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Abstract

The prognostic role of riluzole, enteral nutrition (EN), non-invasive ventilation (NIV) and interdisciplinary care in ALS
is still debated. A population based study has been performed focusing on ALS survival, with particular attention to prog-
nostic factors and therapeutic intervention. All patients diagnosed with ALS between 2000 and 2009 and residing in
Modena, Italy, have been registered. A centre for motor neuron disease (MND) has been active in our province since
2000, in addition to a prospective registry collecting all incident cases. One hundred and ninety-three incident cases have
been collected during the 10 years of the study. Results demonstrated that median survival was 41 months (the overall
three-year and five-year survival rates being 54.36% and 28.81%, respectively). Based on univariate analysis, factors related
to survival were: age at diagnosis, gender, site of onset, phenotype, riluzole treatment and tracheostomy. In the Cox mul-
tivariable model, the factors independently related to a longer survival were age (»p<<0.01), site of onset (p =0.02) and
riluzole treatment (p<<0.01), with a median gain in survival of 29 months (patients aged <55 years compared with
patients =55 years), 20 months (spinal versus bulbar onset), and 12 months (riluzole, yes vs. no), respectively. In conclu-
sion, the study has confirmed the prognostic role of clinical features, but has surprisingly demonstrated that riluzole
prolonged life significantly longer than NIV and EN. This observational study described the effects of ALS management
in a setting that may approximate routine clinical practice more closely than randomized controlled trial (RCT); effects
of uncontrolled potential confounders, however, cannot be excluded.
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Although the mean survival of ALS patients from
symptom onset is often reported to be three to five
years, published studies report a wide range of out-
comes, which narrows when considering population
based studies (1).

A number of clinical factors predict ALS prog-
nosis: age and site of onset, the severity and rate of
disease progression, degree of diagnostic certainty,
diagnostic delay, and cognitive impairment (2).

The role of therapeutic interventions (riluzole,
enteral nutrition (EN), non-invasive ventilation

nevertheless, some studies have documented that
they are accompanied by a higher survival rate
3-7).

A population based study focusing on ALS sur-
vival, with particular attention to possible clinical
prognostic factors and therapeutic intervention,
was performed. Our aim was to study demographic
and clinical factors influencing ALS survival as
well as the role of pharmacological treatment and
of nutritional and ventilatory management on ALS
prognosis.
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Materials and methods
Patient data collection

The study was performed in the province of Modena
(population 694,580) focusing on patients diag-
nosed with ALS from 2000 to 2009. A centre for
motor neuron disease (MND) has been active in our
province since 2000, in addition to a prospective
registry collecting all incident cases. At the MND
centre, where clinical and therapeutic information
was collected at each visit, patients underwent a
regular multidisciplinary follow-up at least every
3-4 months (8).

When patients were no longer able to reach the
centre, they were monitored at their home or in a
nursing home by the Integrated Home Care of the
Italian National Health System, together with pul-
monologists and neurologists from the centre.

Patients with possible, probable, and definite
ALS, and who resided in Modena, have been noted
or sent to our centre from the neurological depart-
ments of the province, from general practitioners,
from local neurophysiology units, and from outpa-
tient consultants (199 patients).

This source was implemented by cases resulting
from the provincial hospitals as having a discharge
code of 335.2 of the International Classification of
Diseases (ICD, 9th rev.) (two patients), and by death
certificates among residents from 2000 to 2009
reporting the above mentioned code (12 patients).

In these cases we collected information from the
general practictioner.

Overall, during the 10 years of study, 213 resi-
dents in the province of Modena were diagnosed
with ALS. Only definite or probable diagnosis of
ALS was considered for the study, leading to a total
of 193 incident cases during the period of observa-
tion. In the remaining 20 cases, initially a possible
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ALS was diagnosed, but the follow-up pointed
towards other diagnoses (8).

Of the 193 patients, a total of 179 cases had com-
plete recordings of symptoms at onset, symptoms and
signs at diagnosis, and phenotype. For the 14 cases
resulting from hospital discharge and death certificates,
the available data included demographic data, riluzole
treatment, time of onset, diagnosis and death.

Statistical methods

Descriptive statistics were performed using Student’s
t-test and ? test where appropriate.

