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Alexander G. Murley,1 Ian Coyle-Gilchrist,1,3 Luca Passamonti1,4 and James B. Rowe1,5

Progressive supranuclear palsy causes diverse clinical presentations, including classical Richardson’s syndrome and several variant

phenotypes. Clinical trials of disease-modifying therapies have recently been completed, with more planned for the next 2 years.

However, many people with progressive supranuclear palsy do not meet eligibility criteria for these clinical trials. Understanding

clinical progression with different phenotypes would improve trial design and enhance the accuracy of risk–benefit and cost–benefit

assessments of new treatments for progressive supranuclear palsy. We set out to determine rates of motor and cognitive progression

of possible, probable and definite progressive supranuclear palsy, with different phenotypes, from a representative cohort in a re-

gional UK healthcare service. Longitudinal clinical data from people with Richardson’s syndrome and variant phenotypes were

analysed using linear mixed-modelling, using both the full and modified versions of the Progressive Supranuclear Palsy Rating

Scale, Mini-Mental State Examination and the revised Addenbrooke’s Cognitive Examination. Subgroup analyses considered

patients meeting recent Phase II trial entry criteria and patients with neuropathological confirmation. Two hundred and twenty-

seven patients [male¼ 59%, mean age (6standard deviation), 71.8 (67.0) years] were followed for a mean 21.6 (615.6) months.

One hundred and seventy-four (77%) had Richardson’s syndrome at the outset, 25 had cortical variant presentations (13%, front-

al, corticobasal, speech and language variants) and 28 had subcortical variant presentations (14%, parkinsonism, postural instabil-

ity and gait freezing variants). Across all participants, annual progression in Richardson’s syndrome was faster than variant pheno-

types on the Mini-Mental State Examination (�1.8 versus �0.9/year, P¼ 0.005) and revised Addenbrooke’s Cognitive

Examination (�5.3 versus �3.0/year, P¼0.01) but not the Progressive Supranuclear Palsy Rating Scale (9.0 versus 7.1/year,

P¼ 0.2) nor the modified Progressive Supranuclear Palsy Rating Scale (2.7 versus 2.3/year, P¼0.4). However, for those with more

than 1 years’ follow-up, a significant difference was observed between Richardson’s syndrome and variant phenotypes in

Progressive Supranuclear Palsy Rating Scale (8.7 versus 6.3/year, P¼0.04). Survival was longer in variant phenotypes than

Richardson’s syndrome [7.3 (63.9) versus 5.6 (62.0) years, P¼0.02]. Pathologically confirmed cases (n¼ 49) supported these

findings. Patients meeting basic trial-eligibility criteria (n¼ 129) progressed faster on the Progressive Supranuclear Palsy Rating

Scale than trial-not-eligible patients (10.1 versus 6.1/year, P¼0.001). In conclusion, phenotypes other than Richardson’s syndrome

show slower progression and longer survival. Trial criteria do not select representative progressive supranuclear palsy cases. This

has implications for trial design, and application of trial results to clinically more diverse patient populations.
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Introduction
When the International Movement Disorders Society

endorsed study group for progressive supranuclear palsy

(PSP) revised the clinical diagnostic criteria, a major aim

was to improve patient access to clinical trials.1 The revi-

sion also succeeded in increasing diagnostic sensitivity to

clinical phenotypes other than the classical ‘Richardson’s

syndrome’.2,3 The ‘variant’ presentations of PSP include

those with predominant gait freezing, parkinsonism, be-

havioural/dysexecutive or frontal, oculomotor, speech and

language, corticobasal or postural instability features,

without the combination of classical symptoms to meet

Richardson’s syndrome criteria. Approximately half of

people with PSP pathology may present with a variant

phenotype,4,5 which can be divided broadly into ‘cortical’

(e.g. frontal, corticobasal, speech and language) and ‘sub-

cortical’ groups (e.g. parkinsonism, predominant gait

freezing, postural instability, oculomotor).4–6 Clinical pro-

gression and the distribution of neuropathology differs

between Richardson’s syndrome, cortical and subcortical

phenotypes.5,7 The prognosis of Richardson’s syndrome is

poor, with typical survival 5–7 years from onset, or 3–

4 years from diagnosis,8–13 but less is known about prog-

nosis in phenotypic variants.

