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ABSTRACT

Objectiver Intraspinal human spinal codkrived neural stem cell (HSS@ansplantatiorns a
potential therapyor ALS; however, previous trials lack controls. This plst analysis
compared.ambulatory limb-onset ALS participants in Phase 1 and 2 (Ph1/2abekn-
intraspinal HSSC transplantation studigsto 3 years after transplaotmatched participants in
PROACT and ceftriaxone datasdtsprovide required analyses to inform future clinical trial
designs.

Methods: Survival, ALSFRS-R, and a composite statistic (ALS/SURV) combining surand
ALSFRSR functional statusvere assessddr matched participargubsets: PRACT n=1108,
Ph1/2 n=21 and ceftriaxone n=177, Ph1/2 n=20.
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Results: Survival did not differ significantly between cohorts: Ph1/2 median survival 4.7 years,
95% CI (1.29) vs. PRO-ACT 2.3 years (1.9,2.5), p=1.0; Ph1/2 3.0 years (1.2,5.6pftsiaxone

2.3 years (1.8,2.8), p=0.88. Mean ALSFRS-R at 24 months significantly differed between Ph1/2
and both comparison cohorts (Ph1/2 30.1+8.6 vs. PRO-ACT 24.0+10.2, p=0.048; Ph1/2 30.7+8.8
vs. ceftriaxone, 19.2+9.5, p=0.0023). Using ALS/SURV, medROHACT and ceftriaxone
participantdied by 24 months, whereas median Ph1/2 participant ALSFR&R23
(p=0.0038)yand'19 (p=0.1#) PROACT andceftriaxone comparis@nat 24 months,
respectivelysupporting improved functional outcomes in the Ph1/2 study.

Interpretation: Comparison of Ph1/2 studies to historical datasets revealed significantly
improved survival and function using ALS/SURYV versus PRO-ACT conWdisle results are
encouraging, comparison against historical populations demonstrasitins in noracontrolled
studies. These findings support continued evaluation of HSSC transplantation in ALS, support
the benefit of control populations, and enai#eessarpower calculations to design a

randomized, sham surgecpntrolledefficacy stuly.
INTRODUCTION

Amyotrophi€ lateral sclerosis (ALS) is a fatal disess®Iving progressive motor neuron
degeneratioch The complex pathogenesis and limited efficacy of diseasgifying therajes
predicateganurgent need for novel treatment strategiscentstudies examiningellular
transplantationyfor neurological disordepsomptednterest incell-based therapies for Al &nd
several celktypeanddelivery strategies are being evaluated in preclinical and translational ALS

studieg' *

Human spinal cordierived neural stem cell (HSSiDjraspinal transplantatices a therapeutic
approach has progressed to clinicallsin ALS patients This approachs supported byn vitro
andin vivopre€linical studies® and demonstratisafetyof HSSC intraspinal transplantation
Gottingen minipig¥ % data whichsecuredrood &Drug Administratiorapprovalo examine

HSSC intraspinal transplantationALS patients.
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We completed Phagé®*® and 2° HSSCintraspinal transplantatiomialsin ALS patients Phase
1 evaluatedhe feasibility of injecing HSSCs directly inttumbar (L2L4) or cervical (C3C5)
spinal cordregions in 15ALS participantdollowing a “risk escalation” paradignithesespinal
segmentsverechosen with the goal of maintainipgrticipantfunction,as lumbaregions
control ambulation and cervical regioc@ntrol respirationPhase? evaluatedhe safety of
transplanting?-8 million HSSCs intdhe cervica[C3-C5) region in 15 additiongbarticipants
with 3 participantslso undergoing lumbar (L24) transplantation cdn additionaB million
HSSCs.

