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Abstract: Amyotrophic lateral sclerosis (ALS) has long been considered to be a purely motor disorder.
However, it has become apparent that many ALS patients develop cognitive and behavioral manifes-
tations similar to frontotemporal dementia and the term amyotrophic lateral sclerosis-frontotemporal
spectrum disorder (ALS-FTSD) is now used in these circumstances. This review is intended to be an
overview of the cognitive and behavioral manifestations commonly encountered in ALS patients
with the goal of improving case-oriented management in clinical practice. We introduce the principal
ALS-FTSD subtypes and comment on their principal clinical manifestations, neuroimaging findings,
neuropathological and genetic background, and summarize available therapeutic options. Diagnostic
criteria for ALS-FTSD create distinct categories based on the type of neuropsychological manifes-
tations, i.e., changes in behavior, impaired social cognition, executive dysfunction, and language
or memory impairment. Cognitive impairment is found in up to 65%, while frank dementia affects
about 15% of ALS patients. ALS motor and cognitive manifestations can worsen in parallel, becoming
more pronounced when bulbar functions (affecting speech, swallowing, and salivation) are involved.
Dementia can precede or develop after the appearance of motor symptoms. ALS-FTSD patients have
a worse prognosis and shorter survival rates than patients with ALS or frontotemporal dementia
alone. Important negative prognostic factors are behavioral and personality changes. From the
clinician’s perspective, there are five major distinguishable ALS-FTSD subtypes: ALS with cogni-
tive impairment, ALS with behavioral impairment, ALS with combined cognitive and behavioral
impairment, fully developed frontotemporal dementia in combination with ALS, and comorbid
ALS and Alzheimer’s disease. Although the most consistent ALS and ALS-FTSD pathology is a
disturbance in transactive response DNA binding protein 43 kDa (TDP-43) metabolism, alterations
in microtubule-associated tau protein metabolism have also been observed in ALS-FTSD. Early
detection and careful monitoring of cognitive deficits in ALS are crucial for patient and caregiver
support and enable personalized management of individual patient needs.

Keywords: neurodegeneration; amyotrophic lateral sclerosis; behavioral impairment; frontotemporal
lobar degeneration; dementia

1. Introduction

Amyotrophic lateral sclerosis (ALS) has long been considered a purely motor disorder,
with occasional reports of associated neuropsychiatric symptoms. Since the publication of
the seminal case series in 2002, it has become apparent that many ALS patients develop
cognitive and behavioral manifestations similar to frontotemporal dementia (FTD) [1] and
the term amyotrophic lateral sclerosis-frontotemporal spectrum disorder (ALS-FTSD) is
now used in these circumstances.
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The recently proposed diagnostic criteria for ALS-FTSD create distinct categories
based on the type of neuropsychological manifestation, i.e., changes in behavior, impaired
social cognition, executive dysfunction, and language or memory impairment [2]. These

manifestations result from a variable degree of frontotemporal dysfunction and atrophy in
ALS (Table 1).

Table 1. Amyotrophic lateral sclerosis-frontotemporal spectrum disorder (ALS-FTSD) criteria for the diagnosis of cognitive

and behavioral symptoms associated with ALS, modified following Strong et al. [2].

ALS-FTSD Variant

Acronym Definition

ALS with behavioral impairment ALSDi

Apathy with or without other behavioral changes

or

Presence of two or more behavioral/cognitive changes associated
with bvFTD *

ALS with cognitive impairment ALSci

Evidence of either executive dysfunction/social cognition or language
dysfunction or a combination of the two

Executive impairment criteria: impaired letter fluency OR impairment
on 2 non-overlapping tests of executive dysfunction (may include
social cognition)

Language impairment: impairment on 2 non-overlapping tests in
which language impairment is not explained by a decrease in

verbal fluency

ALS with combined cognitive and
behavioral impairment

ALS-cbi Criteria fulfilled for both ALSci and ALSbi

Progressive deterioration of behavior and/or cognition (observation
or history)

and

Presence of at least three behavioral/cognitive changes associated
with bvFTD *

ALS with frontotemporal dementia ALS-FTD or

At least two behavioral / cognitive changes associated with bvFTD *
together with loss of insight and/or psychotic symptoms

or

Fulfilled criteria for primary progressive aphasia
(non-fluent/agrammatical variant or semantic variant)

ALS with comorbid
dementia

ALS-dementia

Comorbid ALS and Alzheimer’s disease/other dementia than FTD
Mixed dementia (ALS and vascular dementia)

FTLD-MND-like

Neuropathological evidence of FTLD and neuropathological hallmarks

of ALS but the clinical diagnostic criteria of ALS are not met

* Behavioral/cognitive manifestations of bvFTD: Early behavioral disinhibition; Early apathy; Early loss of sympathy and empathy; Early
perseverative, stereotyped, or compulsive behavior; Hyperorality /dietary change; Neuropsychological profile: executive deficits with
relative sparing of memory and visuospatial functions. For abbreviations, see the list at the end of this article.

Since patients with ALS and dementia also often have transactive response DNA
binding protein 43 kDa (TDP-43) positive inclusions, the clinical and neuropathological
term frontotemporal lobar degeneration with motor neuron disease and TDP-43 positive
inclusions (FTLD-MND-TDP) became widespread, although it is less common today.
Dementia is usually clinically defined as a loss of cognitive function that is severe enough
to interfere with daily life. However, in this context, terminological inconsistencies with
“ALS with dementia” become apparent since for the behavioral form (ALSbi), the criteria
for dementia, relative to the loss of autonomy, are often not met. Consequently, the
terminology was recently updated from “FTLD-MND” to “ALS-FTSD” (with an emphasis
on “spectrum”). The term FTLD-MND-TDP is now used to describe the neuropathological
entity, while in clinical practice, different subtypes of ALS-FTSD are still being utilized.

This systematic review is part of a special issue entitled Diagnosis and Treatment
of Amyotrophic Lateral Sclerosis: Where We Are and What We Can Expect in the Near
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Future. Our goal is to present an overview of the cognitive and behavioral manifestations
commonly encountered in ALS patients in order to improve case-oriented management
in clinical practice. The emerging ALS-FTSD spectrum represents an important group of
rare neurodegenerative diseases, and our review aims to raise awareness of the possible
phenotypes in non-expert clinicians and hence enable earlier diagnosis. We introduce
the principal ALS-FTSD subtypes and comment on their principal clinical manifestations,
neuroimaging findings, neuropathological a genetic background, and summarize available
therapeutic options.

