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Objective: To determine if chronic motor deficits secondary to traumatic brain injury
(TBI) can be improved by implantation of allogeneic modified bone marrow-derived
mesenchymal stromal/stem cells (SB623).
Methods: This 6-month interim analysis of the 1-year double-blind, randomized, surgical
sham-controlled, Phase 2 STEMTRA trial (NCT02416492) evaluated safety and efficacy
of the stereotactic intracranial implantation of SB623 in patients with stable chronic
motor deficits secondary to TBI. Patients in this multi-center trial (N=63) underwent
randomization in a 1:1:1:1 ratio to 2.5x106, 5.0x106, 10x106 SB623 cells or control.
Safety was assessed in patients who underwent surgery (N=61), and efficacy in the
modified intent-to-treat population of randomized patients who underwent surgery
(N=61; SB623=46, control=15).
Results: The primary efficacy endpoint of significant improvement from baseline of
Fugl-Meyer Motor Scale score at 6 months for SB623-treated patients was achieved.
SB623-treated patients improved by (LS mean [SE]) +8.3 (1.4) versus +2.3 (2.5) for
control at 6 months, the LS mean difference was 6.0 (95% CI: 0.3-11.8); P=0.040.
Secondary efficacy endpoints improved from baseline, but were not statistically
significant versus control at 6 months. There were no dose-limiting toxicities or deaths,
and 100% of SB623-treated patients experienced treatment-emergent adverse events
versus 93.3% of control patients (P=0.25).
Conclusions: SB623 cell implantation appeared to be safe and well tolerated, and
patients implanted with SB623 experienced significant improvement from baseline motor
status at 6 months compared to controls.
Classification of Evidence: This study provides Class I evidence that implantation of
SB623 was well tolerated and associated with improvement in motor status.
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Introduction
Traumatic brain injury (TBI) is a leading cause of death and disability worldwide. The
estimated global incidence of acute TBI during 2016 was 27 million cases, and the
estimated global prevalence of chronic impairment secondary to TBI was 55.5 million
cases.1 Overall, TBI and long-term motor deficits secondary to TBI significantly impair
patients’ self-care, employability, and quality of life, and are major burdens on healthcare
systems worldwide.
In the United States, approximately 43% of surviving hospitalized patients with TBI
experience long-term motor deficits, with 5.3 million people estimated to live with longterm motor deficits secondary to TBI.2,3 In an observational study, over 30% of patients
with severe TBI had at least one neuromotor impairment two years after inpatient
rehabilitation.4 Overall, the treatment of long-term motor deficits secondary to TBI
remains a major unmet medical need.
Mesenchymal stromal/stem cell (MSC) implantation is a promising strategy for the
treatment of TBI. Early stage clinical studies of several cell types implanted during the
acute-to-chronic phases of TBI have shown favorable results.5–7 Allogeneic modified
bone marrow-derived MSCs (SB623 cells, SanBio, Inc, Mountain View, CA, USA) are
in clinical development for chronic TBI and stroke without concomitant
immunosuppressants which were determined to be unnecessary based on the prior Phase
1/2a clinical study and preclinical studies submitted to the FDA (unpublished data,
SanBio, Inc). In this recently completed two-year, open-label, Phase 1/2a study
(NCT01287936) in chronic ischemic stroke patients, implantation of SB623 cells
appeared to be generally safe, with no evidence of immune-sensitization, and was
associated with statistically significant improvement of measures of motor function.8
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This report presents 6-month pre-specified interim data from the 1-year, double-blind,
randomized, surgical sham-controlled, Phase 2 “STEM cell therapy for TRAumatic brain
injury” STEMTRA trial (NCT02416492), in which the intracerebral stereotactic
implantation of SB623 cells in patients with chronic motor deficits secondary to TBI
appeared to be safe and was associated with a statistically significant improvement of the
Fugl-Meyer Motor Scale over surgical sham-controlled patients.
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Methods
Primary Research Question
We aimed to determine the safety and efficacy of SB623 cells (allogeneic modified bone
marrow-derived MSCs) delivered by stereotactic intracranial implantation to patients
with stable chronic motor deficits secondary to TBI in a double-blind, randomized,
surgical sham-controlled, Phase 2 trial.
Classification of Evidence
This Phase 2 trial provides Class I evidence that SB623 implantation appears to be safe
and is associated with significant improvement from baseline motor status at 6 months
versus controls.
Standard Protocol Approvals, Registrations, and Patient Consents
This double-blind, sham-surgery controlled, Phase 2 clinical trial (STEMTRA;
ClinicalTrials.gov: NCT02416492) enrolled patients with moderate or severe TBI (at
least 12 months post-TBI), who had Glasgow Outcome Scale-Extended (GOS-E) scores
of 3-6, and chronic motor deficits that correlated with a focal cerebral injury observed on
MRI. Patients received physical therapy instruction during the trial, which was conducted
between June 2016 and March 2019 at 27 sites in the United States (21), Japan (5), and
Ukraine (1) (available from Dryad; Site locations, Supplementary Table 1:
https://doi.org/10.5061/dryad.vdncjsxrb). Clinical study protocols were reviewed and
approved by individual institutional review boards, and patients provided written
informed consent. Study inclusion and exclusion criteria are listed in Table 1.
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Patient Selection
The study enrolled only outpatients. In the United States, some patients were prescreened for eligibility by the University of California, San Francisco, which referred
patients to study sites. However, other study sites in the United States screened patients
directly. In Japan, patients were pre-screened for eligibility via a call-center or website,
which referred patients to study sites. In Ukraine, patients were pre-screened for
eligibility at peripheral centers and referred to the single assessment/surgery site. In all
cases investigators made a final judgment on eligibility and enrolled patients to the study.
SB623 Cells
Allogeneic modified bone marrow-derived MSCs (SB623 cells) are produced by the
transient transfection of MSCs with a plasmid containing the human Notch-1 intracellular
domain which lowers the potential for cells to differentiate into bone, cartilage, or
adipose cells, and increases their ability to secrete trophic factors, chemotactic factors,
and deposit extracellular matrix proteins which may support damaged neural cells.9,10 The
transfection is regarded to be transient as the plasmid is lost rapidly by the expansion and
passaging of SB623 cells. Notably, 0.6% of implanted SB623 cells are reported to
survive at 1 month post-implantation in rodent models of stroke and TBI.11,12 Moreover,
SB623 is not a cell line and preclinical studies have shown that SB623 cells have no
potential tumorigenicity (unpublished data, SanBio, Inc). Cell preparation details have
been described previously by Steinberg and colleagues.8
