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Abstract  

Introduction/Aims 

A )    myotrophic lateral sclerosis (ALS is a fatal neurodegenerative illness with great unmet patient need. We aimed to 

evaluate whether mesenchymal stem cells induced to secrete high levels of neurotrophic factors , a  -(MSC NTF)

novel autologous could cell therapy - capable of targeting multiple pathways, safely slow ALS disease progression. 

Methods   

This randomized, double blind, placebo- -controlled study El Escorial  enrolled ALS participants meeting  revised

criteria, revised ALS Functional Rating Scale (ALSFRS-R) ( ) - screening  R points  decline prior 

to randomization.  Participants received three treatments of -MSC NTF or placebo intrathecally. The primary 

endpoint evaluate efficacy d of MSC NTF - through a responder analysis and safety . A change in disease progression 

post-treatment of . 25 points/month . -   defines a clinical response A pre specified analysis leveraged baseline 

ALSFRS-   R of 35 as a subgroup threshold. 

Results   

Overall, ; t MSC-NTF treatment was well tolerated there were no safety concerns. Thirty three-  percen of MSC-  NTF

and 28% of placebo participants met clinical response criteria at 28 weeks (OR=1.33, 45)p=0. , thus the primary 

endpoint was not met. A pre-specified analysis of participants with baseline ALSFRS showed a -(n=58) 

clinical response rate at 28 weeks of 35% and 16% placebo (MSC-  NTF OR=2.6, .29p=0 ). Significant improvements 

in CSF biomarkers of neuroinflammation, neurodegeneration, and neurotrophic factor support were observed with 

MSC-NTF, with placebo unchanged. 

Discussion   

The not study did reach statistical significance on  the primary endpoint. However, - s a pre specified subgroup suggest

that MSC-  NTF participants with less severe disease retained more function compared to Placebomay have . Given 

the unmet patient need, the results of this trial warrant further investigation.  

Key Words  a c -R (5 max):  myotrophic lateral sclerosis, stem cells, biomarker, linical trial, ALSFRS
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MAIN DOCUMENT 

INTRODUCTION  

Amyotrophic lateral sclerosis (ALS) is an adult neurodegenerative disease, characterized by progressive 

degeneration and loss of cortical and spinal motor neurons. Neuroinflammation to play a prominent   is believed

role.1-3 

There is currently no cure for ALS, and no treatment halts s -  or reverse disease progression. A cell based therapy that 

targets multiple disease pathways has the potential to tackle the multifaceted pathogenesis of ALS by supporting 

survival of diseased neuronal cells, both by by modulating neuroinflammatorysecreting neuroprotective factors and  

and neurodegenerative pathways.4 

Mesenchymal stem cells (MSC) derived from adult bone marrow were induced under proprietary ex vivo conditions 

to secrete high levels of neurotrophic factors (MSC- -  NTF) MSC. NTF has been shown to favorably modify 

neuroprotective and neuroinflammatory cerebrospinal fluid (CSF) biomarkers following single intrathecal 

administration5 with safety and preliminary efficacy demonstrated in prior studies5,6 , in ALS participants. Here we 

report -results of the BCT 002 Phase 3 clinical trial conducted to evaluate whether repeat treatment with MSC-  NTF

would safely slow the rate of ALS disease progression.  

METHODS 

Study design and participants 

The BCT-002 study (NCT03280056), a parallel-group, randomized, double blind, placebo- -   controlled study, was

conducted at academic centerssix US . Informed  consent was obtained and documented from all participants, and the 

study was approved by the Institutional Review Boards n - -of all centers. After a 18 week pre treatment period, 

includ autologous ing an outpatient bone marrow aspiration to harvest cells for product manufacturing, participants 

received study treatment intrathecally at weeks 0, 8, and 16, followed by a 12 week observation period-  ( SFigure 1). 

Eligible p with possible, laboratoryarticipants were 18 60 years - old -supported probable, probable, or definite ALS 

per the revised-El Escorial criteria,7 symptom onset 24 months prior to screening, upright slow vital capacity 

( ) SVC 65% of predicted value and revised ALS Functional Rating Scale 8 ( -R) ALSFRS 

10974598, 2021, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
. B

y Stacy Lindborg - W
iley O

nline Library- on [11/12/2021]. R
e-use and distribution is strictly not perm

itted, except for O
pen A

ccess articles



 

 

screening. Participants on a stable dose of riluzole were permitted. Prior stem cell therapy and active participation in  

an ALS interventional . study were prohibited

Following the first 12 weeks in the treatment period, one final inclusion criteriapre-  was required prior to 

randomization, i.e., -R points. Once randomized, participants received intrathecal MSC -

NTF (NurOwn®, manufactured by Dana-  Farber Cancer Institute, Boston, MA or City of Hope, Duarte, CA; see 

Supplemental Methods or placebo by standard lumbar puncture.)  

