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IMPORTANCE Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease
characterized by progressive weakness due to degeneration of upper motor neurons in the
brain and lower motor neurons in the brainstem and spinal cord. It affects approximately
25 000 individuals in the United States.

OBSERVATIONS Amyotrophic lateral sclerosis is characterized by progressive painless muscle
weakness that typically begins in a focal region of the body, such as limb muscle weakness
causing hand weakness or foot drop (65%), cranial muscle weakness causing speech or
swallowing problems (20%-25%), or axial muscle weakness causing bent posture (5%-10%),
and spreads to other body regions over time. The disease usually manifests with dysfunction
indicative of both upper motor neurons (causing muscle stiffness and spasticity) and lower
motor neurons (causing weakness, fasciculations, atrophy, and flaccidity). After onset,
weakness spreads through the musculature and typically causes death due to respiratory
muscle weakness. Among people with ALS, approximately 85% have sporadic ALS, which is
not associated with known environmental or genetic factors, and 15% have familial ALS.
Amyotrophic lateral sclerosis is diagnosed based on clinical features, which can be supported
by results of electromyography. More than 60 genes have been associated with ALS, and
most are autosomal dominant. Pathogenic variants in chromosome 9 open reading frame 72
(C9orf72) are found in 40% of all familial ALS cases, and pathogenic variants in superoxide
dismutase 1 (SOD1) are found in 20% of patients with familial ALS. Patients with ALS survive
a mean of 3 to 5 years after diagnosis, and there are currently no curative therapies. Clinical
care primarily focuses on symptom management and quality of life. Three US Food and Drug
Administration (FDA)–approved disease-modifying therapies are available in the United
States. Riluzole and edaravone are oral medications that slow ALS progression by up to 2 to 4
months, and tofersen is an intrathecally administered gene therapy for patients with SOD1
gene variants. Specialized multidisciplinary teams, comprising neurologists, nurses,
therapists, dietitians, and social workers, are associated with improved survival (4-7 months)
and quality of life.

CONCLUSIONS AND RELEVANCE Amyotrophic lateral sclerosis is a progressive and fatal
neurodegenerative disorder of upper and lower motor neurons. No curative therapies exist.
Two oral medications, riluzole and edaravone, are approved by the FDA and modestly
decrease disease progression in sporadic ALS. Tofersen, an intrathecally administered
gene-based therapy, is also FDA approved and slows disease progression in patients with
SOD1 pathogenic gene variants.
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Amyotrophic lateral sclerosis (ALS) is an adult-onset neuro-
degenerative disorder characterized by progressive muscle
weakness due to degeneration of both upper motor neu-

rons (UMNs) in the brain and lower motor neurons (LMNs) in the brain-
stem and spinal cord. The disease is fatal in most patients within 3 to
5 years after diagnosis. Amyotrophic lateral sclerosis is also called
Lou Gehrig disease in the United States because Lou Gehrig, who re-
tired from Major League Baseball at age 36 years, died in 1941 due to
ALS. The disease is a challenging diagnosis for patients and families
because of the progressive nature of the condition and the lack of
highly effective therapies.1 It is associated with an annual per-
patient cost of approximately $32 000 to $78 000. National annual
costs in the United States, excluding medications, range from $1 bil-
lion to $1.4 billion for equipment, respiratory support, nutrition, home
care, and hospitalization.2 This Review summarizes current evi-
dence regarding the diagnosis and treatment of ALS.

Methods
A PubMed literature search restricted to the English language was
performed using the primary Medical Subject Headings terms amyo-
trophic lateral sclerosis and motor neuron disease. Literature was
searched from January 1, 2015, to March 16, 2026. We included ad-
ditional references according to our knowledge of the literature. Of
462 articles identified, 86 were included, consisting of 16 clinical
trials; 5 meta-analyses, systematic reviews, or both; 10 systematic
reviews; 9 guidelines; 9 review articles; 16 cross-sectional observa-
tional studies; and 21 analyses of selected topics.

Discussion
Epidemiology and Risk Factors
Amyotrophic lateral sclerosis is the most common motor neuron dis-
ease in adults and the third most common neurodegenerative
disease worldwide. The annual global incidence is 1.5 to 2.5 cases
per 100 000 individuals, and the prevalence is 4 to 6 cases per
100 000. In the United States, approximately 25 000 people have
ALS, and its incidence increased by approximately 13% from 1990
to 2021.3 The incidence of ALS increases after age 40 years and peaks
between ages 55 and 75 years. The male to female ratio is approxi-
mately 1.2:1 to 1.5:1 for sporadic ALS (sALS) and 1:1 for familial ALS
(fALS), which has an autosomal-dominant inheritance.4 In addition
to risk factors of older age, male sex, and family history,5 people with
military experience have higher rates of ALS for unclear reasons.6

Clinical Presentation
The most typical symptom of ALS is focal muscle weakness, typi-
cally unilateral initially, that spreads to other muscle groups over time
(Box; Table 1).7-9 Approximately 60% to 65% of patients have weak-
ness originating in muscles of the upper or lower limbs, often pre-
senting as hand weakness or foot drop. Twenty percent to 25% of
patients have a bulbar onset, characterized by weakness of the
tongue, pharyngeal, and facial muscles, causing speech and swal-
lowing difficulties. Five percent to 10% of patients present with weak-
ness in the abdominal or trunk muscles, which is associated with
stooped posture, and approximately 1% to 5% present with respi-

ratory failure. Typically, ALS causes weakness that spreads through-
out the body during months to years.7

Physical Examination Findings
Patients with ALS have both UMN and LMN involvement.8 Charac-
teristics of UMN involvement include slowing of fine, skilled move-
ments, such as rapid finger or foot tapping; increased muscle tone;
muscle spasticity; and pathologic reflexes, including hyperreflexia
and the jaw reflex. Characteristics of LMN involvement include
weakness of the involved muscle, muscle atrophy, fasciculations, de-
creased muscle tone, flaccidity, and hyporeflexia. Amyotrophic lat-
eral sclerosis variants include progressive muscular atrophy, charac-
terized by LMN dysfunction, and primary lateral sclerosis,10

characterized by UMN dysfunction (Table 1).

