit. Time since diagnosis
was considered as the time elapsed from PSP diagnosis
to baseline assessment. For all subjects, the month and
year of disease onset was available, and the exact date was
taken as the first day of the month for statistical analysis
purposes.

Motor and cognitive assessment was performed using
the OxQUIP study protocol, that includes the Motor
section (part III) of the MDS—UPDRS,"® the Hoehn
and Yahr stage of illness,27 the PSPRS,14 the MMSE,23 the
MoCA,*! the verbal fluency test of the Delis—Kaplan Exec-
utive Function System Test®® and the Schwab and England
Activities of Daily Living Scale.”

Statistical analysis
All statistical analyses were performed using SPSS V.25.0
(SPSS).

Normality of distributions was checked with the Shapiro-
Wilk test, and homogeneity of variance with Levene’s test.
Normally distributed data for PSP and control partici-
pants were compared with a t-test (independent samples)
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and non-normally distributed data with a Mann-Whitney
U test. Categorical data were compared with a y” test.
Changes from baseline to each visit in the different
motor and cognitive scales were analysed with a paired
t-testand a Wilcoxon signed-rank test, for normal and non-
normally distributed data, respectively. Delta (A) scores
for each measurement were defined as the total/subtotal
score of a scale at each visit minus baseline visit scores.
The absolute value of Cohen’s d and its correspondent

Z

non-parametric value ( VN ) were calculated for each
change in clinical measure over time as measures of effect
size. The association between clinical and demographic
variables was explored using Pearson R? and Spearman
correlation coefficients where appropriate.

Baseline and clinical variables between completers and
those who withdrew from the study were compared with a
t-test (independent samples), or with a Mann-Whitney U
test for non-normally distributed data. To investigate the
effects of baseline variables in the dropout rate among
PSP participants, a bivariate logistic regression was
performed.

Post hoc analyses, with Bonferroni adjustment for
multiple comparisons, were used when appropriate.
All p values less than 0.05 were considered statistically
significant.

RESULTS

Demographics and clinic visits

Twenty-eight PSP and 28 HC participants were recruited.
Demographics and baseline scores for HC and PSP partic-
ipants are summarised in table 1. Participants with PSP
had fewer years of formal education (p=0.013) than HC
but there were no differences in terms of age or gender.
As expected, PSP participants were more impaired both
in the motor and the neuropsychological assessments
than HC (p<0.01, see table 1).

Fifteen (54%) of the PSP participants had withdrawn
from the study prior to the end of the analysis period (visit
7 at 18 months): nine due to being too unwell to attend
study visits, five due to death and one due to change in
diagnosis (this patient was excluded from the analysis).
Although the number of participants decreased at each
visit, only 3 (11%) subjects attended one single visit and
12 (43%) made more than five visits, all at a 3-month
interval. Mean time from onset of symptoms to the first
visit was 1.9 years (range 0.2-6.3) and mean time since
PSP diagnosis to first visit was 1.2 years (range 0.1-5.10).

Mean changes from baseline assessment of clinical measures
Figure 2 show the absolute values of PSPRS and MDS-
UPDRS-III for PSP participants at each of the seven visits.
Horizontal bars represent means. Figure 2 show changes
in the same variables with respect to baseline values.
Asterisks represent group level differences from baseline
that are significant at the p<0.05 level (*) and the p<0.008

level (*%), the latter incorporating a Bonferroni correc-
tion for multiple comparisons.

As a measure of their suitability as longitudinal progres-
sion markers, we were interested in determining how long
it takes for each variable to show a statistically significant
shift from baseline values at the group level. Significant
variations from baseline at single time points may repre-
sent statistical fluctuations and so we defined an enduring
change as having occurred when scores were significantly
different to baseline results for at least two consecutive
visits.

The MoCA and MMSE scores did not show any enduring
changes in scores over time. Conversely, PSPRS and MDS-
UPDRS III total scores both showed enduring changes
over time (figure 2C,D). The increase in MDS-UPDRS
IIT was statistically significant after 12 months (A=11.75,
SD=12.31, p<0.008; figure 2D) while the increase in PSPRS
became significant 3 months later, 15 months after base-
line assessment (A=7.42, SD=7.63, p<0.008; figure 2C).