Survival was calculated from onset to death/
tracheostomy or censoring date (last day of follow-
up, 31 December 2011) using the Kaplan-Meier
method. The curves were compared with the log-rank
test. Multivariable analysis was performed with Cox’s
proportional hazards model.

A p-value <0.05 was considered significant.

All calculations were performed with the STATA
statistical package, V.10 (2007).

Results

During the 10 years of study, 193 incident cases were
collected. Clinical features and demographic data
have been reported in detail elsewhere (8).

Two separate analyses of survival were performed:
one for time from onset to death, the other for time
from onset to death or tracheostomy (tracheostomy-
free survival).

The median survival time from onset to death
was 41 months (SE 2.28, CI 35-46). The overall
one-year, two-years, three-years, four-years and five-
years survival rates were 93.78% (SE 1.74%),
75.13% (SE 3.11%), 54.36% (SE 3.59%), 36.11%
(SE 3.55%), and 28.81% (SE 3.41%), respectively

Kaplan-Meier survival estimate
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Figure 1. Overall Kaplan-Meier survival estimates (survival from onset to death).
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Table I. Survival from onset to death, and tracheostomy-free survival.

Survival (months
to death), median

Survival (months to
death or tracheostomy),

Variable Type (95% CI) p* median (95% CI) p*

Gender Male 46 (40-59) <0.01 45 (37-49) <0.01
Female 32 (28-41) 31 (27-36)

Onset Spinal 46 (37-59) <0.01 38 (35-46) <0.01
Bulbar 26 (22-30) 26 (22-30)

Age at diagnosis <55 yrs 68 (46 to -) <0.01 47 (38-68) <0.01
55-74 yrs 37 (32-49) 36 (31-43)
>74 yrs 30 (24-41) 30 (24-41)

Phenotypes Bulbar 26 (23-42) <0.01 26 (23-38) <0.01
Classic 32 (28-40) 31 (28-38)
Flail 67 (37-76) 62 (37-70)
UMNp 67 (36 to -) 42 (29-66)
Respiratory 18 (4 to -) 18 (4 to -)

FTD Yes 31 (23-49) 0.62 31 (23-49) 0.73
No 42 (35-46) 37 (32-45)

Riluzole Yes 43 (37-51) <0.01 38 (35-43) 0.11
No 31 (25-46) 31 (25-46)

ALS centre Yes 40 (33-46) 0.57 36 (31-41) 0.69
No 46 (31-46) 42 (31-46)

EN Yes 41 (32-46) 0.66 36 (30-40) 0.02
No 43 (32-46) 43 (32-46)

NIV Yes 42 (36-53) 0.23 38 (32-42) 0.38
No 36 (31-46) 36 (30-46)

v Yes 67 (41-73) <0.01 NA NA
No 36 (31-46) NA

Year of diagnosis 2000-05 42 (32-47) 0.91 40 (31-46) 0.04
2006-09 41 (32-46) 36 (28-41)

NA: not applicable; “-”: lack of observations.

*p-value obtained using log-rank test.
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(Figure 1). At 10 years of follow-up, 12.83% of
patients were still alive.

With regard to time from onset to death or tracheo-
stomy, the median survival was 37 months (SE 2.27,
CI 32-42). The overall one-year, two-years, three-
years, four-years and five-years survival rates were
93.78% (SE 1.74%), 73.58% (SE 3.17%), 50.73%

(SE 3.60%), 30.59% (SE 3.40%), and 23.09% (SE
3.14%), respectively. After 10 years of follow-up, 6.22%
of patients were still alive and tracheostomy free.
Table I shows median survival from onset to
death, and median tracheostomy-free survival
According to the univariate analysis, factors
related to survival from onset to death were: age at

Kaplan-Meier survival estimates
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Figure 2. Kaplan-Meier survival estimates according to age at diagnosis (survival from onset to death)
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Kaplan-Meier survival estimates

1.00

0.75

0.50

0.25

0.00 '

T
0 24 48 72 96 120 144 168

Number at risk

bulbar 32 21 5 2 0 0 0 0
classic 82 58 22 14 7 5 0 0
flail 39 35 22 11 8 4 2 0
UMN predominant 20 19 12 2 1 1 0
respiratory 6 3 0 0 0 0 0 0

