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Abstract

Background: Primary lateral sclerosis (PLS) is a rare motor neuron disease characterized by progressive degeneration of
upper motor neurons, resulting in spasticity and disability. There is, however, mounting evidence that the disease is not
limited to upper motor neurons alone and that cognitive and behavioral changes within the spectrum of frontotemporal
dementia (FTD) are part of the clinical phenotype. Objectives: To provide an in-depth classification of the cognitive and
behavioral profiles of PLS by using the golden standard, a full neuropsychological evaluation, as well as a comprehensive
behavioral assessment in a cohort of 30 cases. Results: Only 7 out of 30 PLS patients scored within normal range on all
of the tests within our battery. The neuropsychological profile of PLS consists of deficits in social cognition (affective
theory of mind (ToM) in particular), fluency, executive functions and memory. Using the revised Strong criteria, we
could classify 57% of patients within the FTD spectrum (of which 17% had behavioral variant FTD). An additional
20% of patients had deficits which were not characteristic of FTD. Conclusions: This study confirms that PLS is not a
restricted phenotype (only affecting upper motor neurons) and that behavioral and cognitive changes are common.
Therefore, clinicians treating PLS patients should routinely assess cognition and behavior as part of routine care as cog-
nitive and behavioral changes impact management, decision-making and care-giver burden. This assessment should be
sensitive to the neuropsychological profile of PLS (social cognition (affective ToM in particular), fluency, executive func-
tions and memory) and behavioral changes.

Keywords: Primary lateral sclerosis; FTD; cognition; neuropsychological evaluation

Introduction restricted phenotype of ALS, meaning it is charac-
terized by isolated UMN degeneration (2). There
is, however, mounting evidence that PLS patients
may also develop cognitive and behavioral changes
within the spectrum of frontotemporal demen-
tia (FTD).

We recently performed a review of the litera-

Primary lateral sclerosis (PLS) is a rare neurodege-
nerative disease characterized by progressive
degeneration of upper motor neurons (UMN).
The clinical phenotype shows an insidious onset of
symptoms in the legs, which slowly and relatively
symmetrically ascends to the cervical and bulbar

regions in roughly half of PLS cases. In the
remaining patients the disease is characterized by
prominent bulbar symptoms with a patchier pat-
tern of progression (1).

Whether PLS is a separate disease or a subtype
of amyotrophic lateral sclerosis (ALS), is a long-
standing topic of debate. The most recent version

ture, in which we found that 2% of PLS patients
were reported to have co-morbid FTD and in 22%
of patients cognitive and/or behavioral changes
that did not fulfill formal diagnostic criteria (3).
However, given the rare nature of PLS, all studies
were small in size (often describing a single patient)
and most applied simple neuropsychological screen-

of the El Escorial criteria considers PLS to be a ing instruments. Our meta-analysis, which we
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performed with the aim of constructing the neuro-
psychological profile of PLS, shows deficits in
executive function, delayed verbal memory, psycho-
motor speed and fluency, but must be interpreted
with caution as we found high heterogeneity
between studies and large confidence intervals (3).
In a subsequent study, we screened 75 PLS
patients for cognitive and behavioral changes using
the Edinburgh Cognitive and Behavioral ALS
Screen (ECAS) (4), Frontal Assessment Battery
(FAB) (5) and Amyotrophic Lateral Sclerosis-
Frontotemporal Dementia-Questionnaire (ALS-
FTD-Q) (6). In this cohort 10% of PLS patients
were found to have behavioral variant FTD
(bvFTD) and deficits within the FTD-spectrum
were found in approximately 30% of cases (7).
Opverall it appears that changes within the FTD-
spectrum are a common and important feature of
PLS, that requires further investigation. In this
study, we, therefore, aim to provide an in-depth
characterization of the cognitive and behavioral pro-
file of PLS in a large cohort using the golden stand-
ard (full neuropsychological evaluation (NPE)) as
well as a comprehensive behavioral assessment.
Additionally, we examined whether the extent of
cognitive and behavioral impairment could be
related to disease severity and disease duration.

