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Abstract
Background: Clinical stage in amyotrophic lateral sclerosis (ALS) can be assigned using King’s staging with a simple
protocol based on the number of CNS regions involved and the presence of significant nutritional or respiratory failure.
It is important that the assigned clinical stage matches expectations, and generally corresponds with how a health care
professional would intuitively stage the patient. We therefore investigated the relationship between King’s clinical ALS
stage and ALS stage as intuitively assigned by health care professionals. Methods: We wrote 17 case vignettes describing
people with ALS at different disease stages from very early limited disease involvement through to severe, multi-domain
disease. During two workshops, we asked health care professionals to intuitively stage the vignettes and compared the
answers with the actual King’s clinical ALS stage. Results: There was a good correlation between King’s clinical ALS
stage and intuitively assigned stage, with a Spearman’s Rank correlation coefficient of 0.64 (p < 0.001). There was no
difference in the intuitive stages assigned by practitioners of different types or at different levels of experience.
Conclusions: Across a spectrum of ALS scenarios, King’s clinical ALS stage corresponds to intuitive ALS stage as
assigned by a range of health care professionals.
Keywords: Prognosis, clinical stage, King’s stage, biomarker, prognostic, survival, ventilation

Introduction
Amyotrophic lateral sclerosis (ALS), otherwise
known as motor neuron disease (MND), is a
neurological disease characterized by progressive
loss of upper and lower motor neurons, resulting
in progressive muscle weakness and eventual paralysis, with death usually resulting from neuromuscular respiratory failure (1,2). Disease duration in
ALS varies greatly between individuals (3–6), even
though median time to death is just 40 to 44
months from onset (7,8). Disease progression rates
range from very aggressive, rapid disease to very
slowly progressive disease, and an objective measure of disease progression is needed to guide management and help in research. In cancer, staging is

used as an objective indication of disease progress
and often informs treatment decisions. Biomarkers
of disease stage are being investigated in ALS
(9–11), but until a robust biomarker of disease
stage is found, clinical staging is an alternative.
King’s clinical ALS staging (7) has been proposed
for use as a staging method for ALS and has been
validated in various studies (12–15), and some biomarkers have been mapped to King’s stage
(16–18). Recently, we used King’s staging to estimate the clinical stage at which Riluzole, a treatment for ALS, showed greatest effect (13). The
King’s ALS stage corresponds well to anatomical
clinical spread, and in this regard differs from the
MiToS staging system, which corresponds more to
the spread of functional impairment experienced
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by the patient (19). The King’s ALS clinical staging system is straightforward, using the El Escorial
CNS regions (20). The number of involved
regions is counted, and the result gives the clinical
stage from Stage 1 to 3. If the patient has significant respiratory or nutritional failure (defined
within the system) then they are automatically
assigned to Stage 4.
It is important that clinical staging matches
expectations, and corresponds with how a health
care professional would intuitively stage a patient
based on their clinical experience with the disease,
so that the meaning of any given stage can be easily interpreted. We therefore investigated the relationship between King’s clinical ALS stage and
ALS stage as intuitively assigned by health care
professionals.
Materials and methods
Clinical vignettes
We wrote 17 case vignettes of patients with ALS,
representing different stages of the disease, with
Stage 1 (3 vignettes), Stage 2 (7 vignettes), Stage
3 (3 vignettes) and Stage 4 (4 vignettes) represented, as well as a spectrum of cases with bulbar,
upper and lower limb involvement, upper and
lower motor neuron signs and symptoms, bulbar
and spinal site of onset, and cases requiring
respiratory support and gastrostomy intervention.
In all vignettes, the patients described had a diagnosis of ALS, with clinical examination and investigation consistent with the diagnosis. The
vignettes are available in the Supplementary
Material.
Participants
Data for analysis were generated from two workshops. The first took place in Milan, Italy, in May
2016, and the second in Ljubljana, Slovenia, in
May 2017. The workshops were part of a general
clinical trials methods training course (TRICALS)
during the annual European Network for the Cure
of ALS (ENCALS) meetings and provided training
for groups of health care professionals including
neurologists, nurses, therapists, and researchers,
with varying years of experience in ALS.
Participants were asked to intuitively stage the
clinical vignettes from Stage 1 (early stage disease)
to Stage 4 (late stage disease). They were also
asked to provide information about their role, how
long they had worked in the ALS field and to provide comments where appropriate if they wished
to. Sixty-one participants were classified into three
groups in accordance with their role (doctors,
nurses, other health care professionals/researchers).
Participants were additionally classified based on
their work experience into two groups, those with

