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ABSTRACT
Objectives The use of clinical staging in the fatal
neurodegenerative disease amyotrophic lateral sclerosis
would have value in optimising future therapeutic trials.
We aimed to use previous clinical trial data to determine
the length of time patients spend in each of four
proposed stages, its range and transition patterns to
subsequent stages.
Methods Using databases from two multicentre clinical
trials, patients were retrospectively staged through the
trial course. At each stage we assessed whether patients
then progressed to an earlier, consecutive or later stage
or death. Duration spent in each stage before
progression to a later stage was calculated.
Results There were 725 patients. No patients moved to
an earlier stage. More patients at stages 1, 2 and 3
progressed to the consecutive stage rather than skipping
a stage. 59.3% of patients at Stage 1 progressed to
Stage 2, 54.0% of patients at Stage 2 progressed
to Stage 3, 42.3% of patients at Stage 3 progressed to
Stage 4 and 47.0% of Stage 4 patients progressed
to death. Transition times between stages had a median
duration of 3 to 7 months for stages 2 to 4.
Discussion We have shown using trial data that
transition times between stages are short. Use of stage
duration as an endpoint might allow a shorter trial
duration. We have shown face validity in this system as
most patients progress through consecutive stages, and
none revert to earlier stages. Furthermore, we have
shown the system is reliable across populations and
therefore has content validity.

INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a rapidly pro-
gressive, fatal neurodegenerative disorder affecting
upper and lower motor neurons.1 We have previ-
ously proposed a clinical staging system for ALS
which has been partially validated in a population
of 1459 patients with ALS from King’s College
Hospital.2 There are four stages, the first three
stages defined by functional involvement of regions
equivalent to those used for El Escorial classifica-
tion: bulbar, upper limbs and lower limbs, with
functional involvement defined as dysphagia, dys-
arthria, spasticity, weakness or wasting (table 1).
The number of regions involved gives the stage.
Stage 4 is reached if swallowing (4A) or respiratory
(4B) difficulty is severe enough to require
intervention.

Clinical stage defined in this way is simple to
apply and has several useful properties. First, each
stage tends to be reached on average at a consistent
proportion of the way through the disease (with
Stage 1, symptom onset, anchored at disease pro-
portion 0, and Stage 5, death, anchored at disease
proportion 1), so that Stage 2 is reached on average
0.38, Stage 3, 0.61, Stage 4A, 0.77 and Stage 4B,
0.80 through the disease. Second, stages would be
expected to only occur in order, without reversion
to earlier stages. It is possible to skip stages but
only forwards. Third, clinical stage correlates well
with overall functional scores derived from the
Revised ALS Functional Rating Scale (ALSFRS-R),
the Hospital Anxiety and Depression Scale (HADS)
and the EQ-5D scale measuring quality of life and
health utility.3 Fourth, since the disease progresses
at greatly varying rates between individuals with
ALS,4 5 direct meaningful comparisons between
patients at equivalent stages can be made regardless
of rate of disease progression. Fifth, clinical trials
can usefully examine change in functional scores
against clinical stage, providing a method for the
evaluation of drug effects on function.
A further useful property would be the ability to

use clinical stage as a secondary endpoint in clinical
trials. An effective drug would be expected to
prolong time in earlier stages compared with later
stages. This is particularly important since simply
prolonging life in a late stage of ALS is not desir-
able, so a method to demonstrate objectively the
point at which a drug is effective is essential.
We therefore used information from two Phase 3

clinical trials of drug therapies in ALS to determine
the length of time patients spent in each clinical
stage, its range and the transition patterns to subse-
quent stages.

METHODS
Data sources
Databases of ALS patients who had participated in
the Mito Target clinical trial, a double-blind rando-
mised placebo-controlled parallel group trial of ole-
soxime in ALS,6 and the LiCALS clinical trial, a
double-blind randomised placebo-controlled paral-
lel group trial of lithium carbonate in ALS,7 8 were
analysed. The LiCALS study was ethically approved
by the South East Research Ethics Committee, with
the reference number 09/H1102/15 (Eudract
number: 2008-006891-31). The Mito Target study
was ethically approved by the Comité de Protection
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des Personnes Ile de France VI—GH Pitié Salpétrière with the
reference number 122-08 (Eudract 2008-007320-25). The
recruitment criteria for the LiCALS trial7 and the Mito Target
trial were similar, and both studies recruited patients with a clin-
ical diagnosis of laboratory-supported probable, probable or
definite ALS according to the revised version of the El Escorial
World Federation of Neurology criteria.9 This study was classi-
fied as a secondary analysis of fully anonymised pre-existing
clinical trial data by the King’s College London Psychiatry,
Nursing and Midwifery Research and Ethics Subcommittee and
therefore did not require ethical approval.