When looking at groups of symptoms, it becomes
evident that PSPRS subdomains have different patterns of
progression. As shown by figure 2E—], the ‘Gait / Midline’
and ‘Ocular Motor’, subsections show the earliest
enduring changes over time, after 6 (A=2.00, SD=4.92,
p<0.008) and 9 months (A=2.38, SD=3.01, p<0.008),
respectively. This is followed by ‘Bulbar’, and ‘History’ at
15 months (‘Bulbar’: A15 months=1.06, SD=7.02, p<0.05;
‘History’: A15 months=2.50, SD=3.09, p<0.05). ‘Menta-
tion’ and ‘Limbs’ subsections did not show an enduring
change from baseline during the 18-month follow-up in
this study.

Table 2 shows A scores, SD and effect sizes for the
earliest significant change from baseline scores (total
and subtotal scores) in each clinical measure at p values
of both <0.05and<0.008 (after Bonferroni correction).
As expected, MDS-UPDRSHII total score was positively
correlated (p<0.01) with PSPRS total score at most visits.

The three scores exhibiting the earliest and most consis-
tent changes over time were MDS-UPDRS-III, PSPRS and
the PSPRS gait/midline subscore. For each of these, the
group means at each visit were plotted against time and
fitted with a straight line (figure 3). The gradient of the
line provides an estimate of the rate of change of the
marker with time. MDS-UPDRS-III was found to progress
at 0.88 points per month (8.0% of maximum score per
annum, R’=0.96), PSPRS at 0.60 points per month (7.2%
of maximum score per annum, R?0.92), and PSPRS
gait/midline subscore at 0.21 points per month.

Withdrawal rate

All comparisons between baseline scores and each of
the follow-up scores considered only participants who
completed both assessments. In order to detect some
possible biases introduced by the high withdrawal rate, we
first compared baseline demographic and clinical charac-
teristics between completers and those who dropped out
of the study (online supplemental figure 1). No significant
differences were found for education, time since diagnosis
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and time since onset of symptoms between both groups.
However, participants who dropped out were older at first
visit (t,;, = —4.237, p<0.001) and older at onset of symp-
toms (t,, = -3.819, p=0.001) than completers. Given

the non(-QSi)gniﬁcant trend to improvement in the PSPRS
mentation subscore, this score was also compared at base-
line and at each visit between completers and those who
dropped out from the study; no significant differences
were found at any point. No differences were found for
any other clinical measures between both groups, after
adjusting for multiple comparisons (Bonferroni correc-
tion p<0.01).

A binary logistic regression analysis (with ‘backwards’
method) was then performed to assess if any of the base-
line demographic and clinical characteristics could be a
potential predictor of the drop-out rate. We found that
participants with an older age at onset of symptoms were
more likely to withdraw (online supplemental table 2).

DISCUSSION

The aim of this study was to examine at short timescales
the progression of PSP symptoms, using established
clinical measures. We performed a longitudinal analysis
over an 18-month period with visits at 3 monthly inter-
vals. Clinical measures captured a steady decline of many
motor symptoms in this short time. Cognitive screening
measures detected cognitive decline at baseline, but did
not demonstrate progression of cognitive decline over
the study period.

PSP participants had some degree of cognitive
impairment at baseline and were classified differently
using the two standard cognitive measures. While they
scored within the normal range in the MMSE (M=26.0,
range=20-30), MoCA scores fell below the cut-off score
of 26 (M=22.4, range=12-30) at baseline. This discrep-
ancy mirrors previous findings reporting a better sensi-
tivity of the MoCA in detecting global cognitive decline
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in other pathologies such as Alzheimer’s disease (for a
review see ref. 30) and Parkinson’s disease,” and also
in PSP.* The overall ceiling effect observed in most of
the subitems in the MMSE and the fact that the MoCA
is more sensitive to executive functioning and attention
performance than the MMSE,” * makes the MoCA a
more suitable tool to detect mild global cognitive impair-
ment in PSP. Our results corroborate that early cognitive
impairment is a key feature in PSP and add new evidence
that this impairment can be found even in individuals
with a short disease duration. Despite the ability to detect
some degree of cognitive impairment at baseline, these
global screening tests lack domain-specificity and fail to
monitor progression of the well-established frontoexec-
utive deficits commonly found in PSP.*> A more detailed
assessment of the progression of executive functions in
early stages of PSP is needed in order to track cognitive
changes in PSP longitudinally.