Other Features of ALS
At diagnosis, approximately 10% to 15% of patients have evidence
of cognitive and behavioral dysfunction, such as inappropriate so-
ciability, apathy, or deterioration in language, and meet diagnostic
criteria for frontotemporal dementia.11 If formal psychometric neu-
ropsychological testing is performed, mild cognitive and behav-
ioral dysfunction may be observed in up to 50% of patients with
ALS.12,13 Up to 40% of patients develop emotional lability, termed

Box. Frequently Asked Questions

What are the typical initial symptoms of amyotrophic lateral sclerosis?
Initial symptoms of amyotrophic lateral sclerosis (ALS) typically
consist of subtle, painless neurologic difficulties, such as drop foot,
difficulty using hands to manipulate keys or utensils, difficulty
lifting suitcases into the overhead bin on airplanes, and slurred
speech. These symptoms are progressive and usually worsen
during several months.

How is ALS diagnosed?
Amyotrophic lateral sclerosis is diagnosed according to clinical
findings of motor deficits that have characteristics of both upper
and lower motor neuron involvement, such as an arm with
weakness, atrophy, and fasciculation (indicative of lower motor
neuron involvement), and hyperactive reflexes (indicative of upper
motor neuron involvement). Imaging—for example, brain or cervical
magnetic resonance imaging—can exclude other diagnoses, such as
a tumor or spinal cord compression. Electrodiagnostic tests identify
dysfunction of lower motor neurons, which is characterized by
changes of denervation and reinnervations, and exclude other
neuromuscular disorders, such as myopathy or neuromuscular
junction disorders or nerve compression.

How is ALS treated?
Primary treatment is supportive care, provided by experienced
multidisciplinary care teams that typically include neurologists,
nurse coordinators, physical therapists, speech therapists,
occupational therapists, respiratory therapists, and nutritional care
and social workers. These multidisciplinary teams often coordinate
care with pulmonologists, as well as palliative care and primary
care clinicians. US Food and Drug Administration–approved
treatments include riluzole and edaravone, which are oral
medications that slow disease progression by approximately 2
to 6 months in patients with sporadic ALS, and tofersen,
an intrathecally administered gene therapy for patients with
SOD1 variant familial ALS.
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Table 1. Typical Presentations of ALS

Category Subtype

Prevalence
of all patients
with ALS, % Typical presentation Differential diagnosis Survival, y

Typical
presentation

Spinal-onset
ALS

≈65 Progressive muscle weakness and wasting in 1
limb, later spreading to other regions; UMN
signs (spasticity, hyperreflexia, pathologic
reflexes) and LMN signs (atrophy,
fasciculations, hyporeflexia) are present

Cervical myelopathy, including dural
arteriovenous fistula
MMN
Diabetic polyradiculopathy
MG and myasthenic syndrome

3-5

Bulbar-onset
ALS

≈30 Early symptoms include dysarthria, dysphagia,
tongue weakness, and nasal or slurred speech;
weakness later extends to limb and respiratory
muscles

MG and myasthenic syndrome
XSBMA
Stroke
Facial-onset sensory and motor neuronopathy

2-3

Respiratory
onset

NA ≈5 Early dyspnea, orthopnea, or sleep-related
breathing problems typically appear first,
followed by limb and bulbar weakness

MG and rarely myasthenic syndrome
Pompe disease
Phrenic neuropathy

1.5-2.5

Predominant
LMN variants

Progressive
muscular
atrophy

5-10 Muscle weakness, wasting, fasciculations,
and reduced reflexes, without clear UMN signs
in the early course

XSBMA
Spinal muscular atrophy type 4
CIDP
Diabetic polyradiculopathy
Motor neuropathy
Inclusion body myopathy
Postpolio syndrome
Benign cramp-fasciculation syndromes
Tay-Sachs disease
MG and myasthenic syndrome

≥5

Flail arm
syndrome

≈10 Progressive weakness and wasting in the arms,
often beginning proximally in the shoulder
and becoming symmetric; deficits in the lower
limbs and bulbar region appear later

Monomelic amyotrophy (Hirayama disease)
MMN
Brachial plexopathy

4-6

Flail leg
syndrome

5 Progressive flaccid weakness and wasting in
the legs, often beginning distally and
becoming increasingly symmetric; deficits in
the upper limbs and bulbar region; occur later

Lumbar radiculopathy
Diabetic polyradiculopathy
Polyneuropathy

4-6

Predominant
UMN variants

PLS 1-5 Muscle weakness with clear UMN signs
(spasticity, hyperreflexia, slowed and effortful
movements); impaired fine motor control,
and gait disturbance; few or no LMN signs

PSP
HSP
MS

>10 (variable)

Mill
syndrome,
hemiplegic
ALS

≈1 Slowly progressive hemiparesis with UMN
signs, including spasticity, hyperreflexia, and
weakness limited predominantly to one side
of the body for extended periods

Stroke
HSP
PSP

Variable

Extramotor
problems
(ALS-plus
syndromes)

Cognitive
dysfunction

10-15 ALS with impairments, such as apathy,
disinhibition, loss of empathy, compulsive or
ritualized behaviors, and impaired executive
function

Frontotemporal dementia
PSP
Lewy body dementia
Alzheimer disease
Corticobasal degeneration

Shorter (≈2-4)

Extrapyra-
midal
features

1-5 ALS with parkinsonism, such as bradykinesia,
rigidity, resting tremor, and postural
instability

Parkinson disease and related variants
PSP
MSA
Pallido-nigro-luysian degeneration.
Hexosaminidase A deficiency

Shorter
survival (≈3)

Cerebellar
degeneration

1-5 ALS with gait ataxia, dysmetria, dysarthria,
and oculomotor abnormalities

Spinocerebellar ataxias
MSA

Shorter
survival (≈3-5)

Sensory
impairments

1-5 ALS sensory impairment: loss of
proprioception, other sensory modalities,
or sensory ataxia

CIDP
Paraneoplastic neuropathy
APBD
HTLV-1 myelopathy
Adrenomyeloneuropathy

Variable

Neurogenic
bladder
dysfunction

10-40 ALS with bladder control issues, more common
in PLS; orthostatic hypotension, erectile
dysfunction, or abnormal sweating

