Amyotrophic Lateral Sclerosis

¢ First ALS case described by

ALS and DEMENTIA Sir Charles Bell in 1830

An Odd COUp|€? Progressive Muscular Atrophy
described by Aran in 1850 Sir Charles Bell 1774-1842

Orla Hardiman BSc MD FRCPI FAAN Case series by Charcot (1874)

Neuro-degenerative condition
Professor of Neurology predominantly affecting upper
Trinity College Dublin and lower motor neurons (
Ireland

Jean M Charcot 1825-1893

ALS HAS BEEN CONSIDERED A

. NEUROMUSCULAR CONDITION
Dementia

Lou Gehrig s Batting Average Declined Sharply
During the 1938 Season

Most models are focused on
the Lower Motor Neuron and
Its Local Environment




Initiators and
Propagators of disease in SOD1
Transgenics

Pathogenesis of SOD1-Associated
ALS: Insights from the SOD1 Mouse

Mutant SOD1 transgenic mice ) Microglial activation
Retraction of axons from

develop an “ALS-like phenOtype” neuromuscular synapses Continuing neuronal
damage
Inhibition of antegrade
axonal transport Astrocyte injury (protein
. . . i aggregation)
SOD1 mutations in vitro disrupt s e

normal cellular function mitochondrial injury Excitotoxicity

Increased secretion of
neurotoxic compounds

_ including misfolded
Effects are non-cell autonomous (SODl?)g

What we always knew....
but couldn’t always see....

COGNITIVE IMPAIRMENT . :
Frontotemporal dementias can develop anterior horn cell
AND ALS degeneration

Dementia can occur with “classical ALS”
ALS PD Dementia complex occurs in Guam

Occasional descriptions of “childish and credulous
behaviour” in some ALS patients (Pierre Marie 1853-
1940)

ALS is a Multisystem Disease

(Hudson 1981)

ALS and FTD are biologically
related




COGNITIVE IMPAIRMENT IN ALS

The Evidence

Timeline
Occasional  gyyra-motor  Presenile Neuropatholog Cognitive  Cerebral
reports of  neuronal  dementia H YOf MND +  change dysfunction
udson
behavioural  lossand  withmotor {14421 Demenia in sporadic associated  Ringholz
changesin  aU0PhY, neuron Horoupian ALS with cognitive  Study
frontal lobes  disease in and 1984 David & change 2005
MND (Weschler  Japan. Dementia Gilham Kew 1993
and Davison A newentity? ;¢ 1986
1932). Mitsuyama. famil
e amilies

Pathology of ALS and FTD

Neuropathologic Evidence

UBI (M Stron TDP43 (V Lee)

Spongiform degeneration of
Cortical Layers Il and IlI

Familial AL S: Frequent Genes
Type Lows Gene Inheritance | Frequency Phenotype
ALS1 =2 sop-1 AD 020% variable
ALs2 23 ALSn AR Reremostly Jwenile ALS
ALS3 18921 - AD Singe family
ALS4 o34 SETX AD Ataxia oculomotor apraxia
ALSS 15q1522 o1 AR Jwenile JwenileHsP
ALS6 [ FUS AD,AR 05% Youngonset, LN, often sporadic
GENETIC EVIDENCE I T I :

ALSS 1721 VAPE AD Rare
ALS9 1aqu1 ANG AD Rare
ALS10 %22 | TARDEP AD Variable Founder effects

. ALS1L op2L Fica AD ALS.CMT4

Single Genes of Large Effect o | s | om [ o

ALSE | 112 ATXNZ AD? ALS,S0A2
ALS14 o133 vep AD o0s% 1BM, Pagets Disease, Dementia
ALS15 Xpii2l | UBQLN2 | Xdinked F1oP
ALS16 13 SIGMARL AD Mosly Arab JwenileALS
ALSTT 3112 cHMPZS AD 1% LMN predominent
ALS18 1712 PENL AD %
ALS19 5q533 SQsTM1 AD Pagets Disease
ALS20 9p21 coorf72 AD R ALSFTD, Psychosis,




Chromosome 9 linked ALS FTD
(Gwent Pedigree)