In March 2020, the protocol was amended to allow remote visits due to COVID 19, with a major impact on - the 

collection of SVC assessments.  

Randomization and masking 

E -ligible participants were randomized 1:1 to MSC NTF:placebo. Investigators, participants, and all personnel 

involved in the study conduct were blinded to treatment assignments except for the cell manufacturing and site 

teams that administered treatment. These unblinded personnel did not otherwise interact with participants. 

Primary and Secondary Objectives 

The primary efficacy endpoint, a responder analysis based on change in disease progression, was determined by the 

rate of change in ALSFRS treatment and post- -R per month using linear regression, with a separate line fit to pre -

treatment data through week 28. A participant was defined as a responder if their change in disease progression post-

treatment compared to pre-treatment .25 points/month, reflecting slowing of decline or improvement of 

function. Participants who died due to disease progression were considered non-responders.  

Key secondary endpoints were the percentage of rate of decline participants with post-treatment improved by 

 as measured by , change from baseline to week 28 in ALSFRSALSFRS-R slope -R, the combined analysis of 

function and survival (CAFS),9  and SVC. 

The safety objective was assessed through outcomes of the Columbiaa edverse vents (AE), -Suicide Severity Rating 

Scale (CSSRS), and laboratory, physical e . examination and , vital signs, lectrocardiogram (ECG) assessments

Secondary outcomes for survival included time to death due to disease progression and for any cause through week 

32. 

Statistical Analysis   
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To calculate the sample size for the study, the PRO ACT database Phase 2 - and study BCT-001 (NCT02017912) 

were analyzed. .25 points/month 

was 35% 0.05 (two sided) and 90% power, 97 MSC-  NTF and 15% placebo. Utilizing a Chi square test with - = -

participants/treatment were required. 

The primary efficacy population was the modified intention treat population (mITT), which included participants -to-

who received at least one treatment and had treatment, baseline and at least one pre- at least one post-treatment 

ALSFRS-R assessment. The ITT population included all participants who were randomized. The baseline ALSFRS-

R assessment is defined as the Safety analyses were performed on the last ALSFRS-R prior to  the first treatment. 

safety population, which included all participants who received at least one treatment Deaths.  that occurred during 

the trial are also reported on the ITT population, to capture all deaths following  randomization. 

Pre- -R of (specified analyses by subgroups were conducted including a baseline ALSFRS threshold 35 the 

anticipated baseline average) The value of 35 was identified and pre. -defined during the planning portion of the trial 

based upon the experience of the clinical investigators, data from NTF and analysis of a p 2 -hase trial of MSC

database of prior clinical trial participants (PRO ACT- ). 

The primary efficacy endpoint and secondary efficacy endpoints were tested sequentially to account for multiplicity 

and preserve overall Type I error. No adjustments were made for multiple comparisons in testing exploratory 

efficacy endpoints. 

Given the higher than anticipated  number of participants with advanced ALS disease, p -ost hoc sensitivity analyses 

focused on participants with baseline ALSFRS-R >25 (77% of the trial participants). To evaluate robustness of 

results additional baseline thresholds are presented considering thresholds between 25 and 34 (  -i.e., up to the pre

specified threshold of 35).  

Handling of missing ALSFRS-R data due to deaths or discontinuations were pre specified in the analysis plan- . 

These analyses employed  multiple imputation methodology under assumptions of missing at random (MI-MAR) and 

missing not at random (MI- -MNAR). An additional post hoc n evaluation of deaths and missing data was undertake

to better understand the impact of both on estimates of treatment effects with the secondary endpoint, change from 

baseline to 28 weeks in ALSFRS-R. 10  
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Safety treatmentwas assessed based on the incidence of -emergent adverse events (TEAEs) and clinically relevant 

changes in vital signs, clinical laboratory assessments, physical and neurological examinations, and ECG tests.  

