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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a rapidly progressive neurodegenerative disorder with fatal prog-
nosis. Cellular therapy has been studied for ALS in various animal models and these advances have highlighted its
potential to be a treatment modality. This is a retrospective controlled cohort study of total 57 patients. Out of these,
37 patients underwent autologous bone marrow mononuclear cell transplantation in addition to standard rehabili-
tation and Riluzole. Control group consisted of 20 patients who did not receive cell transplantation. The survival
duration since the onset of the disease for both the groups was computed using a Kaplan-Meier Survival analysis
and compared using log-rank test. Effect of age at onset, type of onset and lithium on survival duration in the in-
tervention group was analyzed. Mean survival duration of patients in intervention group was 87.76 months which
was higher than the control group mean survival duration of 57.38 months. Survival duration was significantly (p =
0.039) higher in people with the onset of the disease below 50 years of age. Limb onset and lithium also showed
positive influence on the survival duration. Mean survival duration of the intervention group was also higher than
the survival duration of ALS patients in previous epidemiological studies. In addition to the standard treatment with
Riluzole, early intervention with combination of BMMNCs transplantation and Lithium may have a positive effect
on the survival duration in ALS. Prospective randomized controlled studies with a larger sample size and rigorous
methodology are required for conclusive findings.

Keywords: Motor Neuron Disease, Amyotrophic Lateral Sclerosis, stem cells, cellular therapy, stem cell therapy,
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Introduction teria [3] which categories the ALS patients as
Definite, probable and possible ALS groups.
These criteria include patients with both upper

motor neuron (UMN) and lower motor neuron

Amyotrophic Lateral Sclerosis (ALS) is a rapidly
progressive neurodegenerative disorder with a

fatal prognosis. Incidence of the disease is vari-
able in different parts of the world with higher
incidence of 2.08 per 100000 population is
seen in Europe where as a lower incidence of
0.46 per 100000 population is seen in Japan
and China [1]. The disease is rapidly progres-
sive and affects both the quantity and quality of
life [2]. One of the most commonly used diag-
nostic criteria for ALS is revised El-Escorial cri-

(LMN) signs.

Rapid progression and unknown etiology has
contributed to inability to provide an effective
treatment for ALS. The current management
strategies are palliative. Treatment with Riluzole
and assistive technologies like mechanical ven-
tilation and percutaneous endoscopic gastroto-
my (PEG) have a limited influence on the sur-


http://www.AJSC.us

Cellular transplantation for the treatment of Amyotrophic Lateral Sclerosis

vival of these patients [4, 5] and the prognosis
remains grim. Advances in cellular therapy have
highlighted its potential to be a treatment
modality in neurodegenerative disorders like
ALS. Due to the unique capacity of self-renewal
and differentiation into different types of
mature cells, Stem cells may aid in modifying or
arresting the deterioration. Cellular therapy has
been shown to be effective and safe for various
neurological diseases [6-9]. Its potential in the
treatment of ALS has been explored in various
animal studies [10-12]. Preliminary trials with
autologous bone marrow derived mononuclear
cells have shown beneficial effects in ALS [13,
14]. The evidence is still inconclusive about the
effectiveness of cellular therapy in influencing
the survival of individuals suffering from ALS
due to inadequate sample size and heteroge-
neous methodologies. We conducted a retro-
spective analysis of the patients diagnosed
with ALS treated with autologous bone marrow
mononuclear cells (BMMNCs) intrathecal trans-
plantation; to identify the effect of cellular ther-
apy on survival duration. Our secondary objec-
tive was to analyze the effect of age at onset,
bulbar onset and lithium on thesurvival dura-
tionof the patients post cellular therapy.

Materials and methods

Study design, participants eligibility criteria
and recruitment

Primary objective was to identify the effect of
cellular therapy on the survival duration since
the onset of the disease. Secondary objective
was to analyze the effects of age at onset,
Lithium and bulbar onset on the survival dura-
tion of the patients.

This is a retrospective control cohort study to
compare the survival duration of the patients
that underwent cellular transplantation and
control group that did not receive cell trans-
plantation. We also compared the survival
duration calculated in the study population with
historical epidemiological populations.

We analyzed the information of the patients
from December 2008 till August 2013. For pri-
mary screening patients with the diagnoses of
Motor Neuron Disease (MND) and/or ALS were
selected. These patients were then categorized
into ALS, Primary Lateral Sclerosis (PLS),
Progressive Bulbar Palsy (PBP), Progressive
Spinal Muscular Atrophy (PSMA) and PMA
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according to the international statistical cla-
ssification of the diseases and related health
problems, 10%" revision (ICD 10) [15]. Patients
with ALS were then further subdivided into
definite, probable and suspected ALS accord-
ing to the ‘World federation of Neurology
El-escorial research criteria’. The patients with
the diagnosis of definite ALS who underwent
cellular therapy were included in the interven-
tion group. Detailed information of these
patients was compiled for further analysis. For
the control group we selectedpatients with the
diagnosis of definite ALS from our out-patient
department, who did not undergo cellular
therapy.

