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Early studies of ALS, beginning 

in the 1880s, recognized that

dementia often accompanied

ALS, but this association has

been largely neglect until

recent years.

Marie P. Lecons sur les maladies de la moelle [1892]

BACKGROUND



The idea of ALS as a multisystem disorder 

remained relatively unexplored since the 

beginning of 1980s.

Gradually, in the following 

years, a more specific

association between motor

neuron disease and 

frontotemporal dementia

was recognised.

BACKGROUND (2)

Lancet 2016



A pictorial illustration of the ALS-FTD 

continuum showing the multiple levels 

of overlap between the conditions.

Motor neuron disease-frontotemporal

dementia: a clinical continuum.

Devenney e. et al. [2015]

Overlap between motor neuron

disease and frontotemporal

dementia occurs at clinical, genetic, 

pathological and neuroimaging  

levels.

ALS AND FTD:  A DISEASE CONTINUUM



FRONTOTEMPORAL DYSFUCTION IN MND

Language impairments in 

motor neuron disease are 

similar to those seen in the 

language phenotypes of 

frontotemporal dementia

Language

Behavioural changes in ALS 

overlap with those noted in FTD

Behavior

Social cognition, theory of mind 

and emotional processing are 

essential for effective human 

interactions

Social cognition

Executive abilities help with 

decision making, motivation and 

inhibitory control. 

Verbal fluency has emerged as a 

robust marker of executive 

dysfuction

Executive function

Cognitive and 
behavioral

dysfuctions in 
ALS



EXECUTIVE FUNCTION IN ALS

J Clin Exp Neuropsychol 2010

Verbal fluency tests, often

adapted to control for 

dysarthria, are robust

measures of executive 

dysfunction in motor neuron

disease  and frontotemporal

dementia-motor neuron

disease.



LANGUAGE DEFICITS IN ALS

Naming and semantic 

comprehension deficits are 

frequently present and phonological

and syntactic deficits can also exist. 

Verb processing has been reported

to be selectively impaired in MND, 

while noun-processing deficits are 

more prevalent in cases of bvFTD.

Brain 2001



SOCIAL COGNITION AND EMOTIONAL PROCESSING

Patients with either motor

neuron disease or 

frontotemporal dementia-motor

neuron disease have impareid

social cognition, theory of mind, 

and emotional processing.

Neurodegener Dis Manag 2011



PATHOLOGY
The discovery of a trans-activating

responsive (Tar) sequence DNA-

binding protein (TDP-43) 

contributed pathological evidence

to support the notion of an overlap

between MND and FTD.

TDP-43 protein deposition has

been reported in a subgroup of 

FTD patients without tau 

pathology, as well as the majority

of familial and sporadic ALS cases.

Science, 2006

2006



PATHOLOGY (2)

The frontotemporal dementia-motor neuron

disease continuum. J.R. Burrell et al. [2016]

Pathological inclusions found in 

frontotemporal dementia and motor neuron

disease.

In FTD, TDP-43 pathology varies in morphology

and distribution with four different identified

subtypes (type A-D).

In motor neuron disease, TDP-immunoreactive

neuronal cytoplasmatic inclusions can be 

either skein-like (F) or Lewy body-like.



PATHOLOGY (3)

Stages of TDP-43 deposition in 

behavioural variant-frontotemporal

dementia compared with motor

neuron disease.

The frontotemporal dementia-motor

neuron disease continuum

J.R. Burrell et al. Lancet [2016]

bvFTD
ALS



GENETIC: a futher piece of the overlap puzzle

C9orf72: the history

2011



C9orf72 GENETIC EXPANSION

The C9orf72 repeat expansion

and possible mechanisms to 

cause frontotemporal

dementia-motor neuron

disease.



The repeat expansion has been

associated with several different

clinical syndromes including a 

Huntington-like presentation, 

Alzheimer’s disease, ataxia, and 

even psychiatric illness.

Variabillity in clinical presentation and prognosis

C9orf72 genetic expansion: clinical presentation

Acta Neuropathol (2014)



GENETICS UNDERLYING THE ALS-FTD CONTINUUM

Neurogenetics has contributed significant

evidence for an overlap between ALS 

and FTD.

Different genes are now linked to disease 

across the ALS-FDT spectrum, although

many of these are primarily associated

with FTD or MND only, with some 

accounting for only a handful of cases.

Motor neuron disease: progress and 

challenges.  T. Dharmadasa et al. [2017]



GENETICS UNDERLYING THE ALS-FTD CONTINUUM (2)



THE ROLE OF NEUROIMAGING

Neuroimaging patterns along the ALS-FTD 

spectrum: a multiparametric imaging study (2017)



DIAGNOSIS

AXIS 1 – Defining the motor neuron disease variant

AXIS 2 – Defining the neuropsychological deficits

AXIS 3 – Additional non-motor disease manifestation



DIAGNOSIS (2)

Cognitive screening tests

specific to motor neuron

disease have been developed.

ECAS assesses several cognitive 

domains including executive 

function, verbal fluency, 

language, and visuospatial

function. 



CONCLUSIONS

• ALS is now considered to be a multisystem disorder encompassing motor, cognitive 

and behavioral changes.

• The last decade has seen rapid developments across the genetic, clinical and 

pathophysiological mechanisms in the ALS-FTD continuum.

• The identification of C9orf72 has challenge the concept of ALS and FTD as a single 

disease entities by explaining the genetic link between the conditions. A striking

characteristic of disease associated with C9ORF72 repeat expansion is large variability

in clinical presentation and prognosis: the reason of this fact is unknown.

• It is essential to better delineate the underlying molecular pathogenesis of these

diseases in order to find an effective therapy. Ongoing drug trials taget at pathology, 

genetic and immunological process offer hope for the future in ALS-FTD.
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ALS-FTD: clinical continuum
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ALS-FTD: neuropathological continuum
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The real issue
TDP-43 specific encephalopathy

cognitive/behavioral impairment

Verde et al., 2017

TDP43
as

biomarker





Al-Chalabi et al., 2016

ALS-FTD: new classification ?