ThePhasesl and 2 trials confirm#tesafety ofHSSC transplantation, bparticipantnumbers
weresmallandthe trialslackeda placebo armlo determinethe potentialeffect sizefor a future
largerplacebecontrolled Phase Bial, we comparedbng-termclinical outcomes and survival of
our study cohort Phasel and 2 ambulatorymb-onset ALS participantseceiving intraspinal
HSSC transplantatiofreferred to asiSSCPh1/2) — tawo historicalcohortsof similar ALS
participantsThis articleextends oumost recent repdftby performing a hypothestsased post

hoc analysis ‘en ambulatoliynb onset participants using a matching algorithinile also
examinngall availablelongtermsafety data on surviving trial participants as a further step
towards cenducting a Phase 3 trial. Finally, and in contrast to the most recent joublibat
longterm data allow us to look for potential efficacy windows of this cellular treatment strategy

and underscore the utility of a combined function and survival statistic.
METHODS
HSSC Ph1/2 participants

The HSSQoroduct’, surgical method$ *° participantselection, immunosuppression regim
and studyactivitiesare previouslydescribedf ** *° Phasel, conducted at Emory University,
followed a*“risk escalatioh designwith 15 participants To minimize potential procedure
complications, the initial 6 participants were reombulatory and received lumbar injections,
while later groups enrolled more functional ambulatory participaRtgse?, conducted at
Emory University (7 participants), the University of Michigan (6 participants), and
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Massachusetts General Hospital (2 participants), wasliécenterdose escalation studly®

Two ambulatory subjects had bulbar on3éie presenposthoc analysis only included
ambulatory Phl/participantswith limb-onset diseas@s non-ambulatonyarticipants with
advanced diseasad bulbamnset participantareless likely to benefifrom this therapeutic
approach targeting spinal motor neurdence only 22 of the 30 Ph1/2 subjects were eligible
to be included.in this analysis.

Control groups

HSSC Phli2vereopeniabelfeasibility/safetystudeswithout acontrol population and were not
powered tordemonstragdficacy. Neverthelessimilar to our prior analyst§, to gain insight into
potential beni ‘andplanfor a future tria) participants fronthe Pooled Resource Opéiccess
ALS Clinical Trials PRO-ACT) datasef 1°and the ceftriaxone trial (dataset provided by the
Northeast ALS Consortiurfserved as historical controlshe PRGACT dataset contains
openaccesAlS Functional Rating Scale revise8ll(SFRSR) and survivatatafor over
10,723participants fron23 Phase2 and 3ALS trials conducted between 1990-2013, including
the ceftriaxone cohdft ** %! The large dataolumecollected mder controlled environments
justifiesitssuse as aon-contemporaneotmsstoricaldatasetPRO-ACT participants were
includedonly if they containedlata on age, sedlisease duratigrand an ALSFRSR score

within one month otvhenrecordswerefirst availableto use as a baselin€he ceftriaxone
study, conducted between 2006-2012, contaieagr ALS participantdutrepresents more
recentcohorijustifying a separate analysfs For bothdatasetsy1 month follow-up datavere

required for inclusion in our analysis.

Matching procedure

A matchingsprocedurselected historicgarticipantdasedn same sex, age differensé
years, difference ibaselinefALSFRSR score <5, and difference intime from symptom onset
<6 months. Ph1/2participants weréncluded in the analysis if theyatched at least one
participantin the comparison study and, conversely, comparison study participenss
included if thgg matched at least one Php@rticipant. As a result of matching, 21 Ph1/2
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subjects were compared to 1108 PROT subjectsand 20 Ph1/2 subjects were compared to
177 ceftriaxone subjects (the Ph1/2 subjects without any matches had long onset durations).

Survival and ALS/SURV assessments

KaplanMeier survival curvesverecompared by the Wilcoxastatistic.Survival time was
referencedtodagf first surgery for Phl/participantsthe first ALSFRSR measurement in
PROACT "andthebaseline visifor ceftriaxone PROACT matches were required to have a
ALSFRSR observation within the first 30 days and a second observation at greater than 30 days
Ceftriaxone matches were required to havdBSFRSR observation within 0.1 years from the
baseline visiand at least 1 follow-up after 0.1 yedvkeans ofALSFRSR at each followup

interval, without.imputation, were calculated and compared wibts.