The intervention group was further divided into
two groups of patients with the age of onset
below and above 50 years. The survival dura-
tion of these two groups was then compared
using the Kaplan-Meier survival analysis to
analyze the effect of age at onset. The entire
intervention group was then divided into the
groups of patients who received lithium and
those who did not receive lithium. The compari-
son of survival duration was repeated for these
two groups as well. Lastly the intervention
group was divided into two groups of patients
with limb onset and bulbar onset and the sur-
vival duration was compared.

Inclusion criteria: Patients with the diagnoses
of definite ALS; clear information about date of
onset of symptoms, documented contact infor-
mation and follow up information were included
for the analysis.

Exclusion criteria: Patients with diagnoses of
PLS, PBP or PSMA, PMA, monomelicamyotro-
phy, madras motor neuron disease; patients
with co-morbidities like presence of acute
infections such as HIV/HBV/HCV, malignancies,
bleeding tendencies, renal failure, severe liver
dysfunction and other acute medical condi-
tions such as respiratory infection and pyrexia
were excluded.

Intervention

All the patients in the intervention group under-
went a standardized intervention protocol of
autologous BMMNCs intrathecal transplanta-
tion followed by standard rehabilitation. The
inclusion was based on the Revised World
Medical Association Helsinki Declaration for
Ethical Principles for medical research involv-
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ing human subjects [16]. The ethical approval
for the intervention was sought from In-
stitutional Committee for Stem Cell Research
and Therapy (IC-SCRT) as per Indian Council of
Medical Research (ICMR) guidelines. All the
patients were explained about the unproven
nature of the therapy and potential use of the
clinical data for research analysis and publica-
tion without disclosing any identifiable personal
information. This was followed by an informed
documented consent from the patient.

Pre intervention procedures: Pre intervention
surgical fitness was ascertained by standard
investigations. Patients were administered Gra-
nulocyte Colony Stimulating Factor (GCSF), 48
hours and 24 hours before the harvest and
transplantation of BMMNCs to enhance the
mobilization of the BMMNCs [17].

All the patients underwent a thorough clini-
cal evaluation. An experienced physiotherapist
assessed and documented the muscle strength
as per Modified- Medical Research Councils
Manual Muscle Testing to identify the weakest
muscles. Motor points of these muscles were
marked for intramuscular transplantation of
BMMNCs.

Procurement of autologous BMMNCs: Proce-
dure was performed in the operation theatre
with aseptic conditions maintained. The patient
assumed supine position. Approximately, 100
ml to 120 ml of bone marrow was aspirated
under local anesthesia from the region of ante-
rior superior iliac spine using the bone marrow
aspiration needle and collected in the heparin-
ized tubes.

Isolation of autologous BMMNCs: This was per-
formed in the stem cell laboratory under asep-
tic conditions. The sample was then centrifuged
and using the density gradient method mono-
nuclear cells were separated. The layer of
mononuclear cells was transferred to a sterile
centrifuge tube using a sterile autopipette dis-
penser. The separated mononuclear cell pellet
was analyzed under microscope using Trypan
blue to check for viability of the mononuclear
cells. Cell viability and cell counting was done
manually and confirmed using Tally cell counter.
The average cell count was 80.5 x 108 with 96.7
% average cell viability. Sample was sent for
characterization of cell surface marker CD34+.
During the FACS analysis CD34 PE antibody
was used for the identification.
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Mode of transplantation: The separated autolo-
gous BMMNCs were injected on the same day.
Two third amount was injected, intrathecally
using an 18G Touhy needle at the level between
fourth and fifth lumbar vertebrae. One third
amount wasdiluted in the patient’'s own CSF
accumulated during intrathecal transplantation
and injected intramuscularly at the motor-
points of the specific muscles. The average
numbers of cells injected was calculated.
Simultaneously 20 mg/kg body weight methyl
prednisolone in 500 ml Ringer Lactate was
given intravenously to subside the immediate
local inflammation. Patientswere monitored for
any immediate adverse events and throughout
the duration of the follow up.

Post transplantation advice: Patients under-
went a standard multidisciplinary rehabilitation
in the subsequent four days before discharge
and were advised to continue the same at
home post discharge [18]. The standard
Riluzole medication was continued. In addition
Lithium at 300 mg twice a day was prescribed-
to patients who could tolerate it (no allergy, nor-
mal liver and kidney function, able to swallow
tablets and availability of serum lithium level
monitoring). Regular monitoring of lithium lev-
els was mandatory (levels were maintained
between 0.5-0.8 mmol/lit). Lithium regimen
was continued for six weeks post intervention.