2. Amyotrophic Lateral Sclerosis-Frontotemporal Spectrum Disorder
(ALS-FTSD) Subtypes

In 2017, the diagnostic criteria for cognitive and behavioral impairment in ALS
(ALSFTD-1) [3] was modified (ALSFTD-2) to include a new category, i.e., ALS with com-
bined cognitive and behavioral impairment, ALScbi, as well as changes to the operational
criteria of other categories [2]. The new ALSFTD-2 criteria have a clear clinical impact in
that they are more sensitive to early cognitive impairment and anticipate the prognostic
aspects [4]. From the clinician’s perspective, ALSFTD-2 has five major distinguishable
ALS-FTSD subtypes (Table 1):

1. ALS with cognitive impairment (ALSci);

2. ALS with behavioral impairment (ALSbi);

3. ALS with combined cognitive and behavioral impairment (ALS-cbi);

4. Fully developed behavioral variant of frontotemporal dementia (bvFID) in combina-
tion with ALS (ALS-FTD);

5.  Comorbid ALS and Alzheimer’s disease (AD).

ALSci can be screened for by obtaining a letter fluency measure in clinical practice. The
formal diagnosis relies on a neuropsychological assessment demonstrating either evident
frontal type cognitive deterioration or language impairment [2]. A highly similar cognitive
phenotype in the absence of behavioral disturbance can also be observed in primary lateral
sclerosis [5].

In current clinical practice, ALSbi can be exceedingly difficult to diagnose because the
diagnosis mainly relies on information provided by the proxy. Primary symptoms include
major behavior disturbances and personality changes co-occurring with affected social
cognition. Apathy is the most frequent behavioral symptom. Patients become irritable and
negative, profoundly egocentric, and both their emotional perception and behavior tend
to change, which results in dramatically altered social and communication skills (often
confirmed by relatives, but only after targeted questioning). However, these manifestations
are in stark contrast with the mild degree of cognitive impairment, often assessed using
standard neuropsychological assessments of the classic cognitive domains.

ALS-cbi is further characterized by apathy and sometimes severe anosognosia and
behavioral disturbances, a neuropsychiatric profile that is very close to fully developed
bvFTD. Patients with comorbid ALS and AD typically show a clinical course of progres-
sive amnestic dementia, which is typical for AD, with early and significant impairment
of episodic memory with evident hippocampal atrophy on MRI. For more information
about useful test batteries, we refer to Section 5 “Cognitive and Behavioral Screening
for ALS-FTSD”.

3. Prevalence of ALS-FTSD

The prevalence of ALS is 4-8 cases per 100,000 inhabitants in the age group at the
highest risk of developing ALS (45-75 years) [6]; cognitive impairment is found in up
to 65% of these patients. The degree of cognitive impairment is highly variable: frank
dementia affects about 15% of ALS patients [7].

ALS motor and cognitive manifestations can worsen in parallel, becoming more
pronounced when bulbar functions (affecting speech, swallowing, and salivation) are
involved [8,9]. Manera et al. compared patients according to the lateralization of motor
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damage and found that spinal patients with symmetric motor impairment had significantly
worse cognitive performance than those with lateralized damage [10].

4. Clinical Manifestations of ALS-FTSD

The degree of cognitive and behavioral impairment in ALS is variable. Very mild
cognitive disturbances, presenting with close to normal performance, are seen in 48.2% of
ALS patients. Significant personality and behavioral disturbances, in the context of full-
blown FTD, can affect up to 20.5% of ALS patients [8]. A recent study found progressive
cognitive and/or behavioral impairment in more than one-third of patients with early
symptomatic ALS [11]. The disease timeline is still a matter of debate. Longitudinal studies
on the cognitive decline over time in ALS are still missing to the best of our knowledge;
however, some cross-sectional studies have suggested poorer cognitive performance in the
advanced stages of the disease [12]. It is not clear whether cognitive impairment in ALS (if
it occurs) worsens in line with a physical disability.

Dementia can precede or develop after the appearance of motor symptoms. ALS
patients, during their illness, may develop a more or less typical profile of bvFTD. In
contrast, patients with bvFTD may eventually display signs of motor neuron disease (MND)
ranging from subtle lower motor neuron (such as minor fasciculations or mild atrophy
without weakness) and upper motor neuron (such as mild hyperreflexia) manifestations
without functional impact to typical ALS (confirmed by EMG). In some patients, there is
parallel, concomitant development of both the ALS and bvFTD clinical profiles; however,
this is unusual [13].

ALS-FTSD patients have a worse prognosis and shorter survival rates than patients
with ALS or bvFTD alone. Important negative prognostic factors are behavioral and per-
sonality disturbance [2]. When neuropsychological deficits precede the onset of motor
involvement, survival is longer than when it is the other way around (median survival of
4.4 years versus 2.7 years) [14]. Early detection and careful monitoring of cognitive deficits
in ALS are crucial for patient and caregiver support and enable personalized management
of individual patient needs [15].

4.1. Executive Dysfunction

One of the first signs of cognitive impairment in ALS-FTSD is decreased letter fluency,
which is considered a hallmark of executive dysfunction in this disease. Category verbal
fluency is more prominently impaired in patients with co-occurring speech pathology but
is not limited to this subgroup [16]. Verbal fluency is also poorer in ALS-FTSD compared
to bvFID, even when controlling for motor impairment [17]. This difference may be linked
to more pronounced atrophy of the dorsolateral prefrontal cortex in ALS-FTSD compared
to bvFTD [14]. With disease progression, impaired planning, judgment, and task switching
or set-shifting appear, and perseveration develops. These manifestations correlate with
further involvement of the dorsolateral frontal cortex and the inferior frontal gyrus [18], and
their prevalence is comparable to the prevalence of executive dysfunction in bvFTD [19].

4.2. Altered Social Cognition & Emotion Processing

Social cognition refers to the processing of social information, and three categories
can be distinguished: (1) emotion recognition (ability to identify the emotions of others),
(2) empathy (realized and perceived feelings, thoughts, and experience of others), and
(3) theory of mind (ability to attribute independent mental states to others in order to
understand and predict their behavior).

In FTD syndromes, social cognition may be impaired and should be evaluated [20].
Altered social cognition in ALS-FTSD manifests as a lack of emotional control and per-
ception (for instance, patients may have difficulties recognizing facial emotions) [14,21].
Patients also often manifest a loss of empathy and orientation in complex social situations
(for example, they cannot detect a faux pas [22]). These manifestations reflect dysfunction
of the orbitofrontal and medial frontal cortex areas.
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Uncontrollable emotional outbursts such as pathological laughing and crying are
sometimes observed. Contextually appropriate stimuli usually trigger these experiences,
but patients cannot voluntarily suppress their emotional responses to these triggers. Patho-
logical laughing and crying is a hallmark of bulbar dysfunction, which is combined with
prefrontal dysfunction. The former (laughing) is more frequently context-inappropriate,
and the latter (crying) is usually context-appropriate. Dysfunction of the dorsal brain
regions regulating emotions (dorsal anterior cingulate, dorsolateral prefrontal cortex) may
give rise to this condition [23].

