
ALS: the fall to the frozen 

Roderick (Chenmengxiao) Pan
MacMillan Group

Princeton University
Nov. 14th, 2023



1. Facts about ALS

2. Symptoms and phenotypes

3. What do we know about the cause?

4. Clinical practices and social impacts



1. Facts about ALS



“No” “muscle” “nourishment”

Facts about ALS
Name

From the spinal cord to the side

An abnormal hardening…

A progressive neurodegenerative disease that 
causes loss of muscle control



Facts about ALS
Current knowledge

5,000+ 
People are diagnosed 

per year

2-5 years 
Is the average life 

expectancy

10 percent 
of cases are linked 

with family history

Every 90 mins 
someone is diagnosed 
and someone passes 

away from ALS

90 percent 
of cases occur 

without family history

$250,000 
is the estimated out-

of-pocket cost for 
caring an ALS patient

$2 billion 
is the estimated cost 
to develop a drug to 

slow or stop the 
progression of ALS

There is  
NO CURE 
for ALS

https://www.als.org/understanding-als/what-is-als



Facts about ALS
History

https://www.pharmaceutical-technology.com/features/history-of-als

French neurologist 
Jean-Martin Charcot 
identified and named 
the disease as ALS

1939

ALS gains 
mainstream 
attention

1874



Gehrig was diagnosed with ALS on his 36th birthday 
during a visit to the Mayo Clinic on June 19, 1939.

Prior to his diagnosis, Gehrig noticed a loss of strength, 
slipping, and loss of coordination while playing on the field.

Facts about ALS
Lou Gehrig drew public attention

“ I might have been given a bad break, but I’ve got an 
awful lot to live for. ”

Iconic 1939 "Luckiest Man on the Face of the Earth" speech at Yankee Stadium
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Facts about ALS
History

https://www.pharmaceutical-technology.com/features/history-of-als

French neurologist 
Jean-Martin Charcot 
identified and named 
the disease as ALS

ALS gains 
mainstream 
attention

1939

Lou Gehrig’s disease

1874 1993

SOD1

First ALS 
gene 

identified

1995

Riluzole

First ALS 
drug FDA 
approved

Research into 
environmental factors 
became another core 
focus for ALS cause

2017

Second ALS drug 
FDA approved

and alternative dosages
……

2021

Biogen offers 
compassionate-

use access

2011

C9orf72

2006

TDP43



Facts about ALS
Risk factors

Military 
veterans are more likely to be diagnosed with 
the disease than the general public.

Oskarsson B., Horton D.K., Mitsumoto H., Neurol Clin. 2015, 33(4)

Male 
gender is consistently detected as a factor 
associated with a 1.5 times increased risk of 
developing ALS compared with female gender.

Smoking 
increases ALS risk, possibly caused by 
nicotine, oxidative stress, or one of the many 
other known toxic substances.

Occupation Toxin Trauma Athletics Cognitive 
performance 



2. Symptoms and phenotypes



ALS symptoms and phenotypes
Symptoms along disease progression

https://alsnewstoday.com/stages-of-als/
https://www.mda.org/disease/amyotrophic-lateral-sclerosis/signs-and-symptoms/stages-of-als

2/3 of the patients
disease onset in the limbs

• Difficulty in gripping objects
• Balance issues…
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1/3 of the patients
disease onset in the bulbar muscle

• Poor articulation and slurring speech
• An unusually hoarse or quiet voice…



ALS symptoms and phenotypes
Symptoms along disease progression

https://alsnewstoday.com/stages-of-als/
https://www.mda.org/disease/amyotrophic-lateral-sclerosis/signs-and-symptoms/stages-of-als
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• Muscles become completely paralyzed and others are weakened
• Rely on aids like walkers or wheelchairs
• Speaking and breathing problem

• Mobility is extremely limited
• Inability to communicate without assistance
• Aids in feeding and breathing are required

Respiratory failure
is the most common cause of death in ALS.
Others including malnutrition, pulmonary embolism…

1/3 of the patients
disease onset in the bulbar muscle

• Poor articulation and slurring speech
• An unusually hoarse or quiet voice…



ALS symptoms and phenotypes
Varied timelines of disease progression

Swinnen, B., & Robberecht, W., Nature Reviews Neurology, 2014, 10(11), 661–670.

The average survival time is three years, about 20% of people with ALS 
live five years, 10% survive 10 years and 5% live 20 years or longer.

