
REVIEW

Challenges in the Understanding and Treatment of Amyotrophic
Lateral Sclerosis/Motor Neuron Disease

Jeffrey Rosenfeld & Michael J. Strong

Published online: 9 January 2015
# The American Society for Experimental NeuroTherapeutics, Inc. 2015

Abstract With the acceleration in our understanding of ALS
and the related motor neuron disease has come even greater
challenges in reconciling all of the proposed pathogenic mecha-
nisms and how this will translate into impactful treatments.
Fundamental issues such as diagnostic definition(s) of the disease
spectrum, relevant biomarkers, the impact of multiple novel
genetic mutations and the significant effect of symptomatic
treatments on disease progression are all areas of active investi-
gation. In this review, we will focus on these key issues and
highlight the challenges that confront both clinicians and basic
science researchers.
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Introduction

Since the earliest description in the mid 1800s, our under-
standing, diagnosis, and management of patients with amyo-
trophic lateral sclerosis (ALS) and the related motor neuron
diseases (MNDs) has progressed dramatically [1–5]. The rate
of discovery of novel pathogenic mechanisms, new

phenotypes, mutations, and therapeutic interventions has es-
calated more in the last 15 years than ever before. However,
with this acceleration in our understanding of ALS/MND
has come even greater challenges in reconciling all of the
proposed pathogenic mechanisms and how this will
translate into effective treatments that will fundamentally
alter the disease course.

With our evolving understanding of the true complexity of
ALS/MND has come the realization that ALS is itself not a
single disease entity, but rather a heterogeneous clinical popu-
lation that is best considered as a syndrome [6]. Our inability to
find effective therapeutics that fundamentally alter the disease
course of ALS/MND is often attributed to this heterogeneity of
the patient population; thus, there is a need for better diagnostic
definitions that will allow for the prognostically relevant cate-
gorizations of the disease [3–5, 7–11]. Our difficulty in identi-
fying reliable biomarkers of disease progression and therapeutic
benefit further confound this challenge [4, 12–14]. Identifica-
tion of overlap in the clinical spectrum of frontotemporal dys-
function and ALS/MND has not only widened the clinical
heterogeneity and highlighted new mechanisms of molecular
pathology, but introduced an important prognostic element
[15–18]. The discovery of novel mutations, gene products and
molecular mechanisms associated with ALS/MND has chal-
lenged our concepts of how disease processes can not only be
initiated, but also how such pathological processes can be
propagated between individual cells in a noncell-autonomous
manner [19–24].

The use of intensive symptomatic and supportive care
for patients with ALS/MND is becoming more wide-
spread and the standard of care is improving. The
disease-modifying effect of such supportive care is signif-
icant and often results in improvement of both survival
and function, which can exceed the treatment effect that
was sought in many of our recent clinical trials [25–34].
The use of such treatment strategies introduces an
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important prognostic variable that is not consistently con-
sidered in clinical trial design and thus confounds our
ability to detect efficacious therapies [11, 35].

In this review, we will focus on several of these key issues
and highlight the challenges that confront both health profes-
sionals and researchers in this rapidly evolving area of
investigation.

Diagnostic Definitions

Since the earliest descriptions of ALS/MND, the clinical triad of
upper motor neuron pathology, lower motor neuron pathology,
and progression has been maintained as the backbone of our
diagnostic criteria [2]. There are well-established criteria for
patients in whom the manifestations are restricted to dysfunction
solely of the upper motor neuron (primary lateral sclerosis),
lower motor neuron [progressive muscular atrophy (PMA)], or
bulbar segment (progressive bulbar palsy) [8, 36–39]. There are,
however, no established criteria for a significant number of
patients who present and progress with predominantly upper
and only subtle lower motor pathology, or, conversely, predom-
inantly lower motor with only subtle upper motor neuron signs.
These patient groups can be further prognostically dichotomized
based on the presence or absence of either bulbar or respiratory
dysfunction at the time of symptom onset, thus expanding the
heterogeneous nature of the disease [8, 32, 40]. This variability in
clinical manifestation at the time of initial assessment may be
associated with significant variability in survivorship.
Superimposed on this clinical variability is the presence or
absence of a syndrome of frontotemporal dysfunction that may
coexist withmany of themotor neuron disorders and, for several,
be of prognostic importance [32].