To incorporate functional outcomes in addition to surviwed utilized anALSFRSR/survival
compositesmeasure (ALS/SUR\§ novelanalysismethod that is a simplification of the

combined ‘assessment of function and score (CAFS) algéfithmthis methodall participants

are rankedt.each time point bRLSFRSR ortime to deathallowing calculation of meaningful
confidencerintervals in terms ALSFRSR score and/dength of survivalSpecifically,

ALS/SURYV at each time poimepresente@ither (1) ALSFRSR if theparticipantwas alive or

(2) a negative valué the participant was deceased, where the earliest death was assigned the
most negativewalue and the most recent death the smallest negative value. R 8BRS
determinedhatbaseline and 6, 12, 18, and 24 months fopasgdatipantusing(a) the exact value
when theparticipant’svisit was within 015 years othe time point o(b) linear interpolation

when theparticipanthadALSFRSR valueshefore and after the time point. Interval windows
weredefined.as,+0.15 yeabmsed on the ceftriaxone dataset where time was rounded to tenths
of a year thus.a Q1-year difference could be as high as3prior to roundingConsidering tfs
window, a.6=month visit couldccur betweel0.35-0.65 years (4.2-7.8 months), aamd-year

visit betweenk.85-2.15 years. When tparticipant was lost to followp but not deceasethe
participantwas treated as lost to folleup from that point forward. Therefore, in our analysis the
ALS/SURYV composite score is equal to the current ALSIRRS&ore when thparticipantis

alive or equal to(maximum length of follow-up)+(length of survival in yeaifsjhe participant
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died. When rankind\LS/SURYV values, the highest ramkasassigned to thparticipant with the
highestALSFRSR value and the lowest rank to the first participahb died.Therefore, all
deceasegarticipantsatthe specified time point will have lower ranks tharpaltticipantsstill

alive.

Consider the 24-month time point. At this time point, many subjects have died, but others are
still alive and"have ALSFRR values. Those who have died can be ordered by time of death
from shortest'to longest (nearest 24 months) and ranked from 1 to D where D is theafumbe
deaths. Those who are alive and are assessed at 24 months can be ordered by thehRALSFRS
tests fromowest to higheahd ranked from D+1 to N where N is the total number of subjects
evaluated at 24 monthBor ease of interpretation, the ranks were divided by N+1 to put them on
a scale of 0 to 1, with a mean value of 0.5. A Mann-Whitney-Wilcoxon rank sunateiten
compare the two groups. This analysis at each time point using complete datadmulijects

who have not died but do not have an ALSHRSeore at that time point) is presented.

While the above analysis only includes subjects who have died odasavat the time pointve

also took'an imputation approach. In Als&reasonable assumption for subjects without data is
that theirprogression would have been similar to the subjects who continue to be follbised. T
can be imputed by assigning subjects who do not have values the percentile that they had at the
last time that they were observed. For example, if a subject was at the median of all subjects
when last ebserved, then the subject will be imputed to remain at the 50th percentile relative to

all the subjeets at each subsequent time point. This analysis with imputedadsd@issented.

Clinical safety

Available Phl/2safety datdhrough August 201Were examined for adverse eveff&s) using

our previouslydescribegaradigm®.

Power analysisand statistics
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The method described in this paper orders the data values by percentiles. Amyostbemic
ordering yields the same results for nonparametric tests (such as the Wilcoxon test). When the
percentiles are replaced by their normal deviates, the resulting data values are normally
distributedwith a standard deviation of one. The difference in means of the normal deviates
between the.groups is the empirical (observed) effect size. We performed this modified analysis
for the groups.in this paper to provide an estimate of the effect size.

Statidical analysesitilized SAS 94 (SAS Institute, Carey, NClraphs were plotted with
GraphPadPrism(GraphPad Software, La Jolla, CA).

RESULTS

Cohorts

Phase 1 enrolled 15 participants, the first6 were excluded from the padstc analysigs they
represented feasibility cohort of non-ambulatgriate stage participant& had tracheostomigs
Phase 2'enrolled 15 participants, although two subjattsbulbaronset diseaseere excluded.
This resulted ir22 Ph1/ZparticipantyTable 1) for our current evaluation of lorigsm follow-

up. As this window extended beyond our previously reparééety daté, an updated summary
of frequentAEs andseriousAEs for the Phase 2 study through August 2&livicluded
(SupplementalT able 1). There were no changes to the previously reported serious AEs
(subject 312.remains weaker than-ptegical baseline and subjedtS3continues to have
neuropathic pain). &voss the two Phases there weseléathshrough August 2017
(Supplemental Table 2): one was attributed to a fatal arrhythmia (due to undiagnosed cardiac
hypertrophy),.one was due to glioblastoma (pathotmgyirmed the tumor was of patient origin
deeming it.unrelated to study drug or immunosuppression), and the renvaémangssociated
with respiratory failuresecondaryo ALS progressionNo deathsvereattributed to the HSSCs,
surgical device, surgical procedure, or immunosuppression paradigm, supportirfgtthefsa
HSSC transplantation for ALS.
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PROACT and ceftriaxone data weudilized for historical control populationdhe PRGACT
dataset containe@B44participantsvith complete data osex age,diseaseluration, andif
relevant time to deathTable 1A). After eliminating those witlbulbar-onsetlisease and
matching the PRO-ACT subjects to Ph1/2 subjects, PRIBACT participants remained
(Table 1B). Therewereno significant differencelsetween matchegroupsfor sex(p=1.00
Fisher’'s exact testpge, duration from symptom onset, dadelineALSFRSR (p=0.12, 0.13,