Patients with bulbar-onset suffers worse prognosis, respiratory-onset worst
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ALS symptoms and phenotypes
Aging-related disease and juvenile onset

Swinnen, B., & Robberecht, W., Nature Reviews Neurology, 2014, 10(11), 661–670.
https://www.scientificamerican.com/article/stephen-hawking-als/

The majority of ALS starts in fifth or sixth decade of life

The older the onset, the more impacted bulbar system 
and poorer prognosis

Juvenile onset (<25ys) usually show slower progression



ALS symptoms and phenotypes
Juvenile onset and Stephen Hawking’s case

https://www.scientificamerican.com/article/stephen-hawking-als/

Stephen Hawking 1942-2018
Theoretical physicist, cosmologist and author

https://en.wikipedia.org/wiki/Stephen_Hawking

• Disease onset at the age of 21, 1962
• Starting speaking through computer in 1985

Active mind, psychological 
well-being, excellent care…

An extreme outlier



3. What do we know about the cause?
Pathophysiology and genetics



ALS pathophysiology and genetics
Motor neurons’ disease

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)
Schweingruber, C., & Hedlund, E. Biology, 2021, 11(8)

Degeneration of motor neurons 



ALS pathophysiology and genetics
Motor neurons’ disease

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Degeneration of motor neurons 
Neurons shrink and accumulate inclusions

https://www.pathologyoutlines.com/topic/cnsals.html

Thoracic spinal cord of ALS patient (left) 
compared with age matched control (right).

How does this happen?

SOD1 aggregates in 
SOD1-related familial ALS 

TDP-43 cytoplasmic 
inclusions in sporadic ALS 

Neuron 
cell body

Axon

Axon

Neuron 
cell body

Glial cells



ALS pathophysiology and genetics

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Main theories



ALS pathophysiology and genetics
Mystery of SOD1

SOD1 dimer
First ALS gene discovered in 1993 Cu–Zn superoxide dismutase 

Rosen, D. R., Siddique, T., et al. Nature, 1993, 362(6415)

Is it due to the reduced activity and subsequent ROS damage?



ALS pathophysiology and genetics

Bruijn, L. I., Houseweart, M. K., et al. Science, 2018, 281(5384)

In many years since the discovery of mutations in SOD1, 
no consensus on the main toxicity of mutant SOD1 has emerged 

Mystery of SOD1

170 ALS-causing SOD1 
mutations in its 153 aa peptide

Counterargument 1

Native dismutase activity has no effect 
on SOD1-ALS disease progression

Counterargument 2

Turner, B. J., & Talbot, K. Progress in neurobiology, 2008, 85(1)



ALS pathophysiology and genetics
A prominent finding: SOD1 aggregates

SOD1 aggregates
Ubiquitinated

Bruijn, L. I., Becher, M. W., et al. Neuron, 1997, 18(2)

Misfolded SOD1 forms ubiquitinated cytoplasmic inclusions that can 
occur early in ALS and that escalate as the disease progresses 

Unaffected

Affected

Unaffected

Affected

SOD1 
stain

Ub 
stain

Early Clinical onset



ALS pathophysiology and genetics

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Main theories



ALS pathophysiology and genetics
Disturbance of PQC

Shaid, S., Brandts, C. H., Serve, H., & Dikic, I. Cell death and differentiation, 2013, 20(1)

Mutation of autophagy adaptors found to cause ALS
VCP, SQSTM1, UBQLN2, OPTN, TBK1……

Insoluble 
inclusions



ALS-causing mutations mostly in C-term…

ALS pathophysiology and genetics
TDP43 condensations

Neumann, M., Sampathu, D. M., et al. Science, 2006, 314(5796)

Ubiquitinated TDP-43 aggregates in >90% 
ALS patients’ motor neurons and glial cells

NTD RRM1: RNA recognition motif

RRM2

IDR
Required for LLPS



ALS pathophysiology and genetics
TDP43 condensations

TDP-43 mislocalization and aggregation is now 
recognized widely as the hallmark of all forms of ALS 

Oiwa, K., Watanabe, S., Science advances, 2023, 9(31)

Monomer Pan

nuclear

nuclear

nuclear

nuclear



ALS pathophysiology and genetics
TDP43 condensations

Oiwa, K., Watanabe, S., Science advances, 2023, 9(31)

A recent model accounting for TDP43 mislocation

NTD



ALS pathophysiology and genetics

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Main theories



ALS pathophysiology and genetics
ALS-causing RBP disturbances 

They bind to thousands of RNA targets 

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

ALS mutations are found in members of the hnRNP family of proteins 
that regulates RNA metabolism at every stage of the RNA life cycle 



Hyperassembly of 
stress granules

ALS pathophysiology and genetics
RBP-RNA pathogenic phase separation

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Accumulation 
of RBPs mRNAs influx+ LLPS persistent 

condensates=

Mutations, misregulations, impared transportation



ALS pathophysiology and genetics
RBP-RNA pathogenic phase separation

Accumulation 
of RBPs mRNAs influx LLPS persistent 

condensates+ =

Hyperassembly of 
stress granulesMutations, misregulations, impared transportation

