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Objective: It is important to explore the utility of clinical staging systems in the

management of amyotrophic lateral sclerosis (ALS). Our aim was to assess the validity of

King’s College in a Chinese ALS cohort, by evaluating the duration and informativeness

of each stage and examining the association between stage and prognosis.

Methods: From May 2008 to December 2016, patients with a likely diagnosis of ALS

were registered. We prospectively assessed the progression of the patients through the

stages and calculated the duration of each stage.

Results: The median duration in Stage 1 was 12.00 months, Stage 2 7.50 months,

Stage 3 6.50 months, and Stage 4 4.10 months. Subset analysis revealed that the

spinal-onset and early-onset patients had a longer median time in Stage 1 compared

to bulbar-onset and late-onset patients, respectively. Riluzole treatment extended the

durations of Stages 1 and 2, and the effect was maintained in patients with long-term

use of riluzole (>6 months). Patients who initiated long-term riluzole therapy early, in

Stage 1 or 2, had a longer Stage 2. Patients who received percutaneous gastrostomy

endoscopy (PEG) or non-invasive positive-pressure ventilation (NIPPV) showed longer

durations of Stage 4. The differences in survival time measured from each stage to death

or censor date were significant.

Conclusions: We validated the King’s College staging system in a Chinese population,

and showed this system to be useful in clinical practice. Patients with bulbar-onset or an

age of onset>45 years tended to have rapidly progressing ALS. Riluzole may be more

effective when initiated in an early disease stage and continued long-term. PEG and

NIPPV treatments can extend disease duration of Stage 4.

Keywords: amyotrophic lateral sclerosis, staging system, treatment, survival, riluzole

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disorder characterized by
progressive degeneration of upper and lower motor neurons in the brain and spinal cord with
a median survival of 3–5 years after diagnosis (1). The inter-individual variability of symptoms
and progression is high in ALS, making prognosis and treatment challenging. Several prognostic
factors have been increasingly investigated, including age of onset, onset form, diagnostic delay,
ALS Functional Rating Scale-Revised (ALSFRS-R) score, and respiratory function. In addition,
therapeutic interventions such as riluzole, percutaneous endoscopic gastrostomy (PEG), non-
invasive positive-pressure ventilation (NIPPV), and tracheostomy have been found to be associated
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with prolonged survival (2–7). Recently, studies have reported
that the presence of cognitive impairment and environmental
effects may be related to survival in ALS (8–11).

None of the proposed ALS models includes milestones,
however. Regression milestones in ALS are essential to establish
accurate staging criteria, which in turn may help predict
prognosis, provide a simple and objective measure of disease
progression, and be useful for individualized counseling and drug
effect evaluation (12). At present, there are 2 clinical staging
systems for ALS, the “Milano-Torino” (MiToS) (13) and “King’s
College” (12) systems. The MiToS system uses six stages, from
0 to 5. It is based on the loss of independent function in four
key domains assessed by the ALSFRS-R (14), with stage 0 being
normal function and stage 5 being death. The King’s College
system uses five stages, from 1 to 5. It is based on disease burden
and considers the number of involved regions for the first three
stages and the significant feeding or respiratory failure when PEG
and NIPPV are needed for the subsequent stages, with stage
1 being symptom onset and stage 5 being death. Studies have
compared these two staging systems, and one study showed that
the King’s College staging system is able to differentiate early to
mid-disease well with consideration of clinical or disease burden,
and MiToS system is mostly skewed toward later disease stages
with consideration of functional involvement. TheMiToS system
is based on the complete loss of function in different domains
of the ALSFRS-R, and the King’s College staging system is not
relying on ALSFRS-R, but it can be estimated from the ALSFRS-R
with 92% concordance (15). This staging system aimed more
toward the distinction of functional capabilities during the spread
of the disease, and it was shown to have higher homogeneity and
discriminatory ability (16).

No studies have addressed staging of ALS patients in China;
therefore we used the validated King’s College staging system
in a Chinese cohort to determine the length of each stage in
Chinese ALS patients and the association between stage and
prognosis. We also evaluated differences in stage duration among
different ALS subgroups as well as in patients receiving different
treatments.

