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Abstract

Survival in ALS is highly variable, ranging from a few months to many years. Population-based prospective registries showed that up to a
third of the patients die within one year from diagnosis [1-3]. In this short communication we present our long-term observations (~15 years)
in terms of severe adverse events and survival rates, in patients treated with autologous mesenchymal stem cells, who participated in 3 previous
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open-label studies, in our center at Hadassah Medical Organization in Jerusalem, Israel.

Manuscript

Survival in ALS is highly variable, ranging from a few months
to many years. Population-based prospective registries showed
that up to a third of the patients die within one year from diagnosis
[1-3]. Multivariable analysis revealed that age over 75 years,
interval between symptom onset and diagnosis below 7 months
and Functional Rating Score below 31 points were independent
factors predicting early death [4]. The cumulative probability of
overall survival was reported to be 78% at 12 months, 56% at 24
months, and 32% at 48 months, with a median survival time from
onset to death, 39.2 months [2]. However, 20% of ALS patients
may remain alive for more than 5 years and up to 10% for >10
years, from diagnosis. Older age and bulbar onset are consistently
reported to be associated with a worse outcome [5]. The rates of
decline in ALS Functional Rating Scale-Revised score (ALS-FRS-R),
grip strength and FVC, were also shown as significant risk factors
for mortality [6]. In a large meta-analysis, high serum levels of
neurofilaments light chains (NFL), the presence of dementia
(of frontotemporal-FTD type), the rate of change in ALSFRS, a
bulbar-respiratory subtype (<85% in forced vital capacity-FVC),
were the strongest predictors of poor prognosis [7]. In the largest
observational multi-center study [8], the combination of the
above parameters was shown to predict the non-tracheostomized
survival time, which was considered as very long when exceeded

8 years. On the other hand, younger age, limb (and not bulbar)
onset and longer diagnostic delay were associated with prolonged
survival [9].

In this short communication we present our long-term
observations (~15 years) in terms of severe adverse events and
survival rates, in patients treated with autologous mesenchymal
stem cells, who participated in 3 previous open-label studies, in
our center at Hadassah Medical Organization in Jerusalem, Israel.
The two first trials included a total of 26 ALS patients who were
treated with a single dose of autologous MSC-NTF (“NurOwn”
cells, Brainstorm R) (NCT01051882 and NCT01777646, 6
received intramuscular-IM treatments; 20 received treatments
intrathecally-IT, either IT or IT+ IM) [10]. In a third trial [11,12],
20 patients were treated in an open study (NCT04821479),
with repeated IT administrations of autologous MSC-NGO1
(Neurogenesis R). Safety and survival data from all patients who
received IT treatments in these 3 trials, are summarized in this
paper. Patients from the first two (Brainstorm R) trials [10], who
were treated with a single IT- or IT+IM-injection of MSC-NTF
(NurOwn), were followed for up to 15 years from diagnosis. In
total there were 20 patients in this cohort, 6 from the MSC-NTF-
001-IL trial (who received NurOwn IT) and 14 from the MSC-NTF-
002-IL study (who were treated with both IT and IM injections).
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9 out of these 20 IT-treated patients remain alive today (up to
18 years post diagnosis) (last follow up: Nov 2023). The median
survival for all patients was 7.88 years. The average ALSFRS-R
score of the long-survivors (i.e., patients still alive), at study
inclusion was 31, with a median of 33, indicating a better effect

on the subpopulation with higher ALSFRS scores. No unexpected
adverse events were observed in these participants, providing
evidence of the long-term safety of IT administered MSC (Table
1A and Figure 1A).

Table 1A: Demographic data from the study with a single injection of MSC-NTF (Nurown) cells (Brainstorm trial).