Cytosolic sink of RNPs

Exporting from 
nuclear

Importing into 
nuclear

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)



ALS pathophysiology and genetics
RBP-RNA pathogenic phase separation

Accumulation 
of RBPs mRNAs influx LLPS persistent 

condensates+ =

Hyperassembly of 
stress granulesMutations, misregulations, impared transportation

Cytosolic sink of RNPs

Imbalance and 
loss of function

Exporting from 
nuclear

Importing from 
nuclear

RNA splicing, 
silencing…

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)



ALS pathophysiology and genetics
C9orf72

DeJesus-Hernandez, M., Mackenzie, I. R., Boeve, B. F., et al., Neuron, 2011, 72(2)

First discovered through sequencing of non-coding region of chromosome 9p21 

n = 2 - 23 in healthy individuals 
n > 60 in affected individuals 

Renton, A. E., Majounie, E., Waite, A., et al. Neuron, 2011, 72(2)

n 20 60 1000+



ALS pathophysiology and genetics
C9orf72 loss of function

DeJesus-Hernandez, M., Mackenzie, I. R., Boeve, B. F., et al., Neuron, 2011, 72(2)
Renton, A. E., Majounie, E., Waite, A., et al. Neuron, 2011, 72(2)

Loss of protein level

C9orf72 KO mice
No ALS /FTD features

Aged normally

Non-cell-autonomous 
inflammatory 

Loss of function not 
considered as the 
essential cause

Decreasing of transcripts level



ALS pathophysiology and genetics
C9orf72 gain of function

DeJesus-Hernandez, M., Mackenzie, I. R., Boeve, B. F., et al., Neuron, 2011, 72(2)
Ash, P. E., Bieniek, K. F., T. F., Caulfield, et al. Neuron, 2013, 77(4)

C9 ALS patient Ctrl

Abnormal RNA foci

Dipeptide repeat DPR cytosolic inclusions

poly-PRx

poly-GRx

+

+

+ + +

+ + +

Toxic peptides
Repeat Associated Non-AUG (RAN)



ALS pathophysiology and genetics

Tang, X., Toro, A., T G, S., Gao, J., Chalk, J., Oskarsson, B., & Zhang, K., Molecular neurodegeneration, 2020, 15(1)

C9orf72 gain of function



ALS pathophysiology and genetics

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Main theories



ALS pathophysiology and genetics
Axonal disorganization and disrupted transport 

To quickly respond to synaptic signals, neurons must transport all necessary components for translation 
(mRNA, ribosomes and translation factors) to distal sites for local protein synthesis

ALS-causing mutation: KIF5A, DCTN1, NEFH, TUBA4A…… 



ALS pathophysiology and genetics

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Main theories



ALS pathophysiology and genetics
The crucial role of glia cells

Vila-Pueyo, M., Gliga, O., Gallardo, V. J., & Pozo-Rosich, P. International journal of molecular sciences, 2023, 24(16)



ALS pathophysiology and genetics
Neuroinflammation in ALS

hyperactivated 
in all types of ALS 

Zhu, S., Stavrovskaya, I. G., Drozda, M., et al. Nature, 2002, 417(6884)
Kawamata, T., Akiyama, H., Yamada, T., & McGeer, P. L., The American journal of pathology, 1992, 140(3)

Activation of microglias — faster rate of disease progression

Release of cytotoxic 
and inflammatory mediators

Oxygen radicals, nitric oxide, and cytokines…

Inhibited activation — delayed onset and prolonged survival



ALS pathophysiology and genetics
Glutamate excitotoxicity

Provides motor neurons with 
nutrients, ion buffering, and 

recycling of the 
neurotransmitter glutamate

One of the earliest 
proposed mechanisms 

Glutamate recycled through 
EAAT2 transporter into astrocyte 
to prevent excessive firing of 

lower moter neurons

Taylor, J. P., Brown, R. H., Jr, & Cleveland, D. W., Nature, 2016, 539(7628)

Repetitive firing caused by 
accumulated synaptic glutamate

Calcium influx, 
endoplasmic reticulum (ER) and 

mitochondrial stress

Wang, G Y et al. 2020



ALS pathophysiology and genetics
“Familiar and sporadic”

Lattante, S., Ciura, S., Rouleau, G.A., Kabashi E., Trends Genet. 2015, 31(5)

Although sporadic ALS should refer strictly to disease that 
presents without a family history of ALS, this term is sometimes 

mistakenly used to refer to ALS that occurs without a genetic basis 

Goutman, S. A., Hardiman, O., Al-Chalabi, A., Chió, A., Savelieff, M. G., Kiernan, M. C., & Feldman, E. L. The Lancet. Neurology, 2022, 21(5)

Monogenic Polygenic



ALS pathophysiology and genetics
Treasure hunting in ALS genetics
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Background
Approximately 90% of persons with amyotrophic lateral sclerosis (ALS) have the spo-
radic form, which may be caused by the interaction of multiple environmental fac-
tors and previously unknown genes.