Hexanucleotide Repeat Expansion in
C9orf72 causes ALS and FTD

Clinical Features of fvFTD

Violation of interpersonal space ~ Over-eating and food Blunted emotions
fads

Swearing

Increased interest in sex et GG et

Utilisation behaviour

Impulsive buying
Disinterest, withdrawal

Ignoring social etiquette

Lack of empathy Change in personal hygiene

Hoarding Repetitive behaviour

Familial ALSwith FTD

Type Lows Gene Inheritance | Frequency Phenotype

ALs1 s sop-1 AD 020 variable

ALs2 23 ALsn AR Raremostly Jwenile ALS
ALS3 18921 - A0 Singe family
ALS4 94 SETX AD Ataxia oculomotor apraxia
ALSS 1501522 61 AR Jwenile JwenileHsP
ALS6 [ Fus AD,AR 0% Youngonset, LMN, often sporadic
ALST 20013 - AD

ALSS 1721 VAPE A0 Rare

ALS9 1aqu1 ANG AD Rare

ALS10 %22 | TARDEP AD Variable Founder dfects
ALS1L op2L Fica A0 ALS.CMT4
ALs12 1013 oPTN ADIAR

ALS13 1202312 ATXNZ AD? ALS,S0A2
ALS14 op133 vep) AD =3 1M, Pagets Disease, Dementia
ALS1S Xpli2i | UBQLN2 |  Xlinked FTDP

ALS16 op13 SIGMARL AD Mosly Arab JwenileALS
ALSTT 3112 cHMPZS AD 1% LMN predominent
ALS18 17p132 PENL AD %

ALS19 Sq533 SQSTM1 AD Pagets Disease
ALS20 9p21 coorf2 AD B ALSFTD, Psychosis,

New onset criminal behaviour

Cognitive Impairment in ALS:
Predominently Fronto-Temporal Degeneration

*Family members may not be aware of that defidits o
executive dysfunction / personality changes aatufes of
the condition

Classification of Frontotemporal Syndromes in ALS .
Strong et al, Amyotroph Lat Scler 2009

Terminology Characteristics

A pure motor system disorder as defined by the EIE ~ scorial
criteria with no clinical evidence of non-motor sys  tem
involvement

mpairment on standardized neuropsycholog ical
g at or below the 5th percentile, compared o age and
education-matched norms, on at least two distinct ¢ ognitive tests
sensitive to executive functioning

Atleast two non-overlapping supportive diagnostic features from
the Neary criteria (i.e., decline in personal hygie  ne and grooming,
mental igidity and inflexibility, distractibili and impersistence,
hyperorality and dietary changes, persev d yped
behaviour, utilization behaviour)

Neary criteria for FTD fulflled

Neuropathological cases of frontotemporal lobar deg  eneration
(FTLD) in which there is neuropathological evidence  of motor

FUBTE-TD neuron degeneration but in which ante mortem eviden  ce was
absent

ALS with dementia, not typical of the above (e.g.c  oncomitant
di scula

Al Alzhein disease or va




Methodology

Inclusion Criteria

Incident cases
Age 18 or more

Popu Iat| On Based Study Of Possible, probable or definite ALS as per the Revised El Escorial Criteria
Cognitive & Behavioural e ion Criesa
I m pal rm e nt | n A LS .History of neurological conditions that could affect cognition (major hemispheric

stroke, traumatic brain injury, learning disability, severe active epilepsy)
Alcohol dependence syndrome

Severe active mental iliness, and/or use of high dose psychoactive medications.

Background Demographics

Clinical Data (n=206 patients, 120 controls)

Mean Age at assessment (SD) 62.9 (10.3)
. Percentage of Males 59.0%
Demographic data Mean Education in years (SD) 12.1 (3.3)

Clinical details Spinal-onset disease 63.9%

) ) ) Bulbar-onset disease 34.3%

Brief Family History Respiratory-onset disease 1.5%
ASFRS-R Baseline median ALSFRSR 38

NIV use at basdine 11.2%

Transcutaneous O2/CO2 levels Enteral tubein situ at basaline 15.6%

Genetlc status (Cgorf72) Useof Riluzole at baseline 82.9%
Median Timeto diagnosis (months) 11 months

Neuropsychological Battery

Executive function « Visuo-construction

« Verbal fluency (phonological i
ST aiEg) Rey Complex Figure (copy)