MS
MSA
APBD

Variable

Abbreviations: ALS, amyotrophic lateral sclerosis; APBD, adult polyglucosan
body disease; CIDP, chronic inflammatory demyelinating polyneuropathy;
HSP, hereditary spastic paraparesis; HTLV, human T-lymphotropic virus;
LMN, lower motor neuron; MG, myasthenia gravis; MMN, multifocal motor

neuropathy; MS, multiple sclerosis; MSA, multiple system atrophy; NA, not
applicable; PLS, primary lateral sclerosis; PSP, progressive supranuclear palsy;
UMN, upper motor neuron; XSBMA, X-linked spinobulbar muscular atrophy.
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pseudobulbar affect, related to neurologic degeneration of bulbar
UMNs.14 Pseudobulbar affect is characterized by involuntary, sud-
den, and uncontrollable episodes of laughing or crying that are in-
congruent with the patient’s underlying emotional state or the con-
text. Approximately 15% to 30% of patients with ALS have subtle
evidence of other neurologic features at diagnosis, such as parkin-
sonism with bradykinesia, rigidity, tremor, and postural instability;
cerebellar degeneration with ataxia and dysmetria; minor sensory
impairments with loss of proprioception or numbness; and auto-
nomic dysfunction with urinary incontinence and erectile dysfunc-
tion (Table 1).15,16 Among patients with ALS, 50% to 80% experi-
ence fatigue, weight loss, muscle cramps, joint or muscle pain,
depression, and sleep disturbance.17,18

Diagnosis and Differential Diagnosis
ALS Diagnosis
Amyotrophic lateral sclerosis is diagnosed based on clinical criteria
(Box). The key features are muscle weakness with mixed UMN and
LMN characteristics that progressively involve other body regions

and for which no alternative explanation exists. Laboratory tests,
magnetic resonance imaging, electrodiagnostic testing, and other
assessments are obtained based on specific symptoms, signs, and
risk factors (Table 2). Typical laboratory testing to exclude other con-
ditions includes a comprehensive metabolic panel, complete blood
cell count with differential, thyroid function studies, creatine phos-
phokinase level, erythrocyte sedimentation rate or C-reactive pro-
tein level, antinuclear antibody and rheumatoid factor, vitamin B12

level, anti-GM1 antibody, and serum protein electrophoresis with im-
munofixation (Table 2). Additional testing is tailored to risks and ex-
posures, such as human T-lymphotropic virus 1 and 2 antibody test-
ing for patients exposed to regions where the viruses are endemic.
For patients with bulbar symptoms, brain magnetic resonance
imaging can exclude structural disease, such as tumors or multiple
sclerosis. For patients with hand weakness, cervical spine mag-
netic resonance imaging can also exclude structural disease, such
as cervical spondylitic myelopathy or central disc herniation. Pa-
tients typically have symptoms for approximately 10 to 16 months
before the diagnosis of ALS.19

Table 2. Commonly Used Tests in the Diagnosis of ALS

Test Indication Typical finding
Tests used in the diagnosis
of ALS

Genetic panels Specific ALS genetic mutations Identifiable genetic mutations in 70% of
familial ALS and 5%-10% of sporadic ALS

Nerve conduction studies May alert to other causes, such as
demyelinating neuropathies or
polyneuropathies

Normal or reduced amplitudes or slight
slowing

Repetitive nerve stimulation Rules out neuromuscular junction disorders Normal or slight decrement

Electromyography Establishes lower motor neuron
denervation and reinnervation; rules out
myopathies

Shows evidence of active denervation
and reinnervation; fasciculations

Tests used to exclude causes
that might mimic or be
misinterpreted as ALS

Complete blood cell count with
differential, comprehensive metabolic
panel with calcium and phosphate levels,
and liver enzyme levels

Screen for systemic illness/malignancy Normal in ALS

Thyroid function tests, parathyroid
hormone (if calcium level is elevated)

Myopathy

Erythrocyte sedimentation rate or
high-sensitivity C-reactive protein

Infectious/inflammatory causes, including
vasculitis

Antinuclear antibody and rheumatoid
factor

Autoimmune disease, including vasculitis

Vitamin B12 level, syphilis, copper level Myelopathy/subacute combined
degeneration

Anti-GM1 antibody Multifocal motor neuropathy

Serum protein electrophoresis with
immunofixation

Paraproteinemia/hematology
malignancy-related polyradiculoneuropathy

Acetylcholine receptor antibodies, MuSK
antibodies, voltage-gated calcium channel

Neuromuscular junction disorders, such as
myasthenia and myasthenic syndrome

Lyme disease, West Nile virus, HTLV-1/2,
HIV

Polyradiculoneuropathy or myelopathy

Heavy metal panel, celiac testing,
paraneoplastic panel

Neuropathy

Lumbar puncture/CSF Infectious/inflammatory/malignant causes

Creatine phosphokinase Myopathy Normal or mildly to moderately elevated
in ALS

Brain MRI Structural causes, including tumors,
demyelination, stroke

Typically normal (or shows increased T2
hyperintensity in corticospinal tracts in
up to 30% of patients)

Spinal MRI or myelography Myelopathy, including structural,
demyelinating, metabolic, or spondylosis

Normal in ALS (or incidental
abnormalities that are insufficient to
explain symptoms)

Muscle biopsy Myopathies or other neuropathic causes Fiber type grouping, which reflects
denervation and reinnervation

Abbreviations: ALS, amyotrophic lateral sclerosis; CSF, cerebrospinal fluid; HTLV, human T-lymphotropic virus; MRI, magnetic resonance imaging; MuSK,
muscle-specific kinase.
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Diagnostic criteria include the revised El Escorial criteria,20 the
Awaji criteria,21 Airlie House criteria,22 and the Gold Coast criteria.23

Consensus diagnostic criteria for primary lateral sclerosis, which is
a pure UMN variant, were recently developed.10 Strategies for com-
municating the diagnosis effectively to patients with ALS and their
caregivers have been developed.24,25

Electrodiagnostic Testing
Patients with possible ALS typically undergo electrodiagnostic
testing,26,27 composed of electromyography and nerve conduc-
tion studies (Table 2). For patients with ALS, electromyography usu-
ally demonstrates active denervation (fibrillations, positive waves,
and fasciculations) and chronic reinnervation (large, long volun-
tary motor unit potentials) in multiple regions of the neuraxis, in-
cluding the cervical, thoracic, and lumbar regions. Nerve conduc-
tion study results for patients with ALS are generally normal, except
for reduced motor response amplitudes in the affected muscle re-
gions. Electrodiagnostic testing is useful to exclude other neuro-
logic conditions or diseases, such as inclusion body myopathy;
polyneuropathies caused by nutritional deficiencies, toxins, or para-
proteinemia; myasthenia gravis; Guillain-Barré syndrome variants;
and multifocal motor neuropathy with conduction block.