Methods
We performed a genomewide association analysis using 766,955 single-nucleotide poly-
morphisms (SNPs) found in 386 white patients with sporadic ALS and 542 neuro-
logically normal white controls (the discovery series). Associations of SNPs with spo-
radic ALS were confirmed in two independent replication populations: replication 
series 1, with 766 case patients with the disease and 750 neurologically normal con-
trols, and replication series 2, with 135 case patients and 275 controls.

Results
We identified 10 genetic loci that are significantly associated (P<0.05) with sporadic 
ALS in three independent series of case patients and controls and an additional 41 loci 
that had significant associations in two of the three series. The most significant as-
sociation with disease in white case patients as compared with controls was found for 
a SNP near an uncharacterized gene known as FLJ10986 (P = 3.0 × 10−4; odds ratio for 
having the genotype in patients vs. controls, 1.35; 95% confidence interval, 1.13 to 
1.62). The FLJ10986 protein was found to be expressed in the spinal cord and cere-
brospinal fluid of patients and of controls. Specific SNPs seem to be associated with 
sex, age at onset, and site of onset of sporadic ALS.

Conclusions
Variants of FLJ10986 may confer susceptibility to sporadic ALS. FLJ10986 and 50 other 
candidate loci warrant further investigation for their potential role in conferring sus-
ceptibility to the disease.

The New England Journal of Medicine 
Downloaded from nejm.org at PRINCETON UNIVERSITY on October 11, 2023. For personal use only. No other uses without permission. 

 Copyright © 2007 Massachusetts Medical Society. All rights reserved. 

ARTICLE

A multi-ethnic meta-analysis identifies novel genes,
including ACSL5, associated with amyotrophic
lateral sclerosis
Ryoichi Nakamura et al.#

Amyotrophic lateral sclerosis (ALS) is a devastating progressive motor neuron disease that

affects people of all ethnicities. Approximately 90% of ALS cases are sporadic and thought to

have multifactorial pathogenesis. To understand the genetics of sporadic ALS, we conducted

a genome-wide association study using 1,173 sporadic ALS cases and 8,925 controls in a

Japanese population. A combined meta-analysis of our Japanese cohort with individuals of

European ancestry revealed a significant association at the ACSL5 locus (top SNP p= 2.97 ×

10−8). We validated the association with ACSL5 in a replication study with a Chinese

population and an independent Japanese population (1941 ALS cases, 3821 controls; top SNP

p= 1.82 × 10−4). In the combined meta-analysis, the intronic ACSL5 SNP rs3736947 showed

the strongest association (p= 7.81 × 10−11). Using a gene-based analysis of the full multi-

ethnic dataset, we uncovered additional genes significantly associated with ALS: ERGIC1,

RAPGEF5, FNBP1, and ATXN3. These results advance our understanding of the genetic basis of

sporadic ALS.

https://doi.org/10.1038/s42003-020-01251-2 OPEN

#A list of authors and their affiliations appears at the end of the paper.
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A High-Density Genome-Wide Association Screen of
Sporadic ALS in US Veterans
Lydia Coulter Kwee1,2,3, Yutao Liu1,2,3, Carol Haynes2,3, Jason R. Gibson1,2,3, Annjanette Stone4,

Steven A. Schichman4,5, Freya Kamel6, Lorene M. Nelson7, Barbara Topol7, Stephen K. Van Den Eeden8,

Caroline M. Tanner9, Merit E. Cudkowicz10, Daniela L. Grasso10, Robert Lawson10, Sumitra Muralidhar11,

Eugene Z. Oddone1,3, Silke Schmidt1,2,3., Michael A. Hauser1,2,3*.

