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Abstract
Background and Objectives
Traumatic brain injury (TBI) is frequently characterized by chronic motor deficits. Therefore,
this clinical trial assessed whether intracranial implantation of allogeneic modified mesenchy-
mal stromal (SB623) cells can improve chronic motor deficits after TBI.

Methods
Post hoc analysis of the double-blind, randomized, prospective, surgical sham-controlled, phase
2, STEMTRA clinical trial (June 2016 and March 2019) with 48 weeks of follow-up was
conducted. In this international, multicenter clinical trial, eligible participants had moderate-to-
severe TBI, were ≥12 months postinjury, and had chronic motor deficits. Participants were
randomized in a 1:1:1:1 ratio to stereotactic surgical intracranial implantation of SB623 cells
(2.5 × 106, 5.0 × 106, 10 × 106) or surgical sham-controlled procedure. The prespecified
primary efficacy end point was significantly greater change from baseline of the Fugl-Meyer
Motor Scale (FMMS) score, a measure of motor status, for the SB623 pooled vs control arm at
24 weeks.

Results
A total of 211 participants were screened, 148 were excluded, and 63 underwent randomization,
of which 61 (97%; mean age, 34 [SD, 12] years; 43 men [70.5%]) completed the trial. Single
participants in the SB623 2.5 × 106 and 5.0 × 106 cell dose groups discontinued before surgery.
Safety and efficacy (modified intent-to-treat) were assessed in participants who underwent
surgery (N = 61; SB623 = 46, controls = 15). The primary efficacy end point (FMMS) was
achieved (least squares mean [SE] SB623: +8.3 [1.4]; 95% CI 5.5–11.2 vs control: +2.3 [2.5];
95% CI −2.7 to 7.3; p = 0.04), with faster improvement of the FMMS score in SB623-treated
groups than in controls at 24 weeks and sustained improvement at 48 weeks. At 48 weeks,
improvement of function and activities of daily living (ADL) was greater, but not significantly
different in SB623-treated groups vs controls. The incidence of adverse events was equivalent in
SB623-treated groups and controls. There were no deaths or withdrawals due to adverse events.

MORE ONLINE

Class of Evidence
Criteria for rating
therapeutic and diagnostic
studies

NPub.org/coe

From the Department of Neurological Surgery (D.O.O.), University of Pittsburgh Medical Center, PA; New England Institute for Neurology and Headache (P.M.), Stamford, CT;
Department of Neurosurgery (A.S.A.), Loma Linda University Medical Center, CA; Department of Neurosurgery (Y.K.), The University of Tokyo Hospital, Japan; Department of
Neurosurgery (M.K.), Hokkaido University Hospital, Sapporo, Japan; Department of Neurology (S.C.C.), University of California, Los Angeles; Westview Clinical Research (A.L.),
Placentia, CA; Department of Translational Neurosciences (S.K.), Providence Saint John’s Health Center, Santa Monica, CA; The Neurology Center of Southern California (B.M.F.),
Carlsbad, CA; Department of Neurology (L.I.G.), University of California, Irvine; UCSF Weill Institute for Neurosciences (A.S.K.), Department of Neurology, University of California, San
Francisco; Department of Neurology andNeurological Sciences (N.E.S.), and Stanford Stroke Center, Stanford University School ofMedicine and Stanford Health Care, CA; Department
of Neurological Surgery (J.W.C.), University of California, Irvine; JCHO Tokyo Shinjuku Medical Center (H.I.), Japan; Department of Neurological Surgery (T.Y.), Okayama University
Graduate School ofMedicine, Japan; SanBio, Inc. (D.C., B.N., D.B.), Mountain View, CA;Watson& Stonehouse Enterprises LLC (A.H.S.), Pacific Grove, CA;Massachusetts General Hospital
and Harvard Medical School (R.M.R.), Boston; Department of Neurosurgery and Stanford Stroke Center (G.K.S.), Stanford University School of Medicine and Stanford Health Care, CA;
Biostatistical Consulting Inc. (E.C.P.), Mountain View, CA; and Neurotrauma Rehabilitation Associates LLC (A.H.W.), Littleton, CO.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

The Article Processing Charge was funded by SanBio.

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 4.0 (CC BY-NC-ND), which permits downloading
and sharing the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the journal.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Academy of Neurology.
e209797(1)

mailto:okonkwodo@upmc.edu
http://NPub.org/coe
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000209797
http://creativecommons.org/licenses/by-nc-nd/4.0/


Discussion
Intraparenchymal implantation of SB623 cells was safe and significantly improved motor status at 24 weeks in participants with
chronic motor deficits after TBI, with continued improvement of function and ADL at 48 weeks. Cell therapy can modify
chronic neurologic deficits after TBI.

Trial Registration Information
ClinicalTrials.gov Identifier: NCT02416492. Submitted to registry: April 15, 2015. First participant enrolled: July 6, 2016.
Available at: classic.clinicaltrials.gov/ct2/show/NCT02416492.

Classification of Evidence
This study provides Class I evidence that intracranial implantation of allogeneic stem (SB623) cells in adults with motor deficits
from chronic TBI improves motor function at 24 weeks.

Introduction
Traumatic brain injury (TBI) is recognized among worldwide
trauma-related injuries as the greatest contributor to death
and disability.1 In 2018, the global incidence of all-cause, all-
severity TBI was estimated to be 69 million cases per year
while in 2016, the global prevalence of chronic impairment
secondary to TBI was estimated to be 55.5 million cases.2,3

Advances in acute clinical care have improved post-TBI sur-
vival rates, yet there are no approved therapies for TBI, and
many participants experience lifelong disabilities as shown by
static return-to-work rates over the past 50 years.4-8

The prevalence of TBI-related long-term disabilities varies
around the world, ranging from 1,766 per 100,000 persons in
the United States to 704 per 100,000 persons in France.9,10 In
the United States, long-term motor deficits are reported to be
experienced by approximately 43% of participants who were
hospitalized with TBI while approximately 5.3 million people
live with a TBI-related disability.11,12 In addition, more than
one-third of participants with severe TBI are reported to have
at least 1 neuromotor impairment 2 years after acute re-
habilitation.13 Despite improvements in the treatment of
acute TBI, long-term motor deficits secondary to TBI remain
a major unmet medical need.