Monthly
Gen- Year diag- | Disease | Type of Medica- ALS-FRS ALS-FRS | FVCat Survival | Current
Ptno Age at SCN . L . atbase- | Base-
der nosis type injection tion Rate before . . ) status
BL line line
P-0 001A M 46 2009 Motor 9/5211 Riluzole -3.67 15 28 15 alive
M-M 003A F 30 2008 Motor 11/1?1,011 Riluzole -0.33 27 56 16 alive
I-P 004A M 32 2007 Motor 11/1?1,011 none -1.33 19 64 17 alive
N-M 008A F 65 2009 Bulbar 2/?,?12 Riluzole -3.33 12 38 4.7 D:9/2013
V-S 009A F 63 2010 Bulbar 3/?,(1312 Riluzole -0.67 25 48 14 alive
Z-H 013A F 61 2010 Bulbar 4/?,?12 Riluzole -0.33 22 59 14 alive
C-B001 M 46 2011 Bulbar 3[’/1‘2+(;l%/13 Riluzole -0.3 33 60 4.6 D:8/2015
E-G 002 M 35 2011 Motor 21/1,23;43 Riluzole -1.2 39 93 5.2 D:4/2016
0-H 003 M 24 2011 Motor 3/2013 Riluzole -1.2 34 74 13 alive
IT+IM
S-D 004 M 42 2012 Motor 3/2013 None -1.1 43 94 12 alive
IT+IM
V-L 005 F 52 2013 Bulbar 5/2013 None -4.4 28 55 2 D:1/2015
IT+IM
T-C 006 F 56 2011 Bulbar 4/2013 Riluzole 0 39 96 13 alive
IT+IM
I-R 007 F 59 2012 Motor 5[,/1,2_'_(;;/13 Riluzole -0.6 36 95 4 D:2/2016
R-S 008 M 60 2011 Bulbar 6/2013 None -0.9 38 57 13 alive
IT+IM
A-S010 M 53 2012 Motor 7143?;43 Riluzole -3.5 31 69 5 D:2/2017
A-G011 M 63 2013 Motor 71/'1‘2+Oli/l3 Riluzole -0.6 39 89 4 D:2/2017
N-M 012 F 59 2013 Motor %i?;f None -0.6 40 114 1.1 D:2/2014
P-L 013 F 65 2012? Bulbar 81{1,3?;43 None -5.7 19 45 1.4 S:6/2013
Y-N 014 M 55 2013 Bulbar 4[’/1‘2+(;l%/l4 None -1.2 33 83 9.7 D:9/2022
ON-S 015 F 55 2013 Motor 3['/FZ+(;1%/14 None 0 41 101 6 D:2/2019
Mean (SD) F: 1 51.05 -1.55 30.65 70.90 8.76
MED M: (12.50) (1.63) (9.33) (23.60) (5.38)
10 55 1.0 33 66.5 7.88
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Figure 1: 1A: Mortality in ALS patients treated with a single injection of MSC-NTF (Nurown) cell (Brainstorm trial), 1B: Mortality in ALS
patients treated with multiple injections of MSC-NGO1, 1C: Mortality in ALS patients treated with both types of MSC (combined data from
all 3 studies).
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Table 1B: Demographic data from the study with multiple injections of MSC (NGO01).