Differential Diagnosis
Depending on symptoms, the differential diagnosis of ALS in-
cludes neuromuscular diseases, such as Guillain-Barré syndrome vari-
ants, inclusion body myopathy, and myasthenia gravis, and other
neurodegenerative disorders, such as progressive supranuclear palsy
(Table 1).28,29 Cervical myelopathy due to disc herniation, cervical
spondylosis, or posterior longitudinal ligament ossification may cause
spinal cord compression, resulting in UMN and LMN deficits in the
arms, UMN deficits in the legs, and sensory involvement and blad-
der and bowel incontinence. Inclusion body myositis primarily causes
LMN deficits, and myasthenia gravis should be considered in pa-

tients with bulbar weakness who have marked variability of symp-
toms throughout the day, as well as double vision (Table 1).

Biomarkers
No currently available biomarker is diagnostic of ALS. Neurofila-
ment light protein is a nonspecific biomarker of neuroaxonal injury
that is elevated in neurodegenerative disorders, such as Alzheimer
disease, Parkinson disease, and ALS. For the diagnosis of ALS, neu-
rofilament light protein levels in blood have a sensitivity of 71% and
specificity of 86%, and in cerebrospinal fluid they have a sensitiv-
ity of 89% and specificity of 96%.30 Serum and cerebrospinal fluid
neurofilament light protein levels increase before symptom onset
in individuals genetically predisposed to ALS, such as first-degree
relatives of patients with SOD1 gene variants.31 Higher levels of neu-
rofilament light protein have been thought but not proven to cor-
relate with more severe disease, increased rates of progression, and
reduced survival.30

Genetic Causes of ALS
Fifteen percent of patients with ALS have a family history of ALS
(ie, fALS),32 and 85% of patients have sALS. Seventy percent of
people with fALS have a single pathogenic genetic variant causing
ALS, nearly all of which are autosomal dominant (Table 3). Approxi-
mately 5% to 10% of patients initially considered to have sALS are
reclassified as having fALS after genetic testing.33 Although pa-
tients with fALS typically present at a younger age (45-55 years) than
individuals with sALS (55-65 years), presenting symptoms are simi-
lar with fALS and sALS.

Genetic Variants Associated With ALS
Hexanucleotide repeat expansions in the chromosome 9 open read-
ing frame 72 (C9orf72) gene are the most common pathogenic ge-
netic variant associated with ALS in European populations and ac-
count for approximately 40% of fALS and approximately 8% of

Table 3. Main Genetic Causes and Risk Variants of ALS

Gene, OMIM No. Prevalence Variant type Inheritance pattern Biologic implications
ATXN2, 601517 Risk variant found in 5% of

sALS (compared with 2%
of the general population)

PolyQ expansions Autosomal dominant (risk) Mediates TDP-43 mislocalization from
nucleus and aggregation in cytoplasm

C9orf72, 614260 40% of fALS, 8% of sALS Hexanucleotide repeat
expansion mutations

Autosomal dominant (incomplete
penetrance)

Generates abnormal RNA and unusual
proteins (dipeptide repeat proteins) that
cause cell dysfunction by unknown
mechanism; also reduces normal gene
functions that regulate internal cell
homeostasis

FUS, 608030 1% of fALS Missense variants Autosomal dominant/recessive Protein mislocalizes from nucleus, where
its functions related to RNA splicing are
lost; protein aggregates in cytoplasm and
causes cell dysfunction by unknown
mechanisms

SOD1, 147450 12%-20% of fALS; 1% of
sALS

Missense variants Autosomal dominant Mutant SOD1 protein causes cell
dysfunction by unknown mechanisms

TARDBP, 612069 1% of fALS Missense variants Autosomal dominant TDP-43 mislocalizes from nucleus, where
its usual functions related to RNA splicing
are lost; protein aggregates in cytoplasm,
where it disrupts functions

UNC13A, 606286 NA (variants in this gene
modify disease course but
are not associated with
increased ALS risk)

SNP variant (modifier) Susceptibility risk Protein mediates neurotransmitter release
at synapses; in ALS, it is downregulated as
a consequence of TDP-43 abnormalities

Abbreviations: ALS, amyotrophic lateral sclerosis; fALS, familial ALS; NA, not
applicable; OMIM, Online Mendelian Inheritance in Man; polyQ, polyglutamine;

sALS, sporadic ALS; SNP, single-nucleotide polymorphism; SOD1, superoxide
dismutase 1; TDP, TAR DNA-binding protein.
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sALS.34 Pathogenic gene variants in the superoxide dismutase 1
(SOD1) gene are the second most common gene variant associated
with ALS and occur in approximately 12% to 20% of fALS cases and
1% of sALS cases.35 Pathogenic genetic variants in TAR DNA-
binding protein (TDP), which encodes the RNA-binding protein
TDP-43,36 and fused in sarcoma (FUS)37 are rare autosomal-
dominant variants that cause fALS (1%). More than 60 genes have
been associated with fALS, they are rare, and most are autosomal-
dominant missense variants.32

Genetic Testing Guidelines
The Genetic Testing and Counseling Guidelines Expert Panel rec-
ommends genetic counseling and gene panel testing for all pa-
tients with a diagnosis of ALS.38 Patients may undergo testing with
commercially available multigene panels, including whole-exome or
whole-genome sequencing. Identification of a genetic variant asso-
ciated with ALS can affect the choice of therapy. For example, pa-

tients with SOD1 pathogenic gene variants may be treated with
tofersen, but it is not currently believed that patients without the
SOD1 gene variant will respond to tofersen. In addition, genetic test-
ing may identify carriers at risk among first-degree relatives of pa-
tients with pathogenic gene variants and may elucidate the patho-
physiology of ALS.

Pathophysiology
The multiple genetic variants associated with ALS suggest that mul-
tiple molecular pathways are involved in the pathophysiology of
ALS.39,40 However, the primary neuropathologic finding in 97%
of patients with ALS is nuclear mislocalization and cytoplasmic ag-
gregation of the protein TDP-43 in motor neurons and glial cells of
the brain and spinal cord (Figure).41,42 The remaining 3% of pa-
tients have aggregation of the proteins SOD1 and FUS. In ALS, TDP-43
translocates from its predominant nuclear location, accumulates
and aggregates in the cytoplasm, and undergoes posttranslational

Figure. Amyotrophic Lateral Sclerosis Pathophysiology
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modifications, including ubiquitination, phosphorylation, and acety-
lation. However, the specific role of TDP-43 and the mechanisms by
which ALS spreads are unknown.

Clinical Care and Treatment
Disease-Modifying Therapies
Two disease-modifying medications for ALS (sALS and fALS) have re-
ceived US Food and Drug Administration (FDA) approval: riluzole in
1995 and edaravone in 2017 (Table 4). There is currently no biomark-
er or other objective measure to evaluate responsiveness to riluzole
or edaravone. Additionally, no published evidence about the efficacy
or safety of combining riluzole and edaravone is currently available.