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Randomization, Blinding, and Surgical Procedure
Enrolled patients with TBI were randomized to SB623 cell treatment or sham surgery in a
3:1 ratio, with the SB623 treatment group being further randomized in a 1:1:1 ratio to
receive either 2.5x106, 5.0x106 or 10x106 SB623 cells using an interactive web response
system.
SB623 cells were implanted stereotactically using methods described previously by
Steinberg and colleagues.8 Briefly, implant location sites were different for each patient,
and were determined by MRI to be in cortical or motor sites adjacent to the TBI lesion.
SB623 cells were implanted based on the surgeon’s judgment of safe implant trajectory
using frame or frameless stereotactic procedures through a single burr-hole craniostomy
(1-1.5 cm), made under local anaesthesia and sedation to minimize patient discomfort and
preserve patient blinding. Implantation was carried out using three cannula tracks, with
five 20 µl cell deposits made at varying depths such that cell deposits were 5-6 mm apart
on each track. Cells were injected at a rate of ≤10 µl per minute with a total volume of
300 µl per patient. Sham surgery control patients received similar treatment including
sedation, stereotactic procedure, partial-thickness outer table burr-hole without
penetration of the inner table or dura mater, and scalp surgical closure in order to
minimize patient discomfort and preserve patient blinding. In addition, efficacy
assessments were conducted by blinded neurologists, physiatrists, and physical therapists,
while TEAEs were evaluated by blinded rehabilitation physicians throughout the clinical
trial.
Study Visit Schedule
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Patients attended the following visit schedule: Screen (Study Day: -84 to -15); Baseline
(Study Day: -14 to -1); Cell Implantation or Sham Surgical Procedure (Day 1); Visits
(Days 2, 8; Months 1, 3, 6, 9); Final Visit (Month 12). Clinical TBI evaluations were
performed at Baseline and Months 1, 3, and 6, and will be performed at Months 9 and 12.
Efficacy Assessments
Efficacy was assessed by measuring mean change from baseline of SB623-treated versus
control patients at 24 weeks using clinical TBI evaluations. The primary efficacy
endpoint was Fugl-Meyer Motor Scale (FMMS, scores range from 0-100, with higher
values reflecting better motor status), for which assessors underwent training,
certification, and regular re-certification.13–15 FMMS was selected because it is widely
recognized as a clinically relevant measure of loss of body structure/function
(impairment), particularly for motor recovery in an affected limb, as such it was an
appropriate scale for measuring chronic motor deficits secondary to TBI.13–15 Secondary
efficacy endpoints included: 1) Disability Rating Scale (DRS), a measure of general
functional change selected because it was a sensitive, functional, reliable, and
quantitative means of monitoring recovery of TBI patients.16 2) Action Research Arm
Test (ARAT), an assessment of upper extremity function and dexterity in patients with
CNS damage resulting in hemiplegia.17,18 3) Gait Velocity (GV), an outcome measure of
lower extremity function assessed by walking speed, a predictor of disability.19 4) T
scores of NeuroQOL upper and lower extremity domains, which measure activities of
daily living and mobility, respectively.20 5) Global Rating of Perceived Change assessed
by patient and clinician which assessed perceived changes in patient’s motor function.21
Safety
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Treatment emergent adverse events (TEAEs) were defined as any event not present prior
to the initiation of cell treatment or surgical procedure, or any event already present that
worsened in either intensity or frequency following exposure to cell treatment or surgical
procedure. TEAEs were graded as: 1) mild, 2) moderate, 3) severe, or 4) life-threatening.
The relationship between TEAEs and cell treatment or surgical procedure was evaluated
using the list in Supplementary Table 2 (available from Dryad:
https://doi.org/10.5061/dryad.vdncjsxrb).
Clinical Laboratory Tests
During the study, hematology and biochemical parameter (including alanine and
aspartate aminotransferase) testing was conducted on blood samples collected at baseline
and follow-up visits using routine laboratory/clinical procedures. Vital signs were
collected at baseline and follow-up visits, and antibodies to donor HLA antigens were
detected using PRA and Luminex® methods to monitor a possible humoral-mediated
immune response.
Genotyping
Genotyping was performed as previously described on blood samples collected at
baseline to determine if patients were: 1) homozygous (ApoE4, E2, or E3) or
heterozygous (ApoE2/E3, E3/E4 or E2/E4) at the apolipoprotein E (ApoE) locus, and 2)
whether the Val66Met polymorphism of brain-derived neurotrophic factor (BDNF) gene
was present (yes/no).22,23 The presence of ApoE4 and Val66Met BDNF polymorphisms
have previously been reported to be associated with poorer recovery in human patients at
1 month post-stroke.24
Statistics
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For categorical variables, descriptive statistics including patient number and patient
percentage in each category were calculated. For continuous variables, descriptive
statistics including patient number, mean, standard deviation, standard error (SE),
median, minimum, maximum, and 95% confidence intervals (95% CI) were calculated.
For Safety comparisons, Fisher’s Exact Test was used to analyse the percentage of
patients experiencing at least one TEAE.
For primary and (continuous) secondary efficacy endpoints, comparisons for pooled
SB623 versus control mixed model repeated measures (MMRM) analyses were
performed, utilizing an unstructured covariance matrix for the restricted maximum
likelihood estimation (REML) procedure. The MMRM model included the following
terms: treatment, visit, treatment-by-visit interaction, baseline score, baseline score-byvisit interaction, GOS-E score at screening, and GOS-E score at screening by visit
interaction. Least square (LS) means and standard errors were calculated for both
treatments, together with 95% confidence intervals (Cl) for the LS means. A MMRM
analysis was used in an additional analysis of the SB623 5.0x106 treatment arm versus
control. The clinically meaningful improvement threshold (FMMS change of ≥10 points)
was analyzed using a generalized linear mixed model with the following terms: treatment
(pooled SB623 or control), baseline FMMS score, study visit, GOS-E score at screening,
treatment-by-visit, baseline FMMS score-by-visit, and GOS-E score-by-visit.
Within the SB623 treatment groups, the null hypothesis that the coefficient of the
interaction between SB623 dose and the indicator variable for the Month 6 visit equals 0
was tested using a MMRM model with the following terms: visit, interaction between
SB623 dose and indicator variable at Month 1, Month 3, and Month 6, baseline FMMS
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score, baseline FMMS score-by-visit interaction, GOS-E score at screening, and GOS-E
score at screening-by-visit interaction. Dose was treated as a continuous variable.
To assess potential associations between FMMS change from baseline and genotype
variables for pooled SB623 versus control, an analysis of covariance including treatment,