METHODS

Patients
This longitudinal and observational study was conducted at
the tertiary referral center of South-West China (Department
of Neurology, West China Hospital of Sichuan University).
From May 2008 to December2016, patients in whom the
neurologist suspected a likely diagnosis of ALS were asked to
participate in the registry. Patients with a diagnosis of progressive
muscular atrophy, progressive bulbar paralysis, or primary lateral
sclerosis were excluded. At the moment of patient registration,
demographical and clinical variables were collected. Early onset
was defined as<45 years of age. Onset forms were classified as
spinal (upper or lower) or bulbar. Diagnostic delay was defined
as the interval (in months) between the onset and diagnosis
dates. Patients were considered as positive or negative to the
use of riluzole based on the fact that they assumed riluzole
100 mg/day ≥ or <1 month respectively. Those patients positive

for the use of riluzole were further classified as long-term
or short-term treatment depending on whether they assumed
riluzole for ≥ or <6 months respectively. Patients were followed
up by telephone or in person at 3-month intervals by our
neurologists. Information collected at follow-up reviews included
disease progression, current clinical manifestations, medication,
body weight, ALSFRS-R score, respiratory function, and clinical
interventions. The timings of PEG and NIPPV treatment were
recorded. Patients whom we were unable to contact for 2
successive follow-up reviews were assigned to the loss of follow-
up group. All patients gave informed written consent prior to
enrollment. This study was approved by the Ethics Committee
of West China Hospital of Sichuan University.

ALS Staging
According to King’s College staging system, ALS staging was
based on the presence of wasting, weakness, spasticity, dysphagia,
or dysarthria in different central nervous system regions defined
as bulbar, upper limb, lower limb or diaphragmatic (12).
Involvement of 1 CNS region defined as bulbar, upper or lower
limb, or diaphragmatic was Stage 1. Functional involvement
of a second region was Stage 2. Functional involvement of
a third region was Stage 3. Swallowing impairment requiring
gastrostomy and respiratory decline requiring non-invasive
ventilation was Stage 4. Stage 5 was death. The King’s College
staging system defines Stage 2A as an ALS diagnosis and Stage
2B as functional involvement of a second region. However, a
diagnosis may be made at virtually any point in the disease
course, and Stages 2A and 2Bmay occur concurrently. Therefore,
we merged Stages 2A and 2B into Stage 2, defined as functional
involvement of a second region. Not all patients came to our
center at early stages, and sometimes some patients had already
shown significant involvement of respiratorymuscles andNIPPV
was required. For example, if a patient was already in Stage 3
when referred to our center, data on Stage 1 and Stage 2 durations
were retrospectively collected. For patients who experienced each
disease stage, the median duration of each stage was calculated.
The median survival time was calculated separately for those who
had died and for the whole population. For those who were still
alive at the end of the study, they were considered censored for
analysis of median survival time of the population.

Statistical Analysis
Comparisons of continuous variables between 2 groups were
made using Student’s t-test. One-way analysis of variance was
used to compare variables for 3 or more groups. If the data
were not parametrically distributed or their transformation did
not result in normality, non-parametric tests were used to
explore differences between groups. The χ

2 test was used to
compare categorical variables. Kaplan-Meier curves and log-
rank tests were used, with survival measured from clinical stage
to death or censor date. Analyses of covariance adjusted for
confounding factors were performed to compare the variables in
subgroups to avoid confounding interference. Subgroup analyses
were conducted by sex, age of onset, onset form, use of riluzole,
and acceptance of PEG or NIPPV. All variables were analyzed
using descriptive statistics, including the median, mean, 95%
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confidence interval (CI), and inter-quartile range (IQR). All
analyses were performed using the SPSS 18.0 statistical software.
P-values of < 0.05 were considered to be statistically significant.