While we were not able to detect progression of cogni-
tive symptoms using standard clinical tools, several motor
symptoms were clearly shown to decline over the study
period. We found that PSPRS and MDS-UPDRS-III have
good sensitivity to longitudinal change in motor symp-
toms, as demonstrated by the comparable effect sizes in
both scales. Although the MDS-UPDRS was not specifi-
cally designed to monitor PSP symptoms, changes in
motor scores mirror those of the PSPRS. As well as
detecting motor deficits in PSP,*’ MDS-UPDRS part III
also appears suitable to monitor disease progression. Our
study supports previous findings'® about the sensitivity
of PSPRS total score as a measure of clinical progression
in PSP, and adds evidence that MDS-UPDRS-III is also a
good measure of motor progression. In this study group,
MDS-UPDRSHII actually detected progression slightly
earlier than PSPRS, and we would therefore advocate its
routine use alongside PSPRS in PSP trials.

We found a relatively slow yearly progression in the
PSPRS total score (6.3 points/year; 7.2%) compared
with those found in previous studies,*** % (see table 3).
In comparison to previous studies where the average
disease duration at first assessment was approximately 3
years,” '* the present sample was recently diagnosed and
the average time since the onset of symptoms was 1.9
years. With a 1.5-year study period, the average partici-
pant will have completed our study when they would have
only just entered the others. This raises the possibility
that an accelerating progression pattern could account
for at least some of the discrepancy in progression rates
between studies. Figure 3D may be suggestive of acceler-
ation in the change in PSPRS which would support this
hypothesis.

PSPRS subscores revealed different patterns of
progression with time. ‘Gait/Midline’ and ‘Ocular
motor’ showed the earliest changes, and ‘History’ and
‘Bulbar’ had a later decline. These changes are very
much in line with the new MDS-PSP diagnosis criteria’
proposing ocular motor dysfunction, postural insta-
bility and akinesia as core motor features of the disease.

Effect size

0.97
0.79
0.69
0.95
0.70

7.63
3.01
4.92

12.31
10.87

A value
7.42
2.38

P <0.008 (after Bonferroni correction)
2.00
11.75
-10.00

Earliest change
in scores
15 months
12 months
6 months
12 months
3 months

Effect size
0.54
-0.81
0.79
0.61
0.55

SD
8.43
3.09
7.02
3.298

10.59

P <0.05

A value
4.59
2.50

1.06
2.00
5.86

for non-parametric analysis.
ing Scale part lll; PSPRS, Progressive Supranuclear Palsy Rating Scale.

9 months
9 months
6 months
z
WA

Earliest change

in scores
15 months
15 months

Individual
scores

Ocular motor

Subscores
Mentation
Bulbar
Limbs
Gait/Midline

History
A, .. Effect size: Cohen’s d for parametric analysis and

visit score -

Table 2 Enduring changes in scores in clinical measures with and without adjustment for multiple comparisons

MDS-UPDRS-IIl, Movement Disorders Society Unified Parkinson’s disease

Schwab and England scale

Scores

PSPRS total
MDS-UPDRS-III
Avalue (A
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Figure 3 Velocity of progression of the enduring changes in total scores of PSPRS (A), MDS-UPDRS-III (B) and PSPRS ‘Gait/
Midline’ subscore (C). Figure D shows a comparison between the velocity of progression of the enduring changes in scores
represented in figures A-C. N=number of participants at each visit. MDS-UPDRS-IIl, Movement Disorders Society Unified
Parkinson’s disease Rating Scale part Ill.; PSPRS, Progressive Supranuclear Palsy Rating Scale

The ‘Gait/Midline’ subscore had the earliest change
in score observed at 6 months, as reported before.”
Moreover, this decline was consistent at each follow-up
time point after the first significant change in score
6 months after baseline. These enduring changes in
‘Gait/Midline’ indicate that this measure could be used
in short interval clinical assessments and in future clin-
ical trials, as previously suggested by other studies.”
Moreover, our study further extends these findings by
detecting this early decline in patients with a disease
duration less than 3 years. Our earlier work has shown
that using digital technology to measure gait accurately
can yield an effective diagnostic tool for discriminating

PSP from PD.*® It is, therefore, possible that this same
marker could be used for both diagnosis and disease
progression monitoring.