and 0.17, respectively, twiailed two-samplet-test with unequal variances)

The ceftriaxone dataset contairtsfdl/ participantswith follow-up data Table 1A). After
eliminatingsthese with bulbasnset disease amdatching to the Ph1/2 subjects, 177 participants
remained Table 1B). There were no significant differences between matched groups for sex
(p=1.00 Fisher’s exact test), age, duration from symptom onset, and baseline &RSF

(p=0.10, 023 and 083, respectively, twaailed twesample Htest with unequal variances).

Survival analysis

Survival'did,not differ significantly between ambulatory lhobset Ph1/2 or matched PRXEGT

and ceftriaxone participants: Ph1/2, n=21, median survival (MS) 4.7 years, 95% &) ¢%.2,
PROACT, n=1108, MS 2.Jears, 95% CI (3,25), Wilcoxon p=1.0; Ph1/2, n=20, MS 3.0
years, 95% ClI (1.2,5.6) vs. ceftriaxone, n=177, MS 2.3 years, 95% CI (1.8,2.8), Wilcoxon
p=0.88 Figuresl & 2, Table 2). Survival curves deviated in the Ph1/2 and comparison cohorts
after2 years:

ALSFRSR

BaselineALSERSR comparing the ambulatory limb-onset Ph1/2 participants to the ARRO-
andceftriaxene cohorts werg6.5+5.4 vs. 38.1+4.7 (p=0.17) and 36.945.3 vs. 36.6+4.9 (p=0.84),
respectively(Table 2A). At 24 months, ALSFRS-R in Ph1/2 compared to PROF and

ceftriaxone cohorts was 3@38.6 vs. 24.0+10.2 (p=0.048nd30.7+8.8 vs. 19.2+9.5 (p=0.0023),
respectively
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ALS/SURYV analysis

ALS/SURYV rankingwas required for thBRO-ACT andceftriaxone comparis@due to the lack

of a survival differencéFigures 1 & 2, Table 2). Table 2A presentthe mean ALSFR®R at
eachfollow-up,interval.Table 2B & 2C represent thenedianof the ALS/SURYV scorewhich

can be either aALSFRSR score ofength of survivalyr), andthe 25-75% inter-quartile range
(IQR). Forexample, if the 28 percentile is 4 yr, then 25% of thparticipantgdied within 1.4
years.Table2Bpresents the median al@R of the ALS/SURYV statistic when only observed
values are used.able 2C presend these statistics when missing values for subjects are imputed
as if the subjeets progressed at the same rate as the overall group; i.e., remained at the same

percentile'as when they became lost to follgw

Using only observed data, the median PigH&icipant's ALS/®RV at 24 monthsvas an
ALSFRSR.of 23(IQR 12yr, 33), whereas the median PR@-T participant died at.2 years
(IQR 0.8yry10)1(p=0.0038)Table 2B). With imputation, the median Ph1/2 participant had a
ALS/SURV:0f:15 (IQR 12yr, 29) and the median PREET participant died at.35 years (IQR
0.9yr, 16)(p=0.023) (Table 2C).

For the matched ceftriaxone comparison, the median Ph1/2 participaS'SURV wasl19
(IQR 12yr,.33) at 24 months compared t@yt.(IQR 12yr, 16) in ceftriaxone (p=04) (Table
2B). Whenvalues weremputedfor lost to followup casesthe ALS/SURV was 18 (IQR 2yr,
31) for the'median Ph1/2 participants ar@lyl (IQR135yr, 17)for the mediarceftriaxone
participant(p=0.14) (Table 2C).