4.3. Behavioral Manifestations

Apathy (reduced motivation towards goal-oriented behaviors) is a common man-
ifestation in ALS and can seriously impact caregivers [24,25]. Similarly, in ALS-FTSD,
the most frequent behavioral sign is apathy, affecting up to 70% of these patients. Other
manifestations include disinhibition, egocentrism, mental rigidity, impulsivity, decreased
social adaptation, and loss of empathy and insight (anosognosia) [2]. Apathy occurs as
frequently in ALS-FTSD as in bvFTD, whereas the other manifestations are more common
in bvFTD compared to ALS-FTSD [19]. In particular, anosognosia is less prevalent in
ALS-FTSD compared to bvFID, leading to more reliable self-reporting of symptoms in
patients with ALS-FTSD [17].

4.4. Speech and Language Impairment

In ALS-FTSD patients, language impairment is quite common and comparable in
severity to that seen in primary progressive aphasia (PPA) [26]. In ALS-FTSD, language
symptoms most often occur in the context of a broader frontal lobe syndrome (reflecting
the damage to higher functioning processes in the brain such as motivation, planning,
social behavior, and language/speech production) rather than an isolated deficit, which
is required for a PPA diagnosis [19]. Language impairment is consistently and more fre-
quently observed in ALS-FTD compared to bvFTD [19]. Moreover, patients with ALS-FTSD
can present as PPA, either with the language phenotype of the non-fluent/agrammatical
variant (nfvPPA) or as the semantic variant (svPPA). In a series of 32 cases with a confirmed
neuropathological diagnosis of FTLD-MND, 10 cases presented with prominent or isolated
language impairment consistent with a diagnosis of PPA (3 cases resembling nfvPPA and
7 cases resembling svPPA), although both groups displayed subtle motor symptoms at
presentation. These consisted of effortful speech, tongue weakness in nfvPPA-MND, and
upper limb weakness with fasciculations in both groups. When looking at the timeline, the
nfvPPA-MND cases developed severe motor deficits more rapidly than the svPPA-MND
cases [9].

Recent evidence regarding language disturbances in ALS-FTSD suggests impaired
semantic and syntactic processing. Semantic deficits mostly manifest as anomia during
confrontation naming or single word comprehension difficulties. Impaired syntactic pro-
cessing results in impaired sentence-level comprehension, manifesting as role reversal
errors in passive sentences. Although these language problems occur in ALS patients in
general, they are more pronounced and more frequent in ALS-FTSD (for instance, syntactic
deficits were detected in 25% of ALS patients compared to 92.9% of ALS-FTSD patients).
Agrammatism can be as severe in FTD-ALS as in nfvPPA [27]. The importance of semantic
deficits in ALS patients tends to be lower than in ALS-FTSD [28]. The degree of atrophy
in the anterior temporal areas significantly correlates with semantic deficits, whereas left
peri-insular atrophy corresponds to impaired syntactic comprehension [27].

A loss of communication skills in ALS-FTSD patients, especially those related to
speech impediments, can have a significant impact. In the early stages of ALS, the type
of dysarthria can be either flaccid or spastic, but with disease progression, the typical
flaccid-spastic mixed dysarthria is more frequently observed. ALS lesions can be located in
the primary motor cortex and/or descending corticobulbar tracts (upper motor neurons
and/or their axons), cranial nerve motor nuclei in the pons, and medulla oblongata (the
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lower motor neurons and their axons). Changes in speech production may be influenced
by several factors; for example, reduced speech rates may result from dysarthria and
difficult word retrieval from the patient’s mental lexicon. Automated speech analysis
demonstrated that prosodic variations (measured using the fundamental frequency, f0,
i.e., the physical property of sound most closely correlating with perceived pitch) were
pathologically reduced in ALS-FTD compared to controls. These changes were associated
with atrophy of the motor cortex and the degree of bulbar involvement, although other
mechanisms such as impaired processing of emotions may also play a role [29].

4.5. Memory Impairment

In ALS-FTSD, episodic memory (the ability to recall the temporal and spatial context
of past experiences) is relatively preserved, even though attention deficits can influence
overall performance. These results are supported by studies using animal models. A
recent study detected early cognitive alteration and damage to the y-aminobutyric acid
(GABAergic) system in the hippocampus using an ALS murine model, suggesting selective
deficits that are antecedent to the onset of motor symptoms [30].

Potential memory deficits would have more impact on retrieval than on storage of
recent memory traces. In a recent study, ALS patients were shown to have substantial
deficits in verbal learning, immediate and delayed recall, and recognition compared to
healthy controls [31].

Episodic memory deficits can occur in ALS-FTSD patients; most commonly, if there
is a memory deficit, it remains relatively stable and may reflect early impairment of
cognition in the disease and may correlate with involvement of temporal lobe structures
(i.e., hippocampus, entorhinal, and parahippocampal cortices) [31].

In ALS-FTSD cases with early impairment in episodic memory, incidental co-occurrence
of Alzheimer’s disease should be considered. If this is the case, neuropsychological testing
will then reveal a classic hippocampal memory profile, with a decrease in both encoding
and retrieval, impaired learning abilities, and numerous intrusions. The same consideration
should be made when ALS-FTSD is combined with language impairments fulfilling the
criteria for the logopenic variant of PPA (IvPPA), with disproportionate word retrieval diffi-
culties. Analysis of the cerebrospinal fluid for levels of beta-amyloid (1-42), phosphorylated
tau, and total tau can help establish a diagnosis of ALS-dementia.

5. Cognitive and Behavioral Screening for ALS-FTSD

Cognitive assessment in ALS is often difficult in terms of realization and interpretation
because of the sometimes very pronounced dysarthria and motor weakness, and these
limitations should be considered when using a particular test battery. Some tests of
executive function are timed, e.g., the block design (the participant needs to manipulate
small cubes to reconstruct a pattern) and the trail-making test. In ALS-FTSD, impaired
motor abilities, as well as executive dysfunction, can contribute to slow performance and
hence lower scores. This should be taken into account when interpreting the test results
and an untimed version may provide more interpretable results under such conditions.

Screening assessments should focus mainly on verbal fluency testing. For a more
detailed evaluation, the ECAS scale (Edinburgh Cognitive and Behavioral ALS Screen)
may be helpful [32]. Interestingly, cognitive impairment detected by ECAS seems to be a
valid predictor of TDP-43 pathology in non-demented ALS [33].

Another ALS-dedicated screening tool is the Amyotrophic Lateral Sclerosis Cognitive
Behavioral Screen (ALS-CBS), which is composed of two components, i.e., the cognitive and
behavioral subscales. Woolley et al. suggested using the ALS-CBS to detect cognitive and
behavioral impairment in a clinical setting, although it does not replace formal diagnostic
assessments [34].