Several large-scale multicentre clinical trials of disease-

modifying therapies have been undertaken in PSP,14,15 with

several more Phase II studies planned (e.g. NCT04008355,

NCT04184063, NCT03446807, NCT04253132). However,

these trials have been constrained by (i) potential ascertain-

ment biases, (ii) restricted phenotypes and (iii) reliance on

clinical diagnostic criteria with long delays to pathological

confirmation. Together, these factors may impair the gener-

alizability of clinical trial outcomes even when a future

compound proves effective to slow the course of disease.

Our study therefore considers the rate of progression over a

range of PSP phenotypes identified in a regional healthcare

service, using common measures of disease severity.

We consider the participants in three groups: (i) a full

natural history cohort, clinically representative of the re-

gional UK healthcare service, (ii) a subset meeting princi-

pal inclusion/exclusion criteria to a recent multicentre

clinical trial (NCT03068468) and (iii) a subset with

neuropathological confirmation. Recent clinical trials have

combined inclusion and exclusion criteria that effectively

exclude a large proportion of patients with symptomatic

PSP principally due to restrictive diagnostic (e.g.

Richardson’s syndrome only) and disease course (e.g.

presence of symptoms for <5 years) specifications.

Notwithstanding the negative results of recent Phase II/III

trials, they raise the issue of generalizability of successful

outcomes to a broader range of phenotypes and stages.

Specifically, if the rate of progression of different pheno-

types differs, then the risk–benefit ratio and cost–benefit

ratio of a treatment may differ.

For each of the three groups, we evaluate progression

in terms of widely used measures of motor, cognitive and

global function. The PSP Rating Scale (PSPRS)16 is widely

used in clinical practice, observational cohorts and clinic-

al trials. Annual progression of the total score (0–100) is

commonly reported at 9–12 points in Richardson’s syn-

drome,17 with higher progression scores accurately pre-

dicting poorer survival in meta-analysis of multiple

studies.8 However, the standard 28-item PSPRS has also

been criticized for inclusion of items that are not patient-

centred. A modified version (mPSPRS) uses a subset of

14 items focused on more clinically meaningful and pa-

tient-relevant outcomes although missing several cognitive

Graphical Abstract

2 | BRAIN COMMUNICATIONS 2021: Page 2 of 13 D. Street et al.



and behavioural items.18 Cognitive and behavioural

changes are common in PSP, with apathy, impulsivity

and language or executive dysfunction preceding or

accompanying classical motor features.19–24 Such cogni-

tive features of PSP predict survival.8,9,25–27 In contrast to

subcortical variants of PSP phenotypes, the rate of pro-

gression of cortical variant phenotypes inferred from

cross-sectional data is similar to Richardson’s syndrome5

although survival may be longer.28 For this study we

used Mini-Mental State Examination (MMSE) and

revised Addenbrooke’s Cognitive Examination (ACE-R)

scores as markers of cognitive function.

Here, we assess the impact of cohort selection and

phenotypic variance on the rate of disease progression.

We predicted that those eligible for clinical trials progress

differently to the wider spectrum of people with PSP, but

that the clinicopathological correlations are high enough

that the progression of non-trial participants is not a re-

sult of diagnostic error.

Materials and methods

Participants

The study is set in the National Health Service (NHS)

specialist PSP clinic in Cambridge, UK. This clinic

receives referrals from primary care sources as well as

movement disorders, cognitive disorders and gerontologic-

al secondary care services. Between June 2007 and

November 2019, 227 patients were assessed with consent

for their data to be used for observational research; and

retrospectively identified as fitting 2017 Movement

Disorders Society Criteria1 for a diagnosis of ‘probable’

or ‘possible’ PSP. Data from clinical care records (with

consent) were augmented by data from the observational

studies including the epidemiological Pick’s Disease and

Progressive Supranuclear Palsy: Prevalence and Incidence

protocol (PIPPIN)10 and the ‘Diagnosis and prognosis in

PSP and CBD’ protocol.17 The Cambridge University

Hospitals NHS Trust uses EPIC Healthcare records since

2014, with paper records and alternative electronic med-

ical records before 2014. Cases of multiple PSP diagnoses

at presentation were resolved under the hierarchical mul-

tiple allocations extinction criteria.29 The census date was

set as 9 February 2021.

Neuropathological confirmation was available for 49

patients who donated their brain to the Cambridge Brain

Bank. ‘Variant PSP’ cases include all those with a PSP-

phenotype other than Richardson’s syndrome at first clin-

ic attendance, acknowledging that the majority of variant

cases progress to Richardson’s syndrome during the

course of disease.2

We repeated the principal analyses after additional appli-

cation of the general inclusion/exclusion criteria from a re-

cent Phase II clinical trial (NCT03068468) using medical

records including known medical conditions, prior or

concomitant drug therapies and laboratory test findings.