The potential of cell therapies to be safe and effective treat-
ments for the recovery of impairments that are associated with
chronic TBI has been demonstrated in several early-stage
clinical studies.14-17 Allogeneic modified bone marrow–
derived mesenchymal stromal (SB623) cells are in clinical
development for chronic motor deficits (e.g., hemiparesis
beyond 1 year after injury) secondary to TBI and stable

ischemic stroke (SanBio, Inc., Mountain View, CA). In a
2-year phase 1/2a study (NCT01287936), intracerebral im-
plantation of SB623 cells in participants with chronic ischemic
stroke was safe and associated with sustained significant im-
provement of measures of motor status.18

In the primary analysis at 24 weeks of the 1-year, double-blind,
randomized, surgical sham-controlled, phase 2 “Stem Cell
Therapy for Traumatic Brain Injury” (STEMTRA) trial
(NCT02416492), which investigated the intracerebral implan-
tation of SB623 cells in participants with chronic motor deficits
after TBI, the authors reported comparable rates of ad-
verse events in both the SB623 pooled and control arms,
and that the primary efficacy end point of significantly
greater change from baseline of the Fugl-Meyer Motor
Scale (FMMS) score was achieved for the SB623 pooled vs
control arms at 24 weeks.17 However, secondary end
points of improvement of function and activities of daily
living (ADL) did not significantly change from baseline for
the SB623 pooled vs control arms at 24 weeks.17

In this report, we present a post hoc analysis from the com-
pleted STEMTRA trial (additional data at ClinicalTrials.gov:
NCT02416492), in which we aimed to assess whether im-
plantation of SB623 cells in participants was safe and could
improve chronic motor deficits after TBI at 48 weeks.

The primary research objective of the STEMTRA trial was to
evaluate the clinical efficacy of intracerebral implantation of
SB623 cells on chronic motor deficits secondary to TBI at 24
weeks after implantation. The secondary research objectives
of the STEMTRA trial were to evaluate (1) the effect of
intracerebral implantation of SB623 cells on disability

Glossary
ADL = activities of daily living;ARAT = Action Research ArmTest;DRS =Disability Rating Scale; FMMS = Fugl-MeyerMotor
Scale; GOS-E = Glasgow Outcome Scale-Extended; GV = gait velocity; mITT = modified intent-to-treat; MMRM = mixed
model of repeated measures; STEMTRA = Stem Cell Therapy for Traumatic Brain Injury; TBI = traumatic brain injury;
TEAE = treatment-emergent adverse event; TESAE = treatment-emergent serious adverse event.
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parameters and (2) the safety and tolerability of intracerebral
implantation of SB623 cells.

Methods
In this report, we present a post hoc analysis of the final 1-year
data from the completed STEMTRA trial. Participant baseline
characteristics, inclusion and exclusion criteria, data analysis
methods, and design of the STEMTRA trial have been de-
scribed previously in the primary analysis,17 which reported
the primary efficacy and secondary end points at 24 weeks. In
addition, inclusion and exclusion criteria are delineated in
detail in Table 1. CONSORT reporting guidelines were used
in the reporting of this study.19

Study Population, Standard Protocol
Approvals, Registrations, and
Participant Consents
The STEMTRA trial (ClinicalTrials.gov: NCT02416492)
enrolled participants with moderate or severe TBI with a
Motricity Index upper extremity score of 10–81 (at least 2

scores less than 33 with 1 of these less than 25 and at least 1
score greater than 0) and/or a lower extremity score of 10–78
(at least 2 scores less than 33 with 1 of these less than 25 and
at least 1 score greater than 0); with Glasgow Outcome Scale-
Extended (GOS-E) scores of 3–6; aged 18–75 years; who
were at least 12 months postinjury; and who had chronic
motor deficits (e.g., hemiparesis beyond 1 year after injury)
that correlated with MRI-observed focal cerebral injury. Par-
ticipants were instructed on a set of standardized physical
therapy exercises (cylinder grasp, thumb raise, stand and
squat, walk), which were performed at home each morning
and afternoon during the screening period and for the first 6
months of the study. The trial was conducted between June
2016 and March 2019 at a total of 27 sites (21 sites in the
United States, 5 sites in Japan, and 1 site in Ukraine). In-
dividual institutional review boards reviewed and approved
clinical protocols, and participants or legal authorized repre-
sentatives provided written informed consent.

SB623 Cells
SB623 cells are allogeneic modified bone marrow–derived
mesenchymal stromal cells, which are produced by transient

Table 1 Study Inclusion and Exclusion Criteriaa

Inclusion criteria
• Age 18–75 y
• Documented history of TBI, with correlated MRI or CT
• At least 12 mo after TBI
• Focal cerebral injury able to be identified on MRI (±concomitant diffuse

axonal injury)
• Neurologic motor deficit substantially due to focal cerebral injury

observed on MRI
• GOS-E scores of 3–6 (i.e., moderate or severe disability)
• Require Motricity Index upper extremity score of 10–81 (at least 2

scores less than 33 with 1 of these less than 25 and at least 1 score
greater than 0) and/or a lower extremity score of 10–78 (at least 2 scores
less than 33 with 1 of these less than 25 and at least 1 score greater
than 0)
• Able and willing to undergo CT and MRI
• Must have agreed to the use of antiplatelet, anticoagulant, or

nonsteroidal anti-inflammatory drugs in accordance with the
anticoagulant guidelines29

