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MOTOR NEURON DISEASES

“the 3rd most common neurodegenerative
disease overall”
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SYNDROME

.~ ALS : multisystem disorder in which there s a ,JrJJr ssive motor J/Jer involvement (early)
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In a subgroup of patients a more florld demenha consistent wu’rh a from‘o’remporal demenha
are evident
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ALS (classic...)

Neurodegenerative disease

10% fALS

More frequent after st" / 6t decade
20%(2) associated ¥TD

Incidence: 0.6 - 2.6 / new cases /100000
Prevalence 0.8 y el 8.5 / 100000

Male / female 1.2:1 /2.6:1

Mean survival after diagnosis : 3 years
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DIAGNOSIS IN ALS

Diagnosis : Clinical / neurol. !!! - EMG
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SHORTENING THE DIAGNOSIS IN ALS

¢  Dijagnosis : Clinical / neurol. !!! - EMG

NORMAL ’
L
INDIVIDUAL OBVIOUS ALS
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Possibilities of

diagnosis Marker Expt. General Almost
Neurol. Neurol. everybody

RESEARCH EDUCATION PRACTICE
Role of the neurologls{s . _— o ;
i ind non neurologists erence 10 siringent
RRsrologist flnd_marker patients clinical and EMG criteria
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FIRST PHYSICIAN SEEN

GP m Traumato./ Orthopaedist m Nuerologist m Other Specialist
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NEUROLOGIST CONSULTATION

Rapid diagnosis m Delayed diagnosis

H

1st physician 2nd physician 3rd physician 4th physician
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IMPACT OF THE FIRST SPECIALIST SEEN |
BY THE PATIENT

Non Neurologist

Neurologist

H Rapid diagnosis ' Delayed diagnosis
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TIME-TAKEN ACCORDING TO INITIAL SYMPTOMS (TOTAL)

Time-Elapsed
Between: (means) *

First symptoms and
first consultation

First symptoms and
first consultation with
a Neurologist

First consultation
with  a Neurologist
and diagnosis
confirmation

First symptoms and
diagnosis
confirmation

(10.2 m)

Upper
Limb

(50)
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Lower
Limb

(51)

Fascicul.

(27)

[\ [)
Fascicul.

(119)




Percentage explained Putative protein

Gene Location Inheritance Familial ALS Sporadic ALS function

TARDBP 1p36 AD 4 1 RNA metabolism

SQSTM1 535 AD 1 <1 Ubiquitination;
autophagy

CO90ORF72 9p21 AD 40 7 DENN proteln

VCP Spl3 AD 1 1 Proteasome; v, Al
GENES KNOWN ratrickine)
TO CARRY OPTN 10p13 AR and AD <1 <1 Vesicle trafficling s
ALS-CAUSING FUS 16pll AD and AR 4 1 ‘
PFN1 17p13 AD <1 <1 Cytoskeletal‘g
MUTATIONS dynamics

SOD1 21q22 AD and AR

Alan E Renton1, Adriano uBQLNz2 Xpll XD

Chié2 & Bryan J Traynor1,3
Nature Neuroscience
VOLUME 17 | NUMBER 1 |
JANUARY 2014

European ancestry. References are provided in the main text. AD, autosomal dommar\‘
AR, autosomal recessive; XD, X-linked dominant; DENN, differentially expressed in
normal and neoplasia.

Gene Location Inheritance  Predominant clinical syndromes Putative protein functic

DCTN1 2pl3 AD PMA; Perry syndrome Axonal transp-:d
ALS2 2q33 AR Juvenile PLS; infantile HSP
CHMPZB 3pll AD Familial ALS; sporadic ALS; FTD
FIG4 6q21 AD and AR  CMT; familial ALS
OTHER GENES HNRNFAZEB1 7pl5 AD Multisystem proteinopathy; ALS

IMPLICATED IN ELP3 8p21 Undefined Sp-oradic ALS

SETX 9q34 AD Juvenile ALS; ataxia with
THE oculomotor apraxia '
PATHOGENESIS HNRNPAI 12q13 AD Multisystem proteinopathy; ALS RNA metabolism
OF ALS ATXNZ 12q24 Undefined Sporadic ALS; ataxia Endocytosis; RNA translation

ANG 14q11 AD Familial ALS; sporadic ALS Angiogenesis
SPG11 15q14 AR Juvenile ALS; HSP DNA damage repair
VAFE 20q13 AD PMA; FALS Vesicle trafficking
NEFH 22ql2 AD Familial ALS; sporadic ALS Axonal transport