1 Epidemiology Research and Information Center, Durham Veterans Affairs Medical Center, Durham, North Carolina, United States of America, 2 Center for Human

Genetics, Duke University Medical Center, Durham, North Carolina, United States of America, 3 Department of Medicine, Duke University Medical Center, Durham, North

Carolina, United States of America, 4 Pathology and Laboratory Medicine Service and Research Service, Central Arkansas Veterans Healthcare System, Little Rock, Arkansas,

United States of America, 5 Department of Pathology, University of Arkansas for Medical Sciences, Little Rock, Arkansas, United States of America, 6 Epidemiology Branch,

National Institute of Environmental Health Sciences, Research Triangle Park, North Carolina, United States of America, 7 Division of Epidemiology, Department of Health

Research and Policy, Stanford University School of Medicine, Stanford, California, United States of America, 8 Division of Research, Kaiser Permanente Northern California,

Oakland, California, United States of America, 9 The Parkinson’s Institute, Sunnyvale, California, United States of America, 10 Massachusetts General Hospital, Neurology

Clinical Trial Unit, Harvard Medical School, Boston, Massachusetts, 11 Office of Research and Development, Department of Veterans Affairs, Washington, District of

Columbia, United States of America

Abstract

Following reports of an increased incidence of amyotrophic lateral sclerosis (ALS) in U.S. veterans, we have conducted a
high-density genome-wide association study (GWAS) of ALS outcome and survival time in a sample of U.S. veterans. We
tested ,1.3 million single nucleotide polymorphisms (SNPs) for association with ALS outcome in 442 incident Caucasian
veteran cases diagnosed with definite or probable ALS and 348 Caucasian veteran controls. To increase power, we also
included genotypes from 5909 publicly-available non-veteran controls in the analysis. In the survival analysis, we tested for
association between SNPs and post-diagnosis survival time in 639 Caucasian veteran cases with definite or probable ALS.
After this discovery phase, we performed follow-up genotyping of 299 SNPs in an independent replication sample of
Caucasian veterans and non-veterans (ALS outcome: 183 cases and 961 controls; survival: 118 cases). Although no SNPs
reached genome-wide significance in the discovery phase for either phenotype, three SNPs were statistically significant in
the replication analysis of ALS outcome: rs6080539 (177 kb from PCSK2), rs7000234 (4 kb from ZNF704), and rs3113494
(13 kb from LOC100506746). Two SNPs located in genes that were implicated by previous GWA studies of ALS were
marginally significant in the pooled analysis of discovery and replication samples: rs17174381 in DPP6 (p = 4.461024) and
rs6985069 near ELP3 (p = 4.861024). Our results underscore the difficulty of identifying and convincingly replicating genetic
associations with a rare and genetically heterogeneous disorder such as ALS, and suggest that common SNPs are unlikely to
account for a substantial proportion of patients affected by this devastating disorder.
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Novel Genetic Signatures Associated
With Sporadic Amyotrophic Lateral
Sclerosis
Robert Logan1,2, Juleah Dubel-Haag1, Nicolas Schcolnicov1 and Sean J. Miller1*

1Pluripotent Diagnostics Corp, Colorado Springs, CO, United States, 2Department of Biology, Eastern Nazarene College, Quincy,
MA, United States

Amyotrophic Lateral Sclerosis (ALS) is a complex polygenetic neurodegenerative disorder.
Establishing a diagnosis for ALS is a challenging and lengthy process. By the time a
diagnosis is made, the lifespan prognosis is only about two to 5 years. Genetic testing can
be critical in assessing a patient’s risk for ALS, provided they have one of the known familial
genes. However, the vast majority of ALS cases are sporadic and have no known
associated genetic signatures. Our analysis of the whole genome sequencing data
from ALS patients and healthy controls from the Answer ALS Consortium has
uncovered twenty-three novel mutations in twenty-two protein-coding genes
associated with sporadic ALS cases. The results show the majority of patients with the
sporadic form of ALS have at least one or more mutation(s) in the 22 genes we have
identified with probabilities of developing ALS ranging from 25–99%, depending on the
number of mutations a patient has among the identified genes. Moreover, we have
identified a subset of the ALS cohort that has >17 mutations in the 22 identified. In
this case, a patient with this mutation profile has a 99% chance of developing ALS and
could be classified as being at high risk for the disease. These genetic biomarkers can be
used as an early ALS disease diagnostic tool with a rapid and non-invasive technique.
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INTRODUCTION

An earlier diagnosis allows for earlier therapeutic intervention, which is critically needed for
neurodegenerative diseases (Pan et al., 2020; Logan et al., 2021a; Logan et al., 2021b). ALS is a
uniquely difficult disease to diagnosis (Singh et al., 2019). There is considerable variety in the disease
pathology and progression by the time patients seek out medical care (Miller et al., 2017; Miller, 2018;
Miller et al., 2018; Bendotti et al., 2020). Additionally, an early ALS diagnosis is challenging to make
because it can mask as several other movement disorders (Bosco et al., 2011). The process of
establishing an ALS diagnosis is largely based on excluding differential diagnoses (Campanari et al.,
2019). These complications result in a late diagnosis, after the underlying pathology is already well
underway. The universal prognosis of about two to 5 years left to live post-diagnosis is evidence of
this fact (Knibb et al., 2016; Su et al., 2021). There is a dire need to establish an earlier diagnosis of
ALS so that those with the disease can have a fighting chance at earlier therapeutic intervention.