At baselineand.at 6 month$?RCACT had a higher average rank thanl?h However, by 12-
months this is reversed and Phth&s a higher average rank than PROT; i.e., for survivors
Phl/2 has.asbetter long-term outcome than PRO-.

As ceftriaxone did not demonate a treatment effect, we decided to analyze all matching

participants, but for completeness, also performed separate analyses on the placebo arm that
contained 171 participants with follow-up data, 64 of which remained after matchingpto li
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onset Ph1l/3ubjects. There were no significant differences in sex, age, disease duration, or
baseline ALSFRSR between these groups (data not shown). Likewise, no differences in our

survival and functional assessments were detected (data not shown).

Power analysis

The 24'month'comparisons with matched PlsUidjects yielded effesizes of 074 and 0.49 for
PROACT'subjectqwithout and with imputation, respectively), and 0.44 and B7

ceftriaxone subject3.herefore, it is likely that the effect size of a treatment such &2 Rould

be in the range,of 0.25 to 0.3Bable 3 summarizes the samples sizes that would be needed to
achieve 80% or 90% power using &aled test at a 5% level of significance with either equal
sample sizes ora 2:1 allocation of subjects to treatment compared to a sham surgery i.e. placebo

arm.

DISCUSSION

To date, ALS clinical trials of cellular therapies have focused on safatle efficacy remains
to beestablishedHere, we usecavailable data from odPhase 1 and 2 HSSC transplantation
trialsin ALS participantdo reconfirm safetyand perform post-hoc comparisons to historical
control dataset® gain insight into potential efficagywer a 2-year follow-up period. Given the
HSSCPh1/2"study designs, the post-hoc analysislimited to ambulatory limipnset
participants«{(n=22)he subpopulation most likely toenefit from cervicalor lumbartargeted
HSSC treatments. Results indicate tihét Ph1/2participantsubpopulation had ngignificantly
increased survival comparedR®RO-ACT and ceftriaxondistorical controlshowever, survival
curves comparing Phligith thesecohortsclearlydeviatedat 2 years. While this could be the
result of chance or a biased Ph1/2 population, it is possible that stesfficalywas not
apparent until'2 years. Supporting this view is the deviation of ALIRR&sreswith
statistically*significant higér scores irthe Ph1/2 subpopulation compared to PROF and
ceftriaxonecontrols at 1&nd 12 monthsrespectively. The ALS/SURYV statistic alsighlights
functional differences between the Ph1/2 and comparison cohorts; the median Ricipapiar

was alive with disability whereas the median participathiénPROACT and ceftriaxone
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cohortshad died These analyses collectivedypport continued evaluation of HSSC
transplantation in ALS participants, and importantly, inféutaire efficacy trialdesign

The current repodiffers fromour prior publication in important walfsFirst, the prior
publication.inclu@d only 9 months dPhase Zollow-up data, whereahisreport includes3
years of follow-up data. This enables a more thorough evaluation of safety ardrlong-
outcomes.“These lortgrm data highlight differences in survivaltcomes after the twypear

mark between'the Ph1/2 cohort and historical contiotiicating that the effect of HSSCs may
best be measured at-2lyears post treatment and thereby supporting the need fotdong-
clinical trials andnforming study design for a future trial. Additionally, the current |tergn
follow-up datasallows for the investigation of efficacy windows, which if rephdan a future
study would suggest that treatment provided early in disease is most optimaiviimnaHSSCs
time to provide a disease ditying benefit.Second, the current analysis focuses on a specific
participantcohort from the Phase 1 and 2 trigdatis ambulatory with limbonset diseasé his
group is moestilikely to benefit from HSSC transplantation given the spirsat diseasand
transplantocatiors in the cervical and/or lumbar segmeriikird, we used a matching technique
for our specifigoarticipantcohort to identify historical participants likely to have been selected
into thePhase 1 and 2 studies, further strengthetiagurrent analysisourth,we use a
ALS/SURYV statistic whictenablesombined analysis of survival and function, thus
summarizing key ALS outcomes while accangtfor losses to follow-up, Bmitation in long-
termstudies™Finallyusing the ALS/SURYV statistic, we can perfattme power calculation

necessary for-a future trial.