genotypic subgroup, treatment-by-genotypic subgroup interaction, and baseline FMMS
score was used. The difference in mean change from baseline (pooled SB623 versus
control) for daily activity count was assessed using a two-sample t-test. P<0.05 was
considered as statistically significant. Data analyses were performed using Statistical
Analysis System (SAS) version 9.4 (Cary, NC).
Data Availability
Individual de-identified patient data, study protocol, statistical analysis plan, clinical
study report, and informed consent forms will be available to qualified external medical
and scientific researchers. Data sharing requests may be submitted 24 months after study
completion, with no end date for eligibility. Qualified medical and scientific researchers
may submit a data sharing request containing research objectives, data requirements,
statistical analysis plan, endpoints/outcomes of interest, scientific value and impact, and a
publication plan to the Chief Medical Officer of SanBio, Inc. The scientific
appropriateness of the request will be reviewed by SanBio, Inc.
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Results
Two-hundred-and-eleven patients were screened for this clinical trial, with 63 patients
randomized to the intent to treat (ITT) population: 16 patients in each of three SB623treated groups (2.5x106, 5.0x106, and 10x106), and 15 patients in the control (Figure 1).
The trial screening process was selective, enrolling only 31.8% of screened patients, with
the most common causes of screen failure being failure to meet Motricity Index
requirements (30.1%); lack of focal cerebral injury identified on MRI (13.1%); and
neurological motor deficit substantially due to focal cerebral injury observed on MRI
(13.1%). Therefore, the enrolled population may not be representative of the general
chronic TBI population with motor deficit. Two patients, one each in the SB623 2.5x106
and 5.0x106 treated groups discontinued prior to cell treatment, as physicians could not
determine safe stereotactic injection trajectories, therefore both the modified intent to
treat (mITT) and safety populations contained 61 patients (Baseline Demographics, Table
2). Sixty-one patients in the mITT and safety populations had completed 6 months of
treatment at the time of this interim analysis. The mean age of the study population was
34.4 years, and patients were 1.4-28.4 years post-injury.
Safety Evaluations
In this 6-month interim analysis, 100% of SB623-treated patients experienced TEAEs
versus 93.3% of patients in the control group (P=0.25) (Table 3). There were no doselimiting toxicities or deaths, and no patients withdrew from the study due to adverse
events. Headache/procedure headache was the most frequent TEAE in both the SB623
pooled group (50.0%) and the control group (26.7%, P=0.14) (Table 3), which was mild
or moderate in severity. In addition, there were no significant differences in the frequency
of TEAEs occurring in the SB623 pooled versus the control group (Table 3). The
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majority of headache/procedure headache TEAEs started between Days 1 and 3 postsurgery, and lasted until Day 28 for the SB623 pooled and control groups (available from
Dryad: Supplementary Table 3: https://doi.org/10.5061/dryad.vdncjsxrb). Four of six
cases of pyrexia TEAEs started after Day 3 post-surgery in the SB623 pooled group,
while there were no cases in the control (available from Dryad: Supplementary Table 3:
https://doi.org/10.5061/dryad.vdncjsxrb). Of 17 patients with parenchymal or subdural
hematoma in the SB623 pooled group, eight patients (47%) experienced headache, in
comparison the frequency of headache in the SB623 pooled population was 50%. In the
SB623 pooled group (N=46), patients experienced a total of 223 TEAEs, 98.2% of which
were of mild or moderate intensity versus 65 TEAEs in the control group (N=15), 93.8%
of which were of mild or moderate intensity.
A total of 92% of TEAEs were classified by investigators as unrelated or unlikely to be
related to cell treatment in both SB623 pooled and control groups (available from Dryad:
Supplementary Table 4: https://doi.org/10.5061/dryad.vdncjsxrb). In comparison, no
TEAEs were definitely related to cell treatment in both treatment groups, and two (0.9%)
TEAEs (headache and hemiparesis) were classified as probably related to cell treatment
in the SB623 pooled group (available from Dryad: Supplementary Table 4:
https://doi.org/10.5061/dryad.vdncjsxrb).
A total of 39.5% of TEAEs in the SB623 pooled group and 36.9% of TEAEs in the
control group were possibly, probably, or definitely related to surgical procedure
(available from Dryad: Supplementary Table 5: https://doi.org/10.5061/dryad.vdncjsxrb).
In the SB623 pooled group, the most frequent TEAE assessed as probably or definitely
related to surgical procedure was headache/procedural headache (63%) (available from
Dryad: Supplementary Table 5: https://doi.org/10.5061/dryad.vdncjsxrb). In both groups,
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more patients experienced TEAEs assessed as possibly, probably, or definitely related to
surgical procedure than cell treatment.
In this 6-month interim analysis, six treatment emergent serious adverse events
(TESAEs) occurred in four (8.7%) SB623-treated patients versus two TESAEs in two
(13.3%) control patients (Table 4). In SB623-treated patients, five TESAEs were
unrelated or unlikely to be related, and one possibly related (delirium) to cell treatment
(Table 4). In comparison, three TESAEs were unrelated, one possibly related (seizure),
and two probably related (delirium and worsening of poor balance in one patient) to the
surgical procedure (Table 4). In sham control patients, both TESAEs were unrelated to
cell treatment, while single TESAEs were unrelated and definitely related (wound
infection) to surgical procedure (Table 4). All TESAEs recovered or resolved without
sequelae except for Patient 6 in the control group who recovered from a bicycle fall with
sequelae (pain in right hand at discharge from hospital), and Patient 4 in the SB623
10x106 treated group whose worsening of poor balance, which was assessed by the
investigator as being probably related to surgical procedure, was ongoing at the time of
this analysis.
There were no clinically meaningful trends in hematologic or biochemical parameters, or
vital signs. However, a single (2.2%) patient in the SB623 2.5x106 treated group
developed new antibodies to a Class I HLA donor cell antigen at Month 1 post-surgery.
Three SB623-treated patients and one control patient had pre-existing anti-SB623 HLA
antibodies. There was no obvious relationship between: 1) anti-SB623 HLA antibodies
and SB623 cell dose, and 2) anti-SB623 HLA antibodies and TESAEs or efficacy
parameters.
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MRI examination at Day 8 revealed that parenchymal and subdural hematomas were
present in nine (19.6%) and 10 (21.7%) patients in the SB623 pooled group, respectively.
Seven subdural hematomas resolved by 6 months without further treatment, while the
remaining three were stable and improving without treatment at 6 months. A single
patient in the SB623 5.0x106 group experienced a hematoma of mild severity between
Day 1 and Day 7, which was classified by the investigator as not related to cell treatment
but probably related to the surgical procedure.