Patient follow up and outcome measures

Survival duration was used as an outcome
measure. According to the clinical protocol
patients were advised to come for a follow up
examination every three months post trans-
plantation. Documented information regarding
the symptomatic improvement at these follow
ups was analyzed. All the patients were also
contacted telephonically or through email to
gather the most recent ALS-FRS scores and
survival information, at the time of analysis.

Statistical analysis

Demographic data analysis: Baseline demo-
graphic data of all the patients was gathered.
Mean age at onset and at intervention was cal-
culated. Distribution of both the intervention
and control group according to age and gen-
der was computed. Descriptive statistics for
the demographic data was calculated as
mean (Standard Deviation) for continuous vari-
ables and as percentage for categorical vari-
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Table 1. Demographic distribution of intervention and control group analysis  of survi-
Characteristic Intervention Control :/Jaslingva;aclonc_‘uMCt?d
group aroup plan-Meier

Gender survival analysis to
Females 15(40.54%) 8(40.00%)  compare the cumu-
lative  probabilities

Males 22 (59.44%) 12 (60.00%) of survival for both
Lithium the intervention and
Number of patients who were prescribed lithium 15 (40.54%) 0 (0.00%) control groups. The
Number of patients who were not prescribed lithium 22 (59.45%) 20 (100.00%) Intervention  group
Type of onset was further divided
Percentage of patients with bulbar onset 27.02% 6.25% into subgroups to
Percentage of patients with limb onset 72.97% 93.75% analyze the effect of

Average age in years at onset of symptoms (SD)

various factors on

48.89 (10.79) 53.11 (11.49)

Table 2. Survival analysis

the survival of pa-
tients. The interven-
tion group was divided accord-

Survival analysis

Intervention group

Control group ing to age, type of onset and

48.64%
13-158

Total mortality
Range of survival duration (months)
Mean survival duration (months)

87.76 (10.45)

lithium. Two separate Kaplan-
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Figure 1. Kaplan Meier survival analysis comparing the mean survival dura-

tion of the intervention and control group.

ables. Both the control and intervention group
were tested for the baseline differences.
Unpaired students T-test was performed to find
out if there was significant difference between
mean age at onset of the disease for the two
groups.

Survival analysis: Normality of the distribution
was calculated using Shapiro-wilk test. Further
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50.00% . .
5684 Meier survival curves were
plotted for patients in ALS
57.38 (5.31) group with age less than and-
more than 50 years at onset
of the disease. These two
curves were then compared
Group

using the log rank test. The
same was repeated for
patients with bulbar onset and
limb onset and the survival
duration was compared. It
was also repeated for the
patients who received Lithium
and who did not receive
Lithium (as they could not tol-
erate). Survival duration of the
patients in the intervention
group was also compared to
the survival duration of
patients in previous epidemio-
logical studies.

1Control
= Intervention-censored
- Control-censored

Statistical analysis for both
the groups was conducted
using SPSS 20.0.

Results

Sample size and demograph-
ic distribution (Table 1)

Intervention group: A total of 37 patients diag-
nosed with definite ALS and who had received
cell transplantation were included in the analy-
sis. There were 15 (40.54%) females and 22
(59.46%) males. Mean age at onset was 48.89
(10.79). Bulbar onset was noted in 20 (66.66%)
patients; 15 (40.54%) patients received lithium
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Table 3. Mean and median survival duration as observed in previous epidemiological studies and its comparison with the current findings

Author Year Country Sample Mean age of the population in years (SD) Mean or median Survival since  Comparison with the results of
size onset our study
Haverkamp et al. [23] 1995 USA 1200 55.7 37.5 months 87.76 months
Forbes et al. [24] 2004 Scotland 1226 Men - 65.2 25 months 87.76 months
Women - 67.7 5 year survival probability - 11% 5 year survival probability - 62.3%
Milul et al. [25] 2005 Italy 79 64.4 39.2 months 87.76 months
Osuntukun et al. [26] 1974  Nigeria 92 39.2 (1.6) Dead - 73 months mean survival 87.76 months
Alive - 79 months mean survival 87.76 months
Radhakrishnan K [27] 1986  Libya 23 51 42 87.76 months
Norris et al [28] 1993 USA 708 Range - 25 -74 24-44 years - 71.5 months 24-44 years - 138.7 months
45-54 years - 35 months 45-54 years - 76.80 months
55-74 years - 32.5 months 55-74 years - 57.19 months
Alcaz S [29] 1997  Serbia 58 Men - 56.2 2 years survival probability - 62% 2 years survival probability - 89%
Women - 56.6 5 years survival probability - 27% 5 years survival probability - 62.3%
7 year survival probability - 27% 7 year survival probability - 43.2%
Eisen et al. [30] 1993 USA 246 Not available < 40 years - 98.4 months 77 months -
61-70 years - 31.2 months 53 months -
Traynor et al. [31] 2000 Ireland 388 Men - 63.3 Definite ALS - 27 months Definite ALS - 88.86 months
Women - 64.4 Probable - 30 months Probable ALS - not included
Sorenson et al. [32] 2002 USA 7 63 23 months 87.76 months
Tysnes et al. [33] 1991 Norway 60.9 28 months 87.76 months
Range - 34 to 82
Turner et al. [34] 2003 England 769 Long survivors - 43, short survivors - 57, others - 62 43 months 87.76 months
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after intervention. The survival status was
known for 33 patients, 4 patients could not be
contacted telephonically during the latest fol-
low up and therefore were considered lost to
follow up for the Kaplan-Meier survival analy-
sis. Their survival duration was considered till
the last follow up. All the 37 patients were con-
tacted telephonically or by email and the sur-
vival status was found out, however the infor-
mation was insufficient to score ALS-FRS. The
follow up ALS-FRS scales were recorded tele-
phonically for 6 patients post stem cell
therapy.