• Participantsmust bewilling to participate in study-related exercises to the
extent possible
•Must have been willing to discontinue herbal or nontraditional medicines

1 wk before and 1 wk after the surgical procedure
• Ability to undergo all planned neurologic assessments
• Ability of the participant or legal authorized representative to understand

and sign an informed consent

• Uncontrolled systemic illness, including but not limited to hypertension
(systolic >150mmHg or diastolic >95mmHg); diabetes; and renal, hepatic, or
cardiac failure
• Uncontrolled major psychiatric illness, including depression symptoms

(CESD-R Scale score of ≥16)
• Total bilirubin >1.9 mg/dL
• Serum creatinine >1.5 mg/dL
• Hemoglobin <10.0 g/dL
• Absolute neutrophil count <2,000/mm3

• Absolute lymphocytes <800/mm3

• Platelet count <100,000/mm3

• Liver disease documented by AST (SGOT) or ALT (SGPT) ≥2.5× institutional
upper limit of normal
• Serum calcium >11.5 mg/dL
•Unexplained abnormal preoperative test values (blood tests, 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

contraindications to stereotactic surgery
• Participation in any other investigational trial within 4 wk of initial

screening or within 7 wk of study entry
• Botulinum toxin injection, phenol injection, intrathecal baclofen, or any

other interventional treatments of spasticity (except bracing and splinting)
within 16wk of the baseline visit (interventional treatment refers to treatment
given 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 nontraditional drugs
• Substance use disorder (per DSM-V criteria, including drug or alcohol)
• Contraindications to head CT or MRI
• Pregnant or lactating
• Women of childbearing potential unwilling to use an adequate birth

control method during the 12 mo of the study
• Any other condition or situation that the investigator believed may

interfere with the safety of the participant or the intent and conduct of the
study
• Participants with allergic reactions to the ingredients of SB623, the drugs

used when administering SB623, or the drugs used in testing (applicable for
Japan only)

Exclusion criteria
• History or presence of any other major neurologic diseases
• Any seizures in the previous 3 mo
• The presence of contracture at any joints that would have interfered with

interpretation of any of the neurologic 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 orthopaedic diseases that limited

motor function
• Clinically significant finding on MRI of the 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 nonmalignant

etiology is confirmed

a This table was originally presented as Table 1 in the study by Kawabori M, Weintraub AH, Imai H, et al. Cell therapy for chronic TBI: interim analysis of the
randomized controlled STEMTRA trial. Neurology. 2021;96(8):e1202-e1214. doi:10.1212/WNL.0000000000011450.
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transfection with a plasmid containing the intracellular do-
main of humanNotch-1.20 SB623 cells are produced in a Good
Gene, Cellular, and Tissue-based Product Manufacturing
Practice facility (Lonza Biologics, Portsmouth, NH). Details
of the preparation of SB623 cells have been described
previously.18

Randomization and Design
A total of 211 survivors were screened by clinical sites for the
STEMTRA trial, of whom 63 participants with stable chronic
motor deficits secondary to TBI were randomized using a
block size of 4 with an interactive web response system on the
day of the surgery. For participants enrolled outside Japan,
randomization was stratified by the GOS-E score (i.e., scores
3, 4, 5, or 6); for participants in Japan, randomization was not
stratified. The surgeons, cell preparation staff, and operating
room staff only became aware of treatment group allocation
after randomization. Communication between surgeons and
efficacy raters was strictly prohibited. Efficacy raters and study
participants were blinded to treatment. Participants were
randomized in a parallel 1:1:1:1 ratio to the intent-to-treat
population, with 3 SB623-treated groups each having 16
participants receiving single doses of 2.5 × 106, 5.0 × 106, or 10
× 106 cells and a sham surgery control arm with 15 partici-
pants (Figure 1). Surgeons were unable to determine safe
stereotactic implantation trajectories in 2 participants (1 in
the SB623 2.5 × 106 and 1 in the SB623 5.0 × 106 cell dose

group); therefore, these participants discontinued from the
trial before surgery. As a result, 61 participants enrolled in the
STEMTRA trial formed both the modified intent-to-treat
(mITT) and safety populations (baseline demographics,
Table 2). In this final post hoc analysis, all 61 participants in
the mITT and safety populations had completed 48-week
evaluations.

Sample Size Calculation
A sample size of 48 participants (36 in the SB623 treatment
arm and 12 in the control arm) was determined as an ap-
propriate sample size. This required a 2-sample t test to show
superiority of the SB623 pooled arm over sham control, as-
suming 80% power, alpha of 0.05, a 2-tailed test, and 3:1
randomization. This assumed that the mean change from
baseline at 24 weeks in the FMMS score was 10 points for the
SB623 treatment arm and 3 points for the control arm, with an
assumed SD of 7.25 per arm. Based on an 8% upward ad-
justment to compensate for dropout participants, a total of
approximately 52 participants were required. The primary
analysis was conducted at 24 weeks and the final post hoc
analysis at 48 weeks after implantation follow-up.

Stereotactic Surgical Procedure
SB623 cells were implanted into participants using a stereo-
tactic surgical procedure by burr-hole craniostomy to the
peritrauma brain tissue area responsible for the motor deficits

Figure 1 CONSORT Flow Diagram

63participants were randomized to SB623 cell treatment or sham surgery. However, safe stereotactic implantation trajectories could not be determined for 1
participant in the SB623 2.5 × 106 cell dose group and 1 participant in the SB623 5.0 × 106 cell dose group, resulting in both participants discontinuing from the
trial before surgery. Both the modified intent-to-treat (mITT) and safety populations (n = 61) contained participants who were randomized and underwent
SB623 cell treatment or sham surgery. All 61 participants completed 48-week evaluations.
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as identified by MRI and described previously.18 Sham sur-
gery control participants received a similar stereotactic burr-
hole surgical procedure without penetration of the inner table
or dura mater, followed by surgical closure of the scalp to
maintain blinding of the participant and clinical efficacy and
safety assessors.