ALS cases can be grouped by two categories: familial ALS (fALS), where the patient has a
genetically related family member also affected, and sporadic ALS (sALS), where the patient has no
family history of ALS (Zhang et al., 2016; Mejzini et al., 2019). Historically, 5–10% of cases are fALS,
and the other 90–95% cases are sALS (Boylan, 2015). In the past 10 years, the C9ORF72
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“Genome Analysis Sporadic ALS”
> 300 results

Great demand of whole-genome sequencing in ALS research 
to identify known pathogenic mutations in up to 70% of familial and 15% of sporadic cases

Sequencing technology development to enable easier whole genome sequencing 
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A questionnaire-based scale as the gold standard measure of disability progression

ALSFRS revised to ALSFRS-R 
to balance respiratory with limb 
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ALSFRS development begins 
due to need for easily administered 

clinical rating instrument2

ALSFRS-R widely accepted 
measure of ALS progression 

by clinical trialists and 
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1991 1999 2010 Today

Proposed clinical relevance 
to be a 20% to 25% change in 

decline of the ALSFRS-R scale2,*

ALS Functional Rating Scale–Revised (ALSFRS-R)
Measuring progression of disability in people with ALS1

The ALSFRS-R is a simple, validated, and reliable tool for 
evaluating decline in function. Scores decline with disease 
progression at a rate that is generally consistent across  
clinical trials.1,2

Individual patient rates of decline may vary.4 

See the full ALSFRS-R questionnaire on reverse.

~
1 month 1 point drop

1

* As rated by members of the Northeast 
ALS Consortium (NEALS).
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ALS Functional Rating Scale–Revised (ALSFRS-R)5
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Speech
4   Normal
3   Detectable speech disturbance
2   Intelligible with repeating
1    Speech combined with nonvocal 

communication 
0   Loss of useful speech

Salivation
4   Normal
3    Slight but definite excess of saliva 

in mouth; may have nighttime 
drooling

2    Moderately excessive saliva;  
may have minimal drooling

1    Marked excess of saliva with  
some drooling

0    Marked drooling; requires constant 
tissue or handkerchief

Swallowing
4   Normal 
3    Early eating problems— 

occasional choking
2   Dietary consistency changes
1    Needs supplemental tube feeding
0    NPO (exclusively parenteral or 

enteral feeding)

Handwriting
4   Normal 
3    Slow or sloppy; all words  

are legible 
2   Not all words are legible 
1    Able to grip pen but unable to write
0   Unable to grip pen 

Cutting Food*
4   Normal
3    Somewhat slow and clumsy,  

but no help needed
2    Can cut most foods, although 

clumsy and slow; some help needed
1    Food must be cut by someone,  

but can still feed slowly
0   Needs to be fed

Dressing and Hygiene
4   Normal
3    Independent and complete 

self-care with effort or decreased 
efficiency

2    Intermittent assistance or 
substitute methods

1   Needs attendant for self-care
0   Total dependence

Dyspnea
4   None
3   Occurs when walking
2    Occurs with one or more of the 

following: eating, bathing, dressing 
(ADL)

1    Occurs at rest, difficulty breathing 
when either sitting or lying

0    Significant difficulty, considering 
using mechanical respiratory 
support

Orthopnea
4   None
3    Some difficulty sleeping at night due 

to shortness of breath. Does not 
routinely use more than two pillows

2    Needs extra pillow in order to 
sleep (more than two)

1   Can only sleep sitting up
0   Unable to sleep

Respiratory Insufficiency
4   None
3   Intermittent use of BiPAP
2   Continuous use of BiPAP
1    Continuous use of BiPAP during 

the night and day
0    Invasive mechanical ventilation  

by intubation or tracheostomy

Turning in Bed
4   Normal
3    Somewhat slow and clumsy,  

but no help needed
2    Can turn alone or adjust sheets, 

but with great difficulty
1    Can initiate, but not turn or adjust 

sheets alone
0   Helpless

Walking
4   Normal
3   Early ambulation difficulties
2   Walks with assistance
1    Non-ambulatory functional 

movement only
0   No purposeful leg movement

Climbing Stairs
4   Normal
3   Slow
2   Mild unsteadiness or fatigue
1   Needs assistance
0   Cannot do

* There are different assessments for cutting 
food with gastrostomy.