Patients were classified as having limb-onset, bulbar-onset or
respiratory-onset ALS. For the purposes of analysing durations
at each stage, patients with respiratory-onset (<1%) were classi-
fied with those with limb-onset due to the common spinal basis
of lower motor neuron degeneration.

For the Mito Target trial, visits occurred at recruitment, at 1,
2 and 3 months after recruitment and then at 3-monthly inter-
vals until exit from the trial through death or withdrawal. For
the LiCALS trial, visits occurred at recruitment and then at
3-monthly intervals until exit from the trial through death or
withdrawal.

Determination and analysis of clinical stage
Because clinical stage was not recorded prospectively in these
trials, we estimated clinical stage using an algorithm based on
the ALSFRS-R. Estimated stage based on the algorithm corre-
lates about 92% with actual clinical stage in other data sets
(unpublished data) and clinical stage can be reliably estimated
using the ALSFRS-R in historical data and in current data where
stage has not been recorded. The ALSFRS-R is a scale consisting
of 12 questions each scored from 0 to 4, representing the
domains of swallowing and speaking functions, upper limb
function, lower limb function, use of gastrostomy and respira-
tory function with higher scores representing better function.10

Actual dates of gastrostomy insertion and of commencement of
non-invasive ventilation were also available and used as a proxy
measure for Stage 4. We previously defined Stage 2A as diagno-
sis and Stage 2B as functional involvement of a second region,
but since people entering a trial must have been diagnosed,
everyone would be at Stage 2A at least, and this would mean
that Stage 1 would be redundant. Furthermore, 2A and 2B
occur at similar standardised times through the disease course.
We therefore discarded Stage 2A and simply used Stage 2,
defined as functional involvement of a second central nervous
system region (previously Stage 2B) for the purposes of this
study. At each disease stage we assessed whether patients subse-
quently progressed to an earlier, consecutive or later stage, or
did not move from their stage by the end of the trial study
period.

Median duration spent in each stage before progression to a
later stage was calculated for the entire cohort. The clinical trial
databases only capture data from time of trial recruitment, not

from disease onset, and since people can only be recruited after
diagnosis, which in our previous work corresponded closely in
timing with Stage 2,2 we would expect that this retrospective
allocation to clinical stage would result in an apparent increase
in the duration spent in Stage 1. To assess this possibility, the
subset of patients at King’s College Hospital enrolled in the
LiCALS trial, for whom data were available preceding the time
of recruitment, was separately analysed using the actual timing
of Stage 2 based on information from the full medical record.
We calculated median duration spent in Stage 1 according to
these patients’ medical notes and compared this to duration
according to the clinical trial.

Statistical analysis
Baseline characteristics of the two databases were compared
using Student t test for averages, and Pearson’s χ2 test for dis-
crete variables. Data for duration at each stage in bulbar-onset
and limb-onset patients was not parametrically distributed and
did not normalise with transformation, therefore was compared
using a Mann–Whitney U test. Analyses were performed in
SPSS V.20.0 (SPSS Inc, Illinois, USA).

RESULTS
There were 725 patients, 511 in the Mito Target trial database
and 214 in the LiCALS trial database (table 2).

Comparing the Mito Target population to the LiCALS popu-
lation, age of onset was younger (p=0.008), diagnostic delay
shorter (p=0.007) and follow-up time shorter (p=0.025) in the
Mito Target group. The LiCALS study had a higher proportion
of patients who died than the Mito Target study (Pearson
x21=17.0, p=3.8×10−5).

Over the course of follow-up, the total numbers of patients
who reached each clinical stage were as follows: all 725 patients
reached Stage 1 (by definition), 430 patients reached Stage 2,
463 patients reached Stage 3, 302 patients reached Stage 4 and
260 patients reached Stage 5 (death).