Riluzole, which can be administered orally or via feeding tube,
reduces presynaptic glutamate release by inhibiting voltage-gated
sodium channels, thereby limiting excitotoxicity, the overactiva-
tion of glutamate receptors on motor neurons, which may increase
neuronal death. The American Academy of Neurology recom-
mends administration of riluzole 50 mg twice daily to slow progres-
sion of ALS.43 A 1994 clinical trial of 155 patients randomized to ri-
luzole 50 mg twice daily (n = 77) or placebo (n = 78) and followed
for at least 13 months reported that riluzole significantly improved
the primary outcome of survival (defined as time to tracheostomy
or death) compared with placebo in the subgroup of patients with
bulbar onset.44 Another study randomized participants with ALS to
riluzole, dosed at 50 mg daily (n = 237), 100 mg daily (n = 236), or
200 mg daily (n = 244), or to placebo (n = 242) and followed up par-
ticipants for at least 12 months.45 The groups with riluzole at 100
and 200 mg had significantly improved tracheostomy-free sur-
vival, with 57% and 58% of patients alive at 18 months, respec-

tively (P = .05-.08 and P = .06-.08), compared with 50% for pla-
cebo. The 50-mg daily dose was not statistically different from
placebo, with 55% survival at 18 months (P = .2-.3), and the 200-mg
daily dose was not statistically different from the 100-mg daily dose.
A meta-analysis of 15 nonrandomized, noncontrolled, population ob-
servational studies in which median survival data were recorded
found that in 8 of the 15 studies that met criteria, riluzole was asso-
ciated with improved survival of approximately 6 to 10 months.46

Edaravone reduces hydroxyl, peroxyl, and peroxynitrite free
radicals, thereby reducing effects of oxidative stress on motor neu-
rons. Although edaravone was FDA approved in the United States
in 2017, it was not approved for use in Europe or the United
Kingdom.47 A phase 3 clinical trial in Japan of 137 patients aged 20
to 75 years with early-stage ALS (disease duration �2 years; forced
vital capacity �80%) reported that the rate of functional decline,
defined by the ALS Functional Rating Scale–Revised (ALSFRS-R), at
24 weeks was lower with intravenous edaravone vs placebo (mean
[SE] decrease of −5.01 [0.64] points in the edaravone group vs −7.50
[0.66] points in the placebo group), with a least squares mean dif-
ference between groups of 2.49 (SE, 0.76; 95% CI, 0.99-3.98;
P = .0013) in favor of edaravone.48 Serious adverse events were re-
ported in 11 of 69 patients (16%) randomized to edaravone and 16
of 67 patients (24%) randomized to placebo. In an open-label, mul-
ticenter clinical trial comparing edaravone oral suspension with in-
travenous edaravone for 48 weeks in 185 patients with ALS, the oral
suspension was well tolerated, with no significant safety concerns,
compared with existing intravenous edaravone safety data. Phar-
macokinetic studies demonstrated that oral edaravone (105 mg) was
equivalent to intravenous edaravone (60 mg).49,50 In these

Table 4. Disease-Modifying Therapies for ALS

Drug Indication Mechanism of action
Dosing and route
of administration Efficacy Most common adverse effects

Riluzole All patients with
ALS (sporadic and
genetic forms)

Targets the excitotoxic
effects of glutamate on
motor neurons by inhibiting
voltage-gated sodium
channels on presynaptic
glutamatergic neurons,
thus reducing glutamate
release

50 mg twice a day
Oral tablets
Oral suspension
Oral film

Prolongs survival (defined
as time to tracheostomy or
death) by 60-90 d (60 d in
a study of 959 patients
who were followed up for
at least 13 mo and 90 d in
a study of 155 patients
who were followed up for
at least 12 mo) compared
with placebo

Malaise, nausea, or asthenia
(10%-20%)
Hepatic injury (10%-19%)
Dizziness, vomiting,
abdominal pain or diarrhea
(1%-10%)

Edaravone All patients with
ALS (sporadic and
genetic forms)

Free radical scavenger that
reduces oxidative stress
on motor neurons by
neutralizing reactive
oxygen species

Dose: 60-mg intravenous
infusion or 105 mg by oral
liquid daily
Initial cycle: dose daily for
14 d, followed by a 14-d
drug-free period
Subsequent cycles: dose
10 d of a 14-d period
followed by 14 14-d
drug-free periods

Reduction in the decline in
ALS Functional Rating
Scale–Revised score (≈2.5
points during 24 wk
compared with placebo) in
patients with early-stage
ALS (disease duration ≤2 y,
forced vital capacity ≥80%)

Bruising (15%)
Hypersensitivity reaction
(15%)
Gait disturbance (10%-13%)
Headache (10%)

Tofersen SOD1 mutant fALS Antisense oligonucleotide
targeting SOD1 messenger
RNA to decrease production
of mutant toxic and
wild-type SOD1 protein

100 mg intrathecally every
14 d for 3 doses and then
every 28 d

Reduction in the decline in
ALS Functional Rating
Scale–Revised score in
early initiation (−6.0 points
during 52 wk) compared
with delayed initiation
(−9.5 points during 52 wk
for patients initiated after
28 wk of placebo) in
patients with SOD1
mutation–associated ALS

Procedural pain or headache
(40%)
Malaise (17%)
CSF inflammation, including
pleocytosis, elevated protein
level, aseptic meningitis,
myelitis, or radiculitis
(5%-8%)
Increased intracranial
pressure and papilledema
(<5%)

Abbreviations: ALS, amyotrophic lateral sclerosis; CSF, cerebrospinal fluid; fALS, familial ALS; SOD1, superoxide dismutase 1.
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open-label comparisons, the oral formulation was not recompared
with placebo. However, 2 European studies of edaravone or the
equivalent compound (called FAB122) had negative results. In a
German, multicenter, propensity score–matched, observational
study of 232 patients during a median of 14 months, there was no
significant difference in disease progression measured in the
ALSFRS-R slope (−0.91 [95% CI, −0.69 to −1.07] vs −0.85 [95% CI,
−0.66 to −0.99]; P = .37).51 In a separate placebo-controlled, double-
blind, randomized, phase 3 clinical trial of 201 patients randomized
in a 2:1 ratio to receive oral FAB122 or placebo during 48 weeks,
FAB122 did not significantly slow the rate of functional decline mea-
sured by change from baseline in the ALSFRS-R score at 48 weeks.52

However, quantitative results and statistical testing for this clinical
trial have not been published.52