Material and methods
Participants

Patients with PLS were recruited between March
2016 and July 2016 from the outpatient clinic of
the University Medical Center Utrecht. Both inci-
dent and prevalent cases were eligible. All patients
were required to fulfill the criteria for PLS (8,9),
able to communicate verbally and able to provide
informed consent. Disease severity was assessed
using the ALSFRS-R (10) and we listed the num-
ber of regions that were affected (bulbar, upper-
and lower extremities) (Table 1). None of the
included patients had major comorbidity, a psychi-
atric disorder or another neurological disorder.
Spouses, family members or caregivers were
invited to fill out caregiver behavioral interviews.
The study was approved by the Medical Ethical
Committee of UMC Utrecht and written informed
consent was obtained from all participants.

Full neuropsychological evaluation

We administered a standardized neuropsychological
test battery. The following cognitive domains were
assessed with the subsequent tests: (1) Executive
functions: Trail Making Test (TMT") (11), Rule
shift cards (part of the Behavioral Assessment of the

'Regarding the TMT, we only used the TMT A-B score, since
this score is relatively independent of motor speed.
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Table 1. Demographic and clinical characteristics.

PLS (n=30)

Male (n (%)) 18 (60%)
Age at NPE (m yrs., (range)) 66.4 (49-82)
Disease duration at NPE (m yrs., (range)) 16.3 (7-31)
Bulbar onset (nz (%)) 3 (10%)
ALSFRS-R at NPE (m *SD) 31.9+6.9
Regions affected at NPE

Bulbar and spinal regions (n (%)) 20 (67%)

Upper and lower extremities only (# (%)) 6 (20%)

Lower extremities only (n (%)) 4 (13.3%)
Level of education

Grade school (n (%)) 1 (3.3%)

Secondary education (n (%)) 3 (10.0%)

Post-secondary non-tertiary education (n (%)) 13 (43.3%)

First stage of tertiary education (n (%)) 9 (30.0%)

University (n (%)) 4 (13.3%)
Handedness

Right (n (%)) 27 (90%)

Left (n (%)) 2 (6.7%)

Ambidextrous (n (%)) 1 (3.3%)
HADS

HADS - A score (m * SD) 3,623

HADS - D score (m*SD) 3.7%2.0

ALSFRS-R: Revised ALS Functional Rating Scale; NPE:
Neuropsychological Evaluation; HADS: Hospital Anxiety and
Depression Scale.

Dysexecutive Syndrome, BADS) (12), Brixton
Spatial Anticipation Test (13); Digit span (14); (2)
Social cognition: reading the mind in the eyes test
(15); Hinting task (16); (3) Verbal fluency: a phon-
emic verbal fluency test (3 letters, K,O,.M); (4)
Language: a short version of the Boston naming test
(17); (5) Memory: Rey’s Auditory Verbal Learning
Test (RAVLT) (18), the Corsi block tapping task
(19) and the Visual Association Test (VAT) (20);
(6) Visuospatial functions: Judgement of Line
Orientation (JLO) (21). An overview of the neuro-
psychological instruments including the most rele-
vant associated cognitive domains and processes per
test, with references to the applied normative values,
is given in Table 2.

Additional cogmitive and behavioral screening
mstruments

The Dutch version of the ECAS (4,32), FAB (5)
and ALS-FTD-Q (6) were administered on the
same day as the NPE, or less than one month
before or after the NPE. The ECAS is a brief
multi-domain screening tool that assesses executive
functions (including social cognition), language,
fluency, memory and visuospatial functions. In
addition to cognitive assessment, the ECAS con-
tains a behavioral interview based on the five
behavioral domains affected in bvFTD (4,32,33).
The FAB is a short screening battery sensitive to
frontal lobe dysfunction (5).

The ALS-FTD-Q is another caregiver interview
that contains 25 items assessing frequently
observed behavioral symptoms in patients with
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Table 2. Overview neuropsychological test battery.