‘Bulbar’ and ‘History’ PSPRS subscores had a later
decline, with an enduring change in score only emerging
after 15 months, and in both cases this did not reach the
Bonferroni-corrected significance level. This is consis-
tent with previous studies showing that dysphagia and
dysarthria decline in later stages of the disease.”” Inter-
estingly, no significant change over time occurred in the
‘Mentation’ subscore, showing that this measure does
not capture disease progression of specific cognitive-
behavioural/emotional symptoms at an early stage and it

Table 3 Changes (mean, SD) from baseline to follow-up at 12 months: OxQUIP versus other PSP studies

PSPRS PSPRS MDS-UPRS Il  MDS-UPRS Il

change mean change as change mean change as %

mean (SD) % of max score  mean(SD) of max score MoCA MMSE
OxQUIP 6.31 (9.9) 6.3 11.75 (12.3) 8.9 = =
Golbe and Ohman-Strickland™ ~ 11.3 (11.0) 11.3 - - 2.1(1.7)
Gosh et a/** 11.3 11.3 8.3 6.3 - -
Piot et al (2020)*? 10.8 (9.4) 10.8 14.8 (18.6) 11.2 1.7 (5.6) -
Bang et al (2017); Boxer et al 11.1 (9.9t0 12.3)* 11.1 - - -
(2014)*
Litvan and Kong'® 9.1 (9.4) 9.1 6.3(9.2) 4.8 - 2.1 (1.7)

*Mean (95% ClI).

MDS-UPDRS-IIl, Movement Disorders Society Unified Parkinson’s disease Rating Scale part Ill; MMSE, Mini-Mental State Examination; MoCA,
Montreal Cognitive Assessment; OxQUIP, Oxford Quantification in Parkinsonism; PSPRS, Progressive Supranuclear Palsy Rating Scale; SD, Standard

deviation.
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might be particularly prone to inter-rater variability,'* *°

nor was there significant change in the ‘Limbs’ subscore.

Limitations

Our study has some limitations that are important to
consider. First, the sample size is relatively small. Despite
this, and notwithstanding the high withdrawal rate due to
disease progression, the results obtained during the first
18 months of the study had good statistical power even
after adjusting for multiple comparisons, with medium to
large effect sizes. High drop-out rates are common in PSP
studies due the rapidly progressive nature of the condi-
tion, and in an effort to identify any potential bias caused
by the high dropout rates, we compared baseline charac-
teristics between those who dropped out and those who
completed the study. No differences were found on clin-
ical measures and on most demographic variables in both
groups, suggesting that these characteristics do not have a
meaningful impact on study completion. However, being
older at the onset of symptoms slightly increased the
likelihood of withdrawing from the study. Despite this, a
potential impact of the high withdrawal rate on the study
outcome remains possible. As discussed previously in the
literature (Williams-Grey et al), the main methodological
issue in longitudinal studies of this type is a potential for
drop out bias. Withdrawal can potentially introduce bias
if those lost to follow-up differ clinically from those who
continue to be assessed. It may be that those dropping
out would on average have been found to be progressing
more rapidly on the measures assessed than those who
stayed in the study. This leads to the potential for under-
estimation of progression rates. This is a factor to be
considered when designing clinical trials. Many of our
participants travelled considerable distances to the single
study centre, and this will likely have played a role in their
decision that they could no longer travel to the test centre
as their illness progressed. Possible mitigations for future
studies include the use of more test centres to shorten
travel distances, or even remote testing in the partici-
pant’s home.