Formal diagnostic criteria for ALS/MND have been devel-
oped and modified several times [19, 41–47]. The intent of
these guidelines was primarily to standardize research criteria
and ensure more homogeneous patient populations for study.
The use of these criteria, however, has been more effective at
categorizing our degree of diagnostic certainty of a “motor
neuron disease” (possible, probable, laboratory-supported, or
definite) rather than identifying a homogeneous group of pa-
tients or specific disease subtypes. The result has been a wide
range of phenotypic expression included under the diagnostic
definition of ALS/MND. Several attempts to categorize patients
identified as having “ALS/MND” have been attempted [48].

The onset of ALS/MND is often regionally defined with
subsequent spread to other contiguous areas [49–51]. Differ-
ent patterns of spread have been described, mainly to allow us
to anticipate the regional involvement and prognosis [50, 52,
53]. Furthermore, different staging systems have been devised
to account for this regional spread [54, 55]. None of these
efforts, however, have progressed to the point of identifying
more homogeneous disease cohorts based upon region of

onset or subsequent spread that can then be applied to the
design of clinical trials.

In the absence of widespread acceptance of diagnostic
criteria for specific disease subtypes, there have been a num-
ber of clinical phenotypes described [11, 37, 48, 56–59].
These phenotypic descriptions, with variable disease progres-
sion, severity, and survival often fit into the basic diagnostic
criteria of ALS/MND, although they do not necessarily obey
the more classically described patterns of regional spread
involving upper and lower motor neuron pathology. Some of
these “ALS” phenotypes have even included disorders already
identified with distinct labels such as PMA or progressive
bulbar atrophy (PBA) [48]. In addition, many of these patients
with “ALS”may maintain a regionally restricted involvement
for prolonged periods.

As alluded to above, the presence or absence of
frontotemporal dysfunction is an important prognostic variable
in patients with all types of ALS/MND. While frontotemporal
dysfunction has been observed across a spectrum of pure lower
motor neuron disorders, including X-linked spinal and bulbar
muscular atrophy (Kennedy syndrome) and PMA, there are no
prospective studies addressing the impact of frontotemporal
dysfunction on survival in these entities [60–62]. International
consensus criteria have been developed that provide a frame-
work in which patients with ALS/MND can be described as
being pure ALS in the absence of any evidence of
frontotemporal dysfunction, as having a frontotemporal demen-
tia (FTD) consistent with either the Hodge or Neary criteria for
FTD (ALS-FTD), or as having either a cognitive (ALSci) and/or
behavioral manifestation (ALSbi) that do not fulfill the criteria
for FTD [47]. When these criteria are applied in a prospective
manner, approximately half of all patients will have no evidence
of frontotemporal dysfunction, between 2 % and 4 % will have
Alzheimer’s disease, 25–30 %will have ALSci, and the remain-
ing will have a behavioral syndrome [63]. There has been
considerable effort in further clarifying those patients who suffer
from either ALSci, ALSbi, or an overlap between the 2, which
has been often described as a dysexecutive syndrome. The
importance in doing so relates specifically to the impact that
these syndromes have on survival.

ALSci is most consistently associated with alterations in
verbal fluency and the generation of action verbs, while
ALSbi can have one of many manifestations, including apa-
thy, behavioral disinhibition, irritability, loss of sympathy or
empathy, perseverative or stereotypic behavior, or alterations
in eating behavior [64]. The latter are best identified through
the use of one of several available screening tools that incor-
porate caregiver input [65–67]. Although the presence of
psychotic symptoms has been highlighted by the recent iden-
tification of C9orf72 pathological hexanucleotide expansions
in both ALS and FTD, psychotic symptoms are uncommon in
ALS. The dysexecutive syndrome of ALS seems to best
correlate with deficits in theory of mind, reflecting the
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capacity to appreciate other’s intentions and beliefs, and to
extend this into predicting other’s behavior by attributing an
independent mental state to them. Such deficits are reflective
of orbitofrontal and anterior cingulate pathology and can be
observed in upwards of 50 % of patients with ALS who have
no evidence otherwise of dementia [68, 69]. When impair-
ment in social cognition is considered along with ALSci,
ALSbi, and ALS-FTD, a more robust picture of the preva-
lence of frontotemporal dysfunction in ALS is attained in
which executive dysfunction is second to only ALSci as being
the most common manifestation. Those individuals with evi-
dence of executive or behavioral dysfunction have a signifi-
cantly more rapid disease course [16, 70].