An essential part of the assessment should include a structured interview with the
caregiver focused on recent changes in the patient’s cognition and behavior. Whereas ALS-
CBS and ECAS are the most suitable screening tools for cognitive changes, the Beaumont
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Behavioral Inventory (BBI) was proposed as the best screen for behavioral disturbance in a
recent review. The BBI summarizes the patient’s family member/caregiver’s evaluation of
all relevant domains (disinhibition, apathy, empathy, perseverations, hyperorality) while
taking into account motor problems [35].

6. Neuroimaging

In contrast to the frequent and marked atrophy (with asymmetry) in bvFTD, ALS-
FTISD patients may have a normal MRI. Atrophy, if present, typically prevails in the frontal
areas spreading to the temporal lobes and is best seen on coronal slices [36].

A recent study demonstrated that distinct patterns of focal cortical atrophy exist and
can differentiate non-motor clinical profiles in ALS patients; this is in line with the concept
of FTSD and suggests that inferior frontal, temporal, cingulate, and insular thinning can be
used as markers for cognitive and behavioral deficits, with language impairment being
mainly associated with the left temporal pole and the insula [28,37]. Strikingly, atrophy of
the motor cortex is more pronounced in ALS-FTSD compared to ALS [38,39] and implies a
poorer prognosis [14].

Cortical thinning is presumably one of the first structural changes in ALS-FTD and
correlates well with hypometabolism on an FDG-PET [40]. When comparing FTSD-ALS
variants, moderate frontal hypometabolism was observed in ALSci and ALScbi compared
to pure ALS, whereas extensive frontal hypometabolism was found in FTD-ALS. In contrast,
no metabolic changes were found in ALSbi compared to ALS [41].

In the orbitofrontal, cingulate, and opercular white matter tracts, degeneration is
consistently observed in FTD-ALS compared to ALS [39]. White matter changes in the cor-
ticospinal tracts in FISD-ALS were less prominent compared to ALS but more evident than
the changes observed in bvFTD [42]. Changes within the frontostriatal and frontoparietal
networks, based on resting-state functional connectivity (rs-FC) in ALS patients, progress
over time. Resting-state changes are related to frontal-executive dysfunction and represent
new potential markers for monitoring extra-motor progression in ALS [43].

Neuroimaging can help raise suspicion of a genetic form of ALS even in the absence
of a family history. Atrophy of the thalamus may be found in C9orf72 repeat expansions,
focal mesial temporal atrophy in MAPT mutations, parietal lobe atrophy was reported in
C90rf72, GRN, and TBK1 carriers, and prominent cervical spinal cord atrophy in cases with
SOD1 variants [44].

7. Genetic Background

The most frequent causal mutation associated with hereditary ALS (60-70%) and a
common mutation seen in genetic bvFTD (18%) is a hexa-repeat (GGGGCC) expansion
in the C9orf72 gene. Carriers of the C9orf/2 expansion are at considerably increased
risk of cognitive impairment (40-50%) compared to patients without this mutation (8-
9%) [8,45]. The typical clinical profile of ALS patients who should be suspected of carrying
this expansion includes psychotic features and major anosognosia. The C9orf72 repeat
expansion has also been associated with language impairment [17].

More than 20 other genetic modifications associated with ALS-FTSD have been recog-
nized: from 2% to 6% of these patients have at least one modification. Pathogenic mutations
have also been reported in genes for the following proteins: TDP-43 (TARDBP), progranulin
(PGRN), superoxide dismutase 1 (SOD1), fused in sarcoma protein (FUS), the isoform 5A
of heavy chain in kinesin (KIF5A), coiled-coil-helix-coiled-coil-helix domain containing
10 (CHCHD10), dynactin 1 (DCNT1), matrin 3 (MTR3), optineurin (OPTN), sequestosome
1 (SQSTM1), TANK binding kinase 1 (TBK1), tubulin alpha 4A (TUBA4A), ubiquilin-2
(UBQLN2), and the valosin containing peptide (VCP) [46,47]. Due to the founder effect,
large regional differences exist in the frequencies of these mutations [45].

There is a surprising overlap between ALS and bvFTD in terms of genetic background
since the same genes can cause ALS and FTD (i.e., mutations in C90rf72, TARDBP, FUS,
TBK1, VCP, CHCHD10, TIA1, and SQSTM1). This overlap, however, is not complete: SOD1,
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FUS, and TDP-43 variants are often found in ALS but rarely in bvFTD patients. By contrast,
GRN and MAPT are strongly linked to FTD, but rarely (in about 1% of mutation carriers)
cause ALS-FTSD [45,48].

The benefit of routine genetic testing for ALS-FTSD patients is still a matter of discus-
sion; however, it should be recommended if there is a family history, an atypical clinical
course (for instance, PPA-ALS [49]), or atypical neuropathology findings on autopsy [50].

8. Neuropathology

Key micromorphological findings include different types of diagnostic inclusions
that have positive immunohistochemical reactions with antibodies against ubiquitin and
protein p62, which is typically found in motor neurons of the anterior spinal horns, the
primary motor cortex, and neuronal structures in the frontal and temporal cortex. Most
neuronal structures contain cytoplasmic inclusions that have positive reactions with anti-
TDP-43 antibodies, mainly the hyperphosphorylated form. These structures are identical
to those found in ALS without cognitive impairment [51]. In genetic ALS-FTSD, other
inclusions of abnormally modified proteins can be found, most frequently SOD1 and FUS,
although rare.

Animal studies support the importance of TDP-43 and FUS in ALS pathogenic mecha-
nisms. Suppression of human TDP-43(A315T) expression in mice with overt neurodegen-
eration for only one week was sufficient to significantly improve motor and behavioral
deficits and reduce astrogliosis [52]. In an experimental study, FUS transgenic rats repro-
duced certain phenotypes of ALS and FTLD [53].

Although the most consistent pathology of ALS and ALS-FTSD is a disturbance in
TDP-43 metabolism, alterations in microtubule-associated tau protein (tau) metabolism
have also been observed in ALS-FTSD [54]. The PPA-ALS phenotype is most consistently
associated with FTLD-TDP-MND [9,49].

9. Therapeutic Options

Currently available therapeutic options for ALS-FTSD are based on the treatment of the
MND and bvFTD components and include both pharmacological and non-pharmacological
interventions.

For MND, therapy includes riluzole, supportive treatment, physiotherapy, speech
therapy, percutaneous endoscopic gastrostomy (PEG), and non-invasive ventilation in
selected cases. Recently, edaravone was approved in selected countries [6]. Treatment
of the bvFTD component may consist of serotonergic agents, antipsychotic drugs, and
memantine. In ALS-AD comorbidity, acetylcholinesterase inhibitors are prescribed.