RESULTS

Patient Characteristics
A total of 1,696 patients were registered from May 2008
to December 2016. However, 41 patients with incomplete
information or misdiagnosis were excluded, and another 182
patients failed to follow up. Therefore, a total of 1,473 patients
with a completed clinical report form were included. At the
end of the study, 864 patients had died and 609 patients were
alive. The mean age at onset was 54.2 years (95%CI 53.6–54.8);
60.5% of the patients were male, 24.4% early-onset, and 21.8%
bulbar-onset. The mean ALSFRS-R total score at baseline was
37.6 (95%CI 37.2–37.9, range 9–48). The diagnostic delay is 15.3
± 14.1 months. The median survival time of all patients was
38.6 months (95%CI 36.6–40.6, range 5.3–94.5). For the deceased
patients, the median survival time was 29.7 months (95%CI
28.6–30.8, range 5.3–68.7).

Proportions of Patients Moving to Each
Stage
The total number of patient who reached each milestone during
the follow-up and the number of those who progressed from
one milestone to another are displayed in Table 1. For patients
who reached Stages 2, 3, 4, and 5, the majority progressed to
the following stage; a small proportion (11.3–17.1%) skipped
a stage as the disease progressed; 0.07–3.40% skipped multiple
stages, therefore indicating a more aggressive form of the disease;
only 689 patients experienced each disease stage (Stages 1–4).
None moved backward to an earlier stage (Table 1). Patients with
sequential progression tended to have a better prognosis than did
stage-skipping patients (median survival time 33.5 months vs.
30.4 months, p= 0.011).

Duration of Each Stage and Subset
Analysis
Data of the patients who experienced each disease stage as ALS
progressed were used to calculate the duration of every stage.
The median time spent in any stage was 7.1 months (95%CI 6.7–
7.1, IQR 4.0–12.2). The median times spent in a stage before
progressing to the consecutive stage were as follows: Stage 1, 12.0
months (95%CI 10.8–12.2, IQR 6.0–21.4); Stage 2, 7.5 months
(95%CI 7.1–8.1, IQR 4.0–12.3); Stage 3, 6.5 months (95%CI 6.1–
7.1, IQR 4.0–11.0); Stage 4, 4.1 months (95%CI 4.0–5.0, IQR 2.1–
6.9) (Figure 1). With the Bonferroni correction, the duration of
Stage 1 was significantly longer than those of Stages 2, 3, and 4,
and the duration of Stage 2 was significantly longer compared
to those of Stages 3 and 4. Subgroup analysis revealed that the
spinal-onset patients had a longer median time in Stage 1 than
did the bulbar-onset patients (12.2 months vs. 10.1 months,
p= 0.038) (Figure 2A and Table 2). The early-onset patients had
a longermedian time spent in each stage compared to the patients
with an age of onset>45 years (Figure 2B and Table 2).

Treatments
At the end of the follow-up period, 521 patients (35.4%) were on
riluzole. We analyzed the disease durations from patients who
reached Stage 5, therefore among these patients, 474 patients
didn’t receive riluzole treatment, 122 patients used riluzole 100
mg/day for 1–6 months (short-term), and 124 patients used
riluzole 100 mg/day for ≥6 months (long-term). The durations
of Stages 1 and 2 were significantly longer in the riluzole-treated
patients than those in the untreated patients (Figure 3A and
Table 2), and the clinical features including diagnostic delay (15.6
± 11.8 vs. 14.3 ± 13.3, p = 0.170), and age (55.4 ± 11.4 vs.
55.1 ± 11.4, p = 0.672), and site of onset (spinal/bulbar 193/53
vs. 474/144, p = 0.653) were similar between these two groups.
To evaluate the effect of drug administration time, we compared
the duration of each stage between 124 patients with long-term
riluzole treatment and 122 patients with short-term treatment,
who had similar disease characteristics including diagnostic delay
(16.8 ± 11.6 vs. 14.2 ± 10.5, p = 0.062), and age (54.4 ± 11.2
vs. 54.9 ± 11.3, p = 0.716) and site of onset (spinal/bulbar 95/29
vs. 98/24, p = 0.536). The patients with long-term riluzole use
had significantly longer durations of Stages 1 and 2 than did the
short-term riluzole patients (Figure 3B and Table 2). Therefore,
the survival was significantly longer in the long-term treatment
group compared to that in the short-term treatment group (41.2
months vs. 33.0 months, p = 0.012). Furthermore, 81 patients
started long-term treatment in Stage 1 or 2, and 43 patients in
Stage 3 or 4. Patients who initiated long-term treatment early,
in Stage 1 or 2, had a significantly longer duration of Stage 2
(11.9 months vs. 7.1 months, p = 0.019) (Figure 3C) and longer
survival (45.3 months vs. 35.1 months, p = 0.035) compared to
those of the patients who started long-term treatment late, in
Stage 3 or 4.