Of the total numbers of patients who reached stages 1, 2 and 3,
more progressed to the consecutive stage at further assessment
rather than skipping a stage or not moving from their stage by

Table 1 Definition of stages

Stage 1 Functional involvement of one CNS region (symptom onset)
Stage 2 Functional involvement of two CNS regions
Stage 3 Functional involvement of three CNS regions
Stage 4 Need for gastrostomy (4A) or non-invasive ventilation (4B)
Stage 5 Death

CNS, central nervous system.

Table 2 Baseline characteristics of LiCALS and Mito Target
databases

Baseline characteristics
LiCALS
database

Mito target
database

Country/region of origin UK Europe
Patient numbers 214 511
Age of onset in years 58.0 (56.6 to 59.5) 55.6 (54.6 to 56.6)

Sex
Male 148 (69.2%) 331 (64.8%)
Female 66 (30.8%) 180 (35.2%)

Site of onset
Limb 168 (78.5%) 406 (79.5%)
Bulbar 46 (21.5%) 100 (19.5%)
Respiratory 0 (0%) 5 (1.0%)

Duration from symptom
onset to diagnosis in months

10.9 (10.0 to 11.7) 9.7 (9.1 to 10.3)

Follow-up time post disease
onset in months

34.1 (32.8 to 35.4) 32.3 (31.4 to 33.2)

Number of deceased patients
in cohort

101 (47.1%) 159 (31.1%)

Values are expressed as Mean (95% CI) or Number (% of total).
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the end of the study period (table 3). No patients moved to an
earlier disease stage. For example, of all the 430 patients who
reached Stage 2 during the course of follow-up, none moved to
Stage 1, 54% were found to progress to the consecutive stage
(Stage 3) at further assessment, 17% were found to progress to
Stage 4 (and skipped Stage 3) at further assessment, 5.3% pro-
gressed to death (skipping Stages 3 and 4) and 23.7% did not
move from Stage 3 during the rest of the follow-up period.

Duration spent in each stage
Median duration of time spent in any stage was 10.9 months
(95% CI 10.4 to 11.4 and IQR: 5.4–17.7). Median durations of
time spent in each stage until progression to a later stage were
Stage 1: 18.1 months (95% CI 17.4 to 18.5, IQR 12.8–25.6),
Stage 2: 5.5 months (95% CI 4.1 to 5.9, IQR 2.8–8.8), Stage 3:
6.7 months (95% CI 6.0 to 8.1, IQR 3.9–10.8), Stage 4A:
5.9 months (95% CI 4.6 to 7.6, IQR 2.6–9.9) and Stage 4B:
3.2 months (95% CI 2.5 to 4.1, IQR 1.6–5.8) (figure 1).

We also performed a subset analysis, comparing duration at
each stage in limb-onset and bulbar-onset patients. Bulbar-onset
patients had a significantly longer duration for transition from
Stage 4A to death (8.4 months, 95% CI 5.9 to 11.0, IQR 5.4–
11.6) compared to limb-onset patients (4.5 months, 95% CI 2.4
to 6.2, IQR 1.4–8.3, p=2.5×10−4). Durations at other stages
were similar across both groups.

There were dates available for Stage 2 from the King’s
College Hospital medical notes and from the LiCALS clinical
trial for four patients. Median duration in Stage 1 was
15.9 months (IQR 11.4–22.1) according to the medical notes
and 22.1 months (IQR 14.7–33.1) according to the clinical trial
for these patients, suggesting that the clinical trial data estimate
of the timing of Stage 2 is later than the true timing.

DISCUSSION
We have shown in clinical trial data that transition times
between clinical stages are short with a median duration of 3 to
7 months for stages 2–4 and could therefore be used as trial
endpoints. We have shown face validity in this system by con-
firming in 725 people that no reversions to earlier disease stages
occurred and that most people progressed to the consecutive
stage. Furthermore, we show the system is reliable across popu-
lations, and therefore has content validity.