AD, autosomal dominant; AR, autosomal recessive; CMT, Charcot-Marie-Tooth disease; HSP, hareditary spastic
paraplegia; PLS, primary lateral sclerosis; PMA, progressive muscular atrophy.
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ALS DIAGNOSTIC CONSENSUS
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CRITERIA FOR THE DIAGNOSIS OF
AMYOTROPHIC LATERAL SCLEROSIS

1) Signs of lower motor neuron (LMN) degeneration by clinical,
electrophysiological or neuropathologic examination

2) Signs of upper motor neuron (UMN) degeneration by
clinical examination,

3) Progressive spread of signs within a region or to
other regions,

ABSENCE OF

A) Electrophysiological evidence of other disease processes that
might explain the signs of LMN and/or UMN degeneration

B) Neuroimaging evidence of other disease processes that might
explain the observed clinical and electrophysiological signs.
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Upper motor neuron ALS Lower motor neuron
predominance predominance

PLS ALS SMA
Amyotrophic Lateral Sclerosis

(Primary Lateral Sclerosis) (Spinal Muscular Atrophy)

Motor cortex
S\
q

haryngeal
uscles

Medulla

SIGNS g
Hyper active TR g moot |~ Corvica

. spinal cord

Hyper active jaw reflex y y.

Spasticity Segmental wea \

Babinski sign Muscle atrophy [P /(. v

Hoffmann sign Hypo active TR B 7 7 W

et ‘ | *Clonus Fasciculations 45 :, O Cil
Weakness Y / ~— 4

Pseudobulbar affect el souron

Disap. Cut. Abdom. R
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REGIONS

BULBAR CERVICAL TORACIC LUMBAR

Jaw Neck Trunk Trunk
Facial UL Abdomen  Abdomen

Larinx Diaphragm (above D6) (below D6)
Palat LL

Tongue
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ALS DIAGNOSIS

Criteria - diagnostic accuracy levels - El Escorial - Airlie Il

Lab test / imaging

History & Neurologic EMG
(rule out other...)

Examination

DEFINITE ALS @ ﬂ @ PROBABLE LABORATORY
Upper and lower motor SUPPORTED
signs found in the bulbar UMN and LMN signs in only one
region and at least two region; however,

regions along the neuraxis - electrophysiological evidence of
(cervical, thoracic, Possible denervation in at least two regions
lumbosacral) where other aetiologies have been
Alternatively, UMN and Probable excluded.)
LMN signs can be present Probable
in three regions, sparing

(laboratory

bulb he ti f
diuag::):ir:as NSNS supported) POSSIBLE ALS
: UMN and LMN findings in only

PROBABLE ALS Definite one region or UMN findings in

at least two regions or LMN signs

UMN and LMN signs in at least rostral to UMN signs.

two spinal regions. At least
one UMN sign should be
present rostral to at least one
LMN sign
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EMG in ALS
MUSCLE DENERVATION

Detect LMN involvement in at least two (three) regions,  Fibrillations
especially in areas that are not clinically affected, or in * Positive sharp waves
regions where the UMN signs makes it difficult to identify - 1oss of MUAP’s

superimposed LMN involvement.
* FASCICULATIONS

MUAP :

* Reduced in number

* High frequency MUAP
discharge (> de 10 #z)

MUSCLE REINERVATION
* Increased MUAP duration
and amplitude.
* Increased Polyphasia
* Satellite MUAP’s.
* MUAP’s instability

www.fundacionfalor E




Consensus aimed at recruiting an increased number of ALS patients in an earlier
stage of the disease (for studies / clinical trials),

category of “Laboratory Supported” unnecessary

Fasciculations in a muscle with neurogenic elements are
equivalent to the signs of active denervation (fibs and psw)

www.fundacionfavaloro.org




Awaji Criteria for the Diagnosis

An evaluation of neurophysiological criteria used @ o Amyotrophic Lateral Sclerosis

In the diagnosis of motor neuron disease

A Systematic Review

C P DOUQI&SS,1 R H Kand|er,2 P J Sh&W,B C J MCDermOﬁS Joao Costa, MD, PhD; Michael Swash, MD; Mamede de Carvalho, MD, PhD

ARCH NEUROL/VOL 69 (NO. 11), NOV 2012
J Neurol Neurosurg Psychiatry 2010 81: 646-649

Revised El Escorial criteria

O Pre-test " TS
@ El Escorial .