— — —— bulbar .............. Classic
—— —— fail —— UMN predominant

...................... respiratory

Figure 3. Kaplan-Meier survival estimates according to clinical phenotype (survival from onset to death).

diagnosis (Figure 2), gender, site of onset, phenotype In the initial Cox multivariable model, we
(Figure 3), riluzole treatment (Figure 4), and tra- included the following variables: gender, age at diag-
cheostomy (Figure 5) (Table I). nosis, site of onset, phenotypes, presence/absence of

Kaplan-Meier survival estimates
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Figure 4. Kaplan-Meier survival estimates according to riluzole treatment (survival from onset to death\E
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Kaplan-Meier survival estimates
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Figure 5. Kaplan-Meier survival estimates according to invasive ventilation (survival from onset to death).

FTD, familiarity, riluzole treatment, multidisci-
plinary follow-up, EN, NIV, invasive ventilation
through tracheostomy (IV), year of diagnosis.

From the initial model, factors independently
related to a longer survival were age at diagnosis
(»p<0.01), site of onset (p = 0.02), and riluzole treat-
ment (p<0.01).

After dropping non-significant terms, the final
model included age at diagnosis, riluzole treatment,
and site of onset (all with a level of significance
»<<0.01).

At univariate analysis, factors related to tracheo-
stomy-free survival were age at diagnosis, gender,

Table II. Stratified analysis of survival (tracheostomy-free survival).

site of onset, phenotype, and year of diagnosis
(Table I).

In the Cox multivariable model, we included
the following variables: gender, age at diagnosis, site
of onset, phenotypes, presence/absence of FTD,
familiarity, riluzole treatment, multidisciplinary
follow-up, EN, NIV, year of diagnosis. From the
initial model, factors independently related to a lon-
ger survival were age at diagnosis (p<<0.01), site of
onset (p= 0.03), year of diagnosis (p=0.03), and
riluzole treatment (p<<0.01).

After eliminating non-significant terms, the final
model included age at diagnosis (»<<0.01), riluzole

Variables (factors possibly related to survival)

Age at diagnosis:
<55, 55-74, > 74
yrs, Mths* Mths*

Onset (B/S),

Year of diagnosis

Riluzole (before 2006/
treatment (yes/ EN (yes/no), from 2006
no), Mths* Mths* onwards), Mths*

(p-value)**

(p-value)**

(p-value) **

Subgroups (p-value)** (p-value)**
Age at dg<<55 yrs NA 42/52 (0.11)
Age at dg 55-74 yrs NA 26/37 (0.01)
Age at dg> 74 yrs NA 24/31 (0.11)
Bulbar onset 42/26/24 (0.11) NA
Spinal onset 52/37/31 (<0.01) NA

Classic phenotype
Bulbar phenotype
Flail phenotype
UMNDp phenotype
Respiratory phenotype
ALS centre

No ALS cntre
Diagnosis before 2006
Diagnosis from 2006

46/32/28 (<0.01)
46/24/25 (0.37)
76/59/33 (0.20)
38/59/9 (<0.01)
—/32/18 (0.13)
46/36/25 (0.01)
95/32/46 (0.04)
49/35/31 (<0.01)
40/36/25 (0.04)

27/23 (0.12)
—/64 (0.54)
29/42 (0.74)
18/32 (0.29)

25/36 (0.10)

21/36 (<0.01)

27/38 (<0.01)
17/38 (<0.01)
29/46 (<0.01)

46/68 (0.12)
36/27 (0.48)
30/29 (0.68)
30/17 (<0.01)
40/29 (0.47)
36/27 (0.13)
28/23 (0.08)
62/32 (0.43)
52/29 (0.71)
30/4 (0.06)
38/22 (<0.01)
40/46 (0.84)
46/31 (0.16)
36/26 (0.21)

46/—(0.02)
35/37 (0.03)
29/31 (0.22)
30/16 (<0.01)
37/49 (<0.01)
36/31 (0.85)
28/17 (<0.01)
46/72 (0.04)

38/112 (0.03)

18/— (0.13)
36/37 (0.01)
31/46 (0.26)
46/31 (0.24)
30/46 (0.03)

49/40 (0.17)
35/36 (0.30)
31/25 (0.32)
29/25 (0.84)
46/36 (0.04)
31/31 (0.12)
31/24 (0.34)
68/49 (0.35)
52/42 (0.91)
—/18 (0.12)
43/32 (0.02)
31/46 (0.84)

NA

NA

«_»,

NA: not applicable;
neuron predominant.
*Median survival in months.
**Log-rank test.