As with the management of bvFTD and ALS patients, cooperation with relatives and
support for caregivers is very important. An early discussion regarding the prognosis
is important because of the anticipated decline over time. A clear understanding of
therapeutic prospects is crucial for both the patient and their family [55]. The patient’s
decisions regarding their care should be expressed in the form of an advance directive and
put into writing while the patient is still competent to make such decisions [56].

10. Conclusions

The emerging ALS-FTSD spectrum represents a heterogeneous group of rare neuro-
logical diseases. Increased awareness of these complex phenotypes is needed to enable
earlier diagnosis and optimal patient care. Our review is part of concerted action by the
European Reference Network for Rare Neurological Diseases to promote the transfer of
expert knowledge to non-expert clinicians in the field and responds to an unmet educa-
tional need regarding clinical manifestations of rare neurodegenerative disorders such as
the ALS-FTSD spectrum [57]. The field of ALS-FTSD is rapidly evolving, and we antic-
ipate that synthesizing and sharing current state-of-the-art knowledge will trigger new
clinical insights and foster international collaboration. This brings us closer to our goal of
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providing optimal quality of care to patients with rare neurodegenerative diseases around
the world.
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Abbreviations

AD Alzheimer’s disease

ALS Amyotrophic Lateral Sclerosis

ALSbi ALS with behavioral impairment

ALSci ALS with cognitive impairment

ALScbi ALS with combined cognitive and behavioral impairment
ALS-FTD fully developed bvFTD in combination with ALS

ALSFTD-2 modified diagnostic criteria for cognitive and behavioral impairment in ALS
ALS-FTSD Amyotrophic Lateral Sclerosis—Frontotemporal Spectrum Disorder
bvFTD behavioral variant of frontotemporal dementia

FTLD frontotemporal lobar degeneration

FTLD-MND frontotemporal lobar degeneration with motor neuron disease
MND motor neuron disease

nfvPPA non-fluent/agrammatical variant of primary progressive aphasia
svPPA semantic variant of primary progressive aphasia

TDP-43 transactive response DNA binding protein 43 kDa

References

1.  Lomen-Hoerth, C.; Anderson, T.; Miller, B. The overlap of amyotrophic lateral sclerosis and frontotemporal dementia. Neurology
2002, 59, 1077-1079. [CrossRef]

2. Strong, M.J.; Abrahams, S.; Goldstein, L.H.; Woolley, S.; Mclaughlin, P.; Snowden, J.; Mioshi, E.; Roberts-South, A.; Benatar, M.;
Hortobagyi, T.; et al. Amyotrophic lateral sclerosis—frontotemporal spectrum disorder (ALS-FTSD): Revised diagnostic criteria.
Amyotroph. Lateral Scler. Front. Degener. 2017, 18, 153-174. [CrossRef]

3.  Strong, M.]; Grace, G.M.; Freedman, M.; Lomen-Hoerth, C.; Woolley, S.; Goldstein, L.H.; Murphy, J.; Shoesmith, C.; Rosenfeld, J.;
Leigh, P.N.; et al. Consensus criteria for the diagnosis of frontotemporal cognitive and behavioural syndromes in amyotrophic
lateral sclerosis. Amyotroph. Lateral Scler. 2009, 10, 131-146. [CrossRef]

4. Tazzolino, B.; Pain, D.; Peotta, L.; Calvo, A.; Moglia, C.; Canosa, A.; Manera, U.; Ilardi, A.; Bombaci, A.; Zucchetti, ].P; et al. Validation of
the revised classification of cognitive and behavioural impairment in ALS. J. Neurol. Neurosurg. Psychiatry 2019, 90, 734-739. [CrossRef]
[PubMed]

5. Agarwal, S,; Highton-Williamson, E.; Caga, J.; Matamala, ].M.; Dharmadasa, T.; Howells, ].; Zoing, M.C.; Shibuya, K.; Geevasinga,
N.; Vucic, S.; et al. Primary lateral sclerosis and the amyotrophic lateral sclerosis—frontotemporal dementia spectrum. J. Neurol.
2018, 265, 1819-1828. [CrossRef] [PubMed]

6.  Masrori, P; Van Damme, P. Amyotrophic lateral sclerosis: A clinical review. Eur. ]. Neurol. 2020, 27, 1918-1929. [CrossRef]

7.  Goldstein, L.H.; Abrahams, S. Changes in cognition and behaviour in amyotrophic lateral sclerosis: Nature of impairment and
implications for assessment. Lancet Neurol. 2013, 12, 368-380. [CrossRef]

8.  Chio, A,; Moglia, C.; Canosa, A.; Manera, U.; Vasta, R.; Brunetti, M.; Barberis, M.; Corrado, L.; D’Alfonso, S.; Bersano, E.; et al.
Cognitive impairment across ALS clinical stages in a population-based cohort. Neurology 2019, 93, €984-e994. [CrossRef]
[PubMed]

9.  Vinceti, G.; Olney, N.; Mandelli, M.L.; Spina, S.; Hubbard, H.I.; Santos-Santos, M. A.; Watson, C.; Miller, Z.A.; Lomen-Hoerth, C.;
Nichelli, P; et al. Primary progressive aphasia and the FTD-MND spectrum disorders: Clinical, pathological, and neuroimaging
correlates. Amyotroph. Lateral Scler. Front. Degener. 2019, 20, 146-158. [CrossRef] [PubMed]

10. Manera, U,; Peotta, L.; Iazzolino, B.; Canosa, A.; Vasta, R.; Palumbo, F,; Torrieri, M.C.; Solero, L.; Daviddi, M.; Grassano, M.; et al. The

Characteristics of Cognitive Impairment in ALS Patients Depend on the Lateralization of Motor Damage. Brain Sci. 2020, 10, 650.
[CrossRef]


http://doi.org/10.1212/WNL.59.7.1077
http://doi.org/10.1080/21678421.2016.1267768
http://doi.org/10.1080/17482960802654364
http://doi.org/10.1136/jnnp-2018-319696
http://www.ncbi.nlm.nih.gov/pubmed/30733331
http://doi.org/10.1007/s00415-018-8917-5
http://www.ncbi.nlm.nih.gov/pubmed/29868980
http://doi.org/10.1111/ene.14393
http://doi.org/10.1016/S1474-4422(13)70026-7
http://doi.org/10.1212/WNL.0000000000008063
http://www.ncbi.nlm.nih.gov/pubmed/31409738
http://doi.org/10.1080/21678421.2018.1556695
http://www.ncbi.nlm.nih.gov/pubmed/30668155
http://doi.org/10.3390/brainsci10090650