 

Biomarkers  

CSF samples were collected 7 times for each participant (Figure ) and were immediately centrifuged at 1,750g for  S1  

ten minutes and stored at - . -80°C A pre specified selection of biomarkers important to ALS disease were specified in 

the statistical analysis plan, including vascular endothelial growth factor (VEGF), monocyte chemoattractant  

protein- -1 (MCP 1) and neurofilament light chains (NfL).  VEGF is a neurotrophic factor that has demonstrated 

motor neurons protection.11  Additionally, VEGF gene expression appears to be deficient in ALS patient 

fibroblasts, 12 and lower CSF VEGF levels are associated with disease progression.10 - -MCP 1 is a  chemokine 

involved in neuroinflammatory pathways that correlates with ALS progression and reduced survival.13   NfL is a 

biomarker known to be increased several-fold in ALS, reflecting the extensive damage of motor neurons and 

axons, 14 and correlate with ALS disease progression.15 

Since biomarker data are highly skewed, data were log transformed  for analysis using a MMRM model with 

covariates from the primary endpoint. A pre-specified stepwise regression model was used to select biomarkers that 

were predictive of the primary endpoint, from a set of all biomarkers values <0. Biomarkers with p-term .05 were 

required to enter the model and to be retained in the final model. 

RESULTS 

Baseline and Disease characteristics 

Between August 2017 to September 2020, 263 persons with ALS were screened for eligibility; 196 were randomly 

assigned to treatment group and 189 received at least did not receive one uretreatment (Fig   1). Seven participants

treatment. In the mITT population, more than 75% of participants comple A total of 45 ted the treatment regimen. 

participants discontinued the study prematurely.  

The mean age of study participants was 49 years and 67% were male (Table 1) Baseline characteristics between . 

treatment groups were generally well-balanced indicating that randomization was effective. The trial enrolled 

participants with advanced disease (ALSFRS average baseline ALSFRS- n  -   R value of 31 and
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inclusion of ALSFRSsome  participants starting the trial with a value of zero on -R individual items, therefore unable 

to show disease progression on these items. In participants with baseline ALSFRS-R Fine and Gross Motor 

ALSFRS-  R subscales had more individual items with baseline scores of 0 than other subscales, with 43 43%, % and 

39 23 14 75% of participants with 0 values on each Fine Motor item and %, % and % on each Gross Motor item.  For 

average number of participants with 0 values on items across subscales , see  in this subgroup Table 1. 

Safety 

Almost all participants experienced mild-to-moderate TEAEs (Table 2   ). The most commonly reported TEAEs were 

predominantly associated with pain related to the,   were transient and many were   treatment administration lumbar 

puncture procedure S(Table 1). Post-procedural AEs associated with study procedures (bone marrow aspiration 

and/or lumbar puncture) were commonly seen in active and placebo treated participants and were mostly mild to 

moderate in severity.  These AEs were reported more frequently in subjects who had received MSC- ONTF.  nly one 

participant in each had a related SAE, and more withdrawals due to TEAEs were reported in the treatment group 

placebo group. A small percentage ( %  2.1 ) of participants withdrew from the study due to adverse events (Figure 1). 

There were no instances of tracheostomy and permanent ventilation in the study. 

There were no clinically significant differences between treatment groups at any timepoint nor in change from 

baseline in clinical laboratory values, vital signs, physical examination findings, and ECG results over the course of 

the study. Assessments of suicidal ideation and behavior using the CSSRS were similar between treatment groups. 

During the study, 16 participants died after being randomized to treatment (Table 2).  These participants had more 

advanced disease died after receiving treatment, two before.  . than the broader study population Fourteen participants 

Most deaths occurred in participants with baseline ALSFRS- .  All except one were directly attributed to 

disease progression. No deaths were reported as related to study treatment by the investigator or the sponsor. Event 

free probability for death due to disease progression and due to any cause death for both treatments was  >88% and 

were not s was well tolerated. There were no tatistically different between treatments (Table 3). Overall, MSC-  NTF

safety concerns. 