Another important limitation is that the PSP diagnosis
was clinical rather than pathological. Seventeen partici-
pants were subsequently classified as PSP-RS phenotype
and 10 as PSP-Parkinsonism. To date, seven participants
have died, four of whom had a postmortem pathological
confirmation of diagnosis. Earlier studies suggest PSP-RS
has a faster progression than other phenotypes® but
the numbers in this study were not sufficient to explore
phenotypic differences.

Some of the participants were on antiparkinsonian
medication, and this was not stopped for study visits.
Dopaminergic medication has a well-documented
confounding effect on motor assessment in studies of
Parkinson’s disease. The response to medication in PSP
is relatively weak, but nonetheless we cannot exclude that
this may have reduced apparent progression rate to a
degree.

In conclusion, determining the earliest changes in
symptoms is a crucial step for the success of therapeutic
trials in PSP, particularly when one considers the short
prognosis of this condition. To the best of our knowledge,
our study is the first describing the progression of PSP
clinical symptoms in the early stages of the disease with
such closely spaced follow-up time points. It was possible
to determine enduring changes in certain domains as
early as 6 months into the study. This supports the inclu-
sion of multiple closely spaced follow-up assessments in
future clinical trial protocols.” *!

Twitter Chrystalina A Antoniades @NeuroMetrology

Acknowledgements We thank the participants and their families for their endless
support with our research work.

Contributors We would like to thank the patients and their families for their
tremendous support with OxQUIP. CAA is responsible for the overall content

as guarantor. CAA and JJF conceived this article. MFP, CAA and JJF wrote the
manuscript with further contributions from TB, GUH, MB, GT, SP and NS. All the
authors contributed to critical revisions and approved the final version of the article.
CAA accepts full responsibility for the finished work and the conduct of the study
and has access to the data presented in this study.

Funding Grant from UCB Biopharma SRL. JJF was supported by the National
Institute for Health Research (NIHR) Oxford Biomedical Research Centre (BRC).

Competing interests None declared.
Patient consent for publication Not applicable.

Ethics approval The measurements were obtained during the Oxford study of
QUantification In Parkinsonism (0xQUIP), a longitudinal study conducted at the John
Radcliffe Hospital in Oxford, UK. The study was approved by the research ethics
committee and the Health Research Authority (REC 16/SW/0262).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. Data may
be made available after reasonable request if appropriate.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Giinter U Hoglinger http://orcid.org/0000-0001-7587-6187
Chrystalina A Antoniades http://orcid.org/0000-0002-1192-3834

REFERENCES

1 Rosler TW, Tayaranian Marvian A, Brendel M, et al. Four-repeat
tauopathies. Prog Neurobiol 2019;180:101644.

2 Litvan I, Hauw JJ, Bartko JJ, et al. Validity and reliability of the
preliminary NINDS neuropathologic criteria for progressive
supranuclear palsy and related disorders. J Neuropathol Exp Neurol
1996;55:97-105.

3 Litvan |, Agid Y, Calne D, et al. Clinical research criteria for the
diagnosis of progressive supranuclear palsy (Steele-Richardson-
Olszewski syndrome): report of the NINDS-SPSP International
workshop. Neurology 1996;47:1-9.

8

Pereira MF, et al. BMJ Neurol Open 2022;4:€000214. doi:10.1136/bmjno-2021-000214

1ybuAdoa Aq pa1oaloid ((INZQA) “A '@ usbunyuenyi3 annelauabapoinaN
In} wnauaz sayasinaq 1e gzog ‘0T aunr uo /wod fwqg uadoAbojoinauy/:dny woly papeojumoq ‘gz0g Alenuer Tg Uo $T2000-T20Z-oulwag/9eTT 0T Se paysignd 1siiy :uadQ |oInaN CING


https://twitter.com/NeuroMetrology
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7587-6187
http://orcid.org/0000-0002-1192-3834
http://dx.doi.org/10.1016/j.pneurobio.2019.101644
http://dx.doi.org/10.1097/00005072-199601000-00010
http://dx.doi.org/10.1212/wnl.47.1.1
http://neurologyopen.bmj.com/

4

10

20

21

22

23

Respondek G, Stamelou M, Kurz C, et al. The phenotypic spectrum
of progressive supranuclear palsy: a retrospective multicenter study
of 100 definite cases. Mov Disord 2014;29:1758-66.