BULBAR FINE MOTOR GROSS MOTOR RESPIRATORYALS Functional Rating Scale–Revised (ALSFRS-R)5
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Speech
4   Normal
3   Detectable speech disturbance
2   Intelligible with repeating
1    Speech combined with nonvocal 

communication 
0   Loss of useful speech

Salivation
4   Normal
3    Slight but definite excess of saliva 

in mouth; may have nighttime 
drooling

2    Moderately excessive saliva;  
may have minimal drooling

1    Marked excess of saliva with  
some drooling

0    Marked drooling; requires constant 
tissue or handkerchief

Swallowing
4   Normal 
3    Early eating problems— 

occasional choking
2   Dietary consistency changes
1    Needs supplemental tube feeding
0    NPO (exclusively parenteral or 

enteral feeding)

Handwriting
4   Normal 
3    Slow or sloppy; all words  

are legible 
2   Not all words are legible 
1    Able to grip pen but unable to write
0   Unable to grip pen 

Cutting Food*
4   Normal
3    Somewhat slow and clumsy,  

but no help needed
2    Can cut most foods, although 

clumsy and slow; some help needed
1    Food must be cut by someone,  

but can still feed slowly
0   Needs to be fed

Dressing and Hygiene
4   Normal
3    Independent and complete 

self-care with effort or decreased 
efficiency

2    Intermittent assistance or 
substitute methods

1   Needs attendant for self-care
0   Total dependence

Dyspnea
4   None
3   Occurs when walking
2    Occurs with one or more of the 

following: eating, bathing, dressing 
(ADL)

1    Occurs at rest, difficulty breathing 
when either sitting or lying

0    Significant difficulty, considering 
using mechanical respiratory 
support

Orthopnea
4   None
3    Some difficulty sleeping at night due 

to shortness of breath. Does not 
routinely use more than two pillows

2    Needs extra pillow in order to 
sleep (more than two)

1   Can only sleep sitting up
0   Unable to sleep

Respiratory Insufficiency
4   None
3   Intermittent use of BiPAP
2   Continuous use of BiPAP
1    Continuous use of BiPAP during 

the night and day
0    Invasive mechanical ventilation  

by intubation or tracheostomy

Turning in Bed
4   Normal
3    Somewhat slow and clumsy,  

but no help needed
2    Can turn alone or adjust sheets, 

but with great difficulty
1    Can initiate, but not turn or adjust 

sheets alone
0   Helpless

Walking
4   Normal
3   Early ambulation difficulties
2   Walks with assistance
1    Non-ambulatory functional 

movement only
0   No purposeful leg movement

Climbing Stairs
4   Normal
3   Slow
2   Mild unsteadiness or fatigue
1   Needs assistance
0   Cannot do

* There are different assessments for cutting 
food with gastrostomy.
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substitute methods
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1    Occurs at rest, difficulty breathing 
when either sitting or lying

0    Significant difficulty, considering 
using mechanical respiratory 
support

Orthopnea
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3    Some difficulty sleeping at night due 

to shortness of breath. Does not 
routinely use more than two pillows

2    Needs extra pillow in order to 
sleep (more than two)

1   Can only sleep sitting up
0   Unable to sleep
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4   None
3   Intermittent use of BiPAP
2   Continuous use of BiPAP
1    Continuous use of BiPAP during 

the night and day
0    Invasive mechanical ventilation  

by intubation or tracheostomy

Turning in Bed
4   Normal
3    Somewhat slow and clumsy,  

but no help needed
2    Can turn alone or adjust sheets, 

but with great difficulty
1    Can initiate, but not turn or adjust 

sheets alone
0   Helpless

Walking
4   Normal
3   Early ambulation difficulties
2   Walks with assistance
1    Non-ambulatory functional 

movement only
0   No purposeful leg movement

Climbing Stairs
4   Normal
3   Slow
2   Mild unsteadiness or fatigue
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BULBAR FINE MOTOR GROSS MOTOR RESPIRATORY

Speech, salivation, swallowing

Handwriting, cutting food, dressing and hygiene

Turing in bed, walking, climbing stairs

Dyspnea, otthopnea, respiratory insuffiency

A questionnaire-based scale as the gold standard measure of disability progression

ALSFRS revised to ALSFRS-R 
to balance respiratory with limb 

and bulbar categories1,2

ALSFRS development begins 
due to need for easily administered 

clinical rating instrument2

ALSFRS-R widely accepted 
measure of ALS progression 

by clinical trialists and 
regulatory bodies3

1991 1999 2010 Today

Proposed clinical relevance 
to be a 20% to 25% change in 

decline of the ALSFRS-R scale2,*

ALS Functional Rating Scale–Revised (ALSFRS-R)
Measuring progression of disability in people with ALS1

The ALSFRS-R is a simple, validated, and reliable tool for 
evaluating decline in function. Scores decline with disease 
progression at a rate that is generally consistent across  
clinical trials.1,2

Individual patient rates of decline may vary.4 

See the full ALSFRS-R questionnaire on reverse.