- Monthly
Ageat | Year di- Dis No . ALS-FRS ALS-FRS FVCat | Sur-vival Current
Ptno Gender X ease of IT Medication at base- .
SCN agnosis e ini Rate be- line baseline (82) status
typ J- fore BL
Gross
001 M 55.0 May-15 5 None -0.928 34 80 3.5 D:11/2018
motor
002 M 60.6 | 2014 | Bulbar | 5 | RiuzoleEdra- g4 26 90 7.2 D: 4/2021
varone
Gross .
003 M 37.5 Jun-15 4 Riluzole -0.466 34 86 7.2 D:9/2022
motor
Fine . .
004 M 38.1 2015 4 Riluzole -0.566 32 63 9 alive
motor
005 M 50.9 2017 Bulbar 1 Riluzole -0.496 38 93 7 alive
006 M 329 2012 Bulbar 3 Riluzole -1.231 24 74 12 alive
Fine .
007 M 421 2014 4 none -3.088 33 65 10 alive
motor
Fine . .
008 M 45.6 2015 2 Riluzole -0.674 26 67 9 alive
motor
Gross .
009 F 49.7 Jul-15 4 Riluzole -0.411 41 100 4.3 D:11/2019
motor
010 M 50.8 2015 Bulbar 1 Riluzole -3.097 23 31 9 alive
011 M 445 2017 Gross |, Riluzole -0.309 32 89 7 alive
motor
Gross .
012 F 51.6 2015 4 Riluzole -0.368 35 99 7.8 D:11/2022
motor
Gross .
013 F 59.9 2015 4 Riluzole -0.339 39 96 4.7 D:9/2019
motor
014 M 66 jun-14 | GrOss 3 None 0227 40 90 9.6 alive
motor
Gross .
015 M 57.8 2016 2 Riluzole -0.917 38 82 6.9 D:12/2022
motor
Fine
016 M 55.2 2016 2 none -1.912 29 42 1.9 D:12/2017
motor
Fine
017 M 50.4 Mar-16 1 None -0.517 32 101 2.1 D:4/2018
motor
Fine .
018 M 48.2 2015 8 Riluzole -2.008 28 73 6.6 D:8/2021
motor
019 F 471 2013 | G1OSS |3 None -1.392 5 51 11 alive
motor
020 M 55.5 2014 Gross | None -1.029 29 65 7.3 D: 4/2021
motor
Mean 49.97 Total: -1.054 30.90 76.85 7.16
(SD) F16M:4 | (8.36) 0 (0.86) (8.08) (19.77) (2.75)
MED. 50.6 -0.796 32.0 81.0 7.20

From the second trial, 20 patients (16 males, 4 females)
with a mean age of 50.4 years and a mean ALSFRS-R score of
31.6 and of FVC 77.7, were followed for 12 years after disease
onset (Table 1B). The patients were treated with a median of
3.5 (range:1-8) intrathecal injections of MSC-NGO1 at Hadassah

Center. Nine out of these 20 patients (45%) are still alive after >10
years (last follow up: Nov 2023). Two of them have undergone
gastrostomy and mechanical ventilation and 2 more, continue to
be gastrostomized and intubated as they were at the beginning
of the trial. Two of the patients committed assisted suicide. The
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median survival period for all patients in this study, was 7.2 years
(Table 1B and Figure 1B). Interestingly, 11 out of 20 patients in
the Nurown studies and 9 of the 20 in the NG01-trial, had an FVC
score at inclusion, of less than 75% which was shown as a bad
predictor for ALS progression and death [6,7]. Nine patients in the
Nurown trials and 4 in the NGO1 study, had a bulbar onset (7/13
still, alive) and 8/20 a low ALSFRS-R score (of <30) inclusion,
which also represent bad prognostic factors for long-term survival
in ALS [6,7]. The mean monthly progression rate in ALSFRS before
inclusion to the studies, was: -1.56+1.63 in the MSC-NTF Nurown
trials and -1.05+£0.86 in the MSC-NGO1 (Neurogenesis R) trial;
such rates of progression are considered high and were reported
to have a negative impact on survival [8].

Combining the data of the 40 patients treated intrathecally
with MSC from all three trials, we found that ~45% of the patients
remain alive for up to 18 years (Figure 1C). It is important
to emphasize, that despite the similarities in the treatment-
procedure (intrathecal injection of MSC-based cell therapy) and
the observed effects on survival, there were certain differences
between the above studies, in terms of the type of cells used
(MSC-NTF vs MSC-NGO01), the number of injections (one in the
Nurown studies and >1 in the NGO1 trial) and also in the length of
follow up which was longer in the Nurown-trials (up to 18 years,
vs up to 12 years). In conclusion, our data represents the first
long-term observations of ALS patients treated with autologous
mesenchymal stem cells intrathecally. The finding of survival
exceeding 12-18 years in ~45% of our treated patients, even in
those with bad prognostic indicators (such as a low ALSFRS score
and FVC function and bulbar onset of ALS), seem to deviate from
the known epidemiological studies in ALS, but there is no sound
way to directly compare data from different cohorts of patients.
These long-term data, along with the lack of significant adverse
events, may provide an important insight for the future of stem cell
therapies in ALS and the proper selection of the best candidates
for such treatment protocols. Larger real-world studies are
needed to confirm these observations.
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