Efficacy Evaluations
The baseline mean (SD) FMMS scores for SB623 pooled and control groups were 52.2
(19.3) and 52.3 (15.1), respectively. The primary efficacy endpoint of greater FMMS
change from baseline for SB623 pooled was achieved. The SB623 pooled improved by
(LS mean [SE]) +8.3 (1.4) versus +2.3 (2.5) for control at 6 months, the LS mean
difference was 6.0 (95% CI: 0.3-11.8); P=0.040 (Figure 2A).
More patients in the SB623 pooled versus the control group achieved the FMMS
potentially clinically meaningful improvement of ≥10 points (representing a 19%
improvement from baseline for the SB623 pooled group) at 6 months (39.1% versus
6.7%, P=0.039), with the greatest percentage of patients achieving ≥10 points in the
SB623 5.0x106 treated group (53.3%) (Figure 2B).
When analysed by treatment group for the SB623 treatment arms, improvement of
FMMS was numerically greatest in the SB623 5.0x106 treated group starting at 3 months
for the mITT population, while there was no relationship between cell dose and change in
FMMS score at 6 months in the mITT population (P=0.82). SB623 5.0x106 treated group
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improvement was (LS mean [SE]) +10.9 (1.8) versus +2.4 (1.8) for the control at 6
months, LS mean difference was 8.5 (95% CI: 3.4-13.7); P=0.002 (Figure 2C).
Changes from baseline for DRS (difference in LS mean: -0.7 [95% CI: -1.7-0.3];
P=0.17), ARAT (+2.7 [95% CI: -2.9-8.3]; P=0.34), GV (-0.26 meters/second [95% CI: 4.2-3.7]; P=0.90), NeuroQOL lower extremity function T score (+0.41 [95% CI: -3.84.6]; P=0.84), and Global Rating of Perceived Change (clinically meaningful score of 6
or 7) assessed by clinician (32.6% versus 13.3%, odds ratio: 3.17 [95% CI: 0.6-16.1];
P=0.16) and patient (56.5% versus 26.7%, odds ratio: 3.58 [95% CI: 1.0-12.9]; P=0.05)
trended towards improvement but were not statistically significant for the SB623 pooled
versus control group at 6 months. In contrast, change from baseline for the NeuroQOL
upper extremity function T score (difference in LS mean: -0.49 [95% CI: -5.8-4.8];
P=0.85) was not statistically significantly different for the control versus SB623 pooled
group at 6 months. Baseline, 6 month, and change from baseline at 6 month values for
primary and secondary efficacy endpoints are shown in Table 5.
At 6 months, across all patients, there were no relationships between FMMS change from
baseline and: 1) at least one Met allele of BDNF (P=0.85), and 2) at least one ApoE4
allele (P=0.90). Further, there were no differences in daily activity count change from
baseline between SB623 pooled and control groups for the affected (P=0.25) and nonaffected (P=0.96) sides of the body at 6 months.
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Discussion
There were no significant differences in the percentage of pooled SB623-treated and
control group patients who experienced TEAEs, most of which were of mild or moderate
intensity. The vast majority of TEAEs were unrelated or unlikely to be related to cell
treatment, while in common with previous studies, many TEAEs were possibly,
probably, or definitely related to surgical procedure.8,25
Although a single patient in the SB623-treated group had serological evidence of immune
sensitization, and four patients had pre-existing anti-SB623 HLA antibodies, there were
no obvious relationships between the presence of anti-SB623 HLA antibodies and cell
dose, and the presence of anti-SB623 HLA antibodies and the incidence of TESAEs or
changes in efficacy parameters (data not shown). The presence of pre-existing antibodies
to donor HLA suggests that patients may have: 1) received a blood transfusion with those
antigens, 2) have been pregnant, 3) received cells in another study/treatment, or 4) some
combination of the above. These findings are important as immunosuppressive agents
were not used in this study, and allogeneic SB623 cells have the potential for
immunoreactivity. These results are consistent with data from the Phase 1/2a chronic
stroke study (NCT01287936),8 and provide confidence in the safety of SB623 cell
implantation without the use of immunosuppressive agents.
The primary efficacy endpoint of significantly greater improvement of FMMS from
baseline for pooled SB623-treated versus control group patients at 6 months was
achieved (LS mean [SE]) +8.3 (1.4) versus +2.3 (2.5) for control at 6 months, the LS
mean difference was 6.0 (95% CI: 0.3-11.8); P=0.040. The FMMS is well established as
a measure of motor impairment,14–15 and is widely accepted as an assessment of recovery
in chronic stroke.15,26,27 As there is little consensus on the use of function/impairment
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scales in TBI trials,5–7 FMMS was adopted as the primary efficacy scale in this study
because of its reliability and validity in measuring changes in patients with persistent
motor deficits. In addition, a ≥10 point (10%) increase of FMMS from baseline is
recognized as a clinically meaningful threshold of improvement in chronic stroke,8
although this has not been validated in chronic TBI. In this study, more SB623-treated
than control group patients achieved improvement of ≥10 points on the FMMS scale at 6
months (39.1% versus 6.7%, P=0.039).
In this trial a classical dose response was not seen, with patients in the SB623 5.0x106
treated group achieving the most favorable FMMS outcomes at 6 months, specifically: 1)
the greatest improvement in FMMS (+10.9 versus +2.4, P=0.002), and 2) the highest
percentage of patients with the FMMS improvement of ≥10 points (53.3%). The SB623
10.0x106 cell dose did not confer additional benefit, and in general was associated with
increased variability (i.e., a greater range in efficacy responses). We speculate that
beyond a certain threshold the beneficial effects of additional cell implantation may be
counterbalanced by locally increased inflammation secondary to increased cell death, or
that a biological asymptote had been reached.
The secondary endpoints used in this study included DRS,16 a measure of global function,
and several domain specific outcome measures which assessed deficits of motor function,
such as ARAT and GV for disability in the upper and lower extremity, respectively,17–19
and NeuroQOL upper and lower extremity domains for quality of life, satisfaction, and
participation in response to changes in upper and lower extremity function.20 Although
improvements from baseline for DRS, ARAT, GV, NeuroQOL lower extremity function
T score, and Global Rating of Perceived Change (score of 6 or 7) assessed by clinician