0 . 04 06 08
@ Awaji Shima 1-Specificity

Awaji critaria

3
c
2
o
®
o
-
[e]
S
@
2
£
3
c

Definite Probable Possible Other
Diagnostic category

AUC (SE): 0.92 (0.02)
Q+ index (SE)- 0.85 (0.03)

04 06 0s
1-Specificity

Figure 3. Summary receiver operating characteristic plots (and 95% CI) of
sensitivity and specificity. AUC indicates area under the curver.
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Upper motor neuron ALS Lower motor neuron
predominance predominance

PLS ALS SMA
Amyotrophic Lateral Sclerosis

(Primary Lateral Sclerosis) (Spinal Muscular Atrophy)

Respiratory Patchv UMN c Progressive
d Primery letoral Pasiyy U] muscar attophy
c 0

sclerosis the bulbar muscles invol ti
involvement in

all limbs.

UNINS of:arms
and'legs are

involved / later
discrete LMN Respiratory
involvement muscles involved, often

can be detected RAail arm Pseudopolyneuritic proximally

syndrome Flail leg ALS
y - syndrome

Flaillarmisyndrome; LIVIN
involvement isirestricted to
the upper limbs; but mild

in the legs.
Junilaterall'UMN Flail leg syndrome, LMN
involvement with involvement is restricted to
sparing of the the lower limbs, and is often Only LMNs
face,t.and asymmetric restricted
sometimes .
discrete LMN to.t 2 izl
involvement, can I_|mbs U5
be observed. involved
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Phenotypic heterogeneity of amyotrophic lateral
sclerosis: a population based study

Adriano Chid,"? Andrea Calvo,' Cristina Moglia,' Letizia Mazzini,® Gabriele Mora,”
PARALS study group®

Table 1 Mean age at onset, mean time delay from onset to diagnosis and frequency of frontotemporal dementia

No of Age at onset (years) Age at onset (years) Diagnostic delay Diagnostic delay Cases with
Phenotype cases (%) (mean (SD)) (median (IQR)) (months) (mean (SD)) (months) (median (IQR))# FTD (%)

Classic 404 (30.3) 62.8 (11.3) 64.6 (56.1—70.6) 10.9 (9.6) 8 (5—13) 16 (4.0)
Bulbar 456 (34.2) 68.8 (9.7) 69.9 (62.9—75.0) 9.8 (7.0) 8 (5-12) m—) 41 (9.0)
Flail arm 74 (5.5) 62.6 (11.8) 63.3 (54.8—72.2) 12.8 (11.0) 9 (5—15) 1(14)
Flail leg 173 (13.0) 65.0 (9.6) 65.6 (58.5—71.2) 13.1 (10.1) 11 (7-17) 7 (4.1)
Pyramidal 120 (9.1) 58.3 (13.5) 60.1 (49.2—68.3) 15.9 (13.4) 12 (6—22) 3 (2.5)
Respiratory 14 (1.1) 62.2 (8.6) 62.0 (58.3—65.3) 6.4 (4.3) 5 (3-9) -

PLMN 38 (2.9) 56.2 (11.3) 55.2 (45.7—61.3) 15.5 (12.4) 14 (10—19) -

PUMN 53 (4.0) 58.9 (10.9) 56.5 (48.3—62.6) 15.9 (14.3) 15 (10—19) 2 (3.8%)
Overall ALS 1332 64.3 (11.3) 65.3 (59.7—71.8) 10.8 (10.4) 9 (5-14) 70 (5.4%)
p=0.0001* p=0.0001* p=0.0001+

*ANOVA.
12 test.
$0Q1-03.
ALS, amyotrophic lateral sclerosis; FTD, frontotemporal dementia; PLMN, pure lower motor neuron phenotype; PUMN, pure upper motor neuron phenotype.

J Neurol Neurosurg Psychiatry 2011;82:740—746.
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ALS - AGE AT ONSET
(CLASSIC....) Usually in the fifth or sixth decade of life.

Juvenile ALS : before 25 years, (course of progression is generally slower) than in other
forms

The probability of carrying a genetic mutation is inversely related with the age at
onset of patients: the younger the age at onset, the higher the likelihood of
having a genetic mutaion.

Mutations in ALS2, SETX and FUS causes juvenile ALS.

60% of patients with disease onset between 20 and 40 years of age have predominantly
upper motor neuron involvement, and relatively few of these patients (15%) have bulbar-
onset disease.

Older age at onset associated with decreased likelihood of upper motor neuron
involvement (20%), increased probability of bulbar onset (up to 50% with onset after 80
years of age), and poor prognosis.