In the present study, 2.9% of patients underwent PEG
treatment, and 7.9% NIPPV treatment. The time spent in Stage
4 was longer in the patients undergoing PEG than that in the
patients who did not receive PEG treatment (Figure 4A and
Table 2). The time spent in Stage 4 was longer in the patients
treated with NIPPV than that in the patients without NIPPV
treatment (Figure 4B and Table 2).

Validity of the Staging System
The survival time from the clinical stage to death or censor date
was calculated in the entire cohort. The survival time were as
follows: Stage 1, 22.6 months (95%CI 21.2–24.1); Stage 2, 20.1
months (95%CI 18.7–21.5); Stage 3, 17.1 months (95%CI 15.4–
18.7); Stage 4, 13.7 months (95%CI 11.5–15.9), and the results
of Kaplan-Meier survival analysis showed that survival time was
affected by stage (log-rank p < 0.001) (Figure 5), and confirmed
the validity of the staging system.

DISCUSSION

The findings of the present study have further validated the
utility of the King’s College staging system for patients with
ALS in a Chinese ALS cohort, establishing that this staging
system can be successfully used in clinical practice and trials.
The King’s College staging system is easy to apply and therefore
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TABLE 1 | Number and proportion of patients who reached each stage during the disease progression.

Disease stage Number Number and %

in Stage 1

Number and %

in Stage 2

Number and %

in Stage 3

Number and %

in Stage 4

Number and %

in Stage 5

Number and %

remained

Stage 1 1,473 – 1,145 (77.73%) 252 (17.11%) 27 (1.83%) 13 (0.07%) 36 (2.44%)

Stage 2 1,145 – – 883 (77.12%) 129 (11.27%) 39 (3.40%) 94 (8.21%)

Stage 3 1,135 – – – 816 (71.89%) 145 (12.78%) 174 (15.33%)

Stage 4 972 – – – – 667 (68.62%) 305 (31.38%)

can be used to quickly evaluate the health status of a patient
with ALS (17). Furthermore, once an ALS patient is assigned to
a certain stage, different types of institutional and professional
care will be provided to the patient, helping allocate resources
appropriately.

The King’s College clinical staging system can potentially
be utilized to formulate secondary endpoints in future clinical
trials. Usually, death is used as an endpoint in ALS clinical

FIGURE 1 | Box plot of duration in months spent at each stage representing

median and range of values. *P < 0.05.

trials (18–20). However, trials with survival as the primary
outcome measures are typically 18 months in duration, since
a minimum of 18 months of follow-up is required to obtain
sufficient statistical power to reveal effects on a survival endpoint
(21). The use of stage duration as a secondary endpoint can
shorten and reduce the cost of a clinical trial. In addition, using
death as an endpoint cannot answer the question which stage(s)
is affected. In the present study, we found that Stage 1 had the
longest duration in ALS patients. Therefore, Stage 1 allows a
long therapeutic time window for a drug to be effective. If a
drug prolongs Stage 1 or 2, it can be considered a successful
intervention, since the quality of life in the earlier stages is much
better than that in the later stages. In the ALS cohort overall,
the subgroups with different clinical stage could be distinguished,
and the survival time was significantly different. The separation
of the curves is evidence of validity of the constructed system for
staging.