Diagnostics 2021, 11, 624 10 of 11

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Beeldman, E.; Govaarts, R.; De Visser, M.; Twennaar, M.K.; Van Der Kooi, A.J.; Berg, L H.V.D,; Veldink, ].H.; Pijnenburg, Y.A.L.;
De Haan, R.J.; Schmand, B.A ; et al. Progression of cognitive and behavioural impairment in early amyotrophic lateral sclerosis.
J. Neurol. Neurosurg. Psychiatry 2020, 91, 779-780. [CrossRef]

BenBrika, S.; Desgranges, B.; Eustache, F.; Viader, F. Cognitive, Emotional and Psychological Manifestations in Amyotrophic
Lateral Sclerosis at Baseline and Overtime: A Review. Front. Neurosci. 2019, 13, 951. [CrossRef]

Beeldman, E.; Raaphorst, ].; Twennaar, M.K,; Govaarts, R.; Pijnenburg, Y.A.L.; De Haan, R.J.; De Visser, M.; Schmand, B.A. The
cognitive profile of behavioural variant FTD and its similarities with ALS: A systematic review and meta-analysis. J. Neurol.
Neurosurg. Psychiatry 2018, 89, 995-1002. [CrossRef]

Ahmed, R.M.; Devenney, E.M.; Strikwerda-Brown, C.; Hodges, ].R.; Piguet, O.; Kiernan, M.C. Phenotypic variability in ALS-FTD
and effect on survival. Neurology 2020, 94, €2005-e2013. [CrossRef] [PubMed]

Christidi, F.; Karavasilis, E.; Rentzos, M.; Kelekis, N.; Evdokimidis, L.; Bede, P. Clinical and Radiological Markers of Extra-Motor
Deficits in Amyotrophic Lateral Sclerosis. Front. Neurol. 2018, 9, 1005. [CrossRef] [PubMed]

Abrahams, S.; Goldstein, L.H.; Al-Chalabi, A.; Pickering, A.; Morris, R.G.; Passingham, R.E.; Brooks, D.J.; Leigh, PN. Relation between
cognitive dysfunction and pseudobulbar palsy in amyotrophic lateral sclerosis. J. Neurol. Neurosurg. Psychiatry 1997, 62, 464-472.
[CrossRef] [PubMed]

Saxon, J.A.; Thompson, J.C.; Harris, ].M.; Richardson, A.M.; Langheinrich, T.; Rollinson, S.; Pickering-Brown, S.; Chaouch, A.;
Ealing, J.; Hamdalla, H.; et al. Cognition and behaviour in frontotemporal dementia with and without amyotrophic lateral
sclerosis. J. Neurol. Neurosurg. Psychiatry 2020, 91, 1304-1311. [CrossRef] [PubMed]

Yunusova, Y.; Ansari, J.; Ramirez, J.; Shellikeri, S.; Stanisz, G.J.; Black, S.E.; Gillingham, S.M,; Kiss, A.; Stuss, N.T.; Zinman, L.
Frontal Anatomical Correlates of Cognitive and Speech Motor Deficits in Amyotrophic Lateral Sclerosis. Behav. Neurol. 2019,
2019, 1-11. [CrossRef]

Saxon, J.A.; Thompson, J.C.; Jones, M.; Harris, ].M.; Richardson, A.M.; Langheinrich, T.; Neary, D.; Mann, D.M.; Snowden,
J.S. Examining the language and behavioural profile in FTD and ALS-FTD. |. Neurol. Neurosurg. Psychiatry 2017, 88, 675-680.
[CrossRef]

Arshad, F; Paplikar, A.; Mekala, S.; Varghese, E; Purushothaman, V.V,; Kumar, D.J.; Shingavi, L.; Vengalil, S.; Ramakrishnan, S.;
Yadav, R;; et al. Social Cognition Deficits Are Pervasive across Both Classical and Overlap Frontotemporal Dementia Syndromes.
Dement. Geriatr. Cogn. Disord. Extra 2020, 10, 115-126. [CrossRef]

Duan, X.; Dai, Q.; Gong, Q.; Chen, H. Neural mechanism of unconscious perception of surprised facial expression. Neurolmage
2010, 52, 401-407. [CrossRef]

Gregory, C.; Lough, S.; Stone, V.; Erzinclioglu, S.; Martin, L.; Baron-Cohen, S.; Hodges, J.R. Theory of mind in patients with
frontal variant frontotemporal dementia and Alzheimer’s disease: Theoretical and practical implications. Brain 2002, 125, 752-764.
[CrossRef] [PubMed]

Olney, N.T.; Goodkind, M.S.; Lomen-Hoerth, C.; Whalen, PK.; Williamson, C.A.; Holley, D.E.; Verstaen, A.; Brown, L.M.; Miller,
B.L.; Kornak, J.; et al. Behaviour, physiology and experience of pathological laughing and crying in amyotrophic lateral sclerosis.
Brain 2011, 134, 3458-3469. [CrossRef] [PubMed]

Caga, J.; Hsieh, S.; Highton-Williamson, E.; Zoing, M.C.; Ramsey, E.; Devenney, E.; Ahmed, R.M.; Kiernan, M.C. Apathy and its
impact on patient outcome in amyotrophic lateral sclerosis. J. Neurol. 2018, 265, 187-193. [CrossRef] [PubMed]

Caga, J.; Hsieh, S,; Lillo, P.; Dudley, K.; Mioshi, E. The Impact of Cognitive and Behavioral Symptoms on ALS Patients and Their
Caregivers. Front. Neurol. 2019, 10, 192. [CrossRef]

Long, Z.; Irish, M.; Piguet, O.; Kiernan, M.C.; Hodges, ].R.; Burrell, J.R. Clinical and neuroimaging investigations of language
disturbance in frontotemporal dementia—motor neuron disease patients. J. Neurol. 2019, 266, 921-933. [CrossRef] [PubMed]
Kamminga, J.; Leslie, F.V,; Hsieh, S.; Caga, J.; Mioshi, E.; Hornberger, M.; Ballard, K.J.; Kiernan, M.C.; Hodges, J.R.; Burrell, J.R.
Syntactic comprehension deficits across the FTD-ALS continuum. Neurobiol. Aging 2016, 41, 11-18. [CrossRef]

Leslie, EV.C.; Hsieh, S.; Caga, ].; Savage, S.A.; Mioshi, E.; Hornberger, M.; Kiernan, M.C.; Hodges, J.R.; Burrell, ].R. Semantic
deficits in amyotrophic lateral sclerosis. Amyotroph. Lateral Scler. Front. Degener. 2014, 16, 46-53. [CrossRef]

Nevler, N.; Ash, S.; McMillan, C.; Elman, L.; McCluskey, L.; Irwin, D.J.; Cho, S.; Liberman, M.; Grossman, M. Automated analysis
of natural speech in amyotrophic lateral sclerosis spectrum disorders. Neurology 2020, 95, €1629-e1639. [CrossRef]