: absence of observations; Mths: months; B/S: bulbar/spinal; EN: enteral nutrition; UMNp: upper motor
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Table III. Chacteristic of patients treated or not with riluzole.
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Patients treated
with riluzole

Patients who
did not take

Variable (n=133) riluzole (n=60) p-value Total
Gender
Male 76 26 NS 102
Female 57 34 91
Site of onset
Spinal 96 32 NS 128
Bulbar 36 15 51
Phenotype
Classic 54 28 0.04 82
Bulbar 27 5 NS 32
Flail 30 9 NS 39
UMNp 17 3 NS 20
Respiratory 4 2 NS 6
Attendance at multidisciplinary clinic
Multidisciplinary clinic 126 16 <0.01 142
Other neurological departments or general 7 44 51
practitioner
Familiarity
Familial ALS 7 4 NS 11
Sporadic ALS 126 56 182
Dementia
ALS + dementia 14 5 NS 19
Pure ALS 119 55 174
Age at diagnosis
<55 years 38 4 0.01 42
55-74 years 73 23 0.05 96
>74 years 22 33 <0.01 55
Mean age at onset (years), mean (SD) 62.51 (12.53) 71.39 (10.18) <0.01 64.64 (12.55)
Mean age at diagnosis (years), mean (SD) 63.65 (12.38) 72.99 (10.21) <0.01 66.56 (12.49)
Mean time onset— diagnosis (months), mean (SD) 13.69 (11.80) 12.59 (10.46) NS 13.35 (11.79)
EN
Yes 81 14 <0.01 95
No 52 46 98
Mean time from diagnosis to enteral nutrition 586.60 (398.70) 354.43 (343.55) 0.04 552.02 (396.93)
(days), mean (SD)
NIV
Yes 80 12 <0.01 92
No 53 48 101
Mean time from diagnosis to NIV (days), mean (SD) 627.80 (548.03) 253.25 (196.93) <0.01 591.70 (535.46)
v
Yes 39 8 0.03 47
No 94 52 146
Mean time from diagnosis to IV (days), mean (SD) 884.05 (729.97) 338.29 (456.08) 0.04 799.16 (719.23)
TOTAL 133 60 NA 193 (100.00)

SD: standard deviation; NS: not statistically significant; NA: not applicable; Mths: months; B/S: bulbar/spinal; EN: enteral nutrition;
NIV: non-invasive ventilation; IV: invasive ventilaiton; UMNp: upper motor neuron predominant.

treatment (p <0.01), site of onset (p =0.02), year of
diagnosis (p=0.01), and EN (p=0.04)

A stratified analysis of tracheostomy-free survival
was also performed focusing on the above mentioned
factors among the following subgroups: patients
diagnosed before 2006 and patients diagnosed from
1 January 2006 onwards, patients younger than 55
years of age, 55-74 years of age, and older than 74
years of age at diagnosis; patients with bulbar or spi-
nal onset; patients with different phenotypes (bulbar,
classic, predominant upper motor neuron (pUMN),
flail, respiratory); and patients attending or not the
ALS centre (Table II).

Opverall, patients treated with riluzole survived sig-
nificantly longer than patients not treated (Table II),

and the characteristics of patients treated with rilu-
zole are reported in Table III.

Using the Cox multivariable model, in younger
and middle aged patients we could not identify any
factor independently related to a longer survival; in
elderly patients riluzole treatment (p = 0.02), bulbar
onset (p=0.03), and time of diagnosis (p<<0.01)
were independently related to survival.

In the Cox multivariable model, the factors inde-
pendently related to a longer survival in bulbar- onset
patients were age (p=0.05), riluzole treatment
(»p =0.05),and EN (p = 0.05); in spinal-onset patients
factors independently related to a longer survival
were age (p=0.01), riluzole treatment (p=0.05),
EN (p<0.01), and time of diagnosis (p; N 02
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Discussion

Our study confirms the expected role of some well
known prognostic factors on ALS survival: age at
diagnosis (with younger patients surviving longest),
and site of onset (bulbar onset worse than spinal
onset) (9).