These general criteria are listed in Supplementary Table 1

and are similar to other recent trials of disease-modifying

therapies in PSP (NCT04253132, NCT02985879,

NCT04185415). Independent ambulation was defined

according to a score on the Gait section of the first presen-

tation PSPRS of �3.

The study was conducted in accordance with the 1964

Helsinki declaration and fulfilled the criteria of the

STROBE Statement. Participants gave written, informed

consent. Local ethical approval was granted for the ‘Pick’s

Disease and Progressive Supranuclear Palsy Prevalence and

Incidence’ protocol (12/EE/0475) by the East of England

Cambridge Central Research Ethics Committee in October

2015 and the ‘Diagnosis and prognosis in Progressive

Supranuclear Palsy and Corticobasal Degeneration’ protocol

(07/Q0102/3) in March 2007 by the East of England Essex

Research Ethics Committee. The neuropathological data

were obtained with ethical approval from the Health

Research Authority, NHS England (IRAS—202 802,

‘Neurodegeneration Research in Dementia’). Where mental

capacity was lost later in the course of the illness, or after

death, data were retained in accordance with the original

consent.

Statistical analysis

Electronic data capture tools were hosted at the University

of Cambridge for curation and management of data.30,31 R

studio (version 4.0.3, R Core Team, 2020) was used for

the analysis of demographic and clinical data. Missing

observations in individual subscores constituted <2% of the

dataset and were imputed using the Multiple Imputation

via Chained Equations (mice) package.32 Longitudinal

annualized progression was estimated by construction of a

generalized linear mixed-effects model in R studio using the

‘lme4’ package.33 Total PSPRS, mPSPRS, MMSE or ACE-R

scores were included in separate models as dependent varia-

bles, with fixed effects of the first corresponding score and

time interval in years for each follow-up visit from baseline

(without interaction terms). Random effects were tested,

under the assumption that intercepts and slope may differ

between subjects. Neither normality nor homoscedasticity of

residual plots was deviated from. For each clinical/cognitive

outcome, the annual rate of change is represented by the

estimated slope of the linear relationship between test-specif-

ic scores and time, accounting for individual differences.

The Shapiro–Wilk test was used to assess for normality

of data distribution. Comparison of means was per-

formed using the independent samples t-test when nor-

mally distributed and the Kruskal–Wallis test when not

normally distributed. Mean values of continuous data are

expressed with their associated standard deviations and

mean values of progression data with associated 95%

confidence intervals (CIs). Categorical data were com-

pared using the Chi square test. Variables within the sur-

vival model are detailed along with their associated
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hazard ratios (HRs) and 95% CI. The log-rank test was

used to compare survival curves. For all analyses, signifi-

cance level was adjusted by Bonferroni’s correction and a

P-value <0.05 was considered significant. The ‘survival’34

and ‘survminer’35 packages in R studio were used to con-

struct Cox Survival regression models. The

‘BayesFactor’36 package was used for supplementary

Bayesian analysis.

Data availability

Anonymized derived data will be available upon reason-

able request to the senior author, for academic non-com-

mercial purposes, subject to potential limitations to

protect participant confidentiality and maintain General

Data Protection Regulation compliance.

Results

Demographics and visit statistics

Demographic data are presented in Table 1 and

Supplementary Table 2 with frequentist tests. The

Bayesian analysis of demographic data is available in

Supplementary Table 3. The median number of assess-

ments was 3, maximum 12. Sixty patients had only one

PSPRS recorded during the data capture period. Such sin-

gle attenders were older [73.5 6 7.7 years versus

71.2 6 6.7 years, v2 (1) ¼ 4.4, P¼ 0.04], and more severe

at presentation [PSPRS 41.9 6 16.1 versus 36.2 6 13.7, v2

(1) ¼ 5.5, P¼ 0.02] and were more likely to have a

Richardson’s syndrome diagnosis [88% versus 73%, v2

(1) ¼ 5.9, P¼ 0.02] than multiple attenders. Single and

multiple attenders were similar in time from symptom

onset to first attendance [3.6 6 2.1 versus 3.5 6 2.3 years,

t(114) ¼ �0.3, P¼ 0.8] and sex [60% male versus 58%

male, v2 (1) ¼ 0.1, P¼ 0.8]. Single attenders were

included in the cohort analysis to represent our natural

history population more accurately. ‘Variant PSP’ case

diagnoses are shown in Fig. 1. Of these, the majority

had converted clinically to Richardson’s syndrome by

study end-point (41/53, 77%).