Cognitive domain Test

Main cognitive process(es) Source normative data

Executive functions Trail Making Test - Part A

Trail Making Test - Part B

Trail Making Test (A - B)

Rule Shift Cards (BADS)

Digit Span Total score

Digit Span Forwards

Digit Span Backwards

Digit Span Sorting

Brixton Visuospatial
Anticipation Test

Hinting task

Reading the mind in the eyes

Social Cognition

Fluency Verbal fluency test
(letters K,O,M)

Language Boston naming test

Memory RAVLT (15-word test)

Immediate recall

Delayed recall

Delayed recognition

Corsi Block Tapping Task

Visual Association Task
Visuospatial functions JLO

Attention

Cognitive flexibility, Attention

Cognitive flexibility, Attention (22)
Cognitive flexibility (23)
Working memory, Attention: 24)
Attention

Working memory, Attention
Working memory, Attention

Cognitive flexibility (25)

Cognitive theory of mind?® (16)

Affective theory of mind?® (26)

Semantic memory, cognitive 27
flexibility, working memory

Visual perception/recognition, (28)
Lexical-semantic retrieval

Verbal episodic memory: (22)

Short-term memory, Attention
Long-term memory: recollection
Long-term memory: familiarity

Visuospatial short-term memory, (29)
Working memory

Associative memory (20)

Visuospatial perception 30)

BADS: Behavioral Assessment of the Dysexecutive Syndrome; RAVLT: Rey Auditory Verbal Learning Test; JLO: Judgement

of Line Orientation.

%Theory of mind (ToM) is the ability to reason about the thoughts, beliefs, and feelings of one’s self and others to predict
behavioral responses (31). ToM can be divided into a cognitive and affective component. The Hinting task looks at
cognitive ToM, which is focused on the beliefs, thought and intentions of others, whereas the Reading the mind in the eyes
test looks at affective ToM, which is focused on the interpretation of emotions.

ALS-FTD. The test is a paper questionnaire con-
sisting of multiple-choice questions. Scores on the
ALS-FTD-Q <21 are considered as normal, scores
> 22 indicate mild behavioral changes and scores
> 29 indicate severe behavioral changes (6).

Classification of patients

Patients were classified according to the revised
consensus criteria for the diagnosis of frontotem-
poral dysfunction in ALS by Strong et al. (34) in
the following categories: PLS with cognitive
impairment (CI), PLS with behavioral impairment
(BI), PLS with cognitive and behavioral impair-
ment (CBI), PLS with behavioral variant FTD
(bvFTD) and PLS with dementia (D). In addition
to the Strong criteria, we also used the classifica-
tion of “amnestic mild cognitive impairment
(aMCI)” for patients with memory deficits that
existed in isolation and that did not cause prob-
lems in daily life (7,35).

Analyses

Test results are reported as raw test scores,
medians and ranges are reported for the raw test
scores and corresponding percentiles, and the per-
centage of patients performing at or below the 5th
percentile. Normative data were acquired from a
variety of sources. Normative data was available

only in the form of a cutoff value for normality for
the FAB (<12) and the delayed recognition task of
the RAVLT (<27). Regarding the ECAS, we used
recent normative values corrected for age, gender
and education (32). Spearman correlations were
used to test: (1) the relationship between the num-
ber of abnormal cognitive domains and disease
duration, and (2) the number of abnormal cogni-
tive domains and disease severity (as assessed by
the ALSFRS-R). The same procedure was
repeated with the number of abnormal behavioral
domains according to the ECAS behavioral inter-
view. Statistical analyses were carried out using R
(version 3.5.1).

Results

Of a total of 37 PLS patients that were approached
for this study, 7 were excluded. Reasons for exclu-
sion were severe dysarthria (2 patients), change of
diagnosis to another unrelated disease (1 patient)
and the likely presence of an anxiety disorder or
depression, based on a score of > 11 on the anx-
iety and/or depression subscale of the Hospital
Anxiety and Depression Scale (HADS)(4 patients)
(36). Of the 30 included patients 21 had been
included in our aforementioned study using cogni-
tive screening instruments (7).



Not all patients were capable of completing the
full test battery for the following reasons; fatigue
(7%), impairment of the upper extremities (17%)
and severe bulbar impairment (10%). In several
cases, there was no spouse/caregiver we could
interview and, therefore, we could not perform a
behavioral assessment (20%). An overview of test
results is provided in Tables 3 and 4.