« Brixton Test
¢ Language
« Stroop Interference Test guag

| Giieon Boston Naming Test COGNITIVE PROFILE

Memory N,YL‘TAT}\A
+ Logical memory (WMS-III L:ﬁ’/’”,&i\)
« California Verbal Learning LU
Test
+ Paired Associate Learning BLUE GREEN YELLOW
dcsLOME) PINK ORANGE
* Rey Complex Figure Test
(immediate and delayed ) BLACK PURPLE
TAN  WHITE




CLASSIFICATION OF IMPAIRMENT

(INNP 2012, 83 102-108)

*Normal

*ALS with cognitive impairment
— Executive impairment
— Non-executive impairment
*ALS with FTD

CLASSIFICATION OF
IMPAIRMENT

e Normal

» ALS with cognitive impairment
— Executive impairment
« Single domain
* Multidomain
— Non-executive impairment
« Single domain
* Multidomain

* ALS with FTD

Cognitive & Behaviour Impairment in ALS:
Unanswered Questions

Are ALS and FTD two ends of the same
disease spectrum ?

Does cognitive impairment get worse with
time?

Do all patients develop cognitive impairment
if followed up for long enough ?

Co-morbid
Alzheimer's

disease ALS-FTD
1%.

~. 13%

Executive
Dysfunction
‘ 25%

No Abnormality
detected
49%

Non-Executive

Cognitive
Impairment
12%

SubClassification of Non-
Demented ALS Patients

Longitudinal Study of Cognition

WALS Patients
BHC




Percentage of ALS Patients with No Motor Decline & Cognitive Function are

Cognitive Impairment Linked
ALS-FTD Executive NECI No P value
ALSFRS-R slope dysfuncton . Abnormality
points/mth
T2 data 1.8 1.2 1.2 0.83 0.05
T3 data - 1.4 0.78 0.42 0.032

ALSFRSR Slope between T1 and T2

WALS Patients ’
mHC

Change In cogniuve Status on xepeatea

Those with executive dysfunction at presentation

5/6 “single domain” — multi-domain (by T2)
2/12 — co-morbid FTD (by T2)

Those with non-executive cognitive impairment at presentation DO ES COG N IT I VE
36.8% developed executive dysfunction (by T2)
Remaining patients continued to have NECI I M PAI R M E NT I N ALS
Those who were cognitively intact at presentation : I N F LU E N C E S U RVIVAL?
Majority remained cognitively intact

T2— 52/65, (80.0%)
T3— 31/38 (81.6%)
T4— 617, (85.7%)
Most common new cognitive change: language: 18.1% at T2, 7.9% at T3

Executive dysfunction rare  T2: 3/65 (4.6%) T3: 2/38 (5.2%)
subtle changes at baseline

ALS-FTD vs ALS without FTD

Executive Dysfunction (n=126)

Kaplan-Meier Plot for ALS-FTD

Cum Survival

o onon ann  enbn  saon toaon oo

Survival (Mths) .

Executive dysfunction (n= 16) 27 mths (95% ClI 14. 2- 39.7 )

. ALS-FTD (n=21) 25 mths (95% CI 20.7 -29.2) » No executive dysfunction (n=110) 48;21830(195% Cl1 30.2 - 65.7)
e ALS without FTD (n=126) 42 mths (95% CI 32.5 -51.5) p=0.




Summary so far

ALS is a spectrum disease
A subgroup of ALS patients remain cognitively intact
Cognitive phenotype correlates with disease trajectory

Executive impairment is a negative prognostic indicator

C9orf Expansion has a
Distinctive Imaging Signature

Phenotype Genotype
Correlation

COGNITIVE & BEHAVIOURAL STATUSIN-ALS

C9orf 72 Repeat Negative C9o0rf72 Repeat Positive

Subcortical Grey Matter is Involved

(Bede et al Neurology 2014)




ALS ENDOPHENOTYPES?

172 ALS and 198 Control kindreds 12,000 relatives

C9orf72 Screening Algorithm

ALS and DEMENTIA
No longer an “odd couple!”

Is Cognitive Impairment Important?

* Survival

¢ Decisions: finance, end-of-life decisions
« Compliance with NIV, RIG, multidisciplinary

care

» Safety awareness e.g. Fall avoidance, coping
with choking episodes

e Carer burden impact
« Critical to our understanding of the biology of

ALS
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