Control group: From the out-patient depart-
ment a total of 20 patients diagnosed with ALS
and without any cell transplantation were
included in the control group. There were 8
(40.00%) females and 12 (60.00%) males.
Mean age at onset was 53.11 (11.49).

Survival analysis (Table 2)

The baseline comparison with an unpaired stu-
dent’s T-test showed no significant difference
(p = 0.216) between the age at onset for the
patients in intervention and control group.
Percentage distribution of males and females
in both the groups was also similar. Shapiro-
Wilk test suggested that the survival of the
patients since the onset of the disease was
normally distributed for both control and inter-
vention group (p > 0.05).

Intervention group: Total mortality in the inter-
vention group was 17 out of 37 (45.94%)
patients. Status of survival was not known for 4
patients and number of patients alive was
16 (48.48%) (Table 2). There were 15 patients
who survived for more than 5 years since the
onset of the disease and 6 patients survived
for more than 8 years since the onset of the
disease. The highest survival duration was 158
months since the onset of the diseaseand the
patient was surviving. Mean survival duration
since the onset of the disease was 87.76
(10.45) months (Range: 13 months to 158
months).

Control group: Total mortality in the control
group was 10 out of 20 (50.00%) patients.
Status of survival was known for all the pa-
tients. 10 (50.00%) of the control group pa-
tients were alive (Table 2). There were 3
patients who survived more than 5 years since
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the onset of the disease and none survived
more than 8 years since the onset of the dis-
ease. The highest survival in the control group
was 84 months since the onset of the disease
and patient was surviving. Duration of the sur-
vival since the onset of the disease ranged
from 26 months to 84 months. Mean survival
duration was 57.38 (5.31) months since the
onset of the disease.

Comparison of survival duration: Mean survival
since the onset of the disease, estimated as
50% cumulative probability of survival by
Kaplan-Meier survival analysis (Figure 1) was
87.76 (10.45) months in the intervention group
and 57.38 (5.31) months for the control group.
The intervention group showed higher survival
duration by 30.38 months as compared to the
control group. Statistical significance calculat-
ed with Log rank test was p = 0.133. The sur-
vival duration in the intervention group was
also found to be significantly higher than the
survival duration of patients with definite ALS
in previous epidemiological studies (Table 3).

Analysis of various factors on survival duration
(Table 4) (Figures 2-4)

Different factors were analyzed to find out their
effect on the total survival post intervention.
There was a statistically significant increased
survival duration, 114.59 (14.50) noted in
patients below the age of 50 years as com-
pared to patients above the age of 50 years,
62.74 (7.4). There was a clinically significant dif-
ference in the survival duration of patients who
received lithium and the patients that did not
receive lithium. The patients who received lithi-
um showed higher mean survival of 106.73
(15.69) months as compared to the once
that did not receive lithium, 66.83 (7.52) (p =
0.121). Patients who presented with limb onset
showed mean survival duration of 90.24
(12.27) months which was higher than com-
pared to those with bulbar onset 78.01 (14.23)
(p =0.902).

Adverse events (Table 5)

Procedure related: In this study we noted only
minor side effects like nausea, spinal head-
ache, vomiting, pain at the site of injection or
aspiration, and parasthesia in lower limbs
which were associated with the technique of
intrathecal transplantation. These side effects
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Table 4. Effect of prognostic factors on the median survival since the onset of the disease

Median survival since the onset of the
diseases as calculated by Kaplan-Meier
survival analysis

Prognostic factor

P-Value as calculated by comparing the
Kaplan-meier survival curves using
log-rank test

Lithium
Patients who were given lithium
Patients who were not given lithium
Age at onset
Patients with the age below 50 years at onset
Patients with the age above 50 years at onset
Onset
Bulbar
Limb

106.73 (15.69) 0.121
66.83 (7.52)

113.34 (15.45) 0.039*
63.02(7.7)

78.01 (14.23) 0.902

90.24 (13.27)

*Statistically significant (p < 0.05).
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= Lithium-censored

= without lthium-censored
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Survival since the onset of the disease

Figure 2. Kaplan-Meier Survival comparison for the patients in intervention

group with or without Lithium prescription.

did not interfere with the outcome of the
treatment.