Hoglinger GU, Respondek G, Stamelou M, et al. Clinical diagnosis
of progressive supranuclear palsy: the movement disorder Society
criteria. Mov Disord 2017;32:853-64.

Ali F, Martin PR, Botha H, et al. Sensitivity and specificity of
diagnostic criteria for progressive supranuclear palsy. Mov Disord
2019;34:1144-53.

Arena JE, Weigand SD, Whitwell JL, et al. Progressive supranuclear
palsy: progression and survival. J Neurol 2016;263:380-9.

Chiu WZ, Kaat LD, Seelaar H, et al. Survival in progressive
supranuclear palsy and frontotemporal dementia. J Neurol Neurosurg
Psychiatry 2010;81:441-5.

Papapetropoulos S, Gonzalez J, Mash DC. Natural history of
progressive supranuclear palsy: a clinicopathologic study from a
population of brain donors. Eur Neurol 2005;54:1-9.

Nath U, Ben-Shlomo Y, Thomson RG, et al. Clinical features and
natural history of progressive supranuclear palsy: a clinical cohort
study. Neurology 2003;60:910-6.

Glasmacher SA, Leigh PN, Saha RA. Predictors of survival in
progressive supranuclear palsy and multiple system atrophy: a
systematic review and meta-analysis. J Neurol Neurosurg Psychiatry
2017;88:402-11.

Cosseddu M, Benussi A, Gazzina S, et al. Natural history and
predictors of survival in progressive supranuclear palsy. J Neurol Sci
2017;382:105-7.

Fahn S, Elton RL. Unified Parkinsons disease rating scale. Recent
Dev Park Dis 1987;2:153-63.

Golbe LI, Ohman-Strickland PA. A clinical rating scale for progressive
supranuclear palsy. Brain 2007;130:1552-65.

Hall DA, Forjaz MJ, Golbe LI, et al. Scales to assess clinical features
of progressive supranuclear palsy: MDS Task force report. Mov
Disord Clin Pract 2015;2:127-34.

O'Sullivan SS, Massey LA, Williams DR, et al. Clinical outcomes of
progressive supranuclear palsy and multiple system atrophy. Brain
2008;131:1362-72.

Brittain C, McCarthy A, Irizarry MC, et al. Severity dependent
distribution of impairments in PSP and CBS: interactive
visualizations. Parkinsonism Relat Disord 2019;60:138-45.

Bang J, Lobach IV, Lang AE, et al. Predicting disease progression

in progressive supranuclear palsy in multicenter clinical trials.
Parkinsonism Relat Disord 2016;28:41-8.

Litvan I, Kong M. Rate of decline in progressive supranuclear palsy.
Mov Disord 2014;29:463-8.

Hewer S, Varley S, Boxer AL, et al. Minimal clinically important
worsening on the progressive supranuclear palsy rating scale. Mov
Disord 2016;31:1574-7.

Kroonenberg PM, Oort FJ, Stebbins GT, et al. Motor function in
Parkinson’s disease and supranuclear palsy: simultaneous factor
analysis of a clinical scale in several populations. BMC Med Res
Methodol 2006;6:1-13.

Gerstenecker A. The neuropsychology (broadly conceived)

of multiple system atrophy, progressive supranuclear palsy,

and corticobasal degeneration. Arch Clin Neuropsychol
2017;32:861-75.

Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 1975;12:189-98.

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Nasreddine ZS, Phillips NA, Bédirian V, et al. The Montreal cognitive
assessment, MoCA: a brief screening tool for mild cognitive
impairment. J Am Geriatr Soc 2005;53:695-9.

Fiorenzato E, Weis L, Falup-Pecurariu C, et al. Montreal cognitive
assessment (MoCA) and Mini-Mental state examination (MMSE)
performance in progressive supranuclear palsy and multiple system
atrophy. J Neural Transm 2016;123:1435-42.