One hundred and twenty-nine of the 227 participants

(56%) were deemed likely to have met criteria for the

Phase II clinical trial at first presentation. The principal

reasons for not meeting criteria were a variant diagnosis

at first presentation, lack of independent ambulation,

presence of PSP symptoms for more than 5 years and

MMSE <20. Forty-nine people had post-mortem confirm-

ation of PSP pathology. One individual had post-mortem

confirmation of an alternative primary pathology (alpha-

synuclein) and was excluded from analysis.

PSP onset and survival

Symptom duration and survival data are displayed in

Table 1 and Supplementary Table 2. Variant diagnoses T
a
b

le
1

C
li
n

ic
a
l
a
n

d
d

e
m

o
g
ra

p
h

ic
c
h

a
ra

c
te

ri
st

ic
s

o
f
th

e
st

u
d

y
p

o
p

u
la

ti
o

n
b
y

d
is

e
a
se

p
h

e
n

o
ty

p
e

C
li
n

ic
a
l
d

ia
g
n

o
si

s
o

f
P

S
P

A
ll

P
S

P
P

S
P

R
S

A
ll

V
a
ri

a
n

t
C

o
rt

ic
a
l

S
u

b
c
o

rt
ic

a
l

R
S

v
s

v
a
ri

a
n

t

P
-v

a
lu

e

R
S

v
s

c
o

rt
ic

a
l

P
-v

a
lu

e

R
S

v
s

su
b

c
o

rt
ic

a
l

P
-v

a
lu

e

C
o

rt
ic

a
l
v
s

su
b

c
o

rt
ic

a
l

M
e
a
n

6
S

D
M

e
a
n

6
S

D
M

e
a
n

6
S

D
M

e
a
n

6
S

D
M

e
a
n

6
S

D

(n
5

2
2
7
)

(n
5

1
7
4
)

(n
5

5
3
)

(n
5

2
0
)

(n
5

2
8
)

A
ge

at
fi
rs

t
vi

si
t

(y
e
ar

s)
7
1
.8

6
7
.0

7
1
.8

6
7
.4

7
1
.8

6
5
.9

7
2
.3

6
5
.7

7
1
.5

6
6
.2

1
0
.7

0
.8

0
.7

A
ge

at
o
n
se

t
(y

e
ar

s)
6
8
.4

6
7
.0

6
8
.8

6
7
.1

6
7
.4

6
6
.7

6
8
.9

6
6
.1

6
6
.3

6
7
.1

0
.3

0
.9

0
.1

0
.2

A
ge

ra
n
ge

at
fi
rs

t
vi

si
t

(y
e
ar

s)
4
8
–
9
2

4
8
–
9
2

5
9
–
8
2

6
0
–
8
0

5
9
–
8
2

D
u
ra

ti
o
n

fr
o
m

o
n
se

t
to

fi
rs

t
vi

si
t

(y
e
ar

s)
3
.4

6
2
.0

3
.1

6
1
.7

4
.4

6
2
.8

3
.4

6
1
.5

5
.2

6
3
.3

0
.0

0
1

0
.3

<
0
.0

0
1

0
.0

1

D
u
ra

ti
o
n

o
f
cl

in
ic

fo
llo

w
-u

p
(m

o
n
th

s)
2
1
.6

6
1
5
.6

2
0
.0

6
1
4
.3

2
6
.4

6
1
8
.5

2
1
.1

6
1
1
.9

3
0
.0

6
2
2
.1

0
.0

5
0
.4

0
.1

0
.2

Se
x

(m
al

e
/f
e
m

al
e)

(%
)

1
3
3
/9

4
(5

9
/4

1
)

9
9
/7

5
(5

7
/4

3
)

3
4
/1

9
(6

4
/3

6
)

1
3
/7

(6
5
/3

5
)

1
9
/9

(6
8
/3

2
)

0
.4

0
.6

0
.4

1

S
u

rv
iv

a
l
a
c
c
o

rd
in

g
to

c
li
n

ic
a
l
d

ia
g
n

o
si

s

A
ll

P
S

P
P

S
P

R
S

V
a
ri

a
n

t
C

o
rt

ic
a
l

S
u

b
c
o

rt
ic

a
l

R
S

v
s

v
a
ri

a
n

t

P
-v

a
lu

e

R
S

v
s

c
o

rt
ic

a
l

P
-v

a
lu

e

R
S

v
s

su
b

c
o

rt
ic

a
l

P
-v

a
lu

e

C
o

rt
ic

a
l
v
s

su
b

c
o

rt
ic

a
l

P
-v

a
lu

e
M

e
an

6
SD

M
e
an

6
SD

M
e
an

6
SD

M
e
an

6
SD

M
e
an

6
SD

(n
¼

1
7
7
)