Clinical trials in ALS usually use death as an endpoint, based
on differences in survival between the treatment and placebo
arms.11–14 As a result, they are typically two or more years in
length, because an 18-month follow-up is required to have suffi-
cient power to identify an effect on a survival endpoint.15 Use
of clinical stage duration or timing as a secondary endpoint
might allow a shorter trial duration, with benefits in improving

the time between drug development and drug approval, a reduc-
tion in drug development costs and a reduction in exposure of
patients to potentially harmful drugs.16 Furthermore, the use of
survival as an endpoint, while attractive as an objective ‘hard’
measure of success, does not answer the question of whether
benefit is gained by simply prolonging the end stage of ALS or
improving survival at earlier stages, when quality of life is
higher.3 Analysis of the duration spent in each stage, as a sec-
ondary endpoint, would allow this distinction to be made.

Confirmation that reversion to earlier stages does not occur
in this staging system is important for validation, since the
natural history of ALS is one of relentless progression,4 17 so
any system for describing disease stage should reflect that. In
other suggested staging systems, such as the ALS Milano Torino
Staging System18 reversion, while rare, was noted. In further
contrast, our staging system is not defined by a functional scale
(although it can be estimated from the ALSFRS-R), and so any
measurement of function is a true reflection of the relationship
between stage and function, rather than being defined by it.

There are limitations to this study. First, clinical stage was not col-
lected prospectively, but was estimated from ALSFRS-R. Because
the algorithm used generates results that correlate well with actual
stage, this is unlikely to significantly impact results. Second,
although ALSFRS-R was collected prospectively, it was collected at
3-monthly intervals during the trial and only once the trial had
started. As a result, the resolution for estimating duration in
each stage is 3 monthly at best. Despite assessments being con-
ducted at only 3-monthly intervals, the CIs for stage durations

Table 3 Proportion of patients moving to each disease stage from the stage in the left column

Total number of
patients reaching this
Stage during the course
of follow-up

Proportion
moving to
Stage 1 (%)

Proportion
moving to
Stage 2 (%)

Proportion
moving to
Stage 3 (%)

Proportion
moving to
Stage 4 (%)

Proportion
moving to Stage
5 (death) (%)

Proportion not moving
from this Stage by the
end of the study (%)

Stage 1 725 N/A 59.3 31.9 4.6 1.0 3.3
Stage 2 430 0 N/A 54.0 17.0 5.3 23.7
Stage 3 463 0 0 N/A 42.3 19.0 38.7
Stage 4 302 0 0 0 N/A 47.0 53.0

More patients at stages 1, 2 and 3 progressed to the consecutive disease stage than progressing to any other disease stage.
N/A, Not applicable.
The bold text refers to transition to the next consecutive stage.

Figure 1 Box plot of duration in months spent at each disease stage
representing median, IQR and range of values at each stage.
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are narrow and all within a 3-month period, providing validity
for these transition times.

A prospective study with a shorter duration between study
visits may reveal that transition time between stages is shorter.
Timing of stages could probably be determined with 1-week
precision and certainly within a month, as most patients can
state fairly precisely when an arm or a leg is affected, or when
swallowing or speech is affected. Furthermore, duration spent in
Stage 1 is difficult to estimate accurately since information to
estimate transition to Stage 2 was only collected after enrolment
to the trials which occurs after diagnosis. We have previously
shown that diagnosis tends to occur at the same time as
Stage 2,2 suggesting that duration in Stage 1 is artefactually long
in this study which we have confirmed in a subset of patients
from King’s. At the first trial visit, the date of disease onset
(Stage 1) is taken from the patient’s clinical history and is
usually documented in the patient’s existing clinical notes.
There may be an element of recall bias of this exact date,
although patients can usually remember reasonably precisely
when they first noticed limb involvement and speech or swal-
lowing problems.

A limitation of this clinical trial data set is that only patients
fulfilling the revised version of the El Escorial World Federation
of Neurology diagnostic criteria with a clinical diagnosis of
laboratory supported-probable ALS, probable ALS and definite
ALS were included in both trials, which will result in a bias
towards individuals in Stage 3 (the minimum stage possible for
someone with El Escorial Definite ALS).19 However, this is a
common requirement for clinical trials, and the results are there-
fore valid for a clinical trial population. In addition, patients
with earlier disease stages are well represented in this study. Due
to inclusion criteria, a clinical trial database may not be fully
representative of a general ALS population, but we have previ-
ously demonstrated application of the same staging criteria to a
general ALS patient population2 and the objective of this study
was to apply staging to clinical trial data. The strengths of the
large clinical trial data set used in this analysis include the
involvement of ALS patients from multiple countries and differ-
ent ALS centres (in the case of this study, 5 countries and 23
separate ALS centres), blinded, frequent and standardised clin-
ical assessments and prospective and standardised methods for
data collection. Therefore, this large study using actual clinical
trial data suggests that prospective collection of clinical stage,
ideally with actual transition dates, would be a useful addition
to clinical trial protocols and could usefully provide an effective
secondary endpoint. Staging data in a clinical trial would help
to ascertain whether therapeutic benefit is gained in the earlier
stages of disease when quality of life, function and survival are
most favourable, or whether in fact benefit is gained in the later
stages of disease when disability levels are high and quality of
life is low.