ALSFRS-R score is commonly used as a secondary endpoint
in clinical trials. While ALSFRS-R tracks progression of patients’
disability (14, 22), King’s College is meant to evaluate the
anatomical extension of the disease. As a consequence, King’s
College could be particular useful inmilder stages when weakness
is still not causing any disability. On the contrary, MiTos
system has been demonstrated to have a higher resolution in
later stages of the disease (23). Despite ALSFRS-R is much
more diffuse in clinical practice, both King’s College and MiTos
systems could be assessed basing on ALSFRS-R items scores
(13, 17). Therefore, both King’s College and MiTos systems
could be used in complementarity in clinical practice, allowing a

FIGURE 2 | Box plot of duration in months spent at each stage in patients with different onset form (A) and onset of age (B). *P < 0.05.
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TABLE 2 | Subgroups analysis in ALS patients.

Subgroup analysis Median survival (months) 95% CI IQR P-value

Site of onset Bulbar Stage 1 10.13 9.10–11.23 5.03–18.50 0.038*

Spinal 12.17 11.13–13.20 6.10–22.28

Bulbar Stage 2 7.13 6.02–9.00 4.00–12.17 0.478

Spinal 7.50 7.07–8.13 4.03–13.20

Bulbar Stage 3 6.13 5.10–7.00 3.01–9.17 0.148

Spinal 7.00 6.07–7.13 4.00–11.17

Bulbar Stage 4 4.17 3.53–5.10 2.27–7.00 0.638

Spinal 4.48 4.07–5.07 2.26–7.13

Onset age Young-onset Stage 1 16.20 13.83–18.23 7.13–26.30 < 0.001*

>45 years 10.83 9.18–12.00 5.10–19.30

Young-onset Stage 2 10.13 8.10–12.17 5.10–16.23 < 0.001*

>45 years 7.10 6.10–8.00 4.02–12.17

Young-onset Stage 3 7.25 6.50–8.70 4.07–12.20 0.002*

>45 years 6.13 6.00–7.00 3.65–10.13

Young-onset Stage 4 5.10 4.17–6.02 2.98–7.13 0.020*

>45 years 4.00 3.53–4.30 2.03–6.67

Riluzole Treated Stage 1 13.10 11.13–15.25 6.10–24.22 0.026*

Untreated 11.13 10.13–12.17 5.10–19.30

Treated Stage 2 8.13 7.13–10.35 4.08–14.52 0.014*

Untreated 7.13 6.13–8.10 4.00–12.17

Treated Stage 3 7.07 6.03–8.10 3.98–12.17 0.158

Untreated 6.13 6.03–7.08 4.00–10.10

Treated Stage 4 4.10 4.00–5.00 2.23–7.13 0.924

Untreated 4.57 4.07–5.10 2.30–7.06

Riluzole treatment Long-term Stage 1 15.47 12.20–20.00 8.10–26.30 0.009*

Short-term 11.05 7.13–13.20 5.10–19.30

Long-term Stage 2 10.57 8.00–12.17 5.10–16.26 0.007*

Short-term 7.07 6.05–9.13 4.00–12.20

Long-term Stage 3 7.13 5.10–9.55 4.00–12.60 0.265

Short-term 6.80 5.10–8.10 3.73–11.13

Long-term Stage 4 4.50 3.53–6.00 2.27–7.13 0.890

Short-term 4.07 3.07–5.07 2.10–7.13

Long-term treatment Early stage Stage 1 19.20 13.20–22.27 8.13–25.87 0.227

Late stage 12.20 9.18–19.30 6.07–26.67

Early stage Stage 2 11.93 8.13–15.13 5.55–18.32 0.019*

Late stage 7.13 5.10–12.00 4.00–13.23

Early stage Stage 3 8.17 6.07–11.00 4.07–13.68 0.107

Late stage 5.07 5.00–9.08 3.00–11.17

Early stage Stage 4 4.75 3.82–6.10 2.47–7.28 0.657

Late stage 3.47 2.53–6.05 2.05–7.35

Short-term treatment Early stage Stage 1 10.10 7.13–13.10 6.08–18.50 0.699

Late stage 12.65 6.00–17.27 4.00–21.02

Early stage Stage 2 8.50 6.57–11.13 5.09–12.20 0.304

Late stage 7.06 5.96–8.17 4.00–12.00

Early stage Stage 3 6.30 4.10–8.17 3.25–11.12 0.880

Late stage 7.00 5.00–9.17 4.00–11.18

Early stage Stage 4 4.07 3.03–5.57 2.55–7.48 0.740

Late stage 4.00 3.00–5.67 2.03–7.13

PEG Yes Stage 4 13.20 9.10–16.20 8.30–16.30 < 0.001*

No 4.07 4.00–4.50 2.07–6.60

NIPPV Yes Stage 4 8.30 6.70–11.05 6.00–14.18 < 0.001*

No 4.10 4.00–4.57 2.10–6.72

ALS, amyotrophic lateral sclerosis; CI, confidence interval; IQR, inter-quartile range; PEG, gastrostomy percutaneous endoscopy; NIPPV, non-invasive positive pressure ventilation.

*P < 0.05.
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FIGURE 3 | Box plot of duration in months spent at each stage between patients with treatment of riluzole and patient without treatment of riluzole (A); between