Primary Endpoint   

The study did not meet the primary endpoint.  The percentages of participants in the mITT population who met the 

criteria for clinical response at 28 weeks were 33% on the primary endpoint MSC-  NTF and 28% placebo (OR=1.33, 
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p=0.  3)   45) (Table . As a result of the planned hierarchical testing approach to control type I error,  -all remaining p

values in the manuscript are nominal at the   and not controlled 0  .05 level specified . A pre- sensitivity analysis 

accounting for all deaths as non ders had In a prespecified subgroup of participants with less -respon  identical results . 

severe disease at baseline (ALSFRS participants achieved - -  MSC NTF treated 35% response versus 16% 

Placebo, which was not statistically significant (Table 3). In participants with more severe disease at baseline 

(ALSFRS-R <35), response rates were similar. W -R hen the observed baseline study mean (ALSFRS 31) was used 

instead of the anticipated baseline study mean (ALSFRS-R -35), MSC NTF treated participants achieved 35.4% 

response versus 15.4% with placebo  which was nominally statistically significant (p<.05, Table 4).

Pre-specified analyses accounting for missing data through resulted in increased MI MI-  MAR and -  MNAR

confidence MSCin the -  NTF treatment effect     Wfrom this trial in the presence of missing data and deaths. hen 

leveraging different approaches for handling missing data, treatment differences favoring MSC-  NTF increased by 

more than 45 and the p% -  ( S2). values decreasedsubstantially Table 

 

Secondary Endpoints   

There were no statistically significant differences between treatment groups on the secondary endpoints (Table 3). 

The analysis of participant was 14% across both treatment groupss who achieved 100% improvement . The LS mean 

change from baseline to 28 weeks treatment difference he average rank, and t  score on the CAFS both favored MSC-

NTF, but the difference was Trelatively small.  he change from baseline in % predicted SVC was smaller for 

Placebo. 

In the pre specified subgroup analysis, - the treatment difference observed with MSC-  NTF participants with less 

severe baseline disease (, Table 3) was more pronounced compared to the analysis of all participants. For 

example, MSC-  NTF participants progressed on average two -points less on the ALSFRS R compared to placebo, 

while for participants with more advanced disease the change from baseline to Week 28 was similar between 

treatment groups. In the participants with more severe baseline disease (<35) the treatment groups were generally 

more similar across endpoints, with placebo participants having a higher CAFS rank.  
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Analysis of the ALSFRS-R subscales showed change the s -  in each subscale favored MSC NTF, except for

Respiratory subscale, which favored placebo S2A)(Figure . The largest differences between and placebo MSC-  NTF

were seen in the Fine Motor subscale and Gross & Fine Motor subscales combined. Similar to the analysis of the 

ALSFRS- tR otal score, treatment differences across the subscales were larger in participants with less severe disease 

at baseline S S ). (Figure 2B, Figure 2C

Pre-specified analyses for the LS mean change from baseline to 28 weeks accounting for missing data through MI-

MAR and MI-MNAR, in addition to a post-hoc model estimating the joint impact of survival and missing data 

treatment, confirmed the NTF treatment effect from this trial in the presence of missing data and deaths.  MSC-

(Table S3 4). and S

Post-  hoc efficacy analyses 

Given the higher than- -  expected number of participants randomized with more advanced ALS, in order to better 

understand the difference the prebetween -specified subgroups and to include a higher percentage of participants in 

the subgroup analysis with less severof participants e ( - , -disease ALSFRS R >25 77% participants versus ALSFRS R 

35, 31% participants) we conducted a post-hoc analysis in participants with baseline ALSFRS-R score >25 for all 

endpoints (Figure S3). The percentage of these participants who met the primary endpoint response criteria at 28 

weeks were 35% MSC-  NTF and 21% placebo ( he secondary endpoint OR=2.53, )Table 4 . In this same subgroup, t

of >100% response showed a higher response rate with than Placebo a larger treatment difference MSC-  NTF ,  from 

baseline to 28 weeks the average rank score on the CAFS on the ALFSRS-R and of 12 points higher. 

Further sensitivity analysis aimed at exploring the consistency of treatment effect across subgroup thresholds 

progressing from baseline scores were conductedof >25 up to , 34  (Table 4). On the primary endpoint, a 

consistent response rate -  was observed in the MSC NTF treatment group, with an average -  MSC NTF response rate 

above 34.5% across all thresholds. In contrast, the placebo response was inconsistent across baseline thresholds with 

the highest response rate observed with the threshold containing with the  participants most advanced disease at 

baseline (20. , 5% baseline >25) and decreasing by 5% at the threshold of 34 (15. , 4% . The difference in 

response rates between treatments across baseline thresholds , exceeding placebo response by all favored -MSC NTF