Biomarkers

The multisystem involvement of patients affected by ALS/
MND, as well as the varied mechanisms attributed to the
disease has led to a multitude of clinical and biological
markers proposed as indices of disease progression and/or
severity [4, 12, 14]. Despite this, one of the primary challenges
in studying ALS/MND is the absence of an accepted marker
with both the appropriate sensitivity and specificity applicable
to the wide range of affected patients. The result of this void in
our understanding is a lack of confidence that we can reliably
measure disease progression or therapeutic efficacy in our
clinical trials.

Given that ALS/MND is a disease in which motor units are
progressively lost, strength measures should be expected to
best characterize the extent of weakness. A quantitative as-
sessment of strength has, in fact, been included in almost
every clinical trial of ALS/MND. Multiple measures of
strength have been repeatedly utilized in this patient popula-
tion ranging from classic categorical measurement (manual
muscle testing), comprehensive composite measures of
strength (Tufts Quantitative Neuromuscular Exam [71, 72])
and focused quantitative evaluation of individual muscle
groups (hand-held dynamometry [73]). Despite the logic of
utilizing strength as a measure of disease activity in a motor
neuron disease, the variability between patients with regard to
affected regions, baseline strength, and rate of progression
has offset the practical utility of strength measurements in
clinical trials.

Several different electrophysiological determinations of
motor unit number have been refined and proposed as surro-
gate markers of disease progression, with good inter-rater
reliability [74–76]. These estimates, however, are time con-
suming and still somewhat operator dependent. In addition,
disease progression within ALS/MND is commonly not uni-
form in all muscle groups, and sampling error may further
confound this technique. Variability of individual motor units
after repeated stimulation is perhaps more pronounced in

patients with ALS/MND. Some newer measures such as mo-
tor unit index and multipoint incremental stimulation have
addressed this issue, but these methods have not yet been
accepted routinely [76–78].

Composite functional measures such as the ALS Functional
Rating Scale-Revised (ALSFRS-R) have been most consistent-
ly applied in both routine care and most clinical trials involving
patients with ALS/MND. The score is used to evaluate symp-
toms related to bulbar, limb, and respiratory function. The
ALSFRS-R has repeatedly been shown to be a reliable and
valid measure with a predictable linear course for which the rate
of changemay predict survival [79–81]. This has resulted in the
widespread use of the measure, facilitated by the ease in
obtaining it and a large established cohort database. The
ALSFRS-R, however, is more suited to detecting changes in
patients in the mid-stage of disease with appendicular involve-
ment, and it may not be an ideal measure of global function [79,
80, 82].

Other proposed clinical biomarkers for disease progression
include electrical impedancemyography, muscle ultrasound, and
various imaging modalities (i.e., voxel-based morphometry, dif-
fusion tensor imaging, T2 quantification, positron emission to-
mography) [83–85]. Biochemical markers of underlying neuro-
pathology phosphorylated high molecular weight neurofilament
protein (pNFH) or immunological markers are also promising
[86]. These methods have generated interesting data, particularly
within certain disease presentations involving upper motor neu-
ron dysfunction, but have not yet been accepted as markers
applicable throughout the disease spectrum.

The Role of Molecular Biology in Understanding
ALS/MND

The potential for genetic markers as correlates of disease
subtype and progression has generated much enthusiasm and
promise, although remains incompletely understood. There
are currently very few established relationships between a
specific genetic mutation and a specific phenotype. An esca-
lating library of data in this regard is available through an
online registry (http://alsod.iop.kcl.ac.uk) [87]. The hope is
that a potential etiology, at least for a specific phenotype,
will emerge and highlight a primary disease mechanism
[3, 5, 88, 89].