patients with long-term treatment of riluzole and patient with short-term treatment of riluzole (B); between patients with early long-term treatment of riluzole and

patient with late long-term treatment of riluzole (C). *P < 0.05.

FIGURE 4 | Box plot of duration in months spent at stage 4 between patients who received PEG (A) or NIPPV (B) treatment and patients who did not. *P < 0.05.

FIGURE 5 | Kaplan-Meier curve describing survival for entire cohort from each

stage to death or censor.

concise summary of the anatomical and functional burden of the
disease.

The present study confirmed that each ALS stage was
reached only after symptoms of weakness in a certain region
had occurred, and no reversion to earlier stages was observed
according to the King’s College staging system. This finding
is consistent with the clinical characteristics of ALS, since
it begins insidiously with focal weakness but spreads quickly
and irreversibly to involve most muscles. Furthermore, we
found that median survival time was longer in patients with
sequential progression than that in stage-skipping patients.
Therefore, distinguishing stage-skipping phenotypes from the
typical sequentially progressing ALS phenotype could have
implications for clinical trials of putative disease-modifying
therapies.

This longitudinal and observational study estimated the
transition times between the clinical stages of ALS more
accurately compared to the previous retrospective studies. In one
such study, analyzing data from 2 large phase III clinical trials,
it was difficult to measure the exact duration of Stage 1 because
the data used to estimate the transition time from Stage 1 to
Stage 2 were only collected after enrollment, which occurred after
diagnosis (15). The authors found that the median time spent in
Stage 1 was 18.1 months (15), which was longer than the median
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duration of Stage 1 in our study (12.00 months). In clinical
trials the diagnosis of ALS trends to occur at the same time as
Stage 2, but before diagnosis the patients already had shown
symptoms of two regions. Therefore, the Stage 1 duration was
artefacually long in the retrospective study (15). Deterioration
has been shown to be non-linear in ALS, with themost rapid rates
of decline occurring in the earliest and latest phases of the illness
(24). In the present study, we did not find rapid progression in
Stage 1; however, we did observe the most rapid progression in
Stage 4, with the shortest median duration of 4.10 months. A
possible explanation is that the rate of decline was calculated by
ALSFRS-R, which has been shown to decline in a curvilinear way.

We also analyzed the effect of riluzole on the duration of
each stage. Use of riluzole and long-, but not short-term riluzole
treatment had positive effects on the time spent in Stages 1 and
2. Furthermore, we found that ALS patients who initiated long-
term riluzole therapy in Stage 1 or 2 had a significantly longer
Stage 2 and survival time compared to patients who started long-
term treatment in Stage 3 or 4. These findings show that long-
term (≥6months) riluzole treatment is more effective than short-
term (<6months) treatment, and that riluzole should be started
as early in the course of the disease as possible (Stage 1 or 2).
One study in China also found that the use of riluzole for ≥6
months might have a positive effect on survival in ALS (25). In
addition, several studies have reported the effect of riluzole to be
more prominent in ALS patients in the early disease stages, and
less pronouncedin patients in severe or advanced states (26–30).
Although riluzole is indicated to slow the course of ALS in any
stage (27, 31, 32), our study showed that riluzole was the most
efficient in the early stages, significantly extending the times spent
in Stages 1 and 2, when the disability is relatively mild.