Overall, only 7 out of 30 patients scored com-
pletely within the normal range on all tests. This
means that in 77% of PLS patients we found an
abnormal performance on: (1) at least one cogni-
tive domain and/or (2) at least two behavioral
domains on the ECAS behavioral interview and/or
(3) the ALS-FTD-Q (score of >22). Impairment
was found in the following cognitive domains:
social cognition (affective theory of mind: 44%,

Table 3. Neuropsychological test results.
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cognitive theory of mind: 12%), fluency (27%),
executive functions (cognitive flexibility: 20%;
working memory: 10%) and memory (short and
long-term memory: 20% and 24% of patients,
respectively). Deficits in language and visuospatial
functions appeared to be relatively rare (abnormal
in 7% and 3% respectively).

The ECAS behavioral interview showed that
loss of sympathy was the most frequent behavioral
sign (20%) followed by apathy (13%), disinhib-
ition (10%), hyperorality (10%) and perseverative
or stereotyped behavior (10%). The ALS-FTD-Q
indicated mild behavioral changes in 3 patients
(13%) and severe behavioral changes in 4
patients (17%).

Patients were subsequently categorized according
to the revised Strong consensus criteria (Figure 1).

Test
Domain Test

N maximum

Performance <5th
percentile (n (%))

Percentile test result
(median (range))

Test score
(median (range))

Executive functions Trail Making Test - Part A 25 NA
Trail Making Test - Part B 24 NA
Trail Making Test (A - B) 24 NA

Rule Shift Cards (BADS) 30 NA

Digit Span Total score 29 19
Digit Span Forwards 19
Digit Span Backwards 19
Digit Span Sorting 19
Brixton Visuospatial 25 NA
Anticipation Test
ECAS; domain score 28 48
FAB ° 29 18
Social Cognition Hinting task 25 20
Reading the mind in 25 36
the eyes
ECAS; social cognition 28 12
tasks
Fluency Verbal fluency test 26 NA
(letters K,O,M)
ECAS; domain score 28 24
(letters T,N)
Language Boston naming test 30 90
ECAS; domain score 28 28
Memory RAVLT (15-word test) 25
e  Immediate recall 75
e  Delayed recall 15
e  Delayed recognition® 30
Corsi Block Tapping Task 28 144
Visual Association Task 27 24
ECAS; domain score 28 24
Visuospatial JLO 29 30
functions ECAS; domain score 28 12
ECAS composite ECAS total score 28 136
scores ECAS ALS-specific score 28 100
ECAS ALS-nonspecific 28 36

score

45.6 (26.6-245.3) NA NA?
107.5 (51.0-425.4) NA NA?
34 (1-90) 4 (17%)?
67 (1-87) 6 (20%)
8 (4 -15) 24 (2-96) 1 (3%)
8 (6-15) 24 (9-96) 0
9 (3-15) 38 (1-96) 3 (10%)
9 (3-14) 38 (1-90) 1 (3%)
16 (8-32) 54 (6-97) 0
34.5 (22-46) 25 (2-95) 3 (11%)
15 (9-18) NA 2 (7%)
18 (12-20) 43 (1-86) 3 (12%)
22 (16-28) 14 (1-76) 11 (44%)
12 (9-12) NA NA
29 (8-57) 19 (1-95) 7 (27%)
20 (12-24) 48 (1-99) 2 (7%)
83 (64-90) 37 (1-90) 2 (7%)
26.5 (20-28) 47 (1-93) 3 (11%)
40 (16-52) 18 (1-84) 5 (20%)
7 (0-14) 27 (1-95) 3 (12%)
29 (22-30) NA 6 (24%)
35 (12-60) 18 (3-80) 1 (4%)
21 (13-24) 34 (2-70) 1 (4%)
16 (5-22) 25 (1-97) 2 (7%)
25 (14-30) 72 (4-86) 1 (3%)
12 (8-12) 60 (1-66) 2 (7%)
110.5 (83-128) 22 (1-98) 4 (14%)
80 (59-96) 25 (1-99) 3 (11%)
28 (17-34) 36 (2-95) 2 (7%)

ECAS: Edinburgh Cognitive and Behavioral ALS Screen; BADS: Behavioral Assessment of the Dysexecutive Syndrome; RAVLT: Rey
Auditory Verbal Learning Test; JLO: Judgement of Line Orientation; FAB: Frontal Assessment Battery

aThe TMT-A and TMT-B were not assessed individually due to their dependency on manual dexterity. The TMT-A-B score is
relatively independent of manual dexterity and therefore more appropriate to use in our study.

