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OBJECTIVE The aim of this study was to evaluate the safety and clinical outcomes associated with stereotactic surgical 
implantation of modified bone marrow–derived mesenchymal stem cells (SB623) in patients with stable chronic ischemic 
stroke.
METHODS This was a 2-year, open-label, single-arm, phase 1/2a study; the selected patients had chronic motor defi-
cits between 6 and 60 months after nonhemorrhagic stroke. SB623 cells were administered to the target sites surround-
ing the subcortical stroke region using MRI stereotactic image guidance.
RESULTS A total of 18 patients were treated with SB623 cells. All experienced at least 1 treatment-emergent adverse 
event (TEAE). No patients withdrew due to adverse events, and there were no dose-limiting toxicities or deaths. The 
most frequent TEAE was headache related to the surgical procedure (88.9%). Seven patients experienced 9 serious 
adverse events, which resolved without sequelae. In 16 patients who completed 24 months of treatment, statistically 
significant improvements from baseline (mean) at 24 months were reported for the European Stroke Scale (ESS) score, 
5.7 (95% CI 1.4–10.1, p < 0.05); National Institutes of Health Stroke Scale (NIHSS) score, -2.1 (95% CI -3.3 to -1.0, p < 
0.01), Fugl-Meyer (F-M) total score, 19.4 (95% CI 9.9–29.0, p < 0.01); and F-M motor scale score, 10.4 (95% CI 4.0–16.7, 
p < 0.01). Measures of efficacy reached plateau by 12 months with no decline thereafter. There were no statistically 
significant changes in the modified Rankin Scale score. The size of transient lesions detected by T2-weighted FLAIR 
imaging in the ipsilateral cortex at weeks 1–2 postimplantation significantly correlated with improvement in ESS (0.619, p 
< 0.05) and NIHSS (-0.735, p < 0.01) scores at 24 months.
CONCLUSIONS In this completed 2-year phase 1/2a study, implantation of SB623 cells in patients with stable chronic 
stroke was safe and was accompanied by improvements in clinical outcomes.
Clinical trial registration no.: NCT01287936 (clinicaltrials.gov)
https://thejns.org/doi/abs/10.3171/2018.5.JNS173147
KEYWORDS bone marrow–derived mesenchymal stem cells; SB623 cells; stable chronic stroke; stereotactic 
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Stroke is a major cause of death in the United States 
and, for surviving patients, a cause of enduring dis-
ability.4 The prevalence of stroke in the United States 

during 2014 was estimated to be 7.2 million cases, with 
795,000 new or recurrent stroke cases being reported.4 Al-
though 80% of stroke patients survive for 1 year following 
the event, more than 70% have long-term disabilities.25

Stroke is divided into acute, subacute, and chronic 
phases, with the acute phase occurring within 24 hours 
of the ischemic event.7 The only treatments currently ap-
proved for acute stroke are intravenous tissue plasmino-
gen activator and intraarterial mechanical thrombectomy, 
which are used in less than 10% and 1% of patients, re-
spectively.2,27,29 The subacute phase of stroke starts at 24 
hours and lasts up to 3 months, during which time patients 
develop neurological and functional disabilities.9,24,42 The 
chronic phase of stroke starts at 3 months and often sees 
the response to rehabilitation plateau, leaving many pa-
tients with significant chronic neurological and functional 
disabilities.31,36 Despite this burden, there are no approved 
treatments for the chronic phase of stroke.

Phase 1 and 2 clinical studies investigating the neu-
rorestorative effects of several cell types implanted by 
various routes of administration in patients in the acute to 
chronic phases of stroke are ongoing.2,8,20,21,23,28,33,37 Phase 1 
studies assess safety and dosage, enroll healthy volunteers 
or stroke patients, and are of several months’ duration. 
Phase 2a proof-of-concept studies are designed to assess 
efficacy, enroll stroke patients, and last up to 2 years dura-
tion. Although phase 2a studies assess efficacy, controls 
are provided by baseline values, as there is no expectation 
of a separate control arm within the study.

We recently reported 1-year interim data from our phase 
1/2a study, in which chronic stroke patients who were en-
rolled at least 6 months after stroke onset underwent intra-
cerebral stereotactic implantation of modified bone mar-
row–derived mesenchymal stem cells (SB623 cells).33 The 
treatment was generally safe, well tolerated, and associat-
ed with significant improvements in clinical outcomes. In 
addition, the majority of patients in the study experienced 
transient lesions detected by T2-weighted FLAIR imaging 
in the ipsilateral cortex at weeks 1–2 postimplantation of 
SB623 cells. The lesions on T2-weighted FLAIR imag-
ing resolved by months 1–2 postimplantation, and their 
size significantly correlated with improvement in clinical 
outcomes scales at 1 year.33 Data from Pilot Investiga-
tion of Stem Cells in Stroke (PISCES), a phase 1 clini-
cal study of patients with chronic stroke who underwent 
stereotactic implantation of modified human neural stem 
cells into the putamen, reported favorable safety with im-
provement of clinical outcomes at 2 years.21 Lesions seen 
in the ipsilateral cortex on T2-weighted FLAIR imaging 
in a minority of patients in the study were observed at 1 
month and persisted for 2 years, with no correlations to 
clinical outcomes. In addition, a phase 2 study of patients 
with chronic stroke reported that intracerebral stereotactic 
implantation of peripheral blood stem cells was safe and 
was associated with improvement of clinical outcomes at 
1 year.8