Onset after 80 years is associated with a particularly short survival.

www.fundacionfavaloro.org




PATTERNS OF DISEASE PROGRESSION

“Mean” survival after diagnosis : 3 years (222) SURVIVAL

10 % survive > 10 years
SOD1 Ala4val : rapid
SOD1 Asp90Ala : slow
Hexanucleotide (GGGGCC)
expansion mutation in the
C9orf72: shorter survival

between survival and
mutation

S N N N S A E B B R DN B B B R N R B R S R R S —
12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72 75 78 81 84 _
Time from first visit (months)
ENVIRONMENTAL
FACTORS ?

D SPINAL ONSET
H

BULBAR ONSET

Bart Swinnen and Wim Robberecht Nature Reviews / Neurology
VOLUME 10 | NOVEMBER 2014 |
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Upper MN pure

E——— " SURVIVALAND

Classic ALS
. Pyramidal ALS

ALS PHENOTYPE

(TRACHEOSTOMY
Flail arm FREE)

Flail leg

Bulbar

T
10.00

Time from onset

Figure 3 Tracheostomy free survival,
according to amyotrophic lateral
sclerosis (ALS) phenotype. Yellow,
PUMN; red, PLIMN; light blue, pyramidal
ALS; grey, flail arm; violet, classic ALS;
green, flail leg; blue, bulbar; cyan,
respiratory. Crosses are censored
patients. PLIMIN, pure lower motor
neuron phenotype; PUMN, pure upper
motor neuron phenotype.

J Neurol Neurosurg Psychiatry 2011;82:740—746.

Phenotypic heterogeneity of amyotrophic lateral
sclerosis: a population based study

Adriano Chid,"? Andrea Calvo," Cristina Moglia," Letizia Mazzini,> Gabriele Mora,*
PARALS study group™®
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OVERALL SURVIVAL IN ALS

MULTIDISCIPLINARY
PATIENT'S CARE

PHYSICAL THEREPAY
NUTRITIONAL CARE
SPASTICITY

CRAMPS

PAIN

CONSTIPATION

PEG

PSYCHOLOGICAL SUPPORT
RESPIRATORY CARE

NIV, COUGH ASSISTANCE,
EARLY INFECTION TREATMENTS,
ETC, ETC, ETC
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Practice Parameter update: The care of the patient with
amyotrophic lateral sderosis: Multidisciplinary care,
symptom management, and cognitive/behavioral
lmpalrment (an CVldCHCC-baSC l'eVleW')

Report of the Quality Standards Subcommittee of the Amenican Academyy of Neurology
Em

ABSTRACT

Objective: To systamatically review evidenca baaring on the managamant of patients with amyotro-
phic letaral sclarosis (ALS)

Methods: The authors analyz ed studies from 1938 to 2007 to update the 1999 practice param-
eter. Topics coverad in this saction includa brasking the now 3, multidisciplinary clinics, symptom
managemeant, cognitve and bahavioral impairment, communication, and palliatve care for pa-
tionts withALS

Results: The authors identifiod 2 Class | studies, 8 Cass || studies, and 30 Cass il studies in ALS, but
rmeny mportart araas hewva boean lttle studiod. More highrquelity, controliod studies of aymptomatic thoe
apias and pallatve care are necdad to guida management and amsass ocutcomas in patients with ALS,
Recommendatioas: Multidacpinary cinic refarral should ba considerad for managing pationts with ALS
o optmize health care dalivary and prolong survival (Lavel B) and may ba corsiderad to enhance quality of
ifa (Lavel Q. For the troatrment of refractony salorhea, botulinum toan B should be consdered (Lavel B)
and low-dosa radiation therapy to the salvary glands may be consderad (Level ). For traatmant of
paaudobubar affoct, dactromathorphan and quindine should ba considerad # approved by the US Food
and Drug Adminstration {Leval B). For patiants who dovalop fatigue whils taking riuzola, withholding the
drug may be considerad (Lovdl (). Bocauma meny patisnts with ALS demonstrata cognitive imparment,
which in soma casas mests criteria for damentiay, screaning for cogritve and behavioral impairment should
be cormiderad n patients with ALS Level H] Other managemant stratagics all keck strong evidenca
Naurdogy™ 2009,73:1227-1233

Practice Parameter update: The care of the patient with
amyotrophic lateral sderosis: Drug, nutritional, and
respiratory therapies (an evidence-based review)

Report of the Quality Standards Subcommittee of the Amernican Academy of Neurology
Bm

ABSTRACT

Objective: To systematically raview evidanca bearing on the managemant of patients with amyo-
trophuc lataral sclerosis (ALS)

Methods: The authors analyz ed studics from 1938 to 2007 to update the 1999 practica param-
ater. Topics covarad in this saction includa slowing disaase progression, nutrition, and respiratory
management for patiants with ALS.