PNo percentile rank of scores were available. A score of <12 for the FAB and <27 for the RAVLT: delayed recognition were

considered abnormal.
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Table 4. Neuropsychological profiles of individual PLS patients based on the NPE and the ECAS behavioral interview.

Cognitive domains Behavior Classification
Strong
Executive Social Visuospatial ECAS behavioral consensus
Patients  functions  Fluency cognition Language Memory functions interview ALS-FTD-Q criteria®
1 NA NA
2 X X X X 0 10 CI
3 X X NA 7 Unclassified
4 X X X X X NA LS, ST 21 bvFTD
5 X AP, DI, HA, LS 25% bvFTD
6 X X NA 3 Unclassified
7 NA NA
8 X X X NA NA CI
9 X X ST 3 D
10 NA X DI, ST 22% BI
11 X X AP, LS 18 bvFTD
12 X X X 0 20 CI
13 X NA 12 Unclassified
14 X 0 20 aMcCI?
15 X X 0 6 CI
16 NA 0 3
17 X X LS 30° D
18 X 0 3 aMcCI?
19 X X NA NA CI
20 LS 17
21 AP 29° BI
22 NA NA
23 X NA 3 aMCI¢
24 X NA 14 CI
25 0 17
26 X AP, HA NA BI
27 NA NA 12
28 NA 0 29° bvyFTD
29 X X 0 23% CBI
30 X X X X DI, HA, LS 41° bvFTD

ECAS: Edinburgh Cognitive and Behavioral ALS Screen; ALS-FTD-Q: ALS and Frontotemporal Dementia Questionnaire; AP:
apathy; DI: disinhibition; HA: hyperorality/dietary changes; LS: loss of sympathy; ST: perseverative or stereotyped behavior; X:
abnormal performance on at least one subtest (score below the 5 percentile); NA: not available/missing item; CI: cognitive
impairment; BI: behavioral impairment; CBI: cognitive and behavioral impairment; D: ALS with dementia, not typical of FTD;

bvFTD: behavioral variant frontotemporal dementia.
?mild behavioral disturbances.
Psevere behavioral disturbances’

“Revised consensus criteria for the diagnosis of frontotemporal dysfunction in amyotrophic lateral sclerosis (ALS) by Strong et al.(34).
dAmnestic mild cognitive impairment, not part of the Strong consensus criteria.

In this cohort 20% of patients fulfilled the criteria
for cognitive impairment (CI), 10% had behavioral
impairment (BI), cognitive and behavioral impair-
ment (CBI) was seen in 3.3% and 16.7% of
patients met the formal criteria for bvEFTD.

In 10% of patients we found mild memory
impairment that did not interfere with daily life
and without deficits in other cognitive domains.
These patients were considered to have amnestic
mild cognitive impairment (aMCI). We classified 2
patients with dementia (6.6%), not typical of FTD
(for instance, impairment in memory and social
cognition in combination with stereotyped behav-
ior). There were three patients (10%) with varying
deficits of visuospatial functions, social cognition
and language that we were unable to designate to
any specific classification (unclassified).

A significant correlation was observed between
disease duration and the number of affected cognitive

domains (r=0.55, p=0.0025) (Figure 2). We did
not observe significant correlations with disease dur-
ation and the number of abnormal behavioral
domains. The presence of cognitive and/or behavioral
changes was not correlated with disease severity.