In the subgroup analysis, we found that the spinal-onset
patients had a longer median duration in Stage 1 compared to
the bulbar-onset patients. A previous study showed that the time
from the symptom onset to PEG was shorter in the bulbar-
onset group than that in the spinal-onset group (33). Similarly,
another study demonstrated that the time from the onset to
NIPPV was shorter in the bulbar-onset group compared to the
spinal- and flail-limb groups (34). This result indicates that ALS
patients with bulbar onset may progress faster in the early stages
of ALS. These patients were more strongly impaired by dysphagia
than those with spinal-onset as disease progressed, and thus
received intervention with gastrostomy sooner. Stage 4 duration
was similar between the patients with spinal- onset and those
with bulbar-onset in the present study; however, another study
showed that the time from Stage 4A to Stage 5 was longer in
bulbar-onset patients than that in spinal-onset patients (15). This
discrepancymay be partly caused by the small number of patients
with bulbar onset (43) who received PEG treatment in our
cohort. However, we found that the time from Stage 4 to death
was significantly longer in patients who had undergone PEG
treatment compared to those who had not. Similarly, patients
who had received NIPPV treatment showed a longer time from
Stage 4 to death than did patients without NIPPV. A previous
study showed that the median survival time from the symptom
onset was significantly longer inNIPPV-treated patients than that
in untreated patients (34); however, another study reported the

opposite result (7). Our previous study using a Kaplan-Meier
analysis did not find NIPPV to affect survival time, albeit an
adjusted Cox proportional hazard model showed NIPPV to have
a positive effect on the survival rate (35). Similarly, another study
identified NIPPV as a significant survival-promoting factor with
Cox proportional hazard regression after adjusting for various
cofactors (36). A study in Taiwan using multivariate logistic
regression also identified NIPPV as a predictor of long-term
survival (4). In this study, NIPPV affected Stage 4 duration the
most. The American Academy of Neurology 1999 (37) and 2009
(38) guidelines, and the European Federation of Neurological
Societies (EFNS) 2005 (39) and 2012 (40) guidelines recommend
the use of NIPPV and PEG to maintain quality of life, and to
extend the life of patients with ALS. Nonetheless, no clear criteria
exist for the timing of NIPPV in patients with ALS (40). Thus,
the impact of earlier NIPPV treatment on survival is not clear,
and further studies are required.

Several limitations of the present study should be noted. First,
our results may have been affected by a potential sample selection
bias since cases were ascertained solely through a single tertiary
referral center. In addition, we excluded familial patients and
other ALS populations. Patients were recruited when they were
suspected to have ALS rather than according to the E1 Escorial
diagnostic criteria, allowing for the possibility of misdiagnosis.
Nonetheless, ALS mimics were excluded during the follow-up.
Second, other factors may also be involved in disease progression,
such as cognitive status, neuropsychological features, and
pulmonary function, none of which was investigated at the time
of this study. Third, even though an association between genetic
variants and different clinical ALS profiles has been identified in
several studies (1, 36), we did not explore the influence of genetic
variants on the staging system.

In conclusion, the present study validates the King’s College
staging system in a Chinese population, and shows it to be
useful in clinical practice and trials. ALS patients with bulbar-
onset progressed faster in the middle stages of ALS compared
to patients with spinal-onset. ALS patients with PEG or NIPPV
treatments had a longer duration of Stage 4 compared to patients
who didn’t received these treatments. ALS patients who start
long-term use of riluzole early in the course of the disease had
a longer Stage 2 and survival time compared to those who started
long-term treatment in late stage.
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