Tofersen is an intrathecally administered antisense oligonucle-
otide that binds and degrades SOD1 messenger RNA, thereby reduc-
ing both normal and toxic versions of SOD1 protein. Tofersen is FDA
approved for use only in patients with ALS who have SOD1 patho-
genic gene variants. In a meta-analysis of 12 studies (2 randomized clini-
cal trials, 5 cohort studies, 1 case series, and 4 case reports) that in-
cluded 195 patients with ALS and SOD1 gene variants, tofersen was
associated with a significantly lower rate of decline in ALSFRS-R scores
from baseline (standardized mean difference = 0.44; 95% CI, 0.05-
0.83; P = .03) and a significant reduction in the decline of predicted
slowvitalcapacity(standardizedmeandifference = 0.53;95%CI,0.16-
0.90; P = .005).53 A trial of patients with ALS due to SOD1 patho-
genic gene variants reported that the primary outcome of disease pro-
gression, defined as change from baseline to week 28 in the ALSFRS-R,
did not differ significantly in patients randomized to tofersen (n = 72)
vs placebo (n = 36) (−6.98 vs −8.14 points; difference, 1.2 points;
95% CI, −3.2 to 5.5; P = .97).54 However, in this trial, tofersen re-
duced SOD1 levels in cerebrospinal fluid by 29% and neurofilament
light protein in plasma by 60% compared with increases of 16% and
20%, respectively, in the placebo group. After completion of the ini-
tial 28-week trial, 95 patients enrolled in an open-label treatment ex-
tension, of whom 63 had received tofersen (early-start cohort) and
32 had received placebo (delayed-start cohort). At 52-week follow-
up, patients initially treated with tofersen had a decreased rate of de-
cline in the ALSFRS-R score compared with those initially treated with
placebo (ALSFRS-R score, −6.0 vs −9.5 points; difference, 3.5 points;
95% CI, 0.4-6.7). Follow-up data at 148 weeks for 46 participants who
completed the open-label extension (early-start group, 34; placebo/
delayed-start group, 12) showed that earlier initiation of tofersen com-
pared with later initiation was associated with numerically less de-
cline in multiple functional, respiratory, and quality-of-life measures
than expected but was not powered to detect statistical significance.55

For example, ALSFRS-R score declined 9.9 points in the early-start
group and 13.5 points in the delayed-start group, and the expected
decline based on natural history is 22 to 34 points. In addition, im-
provements in strength and function from baseline were observed in
approximately 21% to 27% of early-start participants and 10% to 17%
of patients in the late-start group at 148 weeks, which is unheard-of
in ALS associated with pathogenic SOD1 variants.

Multidisciplinary Teams for ALS Care
Patients with ALS progressively develop multiple functional limita-
tions, such as difficulty communicating because of dysarthria, dif-
ficulty dressing or eating, and difficulty with walking and mobility.

These impairments develop and progress at various rates and may
be treated with both nonpharmacologic and pharmacologic meth-
ods. Amyotrophic lateral sclerosis multispecialty care teams, which
typically include neurologists, nurse coordinators, physical thera-
pists, occupational therapists, respiratory therapists, speech thera-
pists, dietitians, and social workers with expertise in ALS, can pro-
vide longitudinal care individualized for each patient (Table 5).43,56,57

In a systematic review and meta-analysis of 6 studies (3 prospec-
tive cohort studies, 2 cross-sectional studies, and 1 retrospective co-
hort study) that included 2179 patients with ALS, compared with
treatment with general neurologic care, treatment with an ALS mul-
tidisciplinary team was associated with improved survival (4-7
months; mean difference, 4 months; 95% CI, 61-222; P < .001).58

Amyotrophic lateral sclerosis teams often work closely with pulmo-
nologists, who evaluate and manage respiratory muscle weakness
that leads to progressive hypoventilation,59 and with palliative care
clinicians, who assist with symptom management, psychological ef-
fects of ALS (eg, anxiety and depression), advanced care planning
and goals of care, end-of-life issues, and family/care partner
distress.58 Caregiving for patients with ALS may have negative
effects on caregivers, as well as on patients with ALS. A meta-
analysis of 25 observational studies reported that patient be-
havioral impairments, such as apathy and disinhibition, decline in
physical function, and feelings of depression in caregivers, were fac-
tors related to caregiver burden.60 ALSUntangled (https://www.
alsuntangled.com/) is a public, web-based, free program that
evaluates alternative therapies and anecdotal and off-label uses that
lack evidence.

Symptom Management
Weakness of the bulbar muscles, which are distinct from the respi-
ratory muscles, causes dysarthria and dysphagia and affects ap-
proximately 30% of people with ALS at diagnosis and 70% of pa-
tients in the disease course. Treatments for dysarthria include speech
therapy to assist with articulation and use of assistive communica-
tion devices, such as mouse-controlled or eye gaze–controlled
speech-generating devices that have recorded the patient’s origi-
nal voice. To maintain body weight, patients with ALS who have dys-
phagia should undertake diet modifications, such as making food
softer and thicker to make swallowing food easier and using high-
calorie oral supplementation, such as replacement shakes and nu-
trition drinks. American Academy of Neurology guidelines suggest
considering percutaneous endoscopic gastrostomy tube place-
ment in patients with ALS and severe dysphagia to stabilize weight
and prolong survival. Gastrostomy tube placement should be con-
sidered before the onset of respiratory compromise, typically while
forced vital capacity remains greater than 50% and before severe
malnutrition develops. This approach may reduce risks of gastros-
tomy tube placement, such as death due to respiratory arrest and
technical difficulties in placing the tube.43

Sialorrhea occurs in up to 50% of patients and can be treated
with anticholinergic medications, such as glycopyrrolate tablets, sco-
polamine patch, or sublingual atropine drops.61 However, high-
quality studies have not demonstrated the efficacy of these treat-
ments in patients with ALS. Selecting treatment for sialorrhea is
typically based on local availability of medications, and for patients
who have difficulty swallowing tablets, sublingual drops of 1%
atropine may be administered. Adverse effects of anticholinergic
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Table 5. Symptomatic Treatments and Support for Patients With ALS

Symptom/physical
examination finding Frequency

First-line medications
and dosing

Common medication
adverse effects
(frequency when available)

Additional intervention
and comments

Loss of mobility
Impairment of activities of
daily living
Limb weakness

The initial presenting
symptom in 60%-80% of
patients with ALS

NA NA Physical therapy and
occupational therapy evaluations
Home safety evaluation
DME, such as ankle/foot braces,
walkers, wheelchairs/power
chairs, hospital beds, toileting
equipment, lifts