(n
¼

1
4
1
)

(n
¼

3
6
)

(n
¼

1
5
)

(n
¼

1
7
)

D
u
ra

ti
o
n

fr
o
m

o
n
se

t
to

d
e
at

h
(y

e
ar

s)
6
.0

6
2
.6

5
.6

6
2
.0

7
.3

6
3
.9

6
.1

6
2
.3

8
.7

6
5
.0

0
.0

2
0
.7

<
0
.0

0
1

0
.0

7

D
u
ra

ti
o
n

fr
o
m

fi
rs

t
vi

si
t

to
d
e
at

h
(y

e
ar

s)
2
.5

6
1
.5

2
.5

6
1
.5

2
.6

6
1
.7

2
.5

6
1
.4

3
.0

6
2
.1

0
.6

1
.0

0
.4

0
.4

A
ge

at
d
e
at

h
(y

e
ar

s)
7
4
.3

6
6
.7

7
4
.2

6
6
.8

7
4
.6

6
6
.2

7
5
.2

6
6
.3

7
4
.0

6
6
.7

0
.7

0
.9

1
0
.6

Se
x

(m
al

e
/f
e
m

al
e)

(%
)

1
0
4
/7

3
(5

9
/4

1
)

8
2
/5

9
(5

8
/4

2
)

2
2
/1

4
(6

1
/3

9
)

8
/7

(5
3
/4

7
)

1
2
/5

(7
1
/2

9
)

0
.9

0
.9

0
.5

0
.5

P
SP
¼

p
ro

gr
e
ss

iv
e

su
p
ra

n
u
cl

e
ar

p
al

sy
;R

S
¼

R
ic

h
ar

d
so

n
’s

sy
n
d
ro

m
e
;
SD
¼

st
an

d
ar

d
d
ev

ia
ti
o
n
.

4 | BRAIN COMMUNICATIONS 2021: Page 4 of 13 D. Street et al.

https://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcab206#supplementary-data
https://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcab206#supplementary-data
https://academic.oup.com/braincomms/article-lookup/doi/10.1093/braincomms/fcab206#supplementary-data


presented to clinic over a year later after symptom onset

than Richardson’s syndrome but the duration of follow-

up to last clinical review was similar. This effect was

driven by the subcortical group which presented on aver-

age 2 years later than the Richardson’s syndrome group

whereas the cortical group presented to clinic after a

similar interval. Similar statistically significant absolute

differences were observed in the pathologically confirmed

subgroup between subcortical and Richardson’s syndrome

diagnoses.

One hundred and seventy-seven patients (78%) had

died by the census date, with a global mean survival of

6 years. Variant and Richardson’s syndrome groups were

similar in terms of age at death and duration from first

visit to death, although survival from first symptom was

longer in the variant group, again driven by the subcor-

tical group. Longer survival was also observed in the sub-

cortical group of pathologically confirmed subset versus

Richardson’s syndrome.

Re-analysis applied to those meeting clinical trial entry

criteria is presented in Table 2 and Supplementary Table

2. One hundred and twenty-nine patients (57%) met eli-

gibility criteria at first visit. Trial-eligible patients (‘Trial’)

were younger at first visit, presented to clinic sooner after

first symptom onset and had a shorter survival after first

symptom onset than not-eligible (‘Non-trial’) patients.

These between-group differences persisted when compar-

ing trial-eligible Richardson’s syndrome to trial-not-eli-

gible Richardson’s syndrome cases (n¼ 45) who also had

a shorter follow-up and shorter survival after first visit.

Kaplan–Meier curves and log-rank comparisons for all

patients from symptom onset to death with breakdown

according to phenotype are presented in Fig. 2. Variant

subtype (HR 0.47, 95% CI 0.33–0.66, P< 0.001) and

the subcortical phenotype (HR 0.37, 95% CI 0.20–0.68,

P¼ 0.001) were strong predictors of improved survival

versus Richardson’s syndrome. No additional effects of

age, sex or first PSPRS score were observed. Comparing

those who did, versus did not, meet criteria for clinical

trial, there was a survival advantage for members of the

non-trial group (HR 0.38, 95% CI 0.27–0.53,

P< 0.001), indicating that those typical of clinical trials

have a more aggressive disease course. Male sex (HR

1.93, 95% CI 1.02–3.69, P¼ 0.044) was associated with

poorer survival in the group with neuropathology.