14% to 23% (Figure S4A, Table 4).  
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On the secondary endpoint, change from baseline to week 28 -in the ALSFRS R, the LS mean for MSC-  NTF

participants across baseline thresholds by baseline severity with less advanced disease at varied with participants 

baseline losing less far less function compared to those with more advanced disease. LS means for placebo exhibited 

spread in the LS mean  -  (range) change compared to MSC NTF across baseline thresholds: MSC-  (-1. -4.NTF 58, 61), 

placebo (-4. -5. )32, 81 , meaning placebo- -   treated participants lost 4 5 points on average in 28 weeks across baseline  

thresholds - -while MSC NTF treated participants lost less function at higher compared to lower baseline levels. 

Comparison of the treatment groups across baseline thresholds highlighted that MSC- -NTF treated-participants lost 

on average, 2 points of function less compared placebo became to - -treated participants, which was maintained or 

larger through the prespecified threshold of 35 (Figure S4B, Table 4, Table 3) C -  . hanges in ALSFRS R over time

show divergeed how quickly the MSC-  NTF d from Placebo, across baseline thresholds, using the pre-specified 

MMRM model and the post-hoc sensitivity analysis that accounted 5)  for death and missing data (Figure S . 

These post-hoc analyses suggest that MSC-  pNTF articipants with less advanced disease  may have retained more 

function compared to placebo. 

Biomarkers 

CSF collected from all participants revealed large and statistically significant CSF biomarker improvements from 

baseline MSCwith -   NTF treatment, particularly in biomarkers related to neuroinflammation, neurodegeneration, and 

neurotrophic factors,   -while placebo remained unchanged.  At week 20, CSF VEGF increased two fold from baseline 

in the group and was significantly higher than placebo at all visits ( 05, Figure MSC-  NTF p .<0 2A)  -  , with MSC NTF

values 258% of Placebo at week 20, an overall treatment effect p-value of p . -<0 0001. At all timepoints, CSF MCP 1 

was significantly reduced with MSC-   .NTF relative to placebo (p <0 05, overall treatment effect p <0.0001), with 

Week 20 MSC-  NTF values 74% of  2 .  -  placebo (Figure B) At week 20 NfL levels with MSC NTF were 82% relative 

to placebo (Figure 2 d   C). Statistical models demonstrate that these biomarkers -, in addition to MSR1, Fetuin A, 

change in MCP-1 -  , change in Fetuin A and the ENCALS model term, were important predictors of the treatment 

response in this trial term retained in the final  -(Table 5). The estimates and p values associated with each model and 

the r o c c  (eceiver perating haracteristic urve ROC) both highlight strong performance (82.5% accuracy) of the 

biomarker data in the model predicting clinical response ( S6) T  Figure . his model supports the hypothesis that MSC-

NTF   etreatment impacted ALS disease progression and provid s additional evidence linking the mechanism of action 
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to MSC-NTF’s impact on ALS disease progression. A thorough analysis of biomarker data will be published 

separately. 

DISCUSSION   

The primary and secondary efficacy endpoints -of this Phase 3, placebo controlled, randomized trial were not 

statistically significant,    however the study provided significant information about the study design and potential  

biomarkers of n to important information about treatment response for use in future clinical trials, in additio MSC-

NTF.  This trial confirmed the safety of repeat intrathecal administration of autologous mesenchymal stem cell 

therapy in patients with ALS and demonstrated statistically multiple  significant improvements across biomarkers of 

neuroinflammation, neurodegeneration and neurotrophic factor support with MSC- . NTF

Overall, participants enrolled in this study had more advanced disease than in other late phase ALS trials which may 

have had a dilution effect, reducing the ability to show a treatment effect in the overall study population.  In a pre-

specified subgroup with baseline ALSFRS higher response rate -R 5, there was a on the primary endpoint with 

MSC-  NTF compared to placebo  along with a larger treatment effect across all endpoints with MSC compared -  NTF

to placebo This subgroup threshold was selected as the , both of which did not reach statistical significance. 

anticipated baseline mean, because the participants enrolled more advanced ALS disease only 31% of however   had

participants had baseline ALSFRS 5, reducing power associated with the statistical test. Using the observed -R 3

baseline study mean (ALSFRS 1), the difference in the percentag versus placebo responders -R  e of MSC-  NTF

increased, and the increase in sample size produced a nominally significant p-  ( < 4 -value p 0.05, Table ). A 2.39 point 

treatment difference was observed at this threshold in the change from baseline to week 28 on the ALSFRS-R, also 

with a nominally significant p value (- p=0.045).   