Lu Z, Buchanan T, Kennard C, et al. The effect of levodopa

on saccades - Oxford Quantification in Parkinsonism studly.
Parkinsonism Relat Disord 2019;68:49-56.

Hoehn MM, Yahr MD. Parkinsonism: onset, progression, and
mortality. 1967. Neurology 1998;50:318.

Delis DC, Kaplan E, Kramer JH. Delis-Kaplan executive function
system, 2001.

Schwab RS. Projection technique for evaluating surgery in
Parkinson’s disease. In: Third symposium on Parkinson’s disease.
E&S Livingstone, 1969: 152-7.

Pinto TCC, Machado L, Bulgacov TM, et al. Is the Montreal Cognitive
Assessment (MoCA) screening superior to the Mini-Mental State
Examination (MMSE) in the detection of mild cognitive impairment
(MCI) and Alzheimer's disease (AD) in the elderly? Int Psychogeriatr
2019;31:491-504.

Hoops S, Nazem S, Siderowf AD, et al. Validity of the MoCA and
MMSE in the detection of MCI and dementia in Parkinson disease.
Neurology 2009;73:1738-45.

Goel D, Vyas A. The cognitive profile and executive function of

progressive supranuclear palsy and multiple system atrophy patients.

Indian J Med Spec 2019;10:84.

Donker Kaat L, Boon AJW, Kamphorst W, et al. Frontal presentation
in progressive supranuclear palsy. Neurology 2007;69:723-9.
Ghosh BCP, Carpenter RHS, Rowe JB. A longitudinal study of motor.
In: Oculomotor and cognitive function in progressive supranuclear
palsy., 2013: 8, 1-14.

Boxer AL, Lang AE, Grossman M, et al. Davunetide in patients
with progressive supranuclear palsy: a randomised, double-blind,
placebo-controlled phase 2/3 trial. Lancet Neurol 2014;13:676-85.
Whitwell JL, Xu J, Mandrekar JN, et al. Rates of brain atrophy and
clinical decline over 6 and 12-month intervals in PSP: determining
sample size for treatment trials. Parkinsonism Relat Disord
2012;18:252-6.

Stamelou M, Schope J, Wagenpfeil S, et al. Power calculations and
placebo effect for future clinical trials in progressive supranuclear
palsy. Mov Disord 2016;31:742-7.

De Vos M, Prince J, Buchanan T, et al. Discriminating progressive
supranuclear palsy from Parkinson's disease using wearable
technology and machine learning. Gait Posture 2020;77:257-63.
Golbe LI, Ohman-Strickland P, Beisser EB, et al. A convenient
prognostic tool and staging system for progressive supranuclear
palsy. Mov Disord Clin Pract 2020;7:664-71.

Jecmenica-Lukic M, Petrovic IN, Pekmezovic T, et al. Clinical
outcomes of two main variants of progressive supranuclear palsy
and multiple system atrophy: a prospective natural history study. J
Neurol 2014;261:1575-83.

Rivaud-Péchoux S, Vidailhet M, Brandel JP, et al. Mixing pro- and
antisaccades in patients with parkinsonian syndromes. Brain
2007;130:256-64.

Piot I, Schweyer K, Respondek G, et al. The progressive
supranuclear palsy clinical deficits scale. Mov Disord
2020;35:650-61.

Pereira MF, et al. BMJ Neurol Open 2022;4:000214. doi:10.1136/bmjno-2021-000214

1ybuAdoa Aq pa1oaloid ((INZQA) “A '@ usbunyuenyi3 annelauabapoinaN
In} wnauaz sayasinaq 1e gzog ‘0T aunr uo /wod fwqg uadoAbojoinauy/:dny woly papeojumoq ‘gz0g Alenuer Tg Uo $T2000-T20Z-oulwag/9eTT 0T Se paysignd 1siiy :uadQ |oInaN CING