The initial discovery, 20 years ago, that a dominant mis-
sense mutation in SOD1 can account for up to 15% of familial
cases offered great promise for understanding the pathophys-
iology of motor neuron degeneration in those patients. Cur-
rently, there have been >100 distinct SOD1 mutations identi-
fied with tremendous variability in the resulting phenotype.
The A4V, G41S, G93A, and R115G SOD1 mutations fre-
quently give rise to a very aggressive disease course. Con-
versely, the D90A SOD1 mutation is associated with a much
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more indolent course, although the clinical manifestation as
ALS remains remarkably similar to the other SOD1mutations
[90, 91]. This observation serves to highlight that a single
gene mutation can give rise to heterogeneous pattern of
clinical deficits, supporting the syndromic nature of
ALS/MND [6].

This is further highlighted by the finding that approximate-
ly two-thirds of patients with familial ALS and 10 % of
patients with sporadic ALS harbor a genetic mutation [92].
Increasingly, genome-wide association studies are identifying
genes not suspected to be causative in ALS, but rather that
have a direct impact on the disease phenotype [93, 94]. For
instance, UNC13A, for which a single nucleotide polymor-
phism appears to confer susceptibility to ALS, also confers a
shorter survival, while theKIFAP3 and EPHA4 variants seems
to predict a longer survival, including a greater than expected
association of KIPAP3 with primary lateral sclerosis [95].
Other studies implicate the short arm of chromosome 1 with
age of disease onset. [96]. Perhaps nowhere is this variability
in the effect of a single gene mutation more obvious that the
impact of a massive GGGGCC (G4C2) repeat expansion in
C9ORF72 in which ALS, FTD, and ALS-FTD have all been
described [97]. Such striking variability also suggests the
presence of multiple disease modifiers, not the least of which
may be important gene–environment interactions [98].

As our understanding of the molecular pathogenesis of
ALS becomes increasing clear, it is now evident that a great
deal of the genetic basis of both sporadic and familial ALS can
be attributed to alterations in RNA metabolism at multiple
stages of the cascade of pathological changes leading to motor
neuron death [99, 100].

Advances in Treatment Affecting Disease Course

Current clinical practice for patients affected by ALS/MND
includes a combination of proactive, adjunctive and symp-
tomatic therapies. Outcome data are lacking relative to the
number and variety of treatments used regularly in this pop-
ulation.While treatment approaches are likely more consistent
today than they were a decade ago, implementation of these
often efficacious treatments has introduced another source of
variability in comparing groups of patients for clinical trials.
Specifically, maintenance of respiratory health, nutritional
stability, physical safety, and aids to improve daily function
have an impact on quality of life and disease duration. While
these benefits have been difficult to measure in controlled
studies, multidisciplinary care has become the standard of
treatment for this complex multisystem disease. It is no longer
appropriate to refer to ALS/MND as an “untreatable” disease.
The magnitude of the benefit from such treatments described
below often exceeds the treatment effects that are sought in
clinical trials of potential therapeutic agents. These

interventions have, consequently, introduced an underappre-
ciated source of variability in studying populations of patients
with ALS/MND with novel therapeutic agents.

Inadequate nutrition and weight loss are common clinical
features in ALS/MND. The etiology contributing to this in-
cludes dysphagia, impaired motor function (involving bulbar
and extremity muscles), and the possibility that a hypermeta-
bolic state exists [101–104]. The association of weight loss,
impaired nutrition, and shortened survival is commonly ob-
served and actively targeted for proactive treatment
[105–110]. Multiple interventions to address these significant
determinants of health and longevity have implicated a mul-
tidisciplinary approach involving 1) dieticians (include alter-
ing food consistency, high-calorie supplements, and adequate
hydration); 2) occupational therapy (hand braces, altered uten-
sils, mobile arm supports, home modifications); 3) physical
therapy (range of motion, bracing, seating, maintaining
strength); 4) social work (home care assistance, financial
support, emotional health); and 5) respiratory therapy (ade-
quate ventilation, secretion management). Although large,
controlled outcomes studies have not been completed, the
benefit of such multidisciplinary care, on both survival and
quality of life, has been widely accepted [111–113].