ALSFRS-R is commonly used as a secondary endpoint in clin-
ical trials. While the ALSFRS-R gives a cumulative score measur-
ing functional disability, the staging system describes the
pathological spread of disease. Thus, a patient with Stage 2
disease and another with Stage 3 disease could both obtain an
identical score on the ALSFRS-R, despite the first patient being
on average 40% through their disease course and the second
being on average 60% through their disease course.2 Staging
can be used as a complementary measure to the ALSFRS-R to
provide additional information about a patient’s disease burden
during the course of a clinical trial.

Disease progression in ALS has been shown to be curvilinear,
with the most rapid progression occurring in the early and late

stages of the disease.20 Our analysis supports this partly, at least
for the later stages of the disease, with the shortest stage being
4B at 3 months (the resolution of the study) and we did not
show rapid progression in the first stage of disease, with Stage 1
being the longest stage. Transition from Stage 4A to death is
longer in bulbar- compared to limb-onset patients. Malnutrition
is a poor prognostic factor in ALS21 22 and the main cause of
this is dysphagia, with other causes including reduced upper
limb dexterity, psychological factors and the hypermetabolic
state of ALS.23 Dysphagia tends to worsen over time, and
patients with bulbar-onset disease become more impaired by
this symptom than those with limb-onset disease.24–26

Intervention with gastrostomy is recommended when there is
progression of dysphagia and weight loss, to improve calorific
and fluid intake, leading to weight stabilisation or gain.22 27

Patients with bulbar-onset receive this earlier than those with
limb-onset.28 No randomised controlled trials of gastrostomy
versus oral feeding in ALS have been carried out although some
studies have reported a survival advantage with gastrostomy
insertion.29 30 The longer transition time from Stage 4A to
death in this study may be explained by bulbar-onset patients
having a more prolonged survival after gastrostomy compared
to limb-onset patients. A retrospective study also showed a
longer median survival time after gastrostomy in patients with
bulbar-onset compared to limb-onset disease, which did not
reach significance.28 The decision to accept gastrostomy is one
of the most difficult for ALS patients31 and the procedure is
commonly delayed as a result, so that this observation might
provide useful evidence to support gastrostomy as soon as pos-
sible in those with bulbar-onset disease. Importantly, our results
also suggest that there may be a difference in disease course
between limb-onset and bulbar-onset patients apparent in the
later stages of disease. This sort of analysis is not possible
without a staging system, further underlining the importance of
a simple, effective method for classifying disease stage.

We have shown that transition times between stages are short
in clinical trial data. The key benefit is that by examining time
spent in each clinical stage, a drug trial would be able to show
whether an effective ALS therapy acted in early, late or all
stages. Clinical staging is likely to be a useful addition to clinical
trial designs, may be an effective trial endpoint and can reveal
features of phenotypic differences not otherwise apparent.

Acknowledgement We thank the patients involved in the clinical trials.

Contributors RB, AJ, AAC: conception and design, acquisition of data or analysis
and interpretation of data. RB, AJ, NJ, INS, CAY, PJS, MRT, PNL, AAC: drafting the
article or revising it critically for important intellectual content. RB, AJ, NJ, INS, CAY,
PJS, MRT, PNL, AAC: final approval of the version published.