Spasticity
Muscle cramps

Spasticity or muscle
cramping (≈80% of patients
with ALS); less than half
require treatment because
of functional impairments

Baclofen: initiate 5 mg 3 times
a day, with gradual titration
every 3 d based on clinical
response (maximum total dose
of 80 mg/d)
Tizanidine: initiate 2 mg every
6-8 h (maximum 3 doses per
24 h), with gradual titration of
2-4 mg per dose every 1-4 d
based on clinical response
(maximum total dose of
36 mg/d)
Gabapentin: initiate
100-300 mg 3 times a day and
titrate to clinical response
(maximum total dose of
3600 mg/d)
Mexiletine: 150 mg twice
a day

Baclofen: drowsiness
(10%-60%), dizziness
(5%-15%), weakness (5%-15%)
Tizanidine: dry mouth (49%),
somnolence and sedation
(48%), asthenia (41%),
dizziness (16%)
Gabapentin: somnolence
(21%), dizziness (28%), ataxia
(13%)
Mexiletine: GI effects (40%),
tremor (12%), lightheadedness
(10%), palpitations (4%)

Onabotulinum toxin injections to
spastic muscles every 3 mo
Physical therapy and
occupational therapy evaluations
Stretching and range-of-motion
exercises

Sialorrhea Affects ≈50% of patients
with ALS

Atropine 1% ophthalmic
solution: 1-2 drops
sublingually administered 1-4
times a day
Glycopyrrolate: 1 mg 3 times
a day
Amitriptyline: initiate
10-25 mg once a day; gradual
titration up to 75 mg daily
Scopolamine patch: 1.5-mg
patch every 72 h

Atropine 1% ophthalmic
solution: dry mouth, blurred
vision, tachycardia,
constipation
Glycopyrrolate: dry mouth
(40%), vomiting (40%),
constipation (35%), flushing
(30%), nasal congestion (30%)
Amitriptyline: dry mouth,
drowsiness, constipation, and
blurred vision
Scopolamine patch: dry mouth
(29%), dizziness (12%),
somnolence (8%), visual
impairment (5%), pupil dilation
(4%)

Onabotulinum toxin injections to
the salivary glands every 3 mo
Salivary gland radiation
DME: suction, cough assist

Pseudobulbar affect
(emotional lability)

Pseudobulbar affect during
disease course (up to 50%
of patients with ALS), more
commonly observed in the
bulbar ALS phenotype,
often not disabling

Dextromethorphan quinidine:
20-mg/10-mg capsule, 1
capsule daily for 7 d and then
increase to 1 capsule twice
a day
Amitriptyline: initiate
10-25 mg once a day; gradual
titration up to 75 mg daily

Dextromethorphan quinidine:
dizziness, nausea, somnolence
(24% of patients discontinued
treatment because of adverse
effects)
Amitriptyline: dry mouth,
drowsiness, constipation, and
blurred vision (frequency data
not well documented)

Depression/anxiety Affects ≈30%-45% of
patients with ALS, often
not disabling

SSRIs
Escitalopram (5-20 mg/d)
Sertraline (50-200 mg/d)
Citalopram (10-40 mg/d)
Fluoxetine (20-80 mg/d)

SNRI
Venlafaxine
(37.5-225 mg/d)

SSRIs
GI effects
Sexual dysfunction
Headache

SNRI
Agitation
Insomnia
Hypertension

Counseling
Support and advocacy groups
Social worker evaluation
Palliative care and hospice
support

Dysarthria (impaired
speech)

Affects ≈70% of patients
throughout the disease
course

Speech therapy evaluation
Augmentative communication
devices
Voice banking

Dysphagia (impaired
swallowing) or nutritional
support

Affects ≈70% of patients
throughout the disease
course

Speech therapy evaluation
Dietitian evaluation
Dietary modifications
Percutaneous endoscopic
gastrostomy tube placement

(continued)
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therapies include excessive dry mouth and sedation. Botulinum toxin
injections in the bilateral parotid glands and submandibular glands
block acetylcholine release at the parasympathetic nerve termi-
nals within salivary glands and provide symptomatic relief for up to
4 months. Alternatively, low-dose radiation to salivary glands de-
stroys acinar cells, reducing saliva production, and can be consid-
ered in patients with ALS and refractory sialorrhea.61

Suction devices with soft-tip catheters inserted into the mouth
can remove excessive oral and pharyngeal secretions and may be
used at home. Cough-assist machines can mobilize chest secre-
tions that cannot be cleared by a weak cough. Respiratory function
should be measured at each 3-month visit with spirometry, includ-
ing supine and standing forced vital capacity measurements, maxi-
mum inspiratory and expiratory pressures, and cough peak flows,
to identify optimal timing of initiating respiratory equipment. Non-
invasive ventilation, a mechanical ventilatory support method pro-
vided through a face mask or nasal mask, is recommended by prac-
tice guidelines to treat respiratory insufficiency in ALS to lengthen
survival (up to 7 months). Guidelines also suggest noninvasive ven-
tilation to enhance quality of life, but the evidence is mixed. Non-
invasive ventilation is recommended for individuals when hypoven-
tilation develops, defined as forced vital capacity less than 80% with
symptoms, forced vital capacity less than 50% regardless of symp-
toms, or maximal inspiratory pressure less than 60 cm H2O, indi-
cating inspiratory muscle weakness.43,57,59,62

For patients with pseudobulbar affect, a combination of dex-
tromethorphan and quinidine is recommended.63 A double-blind,
placebo-controlled study of 326 patients with ALS or multiple scle-
rosis with clinically significant pseudobulbar affect (baseline score
�13 on the Center for Neurologic Study–Lability Scale) random-
ized patients to dextromethorphan 30 mg/quinidine 10 mg twice
daily, dextromethorphan 20 mg/quinidine 10 mg twice daily, or pla-
cebo for 12 weeks. Patients in the 2 dextromethorphan/quinidine
groups had significantly fewer pseudobulbar affect episodes per day
than those in the placebo group (−47% [P < .001] and −49%
[P < .001], respectively).64 Dizziness, somnolence, and nausea led
to treatment discontinuation in approximately 24% of patients in
both groups. Low-dose amitriptyline (10-25 mg orally in the eve-
ning) may also improve pseudobulbar affect, but to date, random-
ized clinical trials are not available.43,57

Spasticity, resistance to passive movement that is more no-
table at high-velocity passive movement, occurs in approximately