Cellular transplant related: There were no ma-
jor or minor cellular transplant related side
effects noted.

Discussion

ALS is a rapidly progressing neurodegenera-
tive disease. The current management strate-
gies show very limited effect on the survival
of the patients. In the current analysis we
computed the survival probabilities for the
patients of ALS treated with autologous
BMMNCs intrathecal and intramuscular trans-
plantation and compared these survival proba-
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bilities with a control group.
Mononuclear cells have been
used earlier for the treatment
of ALS. Some of the studies
have isolated these cells from
peripheral blood whereas the
others have isolated it from
the bone marrow [13, 14,
19-21]. Various other types
of stem cells like autologous
mesenchymal stem cells
(MSCs), Neural stem cells
(NSCs) and allogenic umbili-
cal cord stem cells (UCSc)
have also been used in the
clinical studies of ALS. All
these cell types show benefi-
cial effects however due to
lack of comparative studies
and heterogeneous method-
ologies the evidence still
remains inconclusive [22].

Lithium prescription

Predicted survival of the patients in the
study population was analyzed using Kaplan-
Meier survival analysis. The mean survival
duration estimated for the intervention group
was found to be 87.76 (10.45) months as
compared to 57.38 (5.31) months in the con-
trol group. The comparison of survival duration
shows a clinically significant difference of
30.38 months (2.53 years). The estimated
survival duration in the intervention group is
significantly more than the mean survival
observed in previous epidemiological studies
(Table 3) [23-34]. There is one epidemiologi-
cal study estimating the mean survival du-
ration of ALS patients in Indian population. But
89.5% of patients were censored in the Kaplan-
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Figure 3. Kaplan-Meier Survival comparison for the patients in intervention

group below and above 50 years of age at the onset.

Survival Functions

T
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;. Age at onset above 50

the average age comparable
to our population [27, 29, 31,
34]; the mean survival dura-
tion as observed in our popu-
lation was significantly high-
er. In spite of lower mean age
at onset in two previous stud-
ies [26, 28] they had lower
survival duration (79 months
and 71.5 months) as com-
pared to the current study
(87.76 months). The male
and female distribution was
varied in all of the above
studies. The incidence of ALS
is found to be higher in males
as compared to females
however the evidence is
inconclusive about the differ-
ence in the survival. Some
epidemiological articles sug-
gest that there is no statisti-
cally significant difference
between the survival of
males and females with ALS

Age at onset

years of age
years of age
Age at onset below 50
years of age-censored

years of age-censored

1.0

Cum Survival
o
o
1

o
=
1

0.2

Type of Onset
~Bulbar

S 1Limb

+- Bulbar-censored

= Limb-censored

[36, 37]. The mean survival
duration in this study was
significantly longer as com-
pared to the enhanced sur-
vival duration in patients
treated with Riluzole [38-40].
Two articles present retro-
spective analyses identifying
the prognostic factors for
ALS. Rooney et al. 2013 [38]
showed the mean survival for
the patients taking Riluzole
in an lIrish population to be
17.52 months; which was sig-
nificantly (p < 0.001) higher
as compared to the ones that
did not take Riluzole (Median

T T T
50.00 100.00 150.00
Survival since the onset of the disease

Figure 4. Kaplan-Meier Survival comparison for the patients in intervention

group with bulbar onset and limb onset.

Meier analysis as their survival status was
unknown. This study may have overestimated
the results and thus we did not comparethe
results [35]. Age at onset has been found to be
inversely proportional to the average survival of
the ALS patients [9, 31]. Four of the studies had
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survival-10 months). Lee et
al. 2013 [39] studied the
population in Taiwan and
found median survival of
patients with Riluzole to be
67.75 months, with an
increase of 18.17 months as compared to the
control population. A systematic review by
Miller et al. 2009, [40] of 974 patients treated
with Riluzole and 503 patients treated with pla-
cebo showed that the survival was higher in the
group treated with Riluzole with mean survival
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Table 5. Adverse events observed in the immediate post transplantation period

Present during the period of follow up Absent during the period of follow up

Adverse Cellular Cellular
Events  Procedure related transplantation Procedure related transplantation
related related
Minor * Spinal Headache (30.43%) None * Bleeding at the site of injection None
* Nausea (4.34%) * Bleeding at the site of aspiration
* Vomiting (4.34%)
* Pain at the site of injection (4.34%)
¢ Pain at the site of aspiration (8.67%)
* Fatigue (4.34 %)
Major None * Neurological deficits * Allergic reaction

* Nerve root damage

* Parasthesia in Lower Limb

* Loss of sensation in lower limb

* Loss of motor function in the lower limbs
* Hematoma at the site of injection

* Hematoma at the site of aspiration

* Local infection at the site of injection or aspiration
* Meningismus or meningitis