ten years’ experience or more, and those with less
than ten years’ work experience. All participants
involved provided written consent. This current
study does not require ethics approval due to analysis being conducted on fully anonymised data.
Statistical analysis
To measure the reliability of intuitive staging
across the entire cohort, we calculated a
Spearman’s Rank correlation coefficient between
the actual King’s clinical stage represented by each
vignette, and stage assessed intuitively. We also
calculated Spearman’s Rank correlation coefficients for the different types of health care professional included in the study (doctors, nurses and
allied health care professionals), and for those with
less than 10 years, or 10 years or greater experience working in ALS. A correlation coefficient is a
statistical measure of the strength of the linear
relationship between two measurements, in this
case King’s ALS staging and intuitive staging. In
general, a value above 0.8 (positive or negative) is
regarded as a strong correlation, and a value
between 0.6 and 0.8 is moderately strong (1,2).
Analyses were performed in SPSS v20.0 and
GraphPad Prism v6.07.
Results
The study consisted of 61 participants in total,
with doctors (65.5%), nurses (9.1%) and other
allied health care professionals (25.5%) represented in the cohort. There was an even distribution between those with less than 10 years’
experience working in ALS (50.8%) and those
with 10 years’ or greater experience (48.2%).
There was a good correlation between stages
assigned using King’s clinical staging and stages
assigned intuitively by the course participants
(Spearman’s Rho ¼ 0.64, p < 0.001). This was
true for every health care professional group: doctors (Spearman’s Rho ¼ 0.68, p < 0.001), nurses
(Spearman’s Rho ¼ 0.59, p < 0.001) and allied
health care professionals (Spearman’s Rho ¼ 0.58,
p < 0.001). The same stage as the actual King’s
stage was declared intuitively for case vignettes
representing King’s Stage 1 by 73.0%, Stage 2 by
53.0%, Stage 3 by 41.1% and Stage 4 by 48.9%.
The correlation between staging intuitively and the
actual King’s clinical stage was higher for those
with at least 10 years' experience working with
patients with ALS (Spearman’s Rho ¼ 0.66,
p < 0.001) than for those with less than 10 years’
experience (Spearman’s Rho ¼ 0.62, p < 0.001).
Overall, in all cases, the most frequent alternative
answer for intuitive staging was only one stage different from the actual King’s stage (Figure 1).

Intuitive Staging Correlates With King’s Clinical Stage

Figure 1. Variability of scores for staging by intuition for each
case vignette. Bars represent the mean and standard deviation of
scores for staging using the clinical staging for each vignette.
Variability in the answers was greatest for Vignettes 5, 8, and 9.

Discussion
We have demonstrated that the King’s clinical
staging system correlates well with clinical stage
assigned intuitively by health care professionals. It
is important that clinical staging matches expectations and corresponds with how a health care professional would intuitively stage a patient based on
their clinical experience with the disease, so that
the meaning of any given stage can be easily interpreted and so that the system has face validity.
There is currently no validated disease-stage
biomarker for ALS. Imaging-based biomarkers are
not currently possible, and histopathological biomarkers in life are not feasible. Laboratory biomarker methods are being developed but are still
in their infancy. Nevertheless, they hold promise
for the future (9,21,22). Until a laboratory-based
biomarker is developed, clinical staging is an alternative. Clinical disease staging allows a simple
description of the extent of disease progression.
Staging systems have been used in cancer to guide
patient management and treatment for years, and
are designed so as to be intuitively obvious in having higher numbers representing later or more
advanced disease.
In ALS, two recent staging systems have been
proposed, King’s clinical staging and MilanoTorino staging (7,23). The King’s system is similar
to cancer staging in mapping clinical spread with
disease progression. Both ALS staging systems are
complementary as we and others have previously
shown, and are simple to apply (24). This simplicity is important so that all members of the multidisciplinary team can stage uniformly, facilitating
discussion within a multidisciplinary team in conjunction with the ALS patient (25). Furthermore,
clinical presentation in ALS greatly varies and phenotypes might overlap, so a system that allows
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uniform and easily understood measurement of
disease stage is helpful.
A weakness of this study is the limited number
of participants in each subgroup. Although the
agreement between actual King’s clinical stage and
intuitive staging was high, it was not perfect.
However, we found that the limits of agreement
lay within a single stage, with systematic biases
being negligible, represented equally by cases of
over- and under-staging, indicating that the extent
of agreement is clinically acceptable. Stage 2 was
overrepresented in the clinical vignettes because
this is the most likely scenario at diagnosis, but
every stage was represented by at least three
vignettes. Interestingly, stage 4 was the easiest to
intuitively stage. Out of the 61 participants only
two did not score this stage correctly. Although
the staging criteria included a subdivision into
stage 4A and stage 4B when first proposed, they
are regarded as a single stage 4 in the current
implementation. Of the two people who answered
wrongly, one staged a stage 4A vignette wrongly as
stage 3 and the other a stage 4B vignette wrongly
as stage 3.
The benefits of clinical staging in ALS have
been shown in understanding health utility
(15,26), mental health (15), cognitive impairment
(14,27,28) and health economics (26,29) .Here we
show that the system has face validity in corresponding well to the intuitive understanding of the
degree to which an individual has progressed.
King’s staging is very quick to apply and as such is
simple to include prospectively in clinical trials,
but it can also be well estimated retrospectively if
ALSFRS-R has been collected (30).
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