Rate of progression

Progression data are displayed in Tables 3–5 and

Supplementary Table 4. In terms of the PSPRS, the

Richardson’s syndrome patients progressed faster than

variant patients by �2 points/year. Cortical patients pro-

gressed �2 points/year faster than subcortical patients.

Similar rates were found in the pathologically confirmed

cases of Richardson’s syndrome and variants. Faster pro-

gression in Richardson’s syndrome versus variant pheno-

types was not significant in the analysis of all patients

but it was significant for patients with more than

12 months follow-up. Progression in the cortical group

was neither significantly different from Richardson’s syn-

drome nor the cortical group. Progression of subscales of

the PSPRS did not differ between groups.

Using the mPSPRS, the Richardson’s syndrome pheno-

type again progressed faster than the variant group and

Figure 1 Variation in clinical diagnosis between presentation and end-point of study. Predominantly cortical and subcortical

categories are indicated along with overall number of patients and percentage of whole in individual segments. bvFTD ¼ behavioural variant

frontotemporal dementia; CBS ¼ corticobasal syndrome; F ¼ frontal; P ¼Parkinsonism; PGF ¼ predominant gait freezing; PI ¼ postural

instability; PSP ¼ progressive supranuclear palsy; RS ¼ Richardson’s syndrome; SL ¼ speech and language.
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cortical variants progressed faster than subcortical var-

iants, although not reaching statistical significance.

Absolute differences were <1 point/year between groups.

Similar rates were found in the pathologically confirmed

cases of Richardson’s syndrome versus variants (�1

point/year) with significant differences in the Limb score

between Richardson’s syndrome and variant groups (<1

point/year) and the total score between Richardson’s syn-

drome and subcortical groups (�3 points/year).

On cognitive measures, progression was significantly

faster in Richardson’s syndrome than the variant group

for ACE-R total score (�2 points/year) and MMSE (�1

point/year). Visuospatial and Language domain progres-

sion differed between Richardson’s syndrome and variant

groups, both by �1 point/year. Baseline Fluency was

poor across all groups (global mean score 5/14). ACE-R

progression in the subcortical group was slower than the

Richardson’s syndrome group (�3 points/year) with sig-

nificant differences in Visuospatial subscore (�1 point/

year). MMSE progression was slower in the subcortical

group than Richardson’s syndrome (�1 point/year). No

significant differences were observed between

Richardson’s syndrome and cortical groups. Similar rates

were observed in the pathologically confirmed cohort al-

though apart from the Visuospatial subscore between

Richardson’s syndrome and variant groups (�1 point/

year) and the Fluency score between Richardson’s syn-

drome and subcortical groups (�1 point/year), these did

not reach statistical significance.

In the comparison of those eligible versus not-eligible for

the trial, we found PSPRS progression rates were faster in

trial-eligible patients compared to trial-not-eligible patients

by �4 points per year. This difference persisted if consider-

ing only those with >6 and >12 months follow up.

Subgroup analysis demonstrated slower progression in

PSPRS by �5 points/year between trial-eligible and trial-

not-eligible Richardson’s syndrome in the groups with at

least 6 months and at least 12 months follow-up. Analysis

of the PSPRS subscores showed faster progression in

History and Gait in eligible patients (both �1 point/year).

Total mPSPRS progression was faster in trial-eligible

patients compared to trial-not-eligible patients with differen-

ces in History, Limb and Gait subscores (all <1 point/year).

No differences were found in ACE-R progression between

eligible and not-eligible patients as a whole. Progression in

MMSE (�2 points/year) and ACE-R (�4 points/year) total

scores and Language and Visuospatial subscores (�1 point/

year) was faster in the trial-not-eligible Richardson’s syn-

drome patients compared to the trial-not-eligible variant

patients. Similar trends were seen in the pathologically con-

firmed subgroup.

Discussion
The principal results of this longitudinal study are that (i)

variant presentations of PSP progress more slowly thanT
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the Richardson’s syndrome phenotype. Subcortical presen-

tations presented later to clinic, had slowest motor and

cognitive progression and longest survival; and (ii) only

half of patients were considered likely to have met clinic-

al trial entry criteria, and this group showed faster motor

and cognitive progression and shorter survival than those

not meeting trial criteria. A fifth of the cohort had patho-

logical confirmation of the PSP diagnosis, among whom

the subgroup progression rates were similar to the main

study group, suggesting that diagnostic error is not the

cause of differential progression rates.