and patient were greater for the pooled SB623-treated than the control group at 6 months,
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these differences were not statistically significant. The reasons for significant treatmentrelated reduction in motor impairment (FMMS) but not functional scales are unclear, but
may include patient need for concomitant occupation therapy or physical therapy,
cognitive deficits which may prevent motor gains being translated into functional
improvement, and the study design which was powered on the primary endpoint which
focused on assessing improvement of motor impairment. As such patients were selected
who were likely to respond to motor impairment scales, in a time frame needed to see
improvement after treatment. In addition, secondary endpoint functional scales, which
may have lacked sensitivity due to ceiling/floor effects were not powered to detect
significant change.
Currently there are no approved pharmacological or biological treatments for the chronic
effects of TBI.2–4 Three early stage controlled clinical studies for TBI, which implanted
different types of cells show promising results.5–7 However, two of these studies enrolled
patients in the acute phase of severe TBI who were unconscious (Glasgow Coma Scale
[GCS] 3-8) and undergoing acute care.5,6 Although these studies reported improved
outcomes, they used scales (GCS, neurophysiological measures) that were most
appropriate for the acute phase of TBI and did not address changes in long-term motor
deficits. Only one single-blind controlled study which enrolled patients with chronic
deficits secondary to TBI has been published to date.7 This study reported improvement
of function (Functional Independence Measure) and impairment (Fugl-Meyer) scales in
patients with chronic TBI at 6 months, which support the FMMS findings of our study
and the potential utility of MSCs in this indication.7
Although the mode of action of SB623 cells is not completely understood, the biology
underpinning neuroplasticity which occurs naturally post-injury maybe re-stimulated by
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cell implantation through the release of trophic factors and/or deposition of extracellular
matrix, resulting in the recovery of motor function over a similar timeframe, although this
remains speculative. In a rat contusion model of TBI, implantation of SB623 around the
area of injury resulted in significant improvement of motor function. This was associated
with a profound increase in numbers of host-originated proliferating nestin-positive cells,
which are present in the brain area between the injury site and the sub-ventricular zone in
animals receiving the SB623 implant versus those receiving vehicle.12 The observation of
increased neural cell proliferation in the presence of SB623 cells correlates with our data
from SB623/rat embryonic (E18) cortex cell co-cultures.28
Study Limitations
In this trial surgeons determined cell implantation locations in cortical or motor cerebral
sites adjacent to the TBI injury, providing a potential source of variability in patient
response. Insufficient data currently exists to precisely determine optimal SB623 cell
placement in relation to the area of injury, this variability is likely to reflect real world
practice. As few controlled clinical trials of cell therapy for the treatment of TBI have
been published to date, little consensus exists concerning which neurological outcome
measures to use and what degree of change from baseline is clinically meaningful in this
population. The wide age range of patients in the study may also be a factor affecting the
response to implanted SB623 cells. Furthermore, the sham surgical procedure did not rule
out the possibility that motor improvements were caused by surgical manipulation of the
peri-injured tissue, rather than the effects of SB623 cells. In addition, provision of
physical therapy post-implantation may need to be greater and provided more
consistently.
Conclusions
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In this interim analysis of a first double-blind, randomized, controlled clinical trial of cell
therapy for chronic motor deficits secondary to TBI, treatment with SB623 cells appeared
to be safe and was associated with statistically significant improvement of the FuglMeyer Motor Scale at 6 months. The favorable safety and efficacy outcomes reported
here demonstrate the need for functional imaging studies, and confirmatory Phase 3
clinical trials of SB623 cells for the treatment of chronic motor deficits secondary to TBI.
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Table 1. Study Inclusion and Exclusion Criteria
Inclusion Criteria
•
Age 18-75 years.
•
Documented history of TBI, with correlated MRI or CT.
•
At least 12 months post-TBI.
•
Focal cerebral injury able to be identified on MRI (+/concomitant diffuse axonal injury).
•
Neurological motor deficit substantially due to focal
cerebral injury observed on MRI.
•
GOS-E score of 3-6 (i.e., moderate or severe disability).
•
Require Motricity Index UE Scale of 10-81, at least two
scores less than 33 with one of these less than 25, and at
least one score greater than 0, and/or a LE Scale of 1078, at least two scores less than 33 with one of these less
than 25, and at least one score greater than 0.
•
Able and willing to undergo CT and MRI.
•
Must have agreed to the use of anti-platelet, anticoagulant, or non-steroidal anti-inflammatory drugs in
accordance with the anti-coagulant guidelines.29
•
Patients must be willing to participate in study related
exercises to the extent possible.
•
Must have been willing to discontinue herbal or nontraditional medicines for 1 week before and 1 week after
the surgical procedure.
•
Must have been able to undergo all planned neurological
assessments.
•
Must have had the ability to understand and sign an
Informed Consent.
Exclusion Criteria
•
History or presence of any other major neurological
disease.
•
Any seizures in the prior 3 months.
•
The presence of contracture at any joints that would
have interfered with interpretation of any of the
neurological assessments (e.g., contracture preventing
the detection of any increase in the range of motion or
ability to perform a task).
•
Other neurologic, neuromuscular or orthopedic disease
that limited motor function.
•
Clinically significant finding on MRI of brain not related
to TBI.
•
Known presence of any malignancy except squamous or
basal cell carcinoma of the skin.
•
History of CNS malignancy.
•
Positive findings on tests for occult malignancy, unless a
non-malignant etiology is confirmed.