The vast majority of studies have found that age
and site of onset greatly influence a wide range of
clinical features, including progression to the
end-stage, and the entire clinical phenotypes of
ALS, with decreasing survival time correlating with
increasing age (10,11). The underlying mechanism
is still unknown, although one may speculate that
subpopulations of the motor neurons may be dif-
ferentially vulnerable to the aging process, and that
the smaller motor neuron ‘reserve’ in elderly patients
could contribute to an acceleration of the disease.

In our study riluzole treatment was a strong and
independent factor related to survival with a gain in
survival from onset to death of 12 months in 50%
of patients.

Several studies have found a positive, indepen-
dent, effect of this drug on the outcome of ALS
patients (4). In the first RCT, at 12 months, 42% of
the patients given placebo had died or undergone tra-
cheostomy compared with only 26% of patients
treated with riluzole. The difference was significant,
but the effect was attributed completely to the
improved survival rate among the 32 patients with
bulbar onset (12).This lead various authors to hypoth-
esize the existence of some bias in that study (13) and
lead to other larger RCT's which confirmed a small
benefit on survival (two to three months) (4).

Conversely, subsequent studies have suggested
that treatment with riluzole may be associated with
a median survival prolongation of 10 months to as
many as 21 months (14-17). A recent population
based study in Italy found the benefit of an overall
survival rate of six months, which was significant in
bulbar-onset and in elderly patients, but not in limb-
onset patients (18).

This discrepancy has been confirmed in our
study. Riluzole was found to have an independent
effect on survival, and in particular on bulbar-onset
patients.

Moreover, in our study the effect of riluzole was
independent from NIV or EN use. Patients who were
treated with riluzole accepted EN and NIV more
frequently than patients who were not. However, the
time from diagnosis to EN and NIV treatments was
significantly longer in patients taking riluzole. These
data indicate that riluzole slows the disease and
prolongs the time to the need for respiratory and
nutritional support.

Conversely, some factors indicated as prognostic
in the literature had no impact on ALS survival in our
study; median survival of patients who underwent NIV
or EN was not significantly different from survival of
patients who did not undergo those procedures.

Current guidelines on ALS management recom-
mend multidisciplinary care better able to target the
broad and varied needs of persons with ALS through-
out the course of the disease (19). More controver-
sial is the impact of multidisciplinary care on ALS
survival (20-22).

In our study, among patients attending the ALS
centre, only bulbar-onset patients had a significant
gain of survival (10 months for 50% of patients). This
can be explained by an advanced use of therapeutic
intervention, e.g. EN, in patients attending the centre
compared to patients not attending the centre (5).

Finally, as expected, at univariate analysis, IV
played a significant role on survival to death, with a
gain in survival of 52 months for 25% of patients
and of 29 months for 50% of patients. Invasive
ventilation was not a prognostic factor in multivari-
ate analysis. This result could be explained again by
the prognostic role of age at diagnosis: IV is chosen
by younger people, who survive longer (23).

A limit of this study is represented by the relatively
small number of patients, especially when divided into
groups for stratified analysis of survival.

In addition, the current study has all the limita-
tions of observational studies, which are not the gold
standard method to evaluate the effect of a treatment
because of the result of the effects of uncontrolled
potential confounders on survival, which may create
bias as a consequence. Nevertheless, observational
studies have the advantage of longer-term follow-up
than the RCTs (24,25) and include participants who
approximate routine clinical practice more readily
than RCTs. Patients enrolled in clinical trials do not
satisfactorily represent the ALS population (26), as
they are usually younger, have a spinal onset, and
have a longer diagnostic delay.

In conclusion, it has been confirmed that age at
diagnosis and site of onset have an important role
on ALS survival as independent prognostic factors.
It has been demonstrated that, in our sample, riluzole
prolonged life significantly longer than NIV and EN.
Although our study may not have shown an indepen-
dent role of multidisciplinary care, EN, and NIV on
ALS survival, these therapeutic interventions improve
quality of life in such a manner that widespread use
is strongly advocated.

More studies are needed on factors influencing
survival and what kind of patients benefit from a
given treatment — in particular, to determine whether
older patients, patients treated earlier, or patients
with a more advanced and longstanding disease
derive the same benefit.
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