There were a few limitations  for this study providing learning for future trials. We recently highlighted the difficulty 

in ALS trials because of disease heterogeneity.16  This phase 3 trial is one of a few that included a sizeable group of 

participants with advanced ALS at baseline and is more representative of the broader patient population. While a 

strength in some ways, one lesson learned is that it perhaps makes this trial more subject to the impact of the floor 

effect in the ALSFRS-R scale. A key question is whether the insensitivity of the scale, particularly in participants 

with the lowest ALSFRS R scores who were close to this floor, could result in an apparent improvement that was, in -

fact, a misclassification of response given the primary endpoint was defined by slowing of progression.   
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H -ad baseline the inclusion criteria of ALSFRS R>25 been employed at baseline instead of screening, post-hoc 

power calculation zed trial (n=196 randomized) in this set of participants s reveal that the same si would have likely 

been underpowered, given conventional levels for a phase 3 trials.  (i.e., leveraging the response rate observed in the  

trial from the subgroup of participants with ALSFRS R >25 (34- .7% response MSC-NTF, 20.5% response Placebo), 

the estimated power would have been 60%).   

Another observation is the primary endpoint, a appears to be more greatly influenced by threshold analysis, -  based

participants at the lower end of the scale.  The likelihood of meeting the threshold of 1.25 points/month is influenced 

by the rate of decline (associated with baseline level) is more likely to achieve a e.g., a patient losing 3 points/month 

1.25 point/month improvement than someone losing A more homogeneous set of participants would 1 point/month.  

have likely resulted in more consistent properties with this endpoint.  sensitivity analysis for the The threshold-based 

primary endpoint shows that placebo participants with lower values had higher rates of clinical response while 

MSC-  NTF had more stable rates of clinical response across these same thresholds.  However, a similar sensitivity 

applied to average changes on the ALSFRS-  R highlights that Placebo participants were consistently losing far more 

function than over time MSC-NTF, with the range of LS means on placebo being much tighter (-4.32, 5.81) - across 

28 weeks compared to MSC-  (- -NTF 1.58, 4.61).  This analysis in a reveals patterns more typical of a placebo arm 

clinical trial and suggests that participants earlier in their disease course had a more evident treatment response on 

MSC-   NTF than those that were further progressed, a pattern one would expect from an effective treatment. 

Biomarker data from this study provide important information about disease mechanism of action which targets 

multiple pathways including neuroprotection, neuroinflammation, and neurodegeneration. These significant, robust, 

and sustained changes in all MSC- -NTF treated participants in many neuroinflammatory and neurodegenerative 

biomarkers, including -MCP 1 and NfL, were consistent with earlier trials5 and provide support  for a treatment 

associated with disease progression. Statistical modeling of CSF biomarker data and the ENCALS model term 

provides evidence linking a targeted therapeutic mechanism of action and prediction of personalized prognosis17  to

the preservation of ALS function18 . ,   The authors acknowledge that additional data, adding to the data in this trial

will increase the acceptance of these biomarkers and their utility in predicting clinical response. 

In summary, we present a thorough analysis of MSC-  a  NTF Phase 3 data, demonstrating potential treatment effect 

on ALS disease progression linked to target biomarker changes and confirming treatment safety. While the primary 
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and secondary endpoints failed to reach statistical significance in the overall study population, a pre-specified 

subgroup suggests across endpoints that MSC-NTF participants with less severe disease may have retained more 

function compared to Placebo.  -Pre specified and post-  -hoc analyses that accounted for ALSFRSthe R floor effects, 

missing data, and deaths suggest a potential treatment effect with across the primary and secondary MSC-  NTF

efficacy (change from baseline to 28 weeks) outcomes specified biomarker analyses evidence for. Pre- provide  target 

engagement that is compatible with a  proposed mechanism of -action of MSC NTF therapy relevant to multiple 

known ALS disease pathways. These data will contribute to advancing the role of MSC NTF cell therapy in ALS- , 

the relationship between biomarkers and disease progression and to further benefit the broader ALS community.   

Given the unmet patient need, the results of this trial warrant further investigation. 