Results: The authors idertifiad 8 Class | studics, 5 Class Il studics, and 42 Class lll studesnALS
Important treatmants ara availabla for patiants with ALS that are undarutiized. Nonrvasve van-
tilation (NIV], percutanaous oscopic gastrostomy (PEGL and nluzcle ara particularly important
and have the bast avidence. More studies are needad to axamine tha bast tasts of raspiratory
function inALS, as well as the optimal tima for starting PEG, the impact of PEG on quality of life
and survival, and tha affect tamins and supplemants on ALS.

Recommendatioas: Riwzcla should be offared to slow discase progras=son {Laval A). PEG should

C. Shoamith, MD, BSc  ba considarad to stabilz o wasght and to prolong survival in patients with ALS (Leval B). NIV should

M.]. Strong, MD
S.C. Woalley, PhD

bae conmdared to treat respratory insufficiancy in ordar to langthen survival [Level B), and may be
considarad to slow the dackng of forced vital capacity fLaval C) and improve quality of ifa fLaval
C). Early nitixtion of NIV may increase compliance (Level C) and insufflation/axsuffiation may be
considarad to halp diear secretions [Lavel C). Newrology® 2000,73:4218-1228




GENES /| MUTATIONS AND ALS PHENOTYPES

NO genes have been shown to have a definite effect on
phenotype. (but

Phenotypic heterogeneity even within the same mutation

Some specific missense mutations carry a consistently
worse (ie, A4V, GY41S) or better (ie, H46R) phenotype

Also phenotypic heterogeneity

some mutations / more defined phenotypes (ie: R514S and R521C missense
mutations ----predominantly proximal and axial phenotype) (P525L missense
mutation a very young age at onset (<30 years), with a bulbar
presentation and a short duration.

www.fundacionfavaloro.org
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FRONTO TEMPORAL DEMENTIA / ALS (

Disinhibited type & ""‘ —

Increased interest in sexual activity ) § ol

Lack of judgment
Swearing ALS ALS-FTD FTD-MND
Violation of personal space

Impulsive buying

Paranoia

Criminal activity
Ignoring social etiquette . . —
Apathetic type Cognifion lmpdlrmenf GbﬂOl‘l’ﬂdllfleS demenfed.
Blunted emotions
Disinterested and withdrawn
Lack of attention to personal hygiene
Lack of empathy
Stereotypical type
~Hoarding % : depends on the test / authors
Food fads, overeating
Ritualistic/repetitive behavior

Involvement of the frontotemporal lobes
dysexecutive syndrome, behavioral changes, and language dysfunction.

ALS-FTD

—'J/J afJ Jf))y !J J/)f! y JJIJ/‘J f‘J//JJ/JJ/J //J men m,m ’/JJ/J en. 1{}_/;\)

followed by weakness.
-Interval between the cognitive symptoms and weakness may be a few months fo up to 7
years, with a mean of 2 years




Behavior Matters—Cognitive Predictors of Survival in
Amyotrophic Lateral Sclerosis

William T. Hu"%3*, Matthew Shelnutt'3, Ashley Wilson’, Nicole Yarab', Crystal Kelly',
Murray Grossman®, David J. Libon®, Jaffar Khan', James J. Lah'?3, Allan I. Levey''?3, Jonathan Glass'*?>

1 Department of Neurology, Emory University School of Medicine, Atlanta, Georgia, United States of America, 2 Center for Neurodegenerative Diseases, Emory University
School of Medicine, Atlanta, Georgia, United States of America, 3 Alzheimer's Disease Research Center, Emory University School of Medicine, Atlanta, Georgia, United
States of America, 4Department of Neurology, University of Pennsylvania, Philadelphia, Pennsylvania, United States of America, 5Department of Neurology, Drexel
University, Philadelphia, Pennsylvania, United States of America
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ALS-D with

ALS-D with normal
abnormal behavior ~ Pehavior
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Figure 3. Kaplan-Meier analysis of the effects of dementia and S

abnormal behavior on ALS survival. Top: ALS-dementia (ALS-D) @PLOS | ONE
patients have poorer survival than non-demented ALS patients

(p=0.03). Bottom: ALS-D patients with abnormal behavior had

significantly worse survival than ALS-D patients with normal behavior February 2013 | Volume 8 | Issue 2
and non-demented ALS patients (p<<0.001).
doi:10.1371/journal.pone.0057584.g003
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ALS patients are still waiting for
us to know how to diagnose,
understand and find how to stop
this disease.

for all of us (patients,
physicians and scientists) this is
a matter of time.....

But the meaning of time is

different...
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