Study Visit Schedule
STEMTRA trial participants 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, 6, 9, and 12.

Trial Blinding
Efficacy assessments were performed by site-specific neurol-
ogists, physiatrists, and physical therapists who were trained in
the assessments, and training certification was confirmed and
documented by the clinical research organization, with
recertification occurring every 6 months; all health care pro-
fessionals evaluating efficacy were blind to participant treat-
ment. Treatment-emergent adverse events were evaluated by

rehabilitation physicians who were also blind to participant
treatment. Unblinding events occurred to 2 study participants
and their caregivers; however, in both cases, health care
professionals who evaluated efficacy remained blind to the
participant treatment group.

Efficacy End Points
The focus of SB623 cells is to treat participants with chronic
TBI who have persistent deficits in the motor domain of
neurologic function; as such, the STEMTRA trial end points
addressed the 3 primary levels of human functioning consis-
tent with the World Health Organization’s International
Classification of Functioning, Disability and Health: (1) im-
pairment (body function and structure); (2) disability (ac-
tivity); and (3) handicap (participation).21

Impairment was assessed using the FMMS, a broadly ac-
cepted measure of motor impairment, as the primary efficacy
end point at 24 weeks.22-24 Disability was assessed using the
Action Research Arm Test (ARAT) and gait velocity (GV),
measures of upper and lower extremity motor functions,
respectively.25-27 Handicap was assessed using NeuroQOL
upper and lower extremity function T scores (NeuroQOL

Table 2 Baseline Demographics of Modified Intent-to-Treat and Safety Populationsa

Characteristic

SB623 cell dose/implantation

Control (n = 15) Total (N = 61)2.5 × 106 (n = 15) 5 × 106 (n = 15) 10 × 106 (n = 16) Pooled (n = 46)

Age (y)

Mean (SD) 36.7 (13.6) 31.2 (9.2) 34.2 (11.5) 34.0 (11.5) 35.5 (13.0) 34.4 (11.8)

Median 34.0 30.3 30.2 32.6 35.4 33.4

Range (min–max) 19.8–65.2 18.5–53.1 18.9–53.0 18.5–65.2 18.8–67.5 18.5–67.5

Sex, n (%)

Male 11 (73.3) 12 (80.0) 11 (68.8) 34 (73.9) 9 (60.0) 43 (70.5)

Female 4 (26.7) 3 (20.0) 5 (31.3) 12 (26.1) 6 (40.0) 18 (29.5)

Time since injury (mo)

Mean (SD) 103.9 (68.0) 82.0 (67.9) 94.3 (76.4) 93.6 (10.6) 99.3 (23.1) 95.0 (9.7)

Median 86.5 42.6 69.7 72.9 62.4 68.9

Range (min–max) 20.2–242.2 19.0–240.1 16.8–341.2 16.8–341.2 28.0–336.7 16.8–341.2

Race, n (%)

White 11 (73.3) 9 (60.0) 11 (68.8) 31 (67.4) 11 (73.3) 42 (68.9)

Black 0 (0.0) 1 (6.7) 0 (0.0) 1 (2.2) 0 (0.0) 1 (1.6)

Asian 4 (26.7) 5 (33.3) 5 (31.3) 14 (30.4) 4 (26.7) 18 (29.5)

Ethnicity, n (%)

Hispanic or Latino 0 (0.0) 1 (6.7) 1 (6.3) 2 (4.3) 0 (0.0) 2 (3.3)

Not Hispanic or Latino 15 (100) 14 (93.3) 15 (93.8) 44 (95.7) 15 (100) 59 (96.7)

a This table is based on data that were originally presented in Table 2 of the study by Kawabori M, Weintraub AH, Imai H, et al. Cell therapy for chronic TBI:
interim analysis of the randomized controlled STEMTRA trial. Neurology. 2021;96(8):e1202-e1214. doi:10.1212/WNL.0000000000011450.
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upper and lower scores), measures of ADL and mobility, re-
spectively.28 Global outcome was assessed using the Disability
Rating Scale (DRS) to track general functional change over
time.29 The secondary end points were DRS, ARAT, GV, and
NeuroQOL upper and lower scores and Global Rating of
Perceived Change, each at 24 weeks.17 In this post hoc
analysis, FMMS, DRS, ARAT, GV, and NeuroQOL upper
and lower scores were assessed at 48 weeks.

Safety
Treatment-emergent adverse events (TEAEs) were assessed
and reported by study investigators and were defined as any
event that was not present before the initiation of cell
treatment or surgical procedure, or any event that was al-
ready present which worsened in either intensity or fre-
quency after exposure to cell treatment or surgical
procedure. TEAEs were graded as follows: (1) mild, (2)
moderate, (3) severe, or (4) life-threatening. The relation-
ship between TEAEs and cell treatment or surgical pro-
cedure was determined by the investigator’s clinical
judgment, using guidance from eTable 1. Participants were
instructed to report TEAEs spontaneously or in response to
nondirected questioning, with TEAE reporting starting
when survivors were assessed for eligibility and finishing 12
months after SB623 cell treatment.

Statistics
Categorical variables were summarized by frequencies and
percentages in each category. Descriptive statistics were cal-
culated for continuous variables, including participant num-
ber, mean, SD, median, minimum, and maximum.