* Systemic or brain infection

* Bowel or bladder incontinence

* Respiratory distress

« Cardiac failure

* Sudden onset of respiratory discomfort

* Breathlessness

of 17.7 months. There was an increase in mean
survival of the patients by 2.3 months at the
dose of 100 mg. The mean survival observed in
this study population (87.76 months) was sig-
nificantly higher than the previous reports of
extended survival with Riluzole. There was no
beneficial effect of Riluzole was observedon
muscle strength and bulbar symptoms in
patients who were prescribed Riluzole. There
was only minimal beneficial effect observed in
the limb function. There were various side
effects associated with Riluzole but none of
these were shown to have an effect on the
treatment outcome [40]. In the current analysis
improvements were noted in various bulbar
functions like speech, swallowing and respira-
tory capacity. There was also improvement
noted in fine motor activities of the hand and
ability to maintain sitting and standing balance.
There were a few minor side effects noted in
some patients and some major side effects
noted in only one patient that did not interfere
in the outcome of cellular therapy.

Prognostic factors for the survival of ALS pa-
tients post cellular therapy

Prescription of Lithium post cellular transplan-
tation: The Kaplan-Meier survival curves for
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patients with and without lithium showed a
clinically significant difference with patients
who received lithium showed higher survival
since the onset of the disease, 106.73 (15.69)
months, as compared to the patients who did
not receive lithium 66.83 (7.52) months (Figure
2). The difference between the mean surviv-
alsince onset (39.9 months) of these two
groups was therefore clinically significant.
When compared using Log-rank test it did not
achieve statistical significance (p = 0.121). A
systematic review of literature including a total
of 1100 patients treated with Lithium showed
no statistically significant differences in the
rates of functional decline, deterioration of
respiratory functionor survival time since onset
of the disease as compared to patients treated
with Riluzole or placebo [41]. The rationale for
prescribing Lithium to our patients was howev-
er to enhance the survival and potency of the
transplanted cells [42]. It is interesting to note
that although there is a clinically significant dif-
ference the small sample size may have under-
estimated the statistical significance. The
effect of lithium in conjunction with cellular
therapy is therefore recommended to be tested
with a larger sample size.

Age at onset: Age at onset has been shown to
be a strong prognostic factor in ALS. It is
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Table 6. Patient characteristics and follow up ALS-FRS scores

Age at Sgrvival in months Survival in Duration in months ~ ALS-FRS ALS-FRS score after
onset Gender since the onset of months after the between onsetand  score be-  SCT at the most recent
the disease intervention intervention fore SCT telephonic follow up

Patient | 50 M 49 45 4 37 1

Patient Il 56 M 92 44 48 34 17

Patient lll 57 M 56 44 12 17

Patient IV 40 F 139 43 96 7 7

Patient V 28 M 139 43 96 10 10

PatientVI 35 F 54 18 36 24 22

inversely proportional to survival time. Lower
age of onset correlates with better survival [24-
37, 43]. In our population patients below the
age of 50 years showed a significantly (P =
0.039) higher survival, 113.34 (15.45) months
as compared to the patients with the age of
onset more than 50 years of age, 68.32 (10.74)
months (Figure 3). Younger patients had signifi-
cantly higher survival duration. Age at onset
influences survival duration in ALS and older
patients may have poor prognosis.

Onset of the disease: The onset of the disease
is identified based on the region of the body in
which the symptoms first manifest. Mani-
festation of the disease first in the bulbar region
is associated with poor prognosis and signifi-
cantly shorter survival duration [44]. The sur-
vival duration is not significantly different when
the age of onset is above 70 years [45]. In
younger population bulbar onset leads to poor
prognosis. In our population there was no sta-
tistically significant difference (p = 0.902)
between the survival duration of patients with
bulbar onset and limb onset. Mean survival
duration for patients with bulbar onset was
78.01 (14.23) months and for limb onset it was
90.24 (13.27) months (Figure 4). Bulbar onset
may be associated with poor prognosis in ALS.