•

•
•
•
•
•
•
•
•
•
•

•
•
•

•
•
•
•
•
•
•

Uncontrolled systemic illness, including, but not limited
to: hypertension (systolic >150 mm Hg or diastolic >95
mm Hg); diabetes; renal, hepatic, or cardiac failure.
Uncontrolled major psychiatric illness, including
depression symptoms (CESD-R Scale of ≥16).
Total bilirubin >1.9 mg/dL.
Serum creatinine >1.5 mg/dL.
Hemoglobin <10.0 g/dL.
Absolute neutrophil count <2000/mm3.
Absolute lymphocytes <800/mm3.
Platelet count <100,000/mm3.
Liver disease documented by AST (SGOT) or ALT
(SGPT) ≥2.5 x institutional upper limit of normal
Serum calcium >11.5 mg/dL.
Unexplained abnormal preoperative test values (blood
tests, electrocardiogram [ECG], chest X-ray); x-ray
evidence of infection; uncontrolled atrial fibrillation or
uncontrolled congestive heart failure.
Presence of craniectomy (without bone flap replacement)
or other contraindication to stereotactic surgery.
Participation in any other investigational trial within 4
weeks of initial screening or within 7 weeks of study
entry.
Botulinum toxin injection, phenol injection, intrathecal
baclofen, or any other interventional treatments for
spasticity (except bracing and splinting) within 16 weeks
of the Baseline visit (interventional treatment refers to
treatment done with special equipment which is typically
performed in a surgical or procedural type facility - this
does not apply to oral medications such as oral
baclofen).
Ongoing use of herbal or other non-traditional drugs.
Substance use disorder (per DSM-V criteria, including
drug or alcohol).
Contraindications to head CT or MRI.
Pregnant or lactating.
Female patients of childbearing potential unwilling to
use an adequate birth control method during the 12
months of the study.
Any other condition or situation that the investigator
believed may interfere with the safety of the patient or
the intent and conduct of the study.
Patients with allergic reactions to the ingredients of
SB623, the drugs used when administering SB623, or
the drugs used in testing (applicable for Japan only).
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Table 2. Baseline Demographics (modified Intent to Treat and Safety Populations, N=61)
Patient
Characteristics

SB623
6

6

6

Pooled
(n=46)

Control
(n=15)

P-Value
(Pooled
versus
Control)

Total
(N=61)

2.5x10
(n=15)

5.0x10
(n=15)

10.0x10
(n=16)

36.7 (13.6)
34.0
19.8 - 65.2

31.2 (9.2)
30.3
18.5 - 53.1

34.2 (11.5)
30.2
18.9 - 53.0

34.0 (11.5)
32.6
18.5 - 65.2

35.5 (13.0)
35.4
18.8 - 67.5

0.69

34.4 (11.8)
33.4
18.5 - 67.5

Sex, n (%)
Female
Male

4 (26.7)
11(73.3)

3 (20.0)
12 (80.0)

5 (31.3)
11 (68.8)

12 (26.1)
34 (73.9)

6 (40.0)
9 (60.0)

0.34

18 (29.5)
43 (70.5)

Race, n (%)
Asian
Black
White

4 (26.7)
0 (0.0)
11 (73.3)