SB623 cells are produced by the transient transfection 
of allogeneic modified bone marrow–derived mesenchy-

mal stem cells with a plasmid vector encoding the hu-
man Notch-1 intracellular domain.1 Preclinical studies of 
chronic ischemic stroke in which human and rodent SB623 
cells were stereotactically implanted into the striatum of a 
rat resulted in reduced peri-infarct cell loss coupled with 
improvements of neurological and locomotor function.44

Here, we report our completed, open-label, single-arm, 
phase 1/2a study (NCT01287936), in which, consistent 
with the 1-year interim data, treatment of chronic stroke 
patients with SB623 cells at 2 years continued to be safe 
and was associated with sustained significant improve-
ments in clinical outcomes.

Methods
The design of this phase 1/2a study, together with meth-

ods used in data analyses, have been described previously 
by Steinberg and colleagues.33

Patients
A total of 379 patients were screened, and 18 patients 

who were at least 6 months post–stroke onset and had 
chronic motor deficits secondary to nonhemorrhagic 
stroke were enrolled in the study (Table 1). The clinical 
trial registration number for this study is NCT01287936 
(clinicaltrials.gov).

The status of stable chronic stroke was confirmed by 2 
evaluations with the National Institutes of Health Stroke 
Scale (NIHSS), which were conducted within 3 weeks 
of enrollment with no score change of greater than ± 1 
point.22,23 All implantation surgeries were conducted at 
the Stanford University School of Medicine/Stanford 
Health Care and University of Pittsburgh Medical Cen-
ter (UPMC) between September 2011 and August 2013. 
Institutional review boards reviewed and approved study 
protocols at each site, and patients provided written in-
formed consent. Study inclusion and exclusion criteria are 
listed in Table 2.

The study population was composed of 18 patients 
who were enrolled, received cell treatment, and had any 
postbaseline data. Clinical evaluations were conducted 
in the intent-to-treat population (n = 18), which included 
16 patients who had 24-month follow-up data (2 patients 
withdrew and were lost to follow-up). Acute and long-term 
clinical outcomes were evaluated using the European 
Stroke Scale (ESS; the primary outcome endpoint at 6 
months),18 NIHSS,6,17 modified Rankin Scale (mRS),5,30 
and Fugl-Meyer (F-M) score.15,16,32

Study Visit Schedule
The study visit schedule was as follows: screen 1 (study 

week -3); screen 2 (study week -1); baseline (study day: 
-2 to -1); enrollment (study day -1 to 1); surgical proce-
dure (day 1); visits (days 2 and 8 and months 1, 2, 3, 4, 6, 
9, 12, and 24). Assessments were conducted at each visit.

SB623 Cells, Study Design, Dosing, and Administration
SB623 cells were produced using Good Manufactur-

ing Practices and are in clinical development as an alloge-
neic cell treatment for patients with chronic motor deficit 
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secondary to stable ischemic stroke. During the study, 18 
patients were assigned to 1 of 3 dose-escalation cohorts of 
6 patients each; the 3 cohorts received single doses of 2.5 
× 106, 5.0 × 106, or 10 × 106 SB623 cells implanted using 
MRI stereotactic technique. The peri-infarct subcortical 
stroke region was targeted. Through a single burr hole, 3 
tracks were planned so that trajectories were spaced by 
5–6 mm at the target. The target locations were selected 
to be closest to the motor pathway based on the patient’s 
own neuroanatomy. The Pittsburgh Implantation Cannula 
was stereotactically inserted down to the deepest target 
point for the first implantation. Five 20-μl volumes of cells 
were injected at a rate of 10 μl/min into 5 implantation 
sites, slowly withdrawing the cannula so that the implanta-
tions were spaced as equally as possible (intervals of 4–5 
mm), resulting in 2 or 3 implants within the peri-infarct 
region distal to the stroke area and 2 or 3 implants within 
the peri-infract region proximal to the stroke area. This 
procedure was repeated with two other needle tracks with 
different trajectories, inserted through the same burr hole.

Safety
During the study, treatment-emergent adverse events 

(TEAEs) were defined as any event not present prior to 
initiation of the cell treatment/surgical procedure or any 
event already present that worsened in frequency or in-
tensity after exposure to the cell treatment and surgical 
procedure. Adverse events were classified by investigators 
as mild, moderate, severe, or life-threatening and by their 
relationship to cell treatment and/or the surgical proce-
dure (Table 3).

Statistical Analysis
Descriptive statistics were calculated for both continu-

ous variables (number of patients, mean, median, mini-
mum, maximum, standard deviation, standard error of 
the mean, and 95% confidence interval [95% CI]), and 
categorical variables (number of patients and percentage 
of patients in each category). The Wilcoxon signed-rank 
test was used to evaluate the significance of change from 
baseline for prospectively defined clinical outcomes (p < 
0.05 considered as statistically significant). Pearson cor-
relations were used to evaluate associations between vol-
ume of postimplantation transient lesions detected by T2-
weighted FLAIR imaging and clinical outcomes (p < 0.05 