While not applied previously in ALS to our knowledge, ALS/SURYV is similar to the CA¥ES a
composite statistics used in studies where endpoints involved nerve condtiéfionhen there
is high maortality, combining functional status with survival durationdraater comparative
power and.provides additional insight into potential efficacy. Hence, ALS/SUR¥gents an
ordinal measure combining survival with ALSFRS-R. At the extremes, if everyede di
ALS/SURV would reduce to comparing survival, and if everyone survMes/SURYV would
compare function. Thus, it includes more comparative information than eitheunmeémne,

and if function and survival are positively correlated (an underlying assumption)SBARY
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will have greater power than either measure individually. Importafitl/SURV analyses

were performed with and without imputation of participants lost to follow-up. In ditnaali
intentto-treat randomized control study, participants are included in the final analgsisfe

they drop out. Imputing losses to follayp based on ranks at the time of loss allows these
participants,te,.be included in the final analysis. The true outcome likely falls between the two
analysesvith orrwithout impuation Finally, ALS/SURV composite data were analyzed by
nonparametric statistical methods using the M@fimtney-Wilcoxon rank sum test, as well as
normal deviates as described for the power analgsgipport other possible analyses such as

modeling differences between groups.

ALS/SURV=demonstrated that Ph1/2 participantsnta@gned a higher percentage of baseline
function versus)PRO-ACT and ceftriaxone participants, although these impntsvereonly
significart relativeto PRGACT. Sample size hinders potential assessment of an HSSC dose
response effect in Ph1/2 partiaigs. The power analysis simulation for a future trial drew
participants«fram the matched Ph1/2 and ceftriaxone cohorts that had similar inclusion criteria.
As a single'study, ceftriaxone inclusion/exclusion criteria are well delineated, while the large
number ofistudies in PRACT exhibit variable inclusion/exclusion criteria. Results indicate that
255 participants per group are required to achieve 80% power with equal allocation to treatment
and placebphighlighting the need for large numbers of willing participants, potentially blinded

to surgical therapy, to prove intraspinal HSSC transplanteffaracyfor ALS treatment.

Ph1/2 participantsxhibited a significandifference in ALSFRSR at 24 months in both PRO-
ACT and ceftriaxone comparisons, but ofdy the PRGACT dataset for ALS/SURWRG

ACT contains data between 192013 andthe ceftriaxone studgccurred between 2006-2Q12
thereforeselativeto the Phase 1 2009 start date, ceftriaxone sulfjjadisnore contemporaneous
treatments_given its more comparable start d@dectively, ALSFRSR and ALS/SURV
differencegnour Ph1/2 cohonersusPROACT and theALSFRSR and ALS/SURYV difference

versus ceftriaxonsupports continuing investigation SCC intraspinal transplantation in ALS.

We acknowledgéhe potential bias of historical contrblsas bascan resulfrom changes in

patient managemenpatient populations, studglection criteria, diagnostic criterendpatient
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willingness to participate in trial®ur dataalsoillustratea limitation of historical controls.
Assuming that Ph1/2 participants had no difference in outcome compared to histaricals,

and that the ceftriaxone study showedneatmenbenefit, one would expect no differences in
ALS/SURY between the three cohorts. However, because the ALS/SURV summary statistic
shows a statistically significant differenbetween Ph1/2 and PRO-ACT but not ceftriaxane,
raises the possibility of a period effect. Further, with the availability of edaravosteyical

controls'may-have further limitatiomie to changes in treatments.

This post-hoc analysis has limitations. As previously mentioned, the Ph1/2 datamejwes

trial phases wherparticipants received differingSSCdoses. While we objectively defined our
cohorts and'onlperformedthe data analgs aftermatchng and “lockng” the comparison

groups, a postac analysis may not represent the true outcome. Further, historical controls
cannot account for differencesALS treatments over time. The ceftriaxone study was
performed.at 59 study sites, whereas most Pbdrcipants were treated at 2 centers. Therefore,
investigatar=initiated interventionkke using non-invasive ventilation, in combination with the
close follow-up‘required in this study, may have improved Ph1l/2 partigparitalas a result

of maximakmedical management and not the cellular therapy. The study also did not control for
other possible variables, such as education, ssmaomic status, or family support, which

could all impact willingness to participate in clinical studies and/or outso Finally, v
acknowledge that the subjects in our analysis cohort were 85% male, which does not reflect true
disease sex‘distribution ratios; however, our goal and expectation for futurs sudienclude

more representative ratios of males and females to ensure insight into @mgskix outcomes.