For efficacy end points in this post hoc analysis, a mixed
model of repeated measures (MMRM) using an unstructured
covariance matrix for the restricted maximum likelihood es-
timation procedure was used to compare the SB623 pooled
with control arms and SB623 5 × 106 cell dose with control
arms. The MMRM model included the following terms:
treatment, visit, treatment-by-visit interaction, baseline score,
baseline score–by-visit interaction, GOS-E score at screening,
and GOS-E score at screening–by-visit interaction. In addi-
tion, for efficacy end points, a post hoc responder analysis of
SB623 pooled participants was conducted for participants
who achieved a change of the FMMS score from baseline of
≥8 at 24 and 48 weeks (responder vs nonresponder).

For safety comparisons, the Fisher exact test was used to
analyze the percentage of participants experiencing at least 1
TEAE.

p = 0.05 was considered as statistically significant. Data
analyses were performed using SAS version 9.4 (Cary, NC).

Data Availability
Individual deidentified participant data, study protocol, sta-
tistical analysis plan, clinical study report, and informed
consent forms will be available to qualified external medical

and scientific researchers. Data sharing requests may be sub-
mitted on publication of this article, 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, end points/
outcomes of interest, scientific value and impact, and a pub-
lication plan to the Chief Medical Officer of SanBio, Inc. The
scientific appropriateness of the request will be reviewed by
SanBio, Inc.

The study protocol and statistical analysis plan for the
STEMTRA trial are available in eSAP 1.

Results
Efficacy Outcomes
The primary efficacy end point of significantly greater change
of the FMMS score from baseline at 24 weeks for the SB623
pooled vs control arm was achieved (least squares mean [SE]
SB623: +8.3 [1.4]; 95% CI 5.5–11.2 vs control: +2.3 [2.5];
95% CI −2.7 to 7.3; p = 0.04),17 with SB623-treated partici-
pants experiencing higher scores and faster paced improve-
ment of the FMMS score compared with controls at 24 weeks
and sustained improvement at 48 weeks after treatment
(Figure 2A).

Participants treated with the SB623 5 × 106 cell dose (n = 15)
had significantly greater change of the FMMS score from
baseline vs control at 24 weeks (SB623 5 × 106 cell dose:
+10.9 [1.8]; 95% CI 7.3–14.6 vs control: +2.4 [1.8]; 95% CI
−1.2 to 6.0; p = 0.002) and 48 weeks (SB623 5 × 106 cell dose:
+10.5 [1.8]; 95% CI 6.7–14.3 vs control: +4.1 [1.8]; 95% CI
0.3–7.9; p = 0.02) (Figure 2A).

Although pooled SB623-treated participants experienced
improvement of the FMMS score from baseline at 48 weeks,
this was not significantly different from control (SB623: +7.5
[1.3]; 95% CI 4.9–10.1 vs control: +4.1 [2.2]; 95% CI −0.3 to
8.6; p = 0.20). Notably, change of the FMMS score from
baseline was significant for the SB623-treated participants but
not control participants at 24 and 48 weeks.

At 48 weeks, theDRS score was not significantly improved from
baseline in both the SB623 pooled and control arms, although
the point estimate of improvement in the SB623 pooled arm
was greater than in the control arm (SB623: −0.3 [0.2]; 95% CI
−0.8 to 0.1 vs control: −0.1 [0.4]; 95% CI −0.9 to 0.7; p = 0.61)
(Figure 2B). At 48 weeks, ARAT (SB623: +3.1 [1.2]; 95% CI
0.6–5.7 vs control: +1.8 [2.1]; 95% CI −2.5 to 6.1; p = 0.59)
(Figure 2C), NeuroQOL upper (SB623: +3.6 [1.2]; 95% CI
1.2–6.1 vs control: +1.2 [2.1]; 95% CI −3.1 to 5.4; p = 0.32)
(Figure 2D), GV (SB623: +0.26 [0.06]; 95% CI 0.13–0.38 vs
control: +0.05 [0.11]; 95% CI −0.17 to 0.27; p = 0.32)
(Figure 2E), andNeuroQOL lower (SB623: +4.6 [0.9]; 95%CI
2.8–6.5 vs control: +1.0 [1.7]; 95% CI −2.3 to 4.4, p = 0.07)
(Figure 2F) scores were significantly improved from baseline in
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Figure 2 SB623 Efficacy End Point Measures

(A) FMMSmean change from baseline for (1) the SB623 pooled arm at 24 weeks (d), (2) SB623 5 × 106 cell dose at 24 weeks (:), and (3) SB623 5 × 106 cell dose
at 48 weeks (▼). FMMS baseline mean (SD) scores were 52.2 (19.3) for SB623 pooled, 51.3 (22.0) for the 5 × 106 cell dose, and 52.3 (15.1) for sham surgery
control. The graphs show data from the modified intent-to-treat population, which included 61 participants who underwent surgery. (B) DRS baseline mean
(SD) scores were 4.8 (3.0) for SB623 pooled and 3.7 (2.0) for sham surgery control. The graph shows data from themodified intent-to-treat population, which
included 61 participants who underwent surgery. (C) ARAT baseline mean (SD) scores were 19.1 (19.5) for SB623 pooled and 20.1 (17.2) for sham surgery
control. The graph shows data from the modified intent-to-treat population, which included 61 participants who underwent surgery. (D) NeuroQOL upper
baselinemean (SD) scores were 32.5 (12.9) for SB623 pooled and 32.2 (9.2) for sham surgery control. The graph shows data from themodified intent-to-treat
population, which included 61 participants who underwent surgery. (E) Gate velocity baseline mean (SD) scores were 0.67 (0.49) m/s for SB623 pooled and
0.81 (0.58) m/s for sham surgery control. The graph shows data from the lower extremity deficit population (N = 56). (F) NeuroQOL lower baseline mean (SD)
scores were 41.5 (10.4) for SB623 pooled and 44.3 (9.6) for sham surgery control. The graph shows data from the modified intent-to-treat population, which
included 61 participants who underwent surgery. ARAT = Action Research Arm Test; DRS = Disability Rating Scale; FMMS = Fugl-Meyer Motor Scale.
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the SB623 pooled arm, and the point estimates were greater
than in the control arm; however, differences between the
SB623 pooled and control arms were not statistically significant.