Funding The Motor Neurone Disease Association of Great Britain and Northern
Ireland; National Institute for Health Research (NIHR) DeNDRoN; the European
Community’s Health Seventh Framework Programme (FP7/2007–2013; grant
agreement number 259867); AAC receives salary support from the NIHR Dementia
Biomedical Research Unit at South London and Maudsley NHS Foundation Trust and
King’s College London. The views expressed are those of the authors and not
necessarily those of the NHS, the NIHR or the Department of Health; and the
Institute of Psychiatry, King’s College London (London, UK). The Mito Target trial
was supported by Trophos and the European Union under the 7th Framework
Program for Research and Technological Development (Project MitoTarget—Grant
Agreement HEALTH-F2-2008-223388).

Competing interests PJS is supported by an NIHR Senior Investigator award. INS:
Grant income from MNDA. CAY: Personal payments: Consultancy to Biogen Idec;
Institutional payments: Grant income from various charities. Clinical trials costs from
Biogen Idec and MNDA. PJS: Consultancy payments from Biogen Idec, Cytokinetics
Inc, Sanofi-Aventis, Vertex Pharmaceuticals, ONO Pharma. MRT: Consultancy to
Biogen Idec. PNL: Consultancy to GSK and NeuroNova and Grant income from MNDA
and DeNDRoN. AAC: Personal payments: Consultancy to Biogen Idec and Cytokinetics
Inc; Royalties from the books, The Brain (Oneworld Publications) and Complex Disease

4 Balendra R, et al. J Neurol Neurosurg Psychiatry 2014;0:1–5. doi:10.1136/jnnp-2013-306865

Neurodegeneration

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2013-306865 on 24 January 2014. D

ow
nloaded from

 

http://jnnp.bmj.com/


Genetics, a Laboratory Manual (Cold Spring Harbor Laboratory Press); Institutional
payments: Grant income from various charities and governmental organisations.

Ethics approval The LiCALS study was ethically approved by the South East
Research Ethics Committee, reference 09/H1102/15 (Eudract number:
2008-006891-31). The Mito Target study was ethically approved by the Comité de
Protection des Personnes Ile de France VI—GH Pitié Salpétrière with the reference
number 122-08 (Eudract 2008-007320-25). This study was classified as a secondary
analysis of fully anonymised pre-existing clinical trial data by the King’s College
London Psychiatry, Nursing and Midwifery Research and Ethics Subcommittee and
therefore did not require ethical approval.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement The anonymised data from the LiCALS trial will be
available from the MNDA database.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/3.0/

REFERENCES
1 Kiernan MC, Vucic S, Cheah BC, et al. Amyotrophic lateral sclerosis. Lancet

2011;377:942–55.
2 Roche JC, Rojas-Garcia R, Scott KM, et al. A proposed staging system for

amyotrophic lateral sclerosis. Brain 2012;135(Pt 3):847–52.
3 Jones A, Jivraj N, Balendra R, et al. Health utility decreases with increasing clinical

stage in amyotrophic lateral sclerosis. Amyotroph Lateral Scler Frontotemporal
Degener 2014. doi:10.3109/21678421.2013.872149

4 Talbot K. Motor neuron disease: the bare essentials. Pract Neurol 2009;9:303–9.
5 Turner MR, Parton MJ, Shaw CE, et al. Prolonged survival in motor neuron disease:

a descriptive study of the King’s database 1990-2002. J Neurol Neurosurg
Psychiatry 2003;74:995–7.

6 A Phase 2—3 trial of olesoxime in subjects with amyotrophic lateral sclerosis, 23rd
International Symposium on ALS/MND Abstracts. Amyotroph Lateral Scler 2012;13
(S1):1–58.

7 Al-Chalabi A, Shaw PJ, Young CA, et al. Protocol for a double-blind randomised
placebo-controlled trial of lithium carbonate in patients with amyotrophic lateral
sclerosis (LiCALS) [Eudract number: 2008-006891-31]. BMC Neurol 2011;11:111.

8 Lithium in patients with amyotrophic lateral sclerosis (LiCALS): A phase 3 multicentre,
randomised, double-blind, placebo-controlled trial. Lancet Neurol 2013;12:339–45.

9 Brooks BR, Miller RG, Swash M, et al. El Escorial revisited: revised criteria for the
diagnosis of amyotrophic lateral sclerosis. Amyotroph Lateral Scler 2000;1:293–9.

10 Cedarbaum JM, Stambler N, Malta E, et al. The ALSFRS-R: a revised ALS functional
rating scale that incorporates assessments of respiratory function. BDNF ALS Study
Group (Phase III). J Neurol Sci 1999;169:13–21.