The effects of subgroup on progression were similar for

the 14-item mPSPRS compared to the 28-item PSPRS.

History and Gait subscores contributed most to the accel-

erated progression in trial-eligible patients versus trial-

not-eligible patients. It is encouraging that the shorter

mPSPRS score, focused on clinically meaningful disease

milestones, performed similarly to the PSPRS in quantify-

ing differential progression rates between our study

groups although did not reach statistical significance.

The PSPRS progression rate is in line with previous ob-

servational studies and clinical trials of Richardson’s syn-

drome.5,15,17,37,38 However, clinical trial entry criteria

from these studies would have excluded almost half of

the current clinical PSP population at first presentation.

Nonetheless, for those meeting criteria, we confirmed

similar progression rates as in earlier reports. The chal-

lenge, however, is to understand the progression of the

cases that would not have met entry criteria in past—or

imminent—Phase II/III clinical trials. This trial-not-eligible

group is heterogeneous, including variant PSP phenotypes

and many with Richardson’s syndrome. The Richardson’s

syndrome population within the trial-not-eligible group

progressed slower than their trial-eligible counterparts,

suggesting that the difference observed is not solely

driven by variant diagnoses in the not-eligible group. The

identification of slower progression in this group has

implications for clinical trial representativeness and the

application of findings from a successful clinical trial to

the PSP population as a whole: if not-eligible cases have

a slower rate of progression, caution would be needed

when attempting to generalize risk–benefit and cost–bene-

fit analyses from clinical trials to the whole PSP popula-

tion. The use of clinical trial cohort data as a proxy for

natural history progression, or for simulation and plan-

ning of clinical trials and drug development, may be

Figure 2 Survival analysis from symptom onset to death. Analysis was performed using a Cox regression model split according to

diagnostic groups with associated number at risk tables below each plot. Displayed P-values represent pairwise log-rank comparisons with

correction for multiple comparisons. (A) PSP-Richardson’s syndrome (PSPRS) and variant groups. (B) PSPRS, PSP-cortical (PSP-C) and PSP-

subcortical (PSP-SC). (C) Trial eligible and trial-not-eligible groups. (D) Trial eligible Richardson’s syndrome [Trial (RS)], trial-not-eligible

Richardson’s syndrome [Non-trial (RS)] and trial-not-eligible variant syndrome [Non-trial (Variant)].
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inaccurate with respect to a significant proportion of

patients with PSP.

Richardson’s syndrome constituted the majority of our

dataset (174/227, 77%) at first presentation, as in previous

studies.6,39 The majority of other, variant, presentations

converted clinically to Richardson’s syndrome during the

follow-up period (41/53, 77%) confirming Richardson’s

syndrome as the predominant eventual phenotype during

the full disease course (215/227, 95%). Those presenting

with Richardson’s syndrome presented to clinic earlier after

symptom onset but progressed faster than variant patients.

This finding was particularly apparent when considering the

Richardson’s syndrome population eligible for current clinic-

al trials. The reason for this earlier presentation is not

known. It may reflect unique features of the UK healthcare

system’s referral pathways, but awareness of PSP is low glo-

bally, and awareness of variant phenotypes even more so.

Historically, poor recognition of early features and delayed

referral to specialist services have been blamed,40 although

a marginal improvement in time to diagnosis has been

observed in recent decades.9,40 Misdiagnosis of PSP (as

Parkinson’s disease, depression or stroke among others) is

common internationally.41,42

Variant presentations took longer to present to clinic,

indicating a lost window of opportunity for disease-modify-

ing therapies. This may in part be related to poorer recog-

nition of such phenotypes prior to publication of the

revised diagnostic criteria in 2017. However, they then

went on to have slower rates of progression and longer sur-

vival during follow-up. In keeping with a multicentre longi-

tudinal study,5 subcortical presentations of PSP had distinct

disease characteristics demonstrable on multiple assessment

methods of cognitive and motor function. We confirm the

survival benefit of this subcortical group, as demonstrated

in a recent multicentre brain-bank study.43

The PSPRS includes several questions related to cognitive

function and behaviour. It is unfortunate that these were

removed from the mPSPRS, even though cognitive and be-

havioural changes are major influences on quality of

life,44,45 carer burden46,47 and survival.26,27 Indeed, seven of

the nine cases originally described by Steele et al.48 had se-

vere cognitive impairment. Cognitive progression has previ-

ously been described with many screening tools, including

the MMSE,49,50 Montreal Cognitive Assessment50 and the

ACE-R,17,20 as well as more in-depth neuropsychological

assessments. Here, ACE-R and MMSE progression was

similar to previous work in Richardson’s syndrome,17,20,49

but there was slower decline in variant presentations com-

pared to RS. The subcortical group showed slower decline

than Richardson’s syndrome, and the cortical group.