In a post hoc responder analysis of SB623 pooled participants
defined by a FMMS change from baseline of ≥8 points at 24
weeks (defined as the FMMS minimally clinically important
difference in chronic TBI),30 improvement of DRS, ARAT,
GV, and NeuroQOL upper and lower scores was consistently
greater in the responder group than in the nonresponder
group at 24 and 48 weeks (Table 3).

In addition, there were no clear relationships between FMMS
change from baseline at 24 and 48 weeks and time since injury
for both the SB623 pooled (mean [SD] 93.6 [10.6] months)
and control arms (99.3 [23.1] months).

Safety Outcomes
At 48 weeks, each SB623-treated and control participant ex-
perienced at least 1 TEAE, with headache being the most
commonly reported TEAE (SB623: 23 participants [50%] vs
control: 5 participants [33.3%]) (eTable 2). Overall, there
was no significant difference in the rate of TEAEs between
SB623 pooled and control participants (p = 0.25), and there
was no relationship between the frequency of TEAEs and
SB623 cell dose. For both SB623-treated and control partici-
pants, greater than 90% of TEAEs were not related or unlikely
to be related to cell treatment while greater than 30% of TEAEs
were possibly, probably, or definitely related to the surgical
procedure (Table 4). TEAEs occurring by relationship to cell

treatment and surgical procedure can be found in eTables 3 and
4, respectively.

Through 48 weeks, treatment-emergent serious adverse
events (TESAEs) were experienced by 4 SB623-treated par-
ticipants (8.7%) (6 TESAEs) compared with 3 control par-
ticipants (20%) (3 TESAEs) (Table 5). Most of the TESAEs
were not related to cell treatment and were not related or
unlikely to be related to the surgical procedure (Table 5). At
48 weeks, all TESAEs had resolved with the exception of
worsening of poor balance experienced by Participant 4,
which was ongoing.

In the trial, 4 participants had preexisting anti-SB623 HLA
antibodies and a single participant without preexisting anti-
SB623 HLA antibodies developed posttreatment anti-SB623
antibodies (a possible sensitization response). At 48 weeks,
there were no clinically meaningful trends in vital signs or
hematologic or biochemical parameters and no apparent re-
lationships between anti-SB623 HLA antibodies and SB623
cell dose, anti-SB623 HLA antibodies and TESAEs, and anti-
SB623 HLA antibodies and efficacy end points. Furthermore,
there were no deaths or dose-limiting toxicities, and no par-
ticipants withdrew because of adverse events.

Classification of Evidence
This study provides Class I evidence that intracranial im-
plantation of allogeneic stem (SB623) cells in adults with
motor deficits from chronic TBI improves motor function at
24 weeks.

Table 3 SB623 Efficacy End Points at 24 and 48Weeks by FMMSResponder Status (SB623 Pool Responder: FMMSChange
From Baseline ≥8 Points at 24 Weeks)

Mean (SD)

SB623 pooled responder SB623 pooled nonresponder

Baseline CFB 24 Weeks CFB 48 Weeks Baseline CFB 24 Weeks CFB 48 Weeks

FMMS 50.0 (16.4) 18.0 (8.1) 15.6 (6.2) 54.0 (21.4) 1.0 (4.7) 1.3 (6.0)

n = 20 n = 20 n = 19 n = 26 n = 26 n = 26

DRS 5.2 (4.1) −0.9 (2.8) −0.9 (2.8) 4.6 (2.0) −0.5 (1.4) −0.3 (1.5)

n = 19 n = 19 n = 18 n = 26 n = 26 n = 26

ARAT 25.0 (21.8) 5.6 (8.6) 6.1 (8.9) 21.8 (22.3) −0.7 (5.0) 0.4 (3.8)

n = 20 n = 20 n = 19 n = 26 n = 26 n = 26

GV (m/s) 0.691 (0.532) 0.263 (0.330) 0.400 (0.572) 0.621 (0.453) 0.026 (0.282) 0.116 (0.300)

n = 20 n = 20 n = 18 n = 25 n = 25 n = 25

NeuroQOL upper 29.55 (13.45) 4.83 (9.43) 5.53 (8.46) 37.14 (11.80) 1.57 (6.21) 2.35 (8.96)

n = 20 n = 20 n = 19 n = 26 n = 26 n = 26

NeuroQOL lower 39.65 (10.38) 4.33 (5.41) 5.85 (6.07) 41.79 (10.34) 1.39 (7.29) 3.54 (6.54)

n = 20 n = 20 n = 19 n = 26 n = 26 n = 26

Abbreviations: ARAT =Action ResearchArmTest; CFB = change frombaseline; DRS =Disability Rating Scale; FMMS= Fugl-MeyerMotor Scale; GV = gait velocity.
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Discussion
In this randomized trial, intraparenchymal implantation of
SB623 mesenchymal stromal cells significantly improved
motor status at 24 weeks (the primary efficacy end point) in
participants with chronic deficits after TBI, with continued
improvement of function and ADL scores at 48 weeks in this
post hoc analysis, compared with control participants. SB623
cell implantation was safe and well tolerated.