11 Berry JD, Cudkowicz ME. New considerations in the design of clinical trials for
amyotrophic lateral sclerosis. Clin Invest 2011;1:1375–89.

12 Mitsumoto H, Gordon P, Kaufmann P, et al. Randomized control trials in ALS:
lessons learned. Amyotroph Lateral Scler 2004;5:8–13.

13 Qureshi M, Schoenfeld DA, Paliwal Y, et al. The natural history of ALS is
changing: Improved survival. Amyotroph Lateral Scler 2009;10(5-6):
324–31.

14 Meininger V. Clinical trials in ALS: what did we learn from recent trials in humans?
Neurodegener Dis 2005;2(3-4):208–14.

15 Lanka V, Cudkowicz M. Therapy development for ALS: lessons learned and path
forward. Amyotroph Lateral Scler 2008;9:131–40.

16 Mitsumoto H. Clinical trials: present and future. Amyotroph Lateral Scler 2001;2:
S10–4.

17 Hardiman O, van den Berg LH, Kiernan MC. Clinical diagnosis and management of
amyotrophic lateral sclerosis. Nat Rev Neurol 2011;7:639–49.

18 Chio A, Hammond E, Mora G, et al. Development of a clinical staging system
for amyotrophic lateral sclerosis. Neurology 2013;80(Meeting Abstracts 1):
P07.071.

19 Traynor BJ, Codd MB, Corr B, et al. Clinical features of amyotrophic lateral sclerosis
according to the El Escorial and Airlie House diagnostic criteria: a population-based
study. Arch Neurol 2000;57:1171–6.

20 Gordon PH, Cheng B, Salachas F, et al. Progression in ALS is not linear but is
curvilinear. J Neurol 2010;257:1713–17.

21 Desport JC, Preux PM, Truong TC, et al. Nutritional status is a prognostic factor for
survival in ALS patients. Neurology 1999;53:1059–63.

22 Marin B, Desport JC, Kajeu P, et al. Alteration of nutritional status at diagnosis is a
prognostic factor for survival of amyotrophic lateral sclerosis patients. J Neurol
Neurosur Psychiatry 2011;82:628–34.

23 Desport JC, Torny F, Lacoste M, et al. Hypermetabolism in ALS: correlations
with clinical and paraclinical parameters. Neurodegener Dis 2005;2:
202–7.

24 Higo R, Tayama N, Nito T. Longitudinal analysis of progression of dysphagia in
amyotrophic lateral sclerosis. Auris Nasus Larynx 2004;31:247–54.

25 Leighton SE, Burton MJ, Lund WS, et al. Swallowing in motor neurone disease. J R
Soc Med 1994;87:801–5.

26 Hillel AD, Miller R. Bulbar amyotrophic lateral sclerosis: patterns of progression and
clinical management. Head Neck 1989;11:51–9.

27 Miller RG, Jackson CE, Kasarskis EJ, et al. Practice parameter update: the care of
the patient with amyotrophic lateral sclerosis: drug, nutritional, and respiratory
therapies (an evidence-based review): report of the Quality Standards
Subcommittee of the American Academy of Neurology. Neurology 2009;73:
1218–26.

28 Pena MJ, Ravasco P, Machado M, et al. What is the relevance of percutaneous
endoscopic gastrostomy on the survival of patients with amyotrophic lateral
sclerosis? Amyotroph Lateral Scler 2012;13:550–4.

29 Katzberg HD, Benatar M. Enteral tube feeding for amyotrophic lateral sclerosis/
motor neuron disease. Cochrane Database Syst Rev 2011;(1):CD004030.

30 Mitsumoto H, Davidson M, Moore D, et al. Percutaneous endoscopic gastrostomy
(PEG) in patients with ALS and bulbar dysfunction. Amyotroph Lateral Scler
2003;4:177–85.

31 Oliver DJ, Turner MR. Some difficult decisions in ALS/MND. Amyotroph Lateral Scler
2010;11:339–43.

Balendra R, et al. J Neurol Neurosurg Psychiatry 2014;0:1–5. doi:10.1136/jnnp-2013-306865 5

Neurodegeneration

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2013-306865 on 24 January 2014. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://jnnp.bmj.com/