~
1 month 1 point drop

1

* As rated by members of the Northeast 
ALS Consortium (NEALS).

Revised ALS Functional Rating Scale (ALSFRS-R) 

Clinical practices against ALS
Diagnosis



https://www.als.org/understanding-als/symptoms-diagnosis

Gene testing

High penetrance

• C9orf72
• SOD1
• FUS
• TARDBP

High risk, strongly associated

• ALS2, CHMP2B, KIF5A, NEK1, UBQLN2
…

Gene targeted by FDA-approved therapy

Whole-genome sequencing

sponsored by Biogen

1) A diagnosis of ALS
or

2) A family history of ALS. This includes 
patients both familial ALS as well as patients 

with seemingly sporadic ALS

Free Genetic Testing with ALS Identified

Clinical practices against ALS



FDA-approved therapies

Clinical practices against ALS

https://www.als.org/navigating-als/living-with-als/fda-approved-drugs

2018 Tiglutik (thickened liquid formulation) 

1995 Riluzole (oral pill fomulation)

Inhibits glutamate release
by bloking voltage-sensitive Ca2+ channel

2019 Exservan (oral film formulation) 

for patients with severe 
swallowing difficulties

2-3 months expansion of lifespan



Clinical practices against ALS

2017 Radicava (IV infusion)

Radical scavenger, protects neurons from oxidative damage

2022 Radicava (oral suspension)

https://www.als.org/navigating-als/living-with-als/fda-approved-drugs

6 months expansion of lifespan

FDA-approved therapies



6-10 months expansion of lifespan

Clinical practices against ALS

2022 RELYVRIO (AMX0035)

Act to prevent nerve cell death by blocking stress signals in cells

https://www.als.org/navigating-als/living-with-als/fda-approved-drugs

FDA-approved therapies



Clinical practices against ALS

Antisense therapy against SOD12023 Accelerated Approval
 QALSODY (monthly injection)

Open-label extention

Pre-symptomatic prevention (till 2027)
To determine whether tofersen can delay the onset of signs 
or slow declines in function once signs or symptoms appear

https://www.als.org/navigating-als/living-with-als/fda-approved-drugs
https://www.qalsody.com/

FDA-approved therapies

Delayed disease progression 

Compassionate use access
Enable patients access to investigational medical products 

for treatment outside of a traditional clinical trial



Ongoing clinical trials

Clinical practices against ALS

https://iamals.clicdata.com/v/eKU04ajTv7TA

Drug Name Therapy Type Target Phase

ION-363 (jacifusen) ASO FUS mRNA Phase 3

AP-101 Monoclonal 
antibody

Misfolded and 
aggregated SOD1 Phase 2*

BIIB105 / ION-541 ASO ATXN2 mRNA Phase 1/2*

WVE-004 ASO C9orf72 mRNA Phase 1/2**

APB-102 / AMT-162 miRNA SOD1 mRNA Phase 1/2

74 clinical trials ongoing

https://www.als.org/research/research-we-fund/scientific-focus-areas/genetics/antisense-therapy-for-als


Supportive care

Clinical practices against ALS

Speech Therapy 

Physical therapy

Respiratory Therapy 

Psychotherapy 



ALS reversal

Clinical practices against ALS

https://www.als.org/blog/als-reversals-what-are-they-and-how-can-we-make-them-happen-more-often
https://alsreversals.com/

“To gather and study rare reversal cases 
and replicate them in other patients”



ice-bucket challenge

Bringing attention to ALS



ice-bucket challenge

Bringing attention to ALS



Dave MacMillan did ice-bucket challenge
another kind…



ice-bucket challenge

Bringing attention to ALS



5,000+ 
People are diagnosed 

per year

2-5 years 
Is the average life 

expectancy

10 percent 
of cases are linked 

to gene mutation

Every 90 mins 
someone is diagnosed 
and someone passes 

away from ALS

90 percent 
of cases occur 

without family history

$250,000 
is the estimated out-

of-pocket cost for 
caring an ALS patient

$2 billion 
is the estimated cost 
to develop a drug to 

slow or stop the 
progression of ALS

There is  
NO CURE 
for ALS



5,000+ 
People are diagnosed 

per year

2-5 years 
Is the average life 

expectancy

10 percent 
of cases are linked 

to gene mutation

Every 90 mins 
someone is diagnosed 
and someone passes 

away from ALS

90 percent 
of cases occur 

without family history

$250,000 
is the estimated out-

of-pocket cost for 
caring an ALS patient

$2 billion 
is the estimated cost 
to develop a drug to 

slow or stop the 
progression of ALS

There is no cure 
but there is 
HOPE

Thank you!