Overall thePhase 1 and 2 studiegere designed as safety trials given the uncertain risk of
escalating.numbers and concentrationsiwaspinalstem cellinjections. Combinewvith the
small numbers./of participants, andRimse 1 and 2 trials, these studies were not designed to
demonstraterefficacyl.his post-hoc analysis, however, demonstritasambulatoryALS
participantswreceiving HSSE@xhibit significantlyincreasedLSFRSR scores relativéo PRO
ACT and ceftriaxonéiistorical controlsin addition, they exhibiteckelatively better outcomes
using a combined survival/functional scoersusPRO-ACT databas@articipantsWhile these
resultsshould not be oventerpreted as proeasf-benefit,the current dataupport that thisiISSC
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transplantatiorapproactshould be tested for effica@ndprovide the parametenecessary to
designa sufficientlypowered, randomized, sham surgpigcebecontrolled study.
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SUPPLEMENIAL INFORMATION

Supplemental Table 1: Most frequent adverse events and serious adverse eventsiRg MedD
category and MedDRA termPhase 2 study (in lortgrm followup)
Swplemental Table 2: Summary of Phase 1 and 2 subject deaths

FIGURE EEGENDS

Figure 1. Kaplan-Meier survival curves. (A) Matched PR@ACT (n=1108 vs. Ph1/2 (n=21)
participantsiduring follow-up, 239deaths were observed in the PROT group, 1 in the
Ph1/2 group.(Wilcoxon p=096 logrank 0203. (B) Matched ceftriaxone (n=XJ vs. Ph1/2
(n=20) participantsduring follow-up, 84deaths were observed in the ceftriaxone grodpnl
the Ph1/2:group (Wilcoxon p=0.877, log-ranR®y).

Figure 2. ALS/SURV outcomes for matched Phl/2 versus PRO-Act and ceftriaxone
cohorts: ALS/SURV outcomes are plotted by time. Each marker represents the median measure
(from Table2)..The bars encompass thé"2fd 75 percentile. Values above the horizontal line
reflect ALSFRSR whereas values below reflect survival. Graphs represent absolute measures
for Ph1/2"vs'PROAct without losses to follovwup (A) or with losses to followup (B), and
absolutemeasures for Ph1/2 vs. ceftriaxone without losses to fallp{C) or with losses to
follow-up (D). For the Ph1/2 cohort, tHewer quartile limitfell between a subject who was alive

and a subject who had died; thereforeyalue could be estimatédpen circle/TB & D).

This article is protected by copyright. All rights reserved



Author Manuscript

This article is protected by copyright. All rights reserved



TABLES

Table 1: Cohort demographics

A. COMPLETE COHORTS

Characteristie Ph1/2 PROACT p-value PRGACT vs. Phl1/2 Ceftriaxone p-value ceftriaxone v$*h1/2
Subjects (number) 30 3344 507

Age, years(SD) 50.0+9.9 557+113 0.0038 554+104 0.0070

Baseline ALSFRSR (SD) 32.8+9.6 379454 0.0072 36.4+5.9 0.053

Disease duration, years (SD) 26+2.8 16+0.9 0060 16+0.7 0058

Male (%) 833 62.8 0.022 60.5 0.012

Bulbar onset (%) 6.7 205 0.068 229 0.040

B. MATCHEBD-COHORTSTO AMBULATORY LIMB-ONSET PH1/2 PARTICIPANTS

Characteristic Ph1/2 PROACT p-value PRGACT vs. Ph1/2 Ph1/2 Ceftriaxone | p-value ceftriaxone v$*h1/2
Subjects (number) 21 1108 - 20 177 -

Age, years,(SD) 49.2+105 529+9.7 012 49.6+106 533+9.4 0.10

Baseline ALSFRSR (SD) 36.5+5.4 38.1+4.7 017 36.9+5.3 36.7+4.8 0.83

Disease duration, years (SD) 1711 1.3+0.6 0.13 15+0.8 14+0.6 0.23

Male (%) 857 86.4 1.00 850 859 1.00

Bulbar onset«(%) 0.0 0.0 n/a 0.0 0.0 n/a
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Table2: ALS/SURYV rankingsover timefor ambulatory, limb-onset participants