Quarta, E.; Bravi, R.; Scambi, I.; Mariotti, R.; Minciacchi, D. Increased anxiety-like behavior and selective learning impairments
are concomitant to loss of hippocampal interneurons in the presymptomatic SOD1(G93A) ALS mouse model. J. Comp. Neurol.
2015, 523, 1622-1638. [CrossRef] [PubMed]

Machts, J.; Keute, M.; Kaufmann, J.; Schreiber, S.; Kasper, E.; Petri, S.; Prudlo, J.; Vielhaber, S.; Schoenfeld, M.A. Longitudinal
clinical and neuroanatomical correlates of memory impairment in motor neuron disease. Neurolmage Clin. 2021, 29, 102545.
[CrossRef]

Abrahams, S.; Newton, J.; Niven, E.; Foley, ].; Bak, T.H. Screening for cognition and behaviour changes in ALS. Amyotroph. Lateral
Scler. Front. Degener. 2013, 15, 9-14. [CrossRef]

Gregory, ].M.; McDade, K.; Bak, T.H.; Pal, S.; Chandran, S.; Smith, C.; Abrahams, S. Executive, language and fluency dysfunction
are markers of localised TDP-43 cerebral pathology in non-demented ALS. J. Neurol. Neurosurg. Psychiatry 2020, 91, 149-157.
[CrossRef]


http://doi.org/10.1136/jnnp-2020-322992
http://doi.org/10.3389/fnins.2019.00951
http://doi.org/10.1136/jnnp-2017-317459
http://doi.org/10.1212/WNL.0000000000009398
http://www.ncbi.nlm.nih.gov/pubmed/32277059
http://doi.org/10.3389/fneur.2018.01005
http://www.ncbi.nlm.nih.gov/pubmed/30524366
http://doi.org/10.1136/jnnp.62.5.464
http://www.ncbi.nlm.nih.gov/pubmed/9153602
http://doi.org/10.1136/jnnp-2020-323969
http://www.ncbi.nlm.nih.gov/pubmed/33055142
http://doi.org/10.1155/2019/9518309
http://doi.org/10.1136/jnnp-2017-315667
http://doi.org/10.1159/000511329
http://doi.org/10.1016/j.neuroimage.2010.04.021
http://doi.org/10.1093/brain/awf079
http://www.ncbi.nlm.nih.gov/pubmed/11912109
http://doi.org/10.1093/brain/awr297
http://www.ncbi.nlm.nih.gov/pubmed/22155983
http://doi.org/10.1007/s00415-017-8688-4
http://www.ncbi.nlm.nih.gov/pubmed/29189922
http://doi.org/10.3389/fneur.2019.00192
http://doi.org/10.1007/s00415-019-09216-0
http://www.ncbi.nlm.nih.gov/pubmed/30707358
http://doi.org/10.1016/j.neurobiolaging.2016.02.002
http://doi.org/10.3109/21678421.2014.987301
http://doi.org/10.1212/WNL.0000000000010366
http://doi.org/10.1002/cne.23759
http://www.ncbi.nlm.nih.gov/pubmed/25684566
http://doi.org/10.1016/j.nicl.2020.102545
http://doi.org/10.3109/21678421.2013.805784
http://doi.org/10.1136/jnnp-2019-320807

Diagnostics 2021, 11, 624 11 of 11

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Woolley, S.C.; York, M.K.; Moore, D.H.; Strutt, A.M.; Murphy, J.; Schulz, PE.; Katz, ].S. Detecting frontotemporal dysfunction in
ALS: Utility of the ALS Cognitive Behavioral Screen (ALS-CBS™). Amyotroph. Lateral Scler. 2009, 11, 303-311. [CrossRef]
Gosselt, I.K.; Nijboer, T.C.W.; Van Es, M.A. An overview of screening instruments for cognition and behavior in patients with
ALS: Selecting the appropriate tool for clinical practice. Amyotroph. Lateral Scler. Front. Degener. 2020, 21, 1-13. [CrossRef]
Rusina, R.; Matgj, R.; Cséfalvay, Z.; Keller, J.; Frankova, V.; Vyhnalek, M. Frontotemporalni demence. Ceskd Slov. Neurol. Neurochir.
2021, 84, 9-29, in press.

Consonni, M.; Contarino, V.E.; Catricala, E.; Bella, E.D.; Pensato, V.; Gellera, C.; Lauria, G.; Cappa, S.F. Cortical markers of
cognitive syndromes in amyotrophic lateral sclerosis. Neurolmage Clin. 2018, 19, 675-682. [CrossRef]

Mioshi, E.; Lillo, P; Yew, B.; Hsieh, S.; Savage, S.; Hodges, J.R.; Kiernan, M.C.; Hornberger, M. Cortical atrophy in ALS is critically
associated with neuropsychiatric and cognitive changes. Neurology 2013, 80, 1117-1123. [CrossRef] [PubMed]

Omer, T,; Finegan, E.; Hutchinson, S.; Doherty, M.; Vajda, A.; McLaughlin, R.L.; Pender, N.; Hardiman, O.; Bede, P. Neuroimaging
patterns along the ALS-FTD spectrum: A multiparametric imaging study. Amyotroph. Lateral Scler. Front. Degener. 2017, 18, 611-623.
[CrossRef]

Rajagopalan, V.; Pioro, E.P. Comparing brain structural MRI and metabolic FDG-PET changes in patients with ALS-FTD: ‘the
chicken or the egg?’ question. J. Neurol. Neurosurg. Psychiatry 2014, 86, 952-958. [CrossRef]

Canosa, A.; Moglia, C.; Manera, U.; Vasta, R.; Torrieri, M.C.; Arena, V.; D’Ovidio, E; Palumbo, E.; Zucchetti, ].P; lazzolino, B.;
et al. Metabolic brain changes across different levels of cognitive impairment in ALS: A 18F-FDG-PET study. J. Neurol. Neurosurg.
Psychiatry 2021, 92, 357-363. [CrossRef]

Crespi, C.; Dodich, A.; Cappa, S.F,; Canessa, N.; lannaccone, S.; Corbo, M.; Lunetta, C.; Falini, A.; Cerami, C. Multimodal MRI
quantification of the common neurostructural bases within the FTD-ALS continuum. Neurobiol. Aging 2018, 62, 95-104. [CrossRef]
Castelnovo, V.; Canu, E.; Calderaro, D.; Riva, N.; Poletti, B.; Basaia, S.; Solca, F; Silani, V.; Filippi, M.; Agosta, F. Progression of
brain functional connectivity and frontal cognitive dysfunction in ALS. Neurolmage Clin. 2020, 28, 102509. [CrossRef]
Hékkinen, S.; Chu, S.A.; Lee, S.E. Neuroimaging in genetic frontotemporal dementia and amyotrophic lateral sclerosis. Neurobiol.
Dis. 2020, 145, 105063. [CrossRef] [PubMed]