http://dx.doi.org/10.1002/mds.26054
http://dx.doi.org/10.1002/mds.26987
http://dx.doi.org/10.1002/mds.27619
http://dx.doi.org/10.1007/s00415-015-7990-2
http://dx.doi.org/10.1136/jnnp.2009.195719
http://dx.doi.org/10.1136/jnnp.2009.195719
http://dx.doi.org/10.1159/000086754
http://dx.doi.org/10.1212/01.WNL.0000052991.70149.68
http://dx.doi.org/10.1136/jnnp-2016-314956
http://dx.doi.org/10.1016/j.jns.2017.09.043
http://dx.doi.org/10.1093/brain/awm032
http://dx.doi.org/10.1002/mdc3.12130
http://dx.doi.org/10.1002/mdc3.12130
http://dx.doi.org/10.1093/brain/awn065
http://dx.doi.org/10.1016/j.parkreldis.2018.08.025
http://dx.doi.org/10.1016/j.parkreldis.2016.04.014
http://dx.doi.org/10.1002/mds.25843
http://dx.doi.org/10.1002/mds.26694
http://dx.doi.org/10.1002/mds.26694
http://dx.doi.org/10.1186/1471-2288-6-26
http://dx.doi.org/10.1186/1471-2288-6-26
http://dx.doi.org/10.1093/arclin/acx093
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1111/j.1532-5415.2005.53221.x
http://dx.doi.org/10.1007/s00702-016-1589-3
http://dx.doi.org/10.1016/j.parkreldis.2019.09.029
http://dx.doi.org/10.1212/WNL.50.2.318
http://dx.doi.org/10.1017/S1041610218001370
http://dx.doi.org/10.1212/WNL.0b013e3181c34b47
http://dx.doi.org/10.4103/INJMS.INJMS_29_18
http://dx.doi.org/10.1212/01.wnl.0000267643.24870.26
http://dx.doi.org/10.1016/S1474-4422(14)70088-2
http://dx.doi.org/10.1016/j.parkreldis.2011.10.013
http://dx.doi.org/10.1002/mds.26580
http://dx.doi.org/10.1016/j.gaitpost.2020.02.007
http://dx.doi.org/10.1002/mdc3.13010
http://dx.doi.org/10.1007/s00415-014-7384-x
http://dx.doi.org/10.1007/s00415-014-7384-x
http://dx.doi.org/10.1093/brain/awl315
http://dx.doi.org/10.1002/mds.27964
http://neurologyopen.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Neurol Open

SUPPLEMENTAL MATERIAL

Supplemental table 1. Description of the OxQUIP study

The OxQUIP study is a large prospective cohort study of neurophysiological
Overview | piomarkers in parkinsonian patients, conducted at the John Radcliffe Hospital,
Oxford, UK.

The aim of OxQUIP is to develop novel methods of objective disease progression

Objective
measurement.
Procedures This is achieved by repeated administration of a battery of tests, according to a
structured protocol, at three-monthly intervals.
Notes The study was approved by the research ethics committee and the Health Research

Authority (REC 16/SW/0262).
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Supplemental table 2. Binary logistic regression for the assessment of risk factor for withdrawing the

study.
Odds 95% C.I.
p. value X
Ratio Lower Upper
Step1 Gender 0.225 0.144 0.006 3.305
Education 0.890 0.956 0.509 1.795
Time (months) since
onset of symptoms 0.242 1.045 0.971 1.125
Age at onset of
0.016 1.346 1.056 1.716
symptoms
MoCA - Total Score 0.746 0.945 0.670 1.332
Step 2 Gender 0.189 0.159 0.010 2.475
Time (months) since
onset of symptoms 0.236 1.043 0.973 1.119
Age at onset of
0.015 1.341 1.059 1.699
symptoms
MoCA - Total Score 0.649 0.933 0.694 1.256
Step 3 Sex 0.135 0.129 0.009 1.896
Time (months) since
onset of symptoms 0.211 1.046 0.975 1.122
Age at onset of
0.009 1.355 1.078 1.703
symptoms
Step 4 Gender 0.162 0.174 0.015 2.017
Age at onset of
0.010 1.335 1.071 1.665
symptoms
Step 5 Age at onset of
0.013 1.310 1.058 1.622

symptoms
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Supplemental figure 1. Comparison of demographic characteristics at baseline between participants who
completed all the visits and those who withdrew. Adjustment for multiple comparisons was made using

Bonferroni correction (p<0.005).
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