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The gap between academic advances and therapy

development in motor neuron disease

Peter Bede®®° and Pierre-Francois Prada

Despite the universal recognition of the fundamen-
tal clinical, genetic and pathological heterogeneity
of ALS, the expectation that the same drug may be
effective across the entire spectrum of the disease
has peculiarly persisted. In the era of precision med-
icine, the therapeutic imperative is to offer the
appropriate drug to the correct patient at the opti-
mal time. Academic studies in ALS have been hugely
successful at characterizing specific cohorts with
distinctive clinical, radiological and pathological
teatures [1] and describing presymptomatic, peri-
diagnostic and late-stage disease burden patterns
[2—4]. Cluster analyses of patients have consistently
revealed distinct sub-populations based on a variety
of biomarker metrics [5-7]. Yes, despite compelling
evidence for biological heterogeneity, divergent
pathomechanisms, and differing progression rates,
the very same drug is uniformly prescribed for all
patients with ALS in the clinical setting. Clinical
trial designs in ALS also remain notoriously conser-
vative focusing overwhelmingly on survival, respi-
ratory function and the motor aspects of the disease,
despite a plethora of academic studies highlighting
comorbid frontotemporal [8-11], cerebellar [12],
subcortical [13,14] and extrapyramidal dysfunction
[15,16].

The timing of the therapeutic interventions is
inherently defined by the speed of diagnosis, which
in turn depends on local referral pathways and
access to neuromuscular or motor neuron disease
specialists. The considerable symptom-onset to
diagnosis interval in ALS means that, by the time,
patients are formally diagnosed in a tertiary referral
centre, they are likely to have considerable disability
and harbour a significant disease burden. Diagnostic
delay not only limits the therapeutic benefit of
established pharmacological interventions, but also
impacts negatively on pharmacological trial partic-
ipation. The phrase ‘““time is brain’’ is used by stroke
physicians to highlight the absolute urgency of
intervening in neurovascular syndromes, but the
very same message also applies to neurodegenera-
tive processes. Misdiagnoses, misinterpretation of
clinical signs, potentially unnecessary interventions
are not uncommon during the diagnostic journey of
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ALS patients [17,18], delaying the confirmation
of the diagnosis and enrolment in pharmaceutical
trials.

Recent presymptomatic studies have confirmed
considerable changes in specific genotypes [19-21],
but these observations may be relatively unique the
specific genetic variants evaluated and not readily
representative of the presymptomatic phase of
‘sporadic’ cases, that is, patients not harbouring
common, ALS-associated mutations such as
C9orf72, FUS, SOD1, and so forth. These, seemingly
‘sporadic’ cases, represent the majority of patients
attending our clinics. So, while the academic
insights generated by recent presymptomatic stud-
ies confirm accruing disease burden long before
symptom manifestation, the specific anatomical
patterns described by these studies are likely to be
genotype-specific. Notwithstanding these observa-
tions, emerging presymptomatic studies unequivo-
cally highlight the urgency of intervening early and
potentially extending the therapeutic window to
the prodromal phase of the disease in selected
patients. Two disease phases are increasingly distin-
guished in ALS [22] prior to meeting diagnostic
criteria: the ‘premanifest phase’ referring to an inter-
val spanning from the earliest biomarker evidence of
the condition to symptom onset and the ‘prodromal
phase’ when patients already have disease-associ-
ated symptoms but do not meet formal diagnostic
criteria yet.

A number of scholarly concepts have been
repeatedly proposed in ALS such as ‘cognitive
reserve’ [23,24], ‘motor reserve’ [25], ‘developmen-
tal factors’ [20,26], ‘abnormal energy metabolism’
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[27], ‘stage-wise propagation’ [28], ‘compensatory
mechanisms’ [3], ‘sexual dimorphism’ [29,30],
‘prion-like propagation’ [31], ‘connectome-based
propagation’ [2], ‘what wires together-dies together’
[32], the ‘D50 progression model’ [33,34], and so
forth, all riveting academic notions with compelling
biological bases, which are yet to be developed into
actionable clinical strategies. The translation of
abstract academic concepts into viable strategies,
such as early therapeutic intervention, cognitive
rehabilitation, metabolic therapies, propagation
prevention, and so forth seems a pressing priority.

A key contrast of academic studies and clinical
care lies their focus on an entire patient population
versus an individual patient. Academic studies are
inherently cohort studies and rely on group-level
observations, characterising phenotype-associated
or genotype-associated traits. Clinical care on the
other hand centres on the diagnosis and support of
specific individuals and relies heavily on the accu-
rate interpretation of single-subject data. Where
academic studies describe ‘typical’ disease burden
patterns and ‘representative’ longitudinal trajecto-
ries inferred from hundreds of patients, the quest of
a clinician is accurately classifying a single patient
into relevant diagnostic, phenotypic and prognostic
categories. Accordingly, numerous machine-learn-
ing initiatives have been published recently using a
variety of models to categorize patients into clin-
ically relevant subgroups [35-39]. Although these
have shown promise to discriminate patients from
controls, the distinction of patients from ‘disease
controls’ proved more challenging [40], and the
search for reliable prognostic indicators also contin-
ues [41-43].

Although the majority of MND studies focus on
ALS, other motor neuron diseases such as SBMA
[44,45], adult spinal muscular atrophy [46,47],
HSP [48,49], primary lateral sclerosis [50,51] and
low-incidence entities such as postpolio syndrome
[52,53] are increasingly evaluated in large prospec-
tive multimodal studies. Non-ALS motor neuron
diseases have received relatively limited research
attention in the past, despite their notable qual-
ity-of-life ramifications. The new consensus diag-
nostic criteria in PLS [54] has given impetus to
PLS research [55-57], where extramotor changes
[58,59] and frontotemporal dysfunction is increas-
ingly recognized [60]. Ultimately, the study of non-
ALS motor neuron diseases or ‘restricted pheno-
types’ offers important methodological and concep-
tual lessons and may also serve as ‘disease control’
groups for ALS studies. Similarly, there are ample
methodological learning opportunities from other
neurodegenerative conditions, especially FILD;
concepts, study-frameworks, multisite designs, data
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repositories, and so forth, which could be readily
adopted in ALS/MND [61,62].

Despite the contrast between academic achieve-
ments and the limited therapeutic options in motor
neuron disease at present, it is likely that recent
scholarly advances will filter down to practical clin-
ical applications. Instead of small research groups
working in isolation, large international consortia
increasingly spearhead research efforts thanks to
effective protocol harmonization and data-sharing
arrangements. There are increasing funding oppor-
tunities for low-incidence conditions, and patient
advocacy groups and charities not only support
research but also help to identify the most pressing
research priorities. The sheer number of recent pub-
lications in the field, the high academic standard
of studies and the engrossing array of innovative
approaches indicate an wunrelenting research
momentum, a likely harbinger of therapeutic break-
through.
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