Discussion

We previously reported a case series of PLS with
co-morbid FTD and reviewed the literature on
cognitive and behavioral changes in PLS, which
suggests that changes within the FTD-spectrum
are a part of the clinical phenotype of PLS (3). In
a follow-up study we screened a cohort of 75 PLS
patients for changes within the FTD-spectrum and
indeed found deficits in a considerable number of
patients (10% bvFTD, 33% with BI, CI or CBI)
(7). These findings are in contrast with the latest
revision of the El Escorial criteria that consider



PLS a restricted phenotype of ALS, meaning that
disease involvement is limited to upper motor neu-
rons (2). We therefore propose that PLS is not a
restricted phenotype, but rather a disorder within
the FTD-MND continuum (37). In this current
study we aimed to provide an in-depth character-
ization of the cognitive and behavioral profile
of PLS.

A limitation of most previous studies, including
our own work, is that often only simple screening
instruments were used and that, therefore, cogni-
tive deficits may have been missed. Similarly, only
5 studies assessed behavior and, therefore,

W bvFTD

mBI

W CBI

mCi

maMCI*

W Dementia

1 Unclassified

Unaffected

Figure 1. Classification of patients according to the revised
Strong consensus criteria. *The proportion of the total of
patients (z=30) included in the study categorized according to
the revised consensus criteria for the diagnosis of frontotemporal
dysfunction in amyotrophic lateral sclerosis (ALS) by Strong,
et al.[34]. bvFTD: behavioral variant frontotemporal dementia;
BI: behavioral impairment; CBI: cognitive and behavioral
impairment; CI: cognitive impairment; D: ALS with dementia,
not typical of FTD; *aMCI: amnestic mild cognitive
impairment, not part of the revised Strong consensus criteria.

40-

)

Disease duration (yrs.
N
o

r=0.55, p = 0.0025

0 1

2
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behavioral changes may have been underestimated
as well (3). Indeed, the findings from this study
show that FTD-spectrum changes are under-rec-
ognized in PLS and that in fact the frequency of
these changes is very high. Only 7 out of 30
patients (23%) scored within normal range on all
of the tests in our battery. We were able to classify
57% of PLS patients within one of the diagnostic
categories of the revised criteria for ALS-fronto-
temporal spectrum disorder. In an additional 20%
of cases we also identified deficits, but which were
not characteristic of FTD. Although the frequency
of patients with impairment in at least one domain
or more is high (77%), it is important to note that
it has been reported that impairment on a single
domain has also been observed in 13-20% of the
general population (38).

It is important to note, that this present study
is cross-sectional and that many patients developed
cognitive and/or behavioral changes over the
course of their disease (frequently many years after
onset). Therefore, it seems highly plausible that
the patients without cognitive and/or behavioral
changes in this study may develop these as their
disease progresses.

The cognitive profile of PLS we identified in
this study shows deficits in social cognition, flu-
ency, executive functions and memory. This pro-
file is in line with that of bvFTD (39,40), more
than the language variants of FTD (primary pro-
gressive aphasias). This is also reinforced by the
observation of frequent behavioral changes in our
cohort and the fact that language deficits were
relatively rare (normal in 93% of patients). The
diagnostic criteria for bvFTD require that memory
and visuospatial functions are (relatively) spared
(33). It is however important to note, that in

3 & 5

Number of abnormal cognitive domains

Figure 2. Correlation between disease duration and the number of abnormal cognitive domains. The number of abnormal cognitive
domains (performance <5th percentile) varied between 0-5, with a theoretical maximum of 6: executive functions, social cognition,

fluency, language, memory and visuospatial functions.



382 B. S. de Vries et al.

bvFTD it is episodic memory that is spared, but
not necessarily other forms of memory (39).
Therefore the finding of memory deficits as part of
the neuropsychological profile of PLS is in-keeping
with bvFTD and in fact the cognitive profile is
also very similar to that of ALS (41).

Perhaps, the most striking observation is the
high percentage of patients with deficits in social
cognition. In this study social cognition was assessed
using two tests for ToM, one assessing cognitive
ToM and the other affective ToM (Table 2). We
found a higher frequency of deficits in affective
ToM (44%) versus cognitive ToM (12%), indicat-
ing that PLS patients have greater difficulty with
describing the emotional/mental state of a person
based on the eyes, referred to as mentalising.