5 (33.3)
1 (6.7)
9 (60.0)

5 (31.3)
0 (0.0)
11 (68.8)

14 (30.4)
1 (2.2)
31 (67.4)

4 (26.7)
0 (0.0)
11 (73.3)

1.0

18 (29.5)
1 (1.6)
42 (68.9)

82.0 (67.9)
42.6
19.0-240.1

94.3 (76.4)
69.7
16.8-341.2

0.80

95.0 (75.1)
68.9
16.8 - 341.2

4 (26.7)
6 (40.0)
2 (13.3)
3 (20.0)

4 (26.7)
6 (40.0)
3 (20.0)
2 (13.3)

3 (18.8)
7 (43.8)
3 (18.8)
3 (18.8)

11 (23.9)
19 (41.3)
8 (17.4)
8 (17.4)

3 (20.0)
7 (46.7)
3 (20.0)
2 (13.3)

1.0

14 (23.0)
26 (42.6)
11 (18.0)
10 (16.4)

FMMS Score
Mean (SD)

54.5 (18.1)

51.3 (22.0)

50.9 (18.7)

52.2 (19.3)

52.3 (15.1)

1.0

52.2 (18.2)

DRS
Mean (SD)

3.9 (2.1)

6.2 (4.1)

4.6 (2.4)

4.8 (3.0)

3.7 (2.0)

0.17

4.6 (2.8)

ARAT
Mean (SD)

21.0 (19.1)

19.1 (20.8)

17.1 (19.9)

19.1 (19.5)

20.1 (17.2)

0.87‡

19.3 (18.8)

Gait Velocity
Mean (SD)

44.5 (76.4)

47.0 (79.9)

58.4 (88.5)

50.0 (80.0)

56.5 (96.6)

0.81¥

51.7 (14.0)

NeuroQOL Upper Extremity T Function
Mean (SD)
35.5 (9.1)
28.2 (11.3)

33.6 (16.8)

32.5 (12.9)

32.2 (9.2)

0.92§

32.4 (12.0)

NeuroQOL Lower Extremity T Function
Mean (SD)
43.4 (9.4)
41.9 (13.1)

39.3 (8.9)

41.5 (10.4)

44.3 (9.6)

0.40†

42.1 (10.2)

Age (years)
Mean (SD)
Median
Range: Min - Max

Time Since Injury (months)
103.9 (68.0)
Mean (SD)
86.5
Median
20.2-242.2
Range: Min - Max

GOS-E Score, n (%)
3
4
5
6

93.6 (70.8) 99.3 (89.6)
62.4
72.9
16.8 - 341.2 28.0 - 336.7

‡

ARAT at baseline among patients with upper extremity deficit (Pooled: N=41; Control: N=14).
¥
Gait Velocity at baseline among patients with lower extremity deficit (Pooled: N=41; Control: N=14).
§
NeuroQOL Upper Extremity T Function at baseline among patients with upper extremity deficit (Pooled: N=41; Control:
N=14).
†
NeuroQOL Lower Extremity T Function at baseline among patients with lower extremity deficit (Pooled: N=42; Control:
N=13).

Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.

Table 3. Treatment Emergent Adverse Events (≥5% in the SB623 Pooled Group) by
Decreasing Frequency (Safety Population, N=61)
System Organ Class Preferred Term,
n (%)

SB623

Control
(n=15)

P-Value
(Pooled
versus
Control)

2.5x106
(n=15)

5.0x106
(n=15)

10x106
(n=16)

Pooled
(n=46)

15 (100.0)

15 (100.0)

16 (100.0)

46 (100.0)

14 (93.3)

0.25

Headache/procedural headache*

7 (46.7)

6 (40.0)

10 (62.5)

23 (50.0)

4 (26.7)

0.14

Wound complication

3 (20.0)

5 (33.3)

4 (25.0)

12 (26.1)

3 (20.0)

0.74

Nausea

3 (20.0)

3 (20.0)

2 (12.5)

8 (17.4)

1 (6.7)

0.43

Vomiting

2 (13.3)

2 (13.3)

4 (25.0)

8 (17.4)

0 (0.0)

0.18

Pyrexia

4 (26.7)

2 (13.3)

0 (0.0)

6 (13.0)

0 (0.0)

0.32

Asthenia

2 ( 13.3)

2 (13.3)

1 (6.3)

5 (10.9)

1 (6.7)

1.0

Dizziness

3 (20.0)

1 (6.7)

1 (6.3)

5 (10.9)

0 (0.0)

0.32

Incision site pain

3 (20.0)

0 (0.0)

1 (6.3)

4 (8.7)

1 (6.7)

1.0

Upper respiratory tract infection

0 (0.0)

3 (20.0)

1 (6.3)

4 (8.7)

0 (0.0)

0.56

Agitation

2 (13.3)

0 (0.0)

1 (6.3)

3 (6.5)

0 (0.0)

0.57

Alanine aminotransferase increase

1 (6.7)

1 (6.7)

1 (6.3)

3 (6.5)

0 (0.0)

0.57

Arthralgia

1 (6.7)

2 (13.3)

0 (0.0)

3 (6.5)

2 (13.3)

0.59

Aspartate aminotransferase increase

1 (6.7)

1 (6.7)

1 (6.3)

3 (6.5)

0 (0.0)

0.57

Fall

0 (0.0)

1 (6.7)

2 (12.5)

3 (6.5)

0 (0.0)

0.57

Head discomfort

1 (6.7)

1 (6.7)

1 (6.3)

3 (6.5)

0 (0.0)

0.57

Pruritus

1 (6.7)

0 (0.0)

2 (12.5)

3 (6.5)

2 (13.3)