80% of patients with ALS. However, only patients with spasticity
that limits functioning should be treated.43,57 To date, there are no
large randomized clinical trials evaluating spasticity treatments in pa-
tients with ALS. GABAergic medications such as baclofen and ben-
zodiazepines enhance inhibitory neurotransmission at the spinal cord
level and are often first-line treatments for spasticity because they
are oral treatments and have a more favorable adverse-effect pro-
file than dantrolene, which decreases skeletal muscle contractility
by blocking release of calcium from the sarcoplasmic reticulum.
Second-line therapies for spasticity associated with ALS include in-
jection of botulinum toxin into spastic muscles, which inhibits re-
lease of acetylcholine from nerve terminals and results in reduced
muscle activity, and intrathecal baclofen pumps.43,57 Medication
doses for spasticity should be adjusted to minimize adverse ef-
fects, such as lethargy and weakness. Physical therapy for spastic-
ity includes stretching and range-of-motion exercises and can be per-
formed at home. Sodium-channel blockers, such as mexiletine, can
treat muscle cramping (painful, involuntary, sudden contractions of
skeletal muscles).65 In a randomized clinical trial of 20 patients with
ALS, compared with placebo, mexiletine 50 mg twice daily re-
duced cramp frequency by approximately 1.8 cramps per day and
cramp severity by 15 units on a 100-unit scale during a mean
follow-up of 6 weeks.66 Durable medical equipment, such as walk-
ers and wheelchairs, and home adaptations, including bathroom ad-
aptations, support loss of limb strength that limits activities of daily
living.43,57,67

Cognitive impairment evaluation, typically with the Edinburgh
Cognitive and Behavioral ALS Screen or the ALS Cognitive Behav-
ioral Screen, should be performed at diagnosis and thereafter if signs
of cognitive impairment develop. Clinicians should ask patients about
symptoms of depression, anxiety, and sleep disturbance at each
3-month visit.58

Goals of Care and Advanced Care Planning
Goals of treatment and advanced care planning should be as-
sessed throughout the course of ALS because treatment goals may
change.24,68 For most patients with ALS, decline in daily function and
respiratory weakness develops during 3 to 5 years. Most patients
choose to die at home with the support of community-based re-
sources, such as hospice, although some may elect tracheostomy
with long-term ventilation.69 Medical aid in dying, the practice by
which terminally ill, mentally competent adult patients with a life

Table 5. Symptomatic Treatments and Support for Patients With ALS (continued)

Symptom/physical
examination finding Frequency

First-line medications
and dosing

Common medication
adverse effects
(frequency when available)

Additional intervention
and comments

Neuromuscular respiratory
weakness (dysfunction of
both inspiratory and
expiratory muscles)

Emerges in nearly all
patients as the disease
progresses and is the main
cause of death

Pulmonologist and respiratory
therapy evaluation
DME: suction, cough assist,
noninvasive ventilation
Tracheostomy

Usually becomes important to
address as forced vital capacity
decreases to 50%

Cognitive impairment Cognitive impairment in
≈10%-15% of patients with
ALS; deficits primarily
observed in executive
function and language,
indicative of frontotemporal
dementia, usually mild

SSRIs and SNRI for treatment of
disinhibition related to
cognitive impairment (dosing
and adverse effects above)

Cognitive rehabilitation,
environmental and behavioral
interventions, counseling,
support, and advocacy groups

Abbreviations: ALS, amyotrophic lateral sclerosis; DME, durable medical equipment; GI, gastrointestinal; NA, not applicable; SNRI, serotonin-norepinephrine
reuptake inhibitor; SSRI, selective serotonin reuptake inhibitor.
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expectancy of fewer than 6 months self-administer prescription
medications intended to hasten their death, may be elected by some
patients with ALS in states where the procedure is legal.70 Patients
with ALS who are interested in pursuing medical aid in dying face a
unique challenge of self-administering life-ending medications be-
cause muscle weakness and dysphagia may make them unable to
do so.71

Prognosis
Patients with ALS typically die from hypercapnic respiratory failure
due to progressive muscle weakness of the diaphragm and other re-
spiratory muscles. Approximately 10% of patients survive for more
than 10 years, and the reasons for this longer survival are un-
known. Bulbar symptoms, respiratory compromise, and dementia
are associated with poorer survival.72 In approximately 1% of pa-
tients, respiratory failure is the first symptom.73 Rarely, patients with
ALS have symptom stabilization (<1%), and some may experience
symptom improvement or reversals.74,75 Tracheostomy and me-
chanical ventilation improve survival by supporting respiratory func-
tion and prolonging life but do not slow progression or reverse mo-
tor deficits associated with ALS.69

Current and Future Therapy Development
Ongoing clinical trials are testing treatments that include antisense
oligonucleotides, short, chemically altered, 15- to 20-nucleotide se-
quences that modulate RNA from specific genes (so-called person-
alized medicine),76-78 are delivered intrathecally, and are taken up
by motor neurons. Prophylactic tofersen in asymptomatic individu-
als with pathogenic variants in the SOD1 gene is being evaluated in
randomized clinical trials. Trials of antisense oligonucleotides modu-
lating FUS,79 CAPN2,80 STMN2,81 and UNC13A82,83 are ongoing.

Adeno-associated viruses, which have motor neuron tropism,
can deliver genes or gene-modifying agents for infusion into cere-
brospinal fluid and are undergoing early phase 1 testing for ALS.
Stem cell therapies that deliver specific neurotropic factors, such as
glial cell line–derived neurotrophic factor,84 or multiple neuro-
tropic factors, such as glial cell line–derived neurotrophic factor,
brain-derived neurotrophic factor, and vascular endothelial growth
factor, are in development.85 New brain-computer interface tech-
nologies that implant electrodes into the brain to transmit electro-
encephalographic activity to computers, with algorithms that trans-
late electroencephalographic activity into words, are being
developed to assist patients with ALS in communication, which can
improve quality of life.86

Limitations
This review has limitations. First, some aspects of ALS diagnosis
and treatment were not discussed. Second, the quality of included
articles was not assessed. Third, articles in non-English languages
were not reviewed. Fourth, some relevant articles may not have been
included.

Conclusions
Amyotrophic lateral sclerosis is a progressive and fatal neurodegen-
erative disorder of UMNs and LMNs. No curative therapies exist for
ALS. Two oral medications, riluzole and edaravone, have been ap-
proved by the FDA and modestly decrease disease progression in
sALS (by 2-4 months). Tofersen, an intrathecally administered gene-
based therapy, is also FDA approved and slows disease progression
in patients with SOD1 pathogenic gene variants.
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