 

D  ata availability statement:  The anonymized patient data are not being publicly shared as they are the focus of 

regulatory interactions for future regulatory approval. 
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ABBREVIATIONS 

 
of missing at random 

of missing not at random 
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FIGURE LEGENDS  

Fig. 1 . -CONSORT Diagram Phase 3 Randomized, Placebo controlled Study to Evaluate MSC- -NTF (MSC

NTF) Effects on Safety, Tolerability, Biomarkers, and Clinical Outcomes in Amyotrophic Lateral Sclerosis. 

Abbreviations: MSC =  Mesenchymal stem cells; NTF = Neurotrophic factors. 

Note:      CONSORT methodology is used for consistent documentation of the flow of participants through a trial.  

The categories within each box are reported as they were captured on the electronic Case Report Form.  

There are participants who discontinued the trial reasons other than death and then subsequently died.  For 

a complete list of deaths for all participants randomized in the trial, see Table 2.   

 

Fig. 2 Longitudinal Changes in Biomarkers (log transformed) 

Abbreviations: - -  CI = Confidence interval; MCP 1 = Monocyte chemoattractant protein 1; NfL = Neurofilament light

chain; VEGF = Vascular endothelial growth factor. 

Note: Longitudinal changes in biomarkers (log transformed) over the course of the study in least square 

mean cerebrospinal fluid levels of (A) vascular endothelial growth factor (VEGF), (B) macrophage 

chemotactic protein 1 (MCP-1), and (C) neurofilament light (NfL). 

*   p < 0.05.
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Table 1 Demography and Baseline Characteristics  

Characteristic (N=95) (N=94) 
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ALSFRS-R (N=23) (N=21) 

Average Bulbar items with value of 0 at baseline, % 

Average Fine Motor items with value of 0 at baseline, % 

Average Gross Motor items with value of 0 at baseline, % 

Average Respiratory items with value of 0 at baseline, % 

7 

49 

42 

1 

6 

33 

32 

0 

Abbreviations: ALS = Amyotrophic lateral sclerosis; ALSFRS-R = ALS Functional Rating Scale Revised; SD = 

Standard deviation. 
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Table Safety Results2  

 

MSC-  NTF

(N=95) 

Placebo 

(N=94) 

   n (%) n (%)

Safety Overview, Safety Population   

TEAEs 94 (98.9) 92 (97.9) 

TEAE  related to the study medication 76 (80.0) 66 (70.2) 

Severe TEAEs 29 (30.5) 19 (20.2) 

Severe-  related TEAEs 7 (7.4) 3 (3.2) 

Serious TEAEs  23 (24.2) 17 (18.1) 

Serious-  related TEAEs 1 (1.1) 1 (1.1) 

Procedure-related TEAEs  89 (93.7) 82 (87.2) 

TEAEs leading to treatment withdrawal 1 (1.1) 3 (3.2) 

Deaths, ITT Population 

MSC-  NTF

(N=98) 

Placebo 

(N=98) 

Adverse events leading to death 10 (10.2) 6 (6.1) 

Deaths related to study treatment 0 0 

Cause of death   

   Disease progression 8 (8.2) 4 (4.1) 

   Other 2 (2.0) 2 (2.0) 

Deaths by baseline ALSFRS-  R Score   

   Baseline ALSFRS-   6 (6.1) 4 (4.1) 

   Baseline ALSFRS-  R >25 4 (4.1) 2 (2.0) 

Abbreviation: ALSFRS-R = ALS Functional Rating Scale Revised; TEAE = treatment emergent adverse event- . 
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Table 3 Efficacy Results: Primary and Secondary Endpoints at 28 Weeks, mITT 

Population 

All Participants (N=95) (N=94) 

ndpoint, through Week 28   

ts improvement in ALSFRS-  R slope, n (%) 31 (32.6) 26 (27.7) 

atio (95% CI), p-value 1.33 (0.63, 2.80), p=0.45 

 Endpoints, through Week 28   

rovement in ALSFRS-  R slope, n (%) 13 (13.7) 13 (13.8) 

atio (95% CI), p-value  0.998 (0.42, 2.40), p=0.997 

   Total Score, LS Mean Change from baseline (SE) -5.52 (0.67) -5.88 (0.67) 

n Difference (95% CI), p-  value 0.37 ( 1.47, 2.20)- , p=0.69 

Mean at Week 28  E) (S 73.74 (5.21) 72.21 (4.89) 

n Difference (95% CI), p-  value 1.53 (-10.65, 13.72), p=0.80 

 Capacity % Predicted, LS Mean Change from baseline (SE)  -12.94 (1.80) -11.55 (1.81) 

n Difference (95% CI), p-  value - -1.39 ( 6.15, 3.38), p=0.56 

 Endpoints, through Week 32  

my-  free Survival (no tracheostomies during the study) n/a n/a 

 Ratio (95% CI) n/a 

 Probability (K-M) for Deaths due to Disease Progression  

I),  

90.43 

(81.71, 95.12) 