Percutaneous Endoscopic Gastrostomy

Percutaneous gastrostomy has become the primary and most
significant tertiary intervention to address the weight loss and
impaired nutrition common amongst the ALS/MND patient
population. Early intervention, when dysphagia is
mild/moderate, may be preferred as a proactive intervention
to maximally affect survival and quality of life, although data
supporting the survival benefit are inconsistent [33, 114, 115].
Patient acceptance is often better when the intervention is
initially used as a supplement to oral caloric intake and not
the sole source of nutrition. Patient and family education on
the benefits of percutaneous gastrostomy often results in an
improved sense of autonomy, confidence, and quality of life
[115–117]. Patients and families relate that there is a sense of
not being able to affect any significant change in disease
course heightened by a fear of choking and the caregiver
burden. Percutaneous gastrostomy can overcome these issues,
although formal outcome data on the subject are difficult to
collect owing to multiple confounding issues that affect an
individual patient’s decision to accept gastrostomy support.

The impact of nutritional intervention on survival is recog-
nized; however, the benefit of gastrostomy alone has not been
shown [118–120]. Retrospective population studies suggest
that the relationship is “tentative” and other factors such as age
and site of onset along with riluzole and the use of noninvasive
positive pressure ventilation, may be more significant prog-
nostic determinants. Currently, implementation of nutritional
therapies remain both an opportunity and a challenge in the
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overall treatment regimen. While it is difficult to accept that
patients receiving adequate nutrition and hydration do not
have improved survival (relative to malnourished, dehydrated
patients), the inconsistent results from retrospective analyses
highlight the difficulty from drawing conclusions from a very
heterogeneous patient population [121].

Current Practice Parameter guidelines published by the
American Academy of Neurology recommend percutaneous
gastrostomy placement before the patient’s forced vital capac-
ity falls below 50 % predicted in order to avoid risk of
respiratory compromise during the procedure [115]. The
timing of this intervention is, however, critical as it introduces
an important source of variability when considering treatment
trials where functional capacity, quality of life, and survival
are relevant endpoints [107, 122, 123].

Respiratory Therapies

The use of aggressive respiratory management, including
control of secretions, noninvasive ventilation, and pharmaco-
logic intervention is both necessary and efficacious in the
ALS/MND patient population. In contrast to the reported data
on nutritional interventions, there is a more consistent benefit
demonstrated on survival and quality of life [115, 124, 125].
The timing of this respiratory intervention may introduce
another source of variability on survival, quality of life, and
overall function.

Secretion management is closely linked to the delivery of
improved ventilation in patients with ALS/MND. In-
exsufflation and use of high frequency chest wall oscillation
are increasingly common and have been shown to improve
ventilation [126–129]. Physical techniques such as breath
stacking and assisted cough, as well as medication manage-
ment (bronchodilators, anticholinergic agents), have become
increasingly common in aggressive multidisciplinary treat-
ment settings. In addition, use of intrasalivary gland injection
of botulinum toxin has been shown to result in significant
improvement of sialorrhea and improve respiratory insuffi-
ciency [130, 131].

Conclusions

The current pace of discovery and identification of novel
disease mechanisms in ALS/MND is unprecedented. Despite
the great expansion in our knowledge base, there remain some
fundamental challenges on issues such as disease definition,
appropriate biomarkers of disease progression, interpretation
of the multitude of genetic mutations associated with disease,
and the impact of aggressive symptomatic treatment. Identifi-
cation of frontotemporal dysfunction in a majority of patients
with both familial and sporadic ALS/MND has both added
greatly to the potential for a common underlying mechanism

between ALS and frontotemporal dysfunction, while at the
same time providing an important prognostic determinant.
Advances in this area, however, have also introduced chal-
lenges in the heterogeneity of diagnostic definitions affecting
this patient population. Our ability to design effective clinical
trials that will ultimately lead to efficacious therapies will
likely depend upon resolution of some of these most basic
questions of diagnosis and disease progression. By compari-
son with the fairly straightforward and simple initial descrip-
tion of ALS by Charcot in the 1800s, we confront today a
considerable complexity whose understanding may ultimately
shed light on mechanisms not only of ALS/MND, but also of
other neurodegenerative disorders.

Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.
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