The FMMS is a broadly accepted measure of motor impair-
ment that is widely used to assess chronic stroke clinical
trials.18,22-24,31,32 In the STEMTRA trial, the primary efficacy
end point of significantly greater change of the FMMS score
from baseline at 24 weeks for the SB623-treated pooled vs
control arms was achieved, with SB623-treated pooled par-
ticipants experiencing faster paced improvement at 24 weeks
compared with control participants. In a post hoc analysis,
SB623-treated pooled participants experienced sustained
improvement of FMMS scores at 48 weeks; however, these
were not significantly different compared with control par-
ticipants. The improvement of FMMS scores from baseline

for control participants between 24 and 48 weeks may be the
residual effect of the standardized physical therapy exercises
that were performed by all participants for the first 24 weeks
of the study. Notably, FMMS change from baseline was sig-
nificant for SB623-treated pooled participants but not for
control participants at both 24 and 48 weeks.

Participants treated with the SB623 5 × 106 cell dose expe-
rienced significantly greater change of FMMS scores from
baseline compared with control at 24 and 48 weeks. More-
over, participants treated with the SB623 5 × 106 cell dose
experienced faster paced improvement of motor scores than
control participants, which peaked at 24 weeks and was sus-
tained to 48 weeks. Consistent with our primary report,17

these findings suggest that the SB623 5 × 106 cell dose also
gave the most favorable outcomes at 48 weeks.

Efficacy end points of ARAT, GV, and NeuroQOL upper and
lower scores that assessed function and ADL were signifi-
cantly improved from baseline in the SB623-treated pooled
arm but were not significantly different from those in the
control arm at 48 weeks. Further improvements in function or

Table 4 Unique Treatment-Emergent Adverse Events Related to Cell Treatment and Surgical Procedure

Treatment group
Not related
(%)

Unlikely related
(%)

Possibly related
(%)

Probably related
(%)

Definitely related
(%)

Total number of events,
n (%)

Relationship to cell
treatment

SB623 74.8 19.1 5.3 0.8 0 246 (100)

Control 75.3 19.8 4.9 0 0 81 (100)

Relationship to surgical
procedure

SB623 54.9 6.9 12.6 13.0 12.6 246 (100)

Control 59.3 9.9 14.8 3.7 12.3 81 (100)

Table 5 Treatment-Emergent Serious Adverse Events

Cell dose/
implantation Serious adverse event

Relationship to cell
treatment

Relationship to surgical
procedure

2.5 × 106 Participant 1: delirium (postoperative days 3–7) Not related Not related

5 × 106 Participant 2: transient ischemic attack (postoperative days 97–106) Not related Not related

10 × 106 Participant 3: seizure (postoperative day 66–67) Unlikely related Possibly related

10 × 106 Participant 3: seizure (postoperative day 360–367) Not related Not related

10 × 106 Participant 4: delirium (postoperative days 1–3) Possibly related Probably related

10 × 106 Participant 4: worsening of poor balance (postoperative day 136 and
ongoing)

Unlikely related Probably related

Control Participant 5: wound infection (postoperative days 153–170) Not related Definitely related

Control Participant 6: bicycle fall (accident) (postoperative days 148–149) Not related Not related

Control Participant 7: seizure (postoperative day 227) Unlikely related Unlikely related
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ADLmay require more aggressive rehabilitation in addition to
tissue regeneration, remodeling, or repair by cell therapy to
produce greater degrees of functional recovery.33

Improvement of DRS, ARAT, GV, andNeuroQOL upper and
lower scores was greater in a post hoc responder subgroup of
SB623 pooled participants who achieved a FMMS change
from baseline of ≥8 points at 24 weeks, than in the non-
responder group, suggesting that improvement of motor
impairment could lead to improvements of function and
ADL. It is also noteworthy that the STEMTRA trial was not
powered to detect change in DRS, ARAT, GV, and Neuro-
QOL upper and lower scores, and that ARAT and Neuro-
QOL upper and lower scores had ceiling and floor effects that
reduced sensitivity.

Consistent with 24-week primary data, there was no significant
difference in the rate of treatment-emergent adverse events
between SB623 pooled and control participants at 48 weeks,
with headache being the most commonly reported adverse
event.17 Consistent with earlier studies, greater than 90% of
TEAEs were not related or unlikely to be related to cell treat-
ment while greater than 30% of TEAEswere possibly, probably,
or definitely related to the stereotactic surgical procedure.18,34

Consistent with an earlier phase 1/2a study (NCT01287936)
of SB623 cells for the treatment of chronic ischemic stroke,18

there were no apparent relationships between anti-SB623
HLA antibodies and cell dose, serious adverse events, or ef-
ficacy end points in the STEMTRA trial, demonstrating the
low immunoreactive potential of allogeneic SB623 cells
implanted in the brain even in the absence of immunosup-
pressive agents.

The STEMTRA trial is the world’s first double-blind, ran-
domized, surgical sham-controlled cell implantation therapy
study for treatment of chronic motor deficits secondary to TBI.
As yet, there are insufficient data to define precisely the optimal
implantation site of SB623 cells in relation to the site of TBI
injury, which may be diffuse in nature. As a result, SB623 cell
implantation sites were determined by the surgeon’s judgment,
which reflected real-world practice but may have caused vari-
ability of participant responses. Variability of participant re-
sponses may have also been caused by the wide participant age
range, incidence of comorbidities, differences in external envi-
ronmental factors, and variability of postsurgery physical
therapy. Moreover, despite the STEMTRA trial being surgi-
cally sham-controlled, improvement of outcome measures may
have been caused by surgical manipulation of peri-injured tissue
instead of the effects of implanted SB623 cells. The authors
note that, although this study was conducted across a total of 27
sites in the United States, Japan, and Ukraine, most participants
were White (68.9%), with a minority of Asian participants
(29.5%) and a single Black participant (1.6%).