Duration between onset to intervention: Early
diagnosis and early intervention has been
shown to have a positive prognostic effect on
the survival duration in ALS [23]. However sur-
vival prognosis is influenced significantly with
rate of progression of the disease. Therefore
duration between onset of the diseaseand
intervention cannot be assessed singularly.
The functional decline and rate of progression
must be taken into account. In our analysis the
data available was not sufficient to carry out
the analysis using existing statistical methods.
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ALS-FRS: In addition to the clinically significant
higher survival than compared to the control
group, other clinical outcome measures like
ALS-FRS scale also showed beneficial effect.
ALS-FRS is a simple outcome measure that can
be administered telephonically [46]. The sum-
mary of change in the ALS-FRS scores of our
patients is given in Table 6. Previous studies
have reported decline of ALS-FRS scale scores
to be a prognostic indicator of the disease.
Various epidemiological studies have reported
various rates of decline of ALS-FRS scale
scores. De Carvahelo et al 2005 [47] report a
17% decline of ALS-FRS scores every 6 months.
Whereas Magnus et al 2002 [48] report a
decline of 12 points over the period of 36
months. In our population two patients with
ALS-FRS scale scores of 7 and 10 before trans-
plantation were found to have maintained the
scores 43 months after transplantation. Two
patients showed less than 17% decline of ALS-
FRS scores for every six months. One patient
showed a decline of 17 points, the scores
reduced from 34 to 17 in 44 months. The sec-
ond patient showed a decline of 2 points of the
scale, from 24 to 22 in 18 months. There were
two patients who were on an artificial ventila-
tory support at the time of follow up and the
rate of reduction in the ALS-FRS scores was not
influenced by intervention (Table 6). These find-
ings may suggest a beneficial effect of cell
transplantation on rate of progression of the
disease.

Clinical observations

Survival analysis of the patients that under-
went cellular therapy showed higher survival as
compared to the control group. It is also impor-
tant however to know if there was any improve-
ment in the physical limitations and bulbar
symptoms experienced by these patients. In
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the retrospective analysis that we conducted
the information was not sufficient to analyze
and comment about the improvements noted
in the limb and bulbar function however there
were several reports of such improvements.
Majority of the patients reported clearer and
louder speech, improved tongue movements
and reduced speech fatigability. Some of the
patients showed improvement in various bulbar
symptoms like reduced chocking, improved
swallowing, reduced saliva drooling, increase
respiratory capacity. Few showed better neck
control. The limb function was better in few
patients. Majority of patients improved in fine
motor activities, static and dynamic standing
and sitting balance. Some patients showed
improvement in the lower extremity function
and ambulation. All these changes were noted
in the early post transplantation period (till 3
months). The sustainability of these improve-
ments could not be studied in this population
due to insufficient data. Future trials should be
designed to study the clinical symptomatology
in more detail. We observed that intervention in
the earlier stage of the disease was associated
with more likelihood of response. One can
hypothesize that since the neural damage is
limited in the early stage of the disease, the
microcellular environment is more conducive to
the cell transplantation. Time to intervention
needs to be studied in depth.

Neuropathophysiology of Amyotrophic Lateral
Sclerosis

Amyotrophic Lateral Sclerosis (ALS) is charac-
terized by progressive axonal degeneration of
motor neurons in the spinal cord and motor cor-
tex. The disease process selectively affects
only motor neurons sparing the sensory sys-
tem. Various mechanisms have been presumed
to contribute to the neuropathophysiology of
ALS [49]. Recent advances have suggested
involvement of non neuronal cells like glial cells
[50]. Up regulation of superoxide dismutase
leads to unchecked intracellular peroxidation
reactions and subsequent oxidative stress.
Astrocytes also play a role in development of
ALS; astrocytic glutamate is up regulated.
Excitoxicity, autoimmunity and a widespread
neuroinflammatory response are also implicat-
ed. Recently various genes have also been
found to be involved [51]. Pathophysiology of
ALS is heterogeneous and therefore makes it
difficult to manage the disease. So far the only
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drug that has shown some efficacy in altering
the disease process is the N Methyl B aspar-
tate (NMDA) receptor antagonist riluzole, which
helps to reduce the over excitation of the neu-
rons in presence of elevated extracellular gluta-
mate levels. However this only increases the
life span of patients suffering from ALS by 3-5
months [39, 40] and the disease still continues
to be fatal.

Mechanism of action of bone marrow mono-
nuclear cells

In recent years cellular therapy has shown
some promise in altering various pathophysio-
logical processes in ALS. Although replacement
of degenerated motor neurons is the goal of
transplantation therapy, various factors could
influence the outcome of the transplanted
cells. Some of these factors are survival of
transplanted cells, generation of functional
motor units and appropriate projection of neu-
ronal fibers for long distances to reach to the
muscle. Currently the transplantation of these
cells aims to support and protect the existing
motor neurons from undergoing degeneration.
The mechanism of action of bone marrow
mononuclear cells in ALS is twofold; to protect
the existing motor neurons and to replace the
degenerated motor neurons. BMMNCs have
shown neurogenic potential however the func-
tionality of the regenerated neurons is debat-
able in the highly toxic cellular microenviron-
ment observed in patients with ALS [52].
Neuroprotective mechanisms are therefore
considered to be more potent in bringing about
the changes seen in ALS post transplantation.
BMMNCs have shown a neurotrophic effect in
various neurodegenerative diseases [14, 53,
54]. These cells are capable of homing onto the
injured sites, as guided by various chemo
attractant pathways [55]. Modification of the-
exaggerated microglial response by immuno-
modulatory effects is also observed. Various
secreted neurotrophic factors like connective
tissue growth factor, fibroblast growth factor 2
and 7 andvarious interleukins are responsible
for cell proliferation and cytoprotection [56].
Reduced levels of TNF-«, IL-1B3, IL-1a, IL-6 and
increased levels of IL-10 lead to an anti-inflam-
matory effect on the neural microenvironment
[56-58]; therefore, enhancing the neuronal
repair. Further secretion of growth factors like
vascular endothelial growth factor (VEGF),
fibroblast growth factor (FGF), brain fibroblast
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growth factor (bFGF) leads to neoangiogenesis
and up regulation of hormones like erythropoi-
etin [56]. The cascade of events triggered due
to these leads to formation of new vessels as
well as increased bold flow. Improved blood cir-
culation helps retrieving the lost tissue func-
tions. Therefore BMMNCs may be instrumental
in arresting the disease progression through
above mentioned mechanisms.