Moore, K.M.; Nicholas, J.; Grossman, M.; McMillan, C.T.; Irwin, D.J.; Massimo, L.; Van Deerlin, V.M.; Warren, J.D.; Fox, N.C.;
Rossor, M.N; et al. Age at symptom onset and death and disease duration in genetic frontotemporal dementia: An international
retrospective cohort study. Lancet Neurol. 2020, 19, 145-156. [CrossRef]

Forsberg, K.; Graffmo, K.; Pakkenberg, B.; Weber, M.; Nielsen, M.; Marklund, S.; Brannstrém, T.; Andersen, PM. Misfolded SOD1
inclusions in patients with mutations in C9orf72 and other ALS/FTD-associated genes. |. Neurol. Neurosurg. Psychiatry 2019, 90,
861-869. [CrossRef]

Siddique, N.; Siddique, T. Amyotrophic Lateral Sclerosis Overview. GeneReviews®. Available online: https://www.ncbi.nlm.
nih.gov/books/NBK1450/ (accessed on 30 March 2021).

Abramzon, Y.A ; Fratta, P,; Traynor, B.J.; Chia, R. The Overlapping Genetics of Amyotrophic Lateral Sclerosis and Frontotemporal
Dementia. Front. Neurosci. 2020, 14, 42. [CrossRef] [PubMed]

Tan, R.H.; Guennewig, B.; Dobson-Stone, C.; Kwok, J.B.; Kril, J.J.; Kiernan, M.C.; Hodges, ].R.; Piguet, O.; Halliday, G.M. The
underacknowledged PPA-ALS. Neurology 2019, 92, €1354—-e1366. [CrossRef]

Parobkova, E.; Rusina, R.; Matéjckova, M.; Gregor, V.; Matéj, R. Genetics of neurodegenerative dementias in ten points—What
can a neurologist expect from molecular genetics? Ceskd Slov. Neurol. Neurochir. 2019, 82, 100-105. [CrossRef]

Geser, E; Lee, VM.-Y,; Trojanowski, ].Q. Amyotrophic lateral sclerosis and frontotemporal lobar degeneration: A spectrum of
TDP-43 proteinopathies. Neuropathology 2010, 30, 103-112. [CrossRef]

Ke, Y.D.; Van Hummel, A.; Stevens, C.H.; Gladbach, A.; Ippati, S.; Bi, M.; Lee, W.S.; Kruger, S.; Van Der Hoven, J.; Volkerling,
A.; et al. Short-term suppression of A315T mutant human TDP-43 expression improves functional deficits in a novel inducible
transgenic mouse model of FTLD-TDP and ALS. Acta Neuropathol. 2015, 130, 661-678. [CrossRef]

Huang, C.; Zhou, H.; Tong, J.; Chen, H,; Liu, Y.-].; Wang, D.; Wei, X,; Xia, X.-G. FUS Transgenic Rats Develop the Phenotypes of
Amyotrophic Lateral Sclerosis and Frontotemporal Lobar Degeneration. PLoS Genet. 2011, 7, €1002011. [CrossRef]

Strong, M.].; Donison, N.S.; Volkening, K. Alterations in Tau Metabolism in ALS and ALS-FTSD. Front. Neurol. 2020, 11, 598907.
[CrossRef]

Harrison, K.L.; Hunt, L.J.; Ritchie, C.S.; Yaffe, K. Dying With Dementia: Underrecognized and Stigmatized. J. Am. Geriatr. Soc.
2019, 67, 1548-1551. [CrossRef]

Danel-Brunaud, V.; Touzet, L.; Chevalier, L.; Moreau, C.; Devos, D.; Vandoolaeghe, S.; Defebvre, L.; Vandolaeghe, S. Ethical
considerations and palliative care in patients with amyotrophic lateral sclerosis: A review. Rev. Neurol. 2017, 173, 300-307.
[CrossRef] [PubMed]

Reinhard, C.; Bachoud-Lévi, A.-C.; Baumer, T.; Bertini, E.; Brunelle, A.; Buizer, A.L; Federico, A.; Gasser, T.; Groeschel, S.;
Hermanns, S.; et al. The European Reference Network for Rare Neurological Diseases. Front. Neurol. 2021, 11, 616569. [CrossRef]
[PubMed]


http://doi.org/10.3109/17482961003727954
http://doi.org/10.1080/21678421.2020.1732424
http://doi.org/10.1016/j.nicl.2018.05.020
http://doi.org/10.1212/WNL.0b013e31828869da
http://www.ncbi.nlm.nih.gov/pubmed/23427327
http://doi.org/10.1080/21678421.2017.1332077
http://doi.org/10.1136/jnnp-2014-308239
http://doi.org/10.1136/jnnp-2020-323876
http://doi.org/10.1016/j.neurobiolaging.2017.09.019
http://doi.org/10.1016/j.nicl.2020.102509
http://doi.org/10.1016/j.nbd.2020.105063
http://www.ncbi.nlm.nih.gov/pubmed/32890771
http://doi.org/10.1016/S1474-4422(19)30394-1
http://doi.org/10.1136/jnnp-2018-319386
https://www.ncbi.nlm.nih.gov/books/NBK1450/
https://www.ncbi.nlm.nih.gov/books/NBK1450/
http://doi.org/10.3389/fnins.2020.00042
http://www.ncbi.nlm.nih.gov/pubmed/32116499
http://doi.org/10.1212/WNL.0000000000007146
http://doi.org/10.14735/amcsnn2019100
http://doi.org/10.1111/j.1440-1789.2009.01091.x
http://doi.org/10.1007/s00401-015-1486-0
http://doi.org/10.1371/journal.pgen.1002011
http://doi.org/10.3389/fneur.2020.598907
http://doi.org/10.1111/jgs.15895
http://doi.org/10.1016/j.neurol.2017.03.032
http://www.ncbi.nlm.nih.gov/pubmed/28479121
http://doi.org/10.3389/fneur.2020.616569
http://www.ncbi.nlm.nih.gov/pubmed/33519696

	Introduction 
	Amyotrophic Lateral Sclerosis-Frontotemporal Spectrum Disorder (ALS-FTSD) Subtypes 
	Prevalence of ALS-FTSD 
	Clinical Manifestations of ALS-FTSD 
	Executive Dysfunction 
	Altered Social Cognition & Emotion Processing 
	Behavioral Manifestations 
	Speech and Language Impairment 
	Memory Impairment 

	Cognitive and Behavioral Screening for ALS-FTSD 
	Neuroimaging 
	Genetic Background 
	Neuropathology 
	Therapeutic Options 
	Conclusions 
	References