We report a post hoc analysis of the completed 1-year, double-
blind, randomized, surgical sham-controlled, phase 2

STEMTRA trial (NCT02416492). SB623-treated participants
experienced higher scores and faster paced improvement on
the primary efficacy end point of the FMMS score compared
with control participants at 24 weeks, with sustained im-
provement at 48 weeks. Improvement of function and ADL
scores trended to be greater in SB623-treated participants
compared with control participants at 48 weeks. Implantation
of SB623 cells was safe. Future clinical development should
focus on the 5 × 106 SB623 cell dose because the motor score
change from baseline was significantly higher than in control at
both 24 weeks and 48 weeks, particularly as improvement of
motor status may have relevance to improved quality of life.
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22. Fugl-Meyer AR, Jääskö L, Leyman I, Olsson S, Steglind S. The post-stroke hemiplegic
patient. 1. a method for evaluation of physical performance. Scand J Rehabil Med.
1975;7(1):13-31. doi:10.2340/1650197771331

23. See J, Dodakian L, Chou C, et al. A standardized approach to the Fugl-Meyer as-
sessment and its implications for clinical trials. Neurorehabil Neural Repair. 2013;
27(8):732-741. doi:10.1177/1545968313491000

24. Gladstone DJ, Danells CJ, Black SE. The Fugl-Meyer assessment of motor recovery
after stroke: a critical review of its measurement properties. Neurorehabil Neural
Repair. 2002;16(3):232-240. doi:10.1177/154596802401105171

25. Lyle RC. A performance test for assessment of upper limb function in physical
rehabilitation treatment and research. Int J Rehabil Res. 1981;4(4):483-492. doi:
10.1097/00004356-198112000-00001

26. Yozbatiran N, Der-Yeghiaian L, Cramer SC. A standardized approach to performing
the action research arm test. Neurorehabil Neural Repair. 2008;22(1):78-90. doi:
10.1177/1545968307305353

27. Rehabilitation Measures Database: 10 Meter Walk Test, last updated January 22,
2014. Accessed May 10, 2024. sralab.org/rehabilitation-measures/10-meter-
walk-test.

28. National Institute of Neurological Disorders and Stroke.User Manual for the Quality of
Life in Neurological Disorders (Neuro-QoL) Measures: Version 2.0. 2015. Accessed July
12, 2022. healthmeasures.net/images/neuro_qol/Neuro-QOL_User_Manual_v2_
24Mar2015.pdf.

29. Rehabilitation Measures Database: Disability Rating Scale (for TBI), last updated De-
cember 13, 2012. Accessed May 10, 2024. sralab.org/rehabilitation-measures/dis-
ability-rating-scale-tbi.

30. McCrea MA, Cramer SC, Okonkwo DO, et al. Determining minimally clinically
important differences for outcome measures in patients with chronic motor deficits
secondary to traumatic brain injury. Expert Rev Neurother. 2021;21(9):1051-1058.
doi:10.1080/14737175.2021.1968299

31. Duncan PW, Propst M, Nelson SG. Reliability of the Fugl-Meyer assessment of
sensorimotor recovery following cerebrovascular accident. Phys Ther. 1983;63(10):
1606-1610. doi:10.1093/ptj/63.10.1606

32. Sullivan KJ, Tilson JK, Cen SY, et al. Fugl-Meyer assessment of sensorimotor function
after stroke: standardized training procedure for clinical practice and clinical trials.
Stroke. 2011;42(2):427-432. doi:10.1161/STROKEAHA.110.592766

33. Cramer SC. Recovery after stroke. Continuum (Minneap Minn). 2020;26(2):415-434.
doi:10.1212/CON.0000000000000838

34. Kondziolka D, Steinberg GK, Wechsler L, et al. Neurotransplantation for patients
with subcortical motor stroke: a phase 2 randomized trial. J Neurosurg. 2005;103(1):
38-45. doi:10.3171/jns.2005.103.1.0038

Appendix (continued)

Name Location Contribution

R. Mark
Richardson,
MD, PhD

Massachusetts General
Hospital and Harvard
Medical School, Boston, MA

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
analysis or interpretation of
data

Gary K.
Steinberg,
MD, PhD

Department of
Neurosurgery and Stanford
Stroke Center, Stanford
University School of
Medicine and Stanford
Health Care, CA

Drafting/revision of the
manuscript for content,
including medical writing for
content; major role in the
acquisition of data; analysis
or interpretation of data

Eugene C.
Poggio, PhD

Biostatistical Consulting Inc,
Lexington, MA

Drafting/revision of the
manuscript for content,
including medical writing for
content; analysis or
interpretation of data

Alan H.
Weintraub,
MD

Neurotrauma Rehabilitation
Associates LLC, Littleton, CO

Drafting/revision of the
manuscript for content,
including medical writing for
content; major role in the
acquisition of data; analysis
or interpretation of data

Neurology | Volume 103, Number 7 | October 8, 2024 Neurology.org/N
e209797(12)

https://www.who.int/publications/m/item/how-to-use-the-icf---a-practical-manual-for-using-the-international-classification-of-functioning-disability-and-health
https://www.who.int/publications/m/item/how-to-use-the-icf---a-practical-manual-for-using-the-international-classification-of-functioning-disability-and-health
https://www.who.int/publications/m/item/how-to-use-the-icf---a-practical-manual-for-using-the-international-classification-of-functioning-disability-and-health
https://www.sralab.org/rehabilitation-measures/10-meter-walk-test
https://www.sralab.org/rehabilitation-measures/10-meter-walk-test
http://www.healthmeasures.net/images/neuro_qol/Neuro-QOL_User_Manual_v2_24Mar2015.pdf
http://www.healthmeasures.net/images/neuro_qol/Neuro-QOL_User_Manual_v2_24Mar2015.pdf
https://www.sralab.org/rehabilitation-measures/disability-rating-scale-tbi
https://www.sralab.org/rehabilitation-measures/disability-rating-scale-tbi
http://neurology.org/n