Synthesis of evidence for mononuclear cell
therapy in ALS

Mononuclear cells have been previously
explored to see their effect in ALS. Some of
these trials have used peripheral blood mono-
nuclear cells [59, 60]. Various routes of trans-
plantation were used. Transplantation in the
frontal motor cortex resulted in significantly
higher survival duration. These studies suggest
the potential of MNCs for the treatment of ALS.
Several other researchers have isolated the
MNCs from the bone marrow and have studies
their effects in patients of ALS. Deda et al.
2009 [13], treated 13 patients with bulbar
symptoms and loss of functional movement.
The cells were injected in the anterior part of
the spinal cord at the level of C1-C2 after per-
forming a laminectomy. Out of the 13 patients
treated 3 patients died within the first 9 months
of the transplantation due to lung infection and
myocardial infarction. The other 10 patients
showed improvement in muscle strength and
bulbar symptoms like speech, swallowing, and
breathing. One of the patients who was on the
mechanical ventilator showed spontaneous
breathing at some occasions after cellular ther-
apy. Prabhakar et al. 2012 [61] transplanted
the autologous BMMNCs intrathecally in ten
patients with confirmed ALS. These patients
were followed up for one year and time to 4
points drop in the ALS-Functional rating scale
revised (ALSFRS-R) was calculated. The time
calculated was 16.7 months which was more
than shown in previous studies. Blanquer M et
al. 2010 [62] treated cases of confirmed ALS
with intraspinal autologous BMMNCs. These
were followed up for 3 years. These cases
showed arrested progression of the drop in
forced vital capacity and various neurological
scales measured. Autologous BMMNCs have
therefore shown some beneficial effects in pre-
vious trials. A single arm open label study by
Blanquer et al 2012 [14] suggests that intraspi-
nal administration of BMMNCs leads to neuro-
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trophic effect and preserves more number of
motor neurons in the treated spinal segments
as compared to the non-treated spinal seg-
ments. Our results are consistent with the pre-
vious findings of the safe use and beneficial
effects of BMMNCs.

Limitations of the study

The analysis was of a retrospective cohort, with
a relatively small sample size for a survival
analysis which is a limitation for conclusive
findings. There are various other factors that
may potentially influence the outcome of the
cellular therapy, like the number of transplanta-
tions and the duration of the time between sub-
sequent transplantation; these could not be
analyzed with the available information. Time to
intervention is an important determinant of the
treatment outcome. In our analysis the data
was not sufficient to analyze this and future
should investigate this factor in depth.

Research implications

Further prospective trails with rigorous method-
ology making use of randomization, blinding
and larger sample size need to be carried out
for conclusive evidence. There are different cell
types that are being studied for the treatment
of ALS, it is key to compare the effects of differ-
ent cell types. Combination of cellular trans-
plantation with various other neuroprotective
regimens should also be studied to find the
treatment option that gives best possible
results in ALS. Effect of lithium in combination
with the cellular therapy and the frequency of
transplantations need to be analyzed. While
designing the trials randomization of the
patients should be done taking into consider-
ation multiple factors that may influence the
outcome of the intervention. We observed
improvement in the clinical outcomes immedi-
ately post transplantation. The duration for
which the improvements are maintained needs
to be analyzed with a rigorous methodology.
Such findings will help identify the time at which
the transplantation may be repeated.

Conclusion
This study shows increased survival duration by
30.38 months in patients undergoing autolo-

gous BMMNC s transplantation as compared to
the control population. This was also higher as
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compared to the previous epidemiological
reports from different regions of the world.
Various factors may also influence the survival
duration especially age at the onset of the dis-
ease and type of onset. Although statistical sig-
nificance was not reached, Lithium shows a
beneficial effect on survival duration in combi-
nation with BMMNCs transplantation. In addi-
tion to the standard treatment with Riluzole,
there is a possibility that early intervention with
combination of BMMNCs transplantation and
Lithium may have a positive effect on the dura-
tion of survival in ALS. Further prospective
studies with a larger sample size and a rigorous
methodology including randomization and
blinding are required for conclusive findings.
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