A. ALSFRSR
Ph1/2 PRO-ACT Ph1/2 CEF
N Mean (SD) N Mean (SD) t-test N Mean (SD) N Mean (SD) t-test
Baseline s{==21 36.5+5.4 1108 381+4.7 0.17 20 36.915.3 177 36.6+4.9 084
6 months|| 18 30.646.5 974 325+7.6 025 17 30.846.7 163 29.7+7.6 056
12monthsy 14 30549 655 283+9.3 0.37 13 30.5+9.3 134 239+9.1 0.028
18 months| 11 31.8+8.1 165 246x104 0.016 10 32284 100 21497 0.0021
24 months| 11 30.1+8.6 86 24.0+102 0.048 10 30.7+8.8 58 19.249.5 0.0023
B. MATCHED COHORT AL S/SURV, no imputation
Ph1/2 PRO-ACT Ph1/2 CEF
N Median (IQR) N Median (IQR) | Wilcoxon N Median (IQR) N Median (IQR) Wilcoxon
Baseline 21 38 (31,40) 1108 39 (35,42) 0.12 20 38 (31,40) 177 37 (34,40) 0.95
6 months 20 295 (23,355) 1012 33 (27,38) 011 19 31 (22,36) 168 30 (24,35) 091
12 months},18 26.5 (16,35) 792 26 (15,35) 0.82 17 26 (16,35) 155 21 (13,30) 0.29
18 months|” 17 27 (12yr,36) 351 14yr (08yr,24) | 0028 16 26 (11yr,36) | 140 14 (13yr,24) 024
24 months| 19 23 (12yr,33) 306 1.2yr (08yr,10) | 0.0038 18 19 (12yr,33) | 115 | 1.7yr (12yr,16) 0.14
C. MATCHED*COHORT AL SYSURV, with imputation
Ph1/2 PRO-ACT Ph1/2 CEF
N Median (IQR)* N Median (IQR)* | Wilcoxon N Median (IQR)* N Median (IQR)* | Wilcoxon
Baseline 21 38 (31,40) 1108 39 (35,42) 0.12 20 38 (31,40) 177 37 (34,40) 0.95
6 months | 21 31 (24,36) 1108 33 (265,38) 025 20 32 (23,365) 177 30 (24,35) 0.86
12 months| 21 26 (t,31) 1108 25 (15,345) 094 20 255 (1,34) 177 215 (13,29) 0.37
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18 months| 21 195 (1yr,34) 1108 35 (1yr,255) 0.18 20 | 195(12yr,35) | 177 | 135 (L4yr,24) 0.22

24 months| 21 15 (12yr,29) 1108 | 1.35yr (Q9yr,16) | 0023 20 18 (12yr,31) | 177 | 18yr (135yr,17) | 014

Note that ALS/SURYV represents a combination of survival and ALBFER&eWhen ‘yr' is specified, the value refers to survival time; hot enough subjects
were alive at that time point to estimate the mediaquartile of ALSFR®R at that time point and therefore the length of survival is usékasstimate
*Values areestimated from the closest subject, and not infatpd

tThe lower quartildimit fell between a subject who was alive and a subject who had dexdfdre, no valueould be estimated

Table 3. Power estimate

Effect size 0.25 0.30 0.35

Equal samplsize, 80% power (treatment, placebo 255, 255 175, 175 130,130
2:1 allocation; 80% power (treatment, placebo) 380, 190 260, 130 200, 100
Equal sample_ size, 90% power (treatment, placeb 340, 340 235, 235 175, 175
2:1 allocationy90% power (treatmepltacebo) 500, 250 350, 175 260, 130
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Follow-up time, y
Enrolled 1y 2y 3y dy 5y Gy
At risk
Ph1/2 21 17 11 5 4 3 1
PRO-ACT 1108 593 89 12 ¥ 5 0
Censored {cumulative)
Ph1{2 - 0 2 7 & 8 9
PRO-ACT - 382 801 861 864 865 869
Deaths {cumulative)
Ph1/2 - 4 8 g 9 10 11
PRO-ACT - 128 218 235 237 238 238
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Follow-up time, y
Enrolled 1y 2y 3y 4y 5y 6y
At risk
Phi/2 20 16 10 4 3 2 1
Ceftrigxone 177 135 57 10 & 4 0
Censored (cumulative)
Phi/2 - 0 2 7 8 8 8
. . Ceftriaxone - . 18 53 &7 89 93
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