0.59

Any Treatment Emergent Adverse
Event

*Headache/procedural headache: because of reporting verbatim differences, headaches were coded into two
terms.
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Table 4. Treatment Emergent Serious Adverse Events (Safety Population, N=61)
Relationship to
Treatment

System Organ Class Preferred Term

Outcome
Cell Treatment

Surgical Procedure

2.5x106

Patient 1: Delirium (post-operative Days 3-7)

Unrelated

Unrelated

Recovered/resolved
without sequelae

5.0x106

Patient 2: Impairment of sensitivity in the
right limbs (post-operative Days 97-106)

Unrelated

Unrelated

Recovered/resolved
without sequelae

5.0x106

Patient 2: Transient ischemic attack (postoperative Days 97-106)

Unrelated

Unrelated

Recovered/resolved
without sequelae

10x106

Patient 3: Seizure (post-operative Days 66-67)

Unlikely Related

Possibly Related

Recovered/resolved
without sequelae

10x106

Patient 4: Delirium (post-operative Days 1-3)

Possibly Related

Probably Related

Recovered/resolved
without sequelae

10x106

Patient 4: Worsening of poor balance (postoperative Day 136 and ongoing)

Unlikely Related

Probably Related

Ongoing at the time of
this analysis

Control

Patient 5: Wound infection (post-operative
Days 153-170)

Unrelated

Definitely Related

Recovered/resolved
without sequelae

Control

Patient 6: Bicycle fall (accident) (postoperative Days 148-149)

Unrelated

Unrelated

Recovered/resolved
with sequelae
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Table 5. Primary and Secondary Efficacy Endpoints: SB623 Pooled Group versus Control
Endpoint

Pooled (n=46) Control (n=15)

Difference in LS
Mean/Odds Ratio
(95% CI)

P-Value

FMMS Score
Baseline, Mean (SD)
6 Months, Mean (SD)
Change from Baseline, LS Mean (SE)

52.2 (19.3)
60.6 (20.8)
+8.3 (1.4)

52.3 (15.1)
54.6 (15.0)
+2.3 (2.5)

+6.0 (0.3-11.8)

0.040

DRS
Baseline, Mean (SD)
6 Months, Mean (SD)
Change from Baseline, LS Mean (SE)

4.8 (3.0)
4.1 (2.4)
-0.5 (0.2)

3.7 (2.0)
4.3 (2.6)
+0.2 (0.4)

-0.7 (-1.7-0.3)

0.17

ARAT
Baseline, Mean (SD)
6 Months, Mean (SD)
Change from Baseline, LS Mean (SE)

19.1 (19.5)
21.3 (21.3)
+2.3 (1.4)

20.1 (17.2)
19.7 (19.0)
-0.4 (2.4)

+2.7 (-2.9-8.3)

0.34

Gait Velocity
Baseline, Mean (SD)
6 Months, Mean (SD)
Change from Baseline, LS Mean (SE)

50.0 (80.0)
53.0 (87.2)
-3.7 (10.0)

56.5 (96.6)
54.1 (93.5)
-1.2 (17.0)

-2.6 (-42.2-37.1)

0.90¥

NeuroQOL Upper Extremity Function T Score
32.5 (12.9)
Baseline, Mean (SD)
35.9 (12.9)
6 Months, Mean (SD)
+3.4 (1.3)
Change from Baseline, LS Mean (SE)

33.6 (7.7)
36.1 (7.7)
+3.8 (2.3)

-0.49 (-5.8-4.8)

0.85§

NeuroQOL Lower Extremity Function T Score
41.5 (10.4)
Baseline, Mean (SD)
44.3 (10.6)
6 Months, Mean (SD)
+2.7 (1.0)
Change from Baseline, LS Mean (SE)

44.3 (9.6)
44.6 (10.9)
+2.3 (1.8)

0.41 (-3.8-4.6)

0.84†

Global Rating of Perceived Change (score of 6 or 7) Assessed by Clinician
3.17 (0.6-16.1)
2 (13.3)
15 (32.6)
6 Months, Yes (%)
Global Rating of Perceived Change (score of 6 or 7) Assessed by Patient
3.58 (1.0-12.9)
4 (26.7)
26 (56.5)
6 Months, Yes (%)
‡

0.16

0.05

ARAT at baseline among patients with upper extremity deficit (Pooled: N=41; Control: N=14).
¥
Gait Velocity at baseline among patients with lower extremity deficit (Pooled: N=41; Control: N=14).
§
NeuroQOL Upper Extremity T Function at baseline among patients with upper extremity deficit (Pooled: N=41; Control: N=14).
†
NeuroQOL Lower Extremity T Function at baseline among patients with lower extremity deficit (Pooled: N=42; Control: N=13).
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‡

Figure Legends
Figure 1. Consort Diagram
Intent to Treat (ITT) Population (N=63): patients randomized to SB623 cell treatment or sham
surgery. Modified Intent to Treat (mITT) Population (N=61): patients randomized to SB623
treatment or sham surgery, minus two patients, one each from the SB623 2.5x106 and 5.0x106
treatment groups who discontinued prior to treatment as physicians could not determine safe cell
injection trajectories. Safety Population (N=61): patients who enrolled and underwent SB623
treatment or sham surgery.
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Figure 2. Primary Efficacy Endpoint Measures
(A) FMMS change from baseline for SB623 pooled and sham control groups at time points up to
6 months (mITT population, N=61). *P<0.05. (B) Percent of patients in each treatment group
who achieved potentially clinically meaningful improvement of FMMS (≥10 points) at 6 months
(mITT population, N=61). *P<0.05. (C) FMMS dose response: change from baseline for each
treatment group at time points up to 6 months (mITT population, N=61). The difference found
between the 5.0x106 treatment and sham surgery groups was calculated separately, and did not
include comparisons between other SB623 treatment groups and the sham surgery group.
**P<0.01.
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