This is an interesting observation as it has been
argued that deficits in social cognition are highly
correlated with executive dysfunction. The idea
being that one first needs to recognize the emo-
tions of others and then relies on executive func-
tions to correctly interpret what this means for the
subsequent beliefs, thought and intentions of
others (40). Others have, however, also suggested
that changes in social cognition precede and out-
weigh executive dysfunction. In several case stud-
ies it has been reported that cognitive deficits on a
classical NPE were subtle, while severely impaired
performance was observed on ToM tests (42,43).
We found deficits in social cognition in 12
patients, of which 7 did not have executive dys-
functions. Similarly, 5 out of 10 patients with
executive dysfunction did not have deficits in
social cognitions. We base this concept of dissoci-
ation between executive dysfunction and social
cognition on the observation that these patients
scored normally on the tasks for social cognition
(Hinting task and Reading the mind in the eyes),
but poorly on tasks for executive function (includ-
ing those that are independent of motor slowing,
such as the difference between part A and B of the
TMT and the verbal fluency test) and vice versa
(see Supplementary Table 1).

Therefore, our findings also suggest that defi-
cits in social cognition are not dependent on
executive dysfunction and indeed may be present
at an earlier stage.

Interestingly, we previously reported a case of
PLS, in which cognitive decline had been very
rapid (with dementia developing over the course of
a few months) (3), while the motor deficits had
remained relatively stable. In this study, we also
seem to observe a correlation with disease duration
and the development of cognitive impairment, but
not with degree of disability. Although caution is
warranted given the relatively small sample size of
this study, it raises the hypothesis that cognitive
and motor decline are independent of each other.

Considering the high frequency of FTD-spec-
trum deficits in PLS and the fact that these appear
to develop as disease progresses, we would strongly
recommend that a yearly cognitive and behavioral
screening should be part of the standard clinical
follow-up. Recognizing cognitive and behavioral
changes is important as it is associated with non-
compliance with treatment recommendations and
increased caregiver burden (44,45). Additionally,
these changes may affect capacity for medico-legal
decision making and, therefore, power of attorney
should be discussed early with patients (46).

This study has several limitations; compared to
previous cohorts, patients in our study had more
disability (lower ALSFRS-R scores and more
affected regions) and had longer disease duration.
Furthermore, patients in our cohort were on aver-
age highly educated and may, therefore not be rep-
resentative of the PLS patient population as a
whole (although age and education adjusted cutoff
values were applied). Another limitation of the
present study is that certain cognitive functions
were more extensively assessed than others (i.e.
executive functions versus language and visuo-
spatial functions). It is, therefore, possible that we
underestimated the frequency of impairment for
certain domains, language in particular. This also
applies to subdomains; specifically we used one
test to assess cognitive ToM (Hinting task) and
also one to assess affective ToM (Reading the
mind in the eyes); both are not necessarily com-
parable (range of possible scores, ceiling effect),
which could have resulted in an overestimation of
the gap between the percentages of impairment of
cognitive and affective ToM.

In addition, reduced motor speed could have
influenced test results, despite our selection of
neuropsychological tests that were independent or
relatively independent of motor speed. Lastly,
behavioral interviews (ECAS and ALS-FTD-Q)
were missing in 5 of 30 patients (17%), possibly
leading to an underestimation of the number of
patients with behavioral impairment.

Conclusions

In this study we performed an in-depth character-
ization of the cognitive and behavioral profile of
PLS. We show that cognitive and behavioral
changes within the FTD-spectrum occur in the
majority of patients (57%) and that the cognitive
profile is highly similar to that of bvFTD. We
therefore conclude that PLS is not a restricted
phenotype of ALS (a disease in which only upper
motor neurons are involved), but rather a disorder
within the FTD-MND spectrum. Clinicians
should regularly assess cognition and behavior
given the frequency of these types of changes and
consequences it has for management, decision-
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making and care-giver burden. This assessment
should be sensitive to the neuropsychological pro-
file of PLS (social cognition (affective ToM in par-
ticular), fluency, executive functions and memory)
and behavioral changes.
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