92.24 

(70.98, 98.12) 

p-  value versus placebo 0.2
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Event Free Probability (K-  M) for Death due to any Cause

(95% CI) 

 

88.32  

(79.32, 93.56) 

 

89.17  

(69.08,  96.51)

 sus placebo 0.1

 ALSFRS-   ALSFRS-R <35 

Pre-  specified Subgroup 

ALSFRS-R Total Baseline 

MSC-  NTF

(N=26) 

Placebo 

(N=32) 

MSC-  NTF

(N=69) 

Placebo 

(N=62) 

ndpoint through Week 28  

FRS R slope improvement, n (%)-  9 (34.6) 5 (15.6) 22 (31.9) 21 (33.9) 

atio (95% CI) 2.6 (0.45, 14.36), p-value , p=0.29 0.87 (0.36, 2.07), p=0.74 

 Endpoints through Week 28  

rovement in ALSFRS 7 (26.9)-  R slope, n (%)  5 (15.6) 6 (8.7) 8 (12.9) 

atio (95% CI), p-value 1.80 (0.40, 8.15 0.65 (0.21, 2.09))  , p=0.45 , p=0.47 

E) - Total Score, LS Mean Change (S 1.77 (1.20) 3.78 (1.07) 6.87 (0.76) 6.96 (0.79) -  -  -  

n Difference (95% CI), p , p=0.2-  -value 2.01 ( 1.06, 5.08) 0 -0.09 ( 2.00, 2.18), p=0.93 

Mean at Week 28 (SE)  ( 4) 4 (9 1) 25 ( 4)  (6. ) 93.27 10.2 74.8 .1 66. 6.3 71.96 29

n Difference (95% CI), p-  -value 18.42 ( 3.59, 40.44), p=0.10  - -5.71 ( 20.12, 8.71), p=0.44 

Abbreviations: ALSFRS-R = ALS Functional Rating Scale Revised; CAFS = Combined Analysis of Function and 

Survival; CI = Confidence interval; K- L s; SE .M = Kaplan Meier; LS = east square = Standard Error  

Note:   Results from Secondary Endpoints through week 32 do not include 2 deaths that occurred in 

participants randomized to Placebo which occurred prior to treatment. 

. 
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Table 4 Efficacy R Baseline Thresholds Analyse -s Across ALSFRS    

 -Percent Response Across ALSFRS R Baseline 

Thresholds, Primary Endpoint 

ALSFRS-R MMRM Change from Baseline to Week

Secondary Endpoint 

ALSFRS-R 

Baseline Score 

n (%) total 

participants 

% MSC-

NTF 

% Placebo p-  value n (%) total 

participants 

MSC-  NTF 

LS mean (SE) 

p  lacebo

LS mean (SE) 

Delta 

 

 

 

 

 

 

 

 

 



 

Abbreviation: ALSFRS-  R = Revised ALS Functional Rating Scale.

Note:  Hypothesis testing performed using logistic regression adjusted for baseline ALSFRS-R Total Score, duration from onset of sympto

treatment, site of onset (Limb vs Limb & Bulbar). Riluzole use at baseline and ALSFRS- -R slope pre treatment were used to test the

of an odds ratio of 1 between the two treatment groups. 

 

Table 5 Biomarker terms with significant explanatory value for the Primary Endpoint 

Abbreviations: BMKCHG = Change in biomarker across the treatment period; ROC = Receiver operating characteristic curve 

Note: A stepwise forward regression model using the primary endpoint as dependent variable and all the biomarkers as independent varia

predictor variables was performed, in the attempt to build a potential composite index that can predict the outcomes more efficiently



 

performed one by one. Along with CSF biomarkers, the European Network to Cure ALS (ENCALS) risk profile17 was also include

possible model term. The ENCALS risk profile is a criterion to evaluate the risk of a patient dying (a measure of severity). 
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