Impairment in fluency, long established as a distinguishing

feature between PSP and Parkinson’s disease20,51 is very

poor at presentation across all phenotypes suggesting per-

haps that this is a very early marker of deterioration and a

focus for further work.

An advantage of this study is the embedding in a re-

gional healthcare service with referral pathways drawing

on movement disorders clinics, cognitive disorders clinics,

general neurology and gerontology. The main cohort is

therefore broadly representative of the regional PSP popu-

lation as a whole rather than a subset meeting clinical tri-

als criteria and was strengthened by neuropathological

confirmation in 49 patients.

The study has several limitations, in phenotyping, sub-

grouping for analysis and assessment tools. Since in most

cases, several years had passed from first symptom to

first assessment, important phenotype evolution may al-

ready have occurred. Moreover, the date of symptom

onset is challenging to estimate, especially for cognitive

and behavioural change: a first fall may be clearly

recalled, but subtler changes in personality or fluency

may not be. The lack of clarity over a start date will af-

fect the estimation of survival from onset to death. We

also rely on clinical diagnosis for the majority of cases,

with pathological confirmation obtained in only a fifth of

participants. The PSPRS is the most widely used severity

scale for PSP, but it may not be equally sensitive across

the array of symptoms present in variant syndromes.52

The proposed focus on patient-centred meaningful out-

comes in the mPSPRS does not address this particular

issue. There are analysis issues to consider. Our statistical

methods are similar to those used previously16,49 al-

though we incorporated more predictor variables in the

linear mixed model, with improved model fit. Our model

included participants with single assessments, although

confining to those with a follow-up period >6 or

12 months had a limited effect on absolute progression

rates in Richardson’s syndrome but did improve the dis-

tinction between Richardson’s syndrome and variant pre-

sentations. Nonetheless, even our broadly inclusive

longitudinal design does not account for phenotype soon

after symptom onset. This study draws on data from a single

site. Across different sites, differential referral pathways may

affect a clinics’ balance of phenotypes, where, for example,

the case mix in cognitive disorders clinics may vary from

clinics specialized in movement disorders or Parkinson’s dis-

ease. Familiarity with PSP variants, and the tools used to as-

sess them, may also affect diagnostic accuracy or delay. The

differential timelines for diagnosis between Richardson’s and

variant syndromes may itself be a function of the type of

centre to which a patient is referred: our centre receives refer-

rals from regional cognitive and movement disorders clinics,

which may have influenced the range of variant cases. In

view of limited sample sizes, we grouped variant cases into

one of two broad categories: ‘cortical’ and ‘subcortical’. This

division is not novel,5,7 but nonetheless represents an over-

simplification of diverse clinical syndromes.

A greater difficulty lies in trying to determine retro-

spective potential eligibility to a clinical trial. Only half

of our cohort nominally met trial criteria—and we ac-

knowledge that we did not take participants through the

invasive screening tests (e.g. electrocardiogram, bloods) or

consent processes, that may have raised additional exclu-

sions. Moreover, there are differences in inclusion/
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exclusion criteria between previous Phase II/III trials

(NCT00211224, NCT01187888, NCT01110720), related

in part to the trial compounds and tolerance of study

procedures. However, more recent trials (NCT03068468,

NCT04253132) have much in common in their criteria,

selecting those with Richardson’s syndrome and an upper

limit on time from symptom onset (e.g. <5 years). As

such, our trial-eligibility criterion is only an approxima-

tion, but one that is sufficient to highlight the problem of

prognostic bias. New trials may benefit from greater

inclusivity of the full spectrum of PSP, with consideration

of adjusted risk–benefit analyses and alternative outcome

measures for variant phenotypes.

In conclusion, variant presentations of PSP progress more

slowly than Richardson’s syndrome, and are not currently

well represented in clinical trial cohorts. People with PSP

but outside of clinical trial criteria constitute approximately

half of the PSP population as a whole at first visit.4,5

Future clinical trialists need to consider phenotypic variance

of PSP, and the impact of case selection on applicability of

the outcome of future trials. We hope that the results of

this study assist in modelling and planning of future trials,

to ensure the maximal benefit to the full spectrum of peo-

ple affected by this devastating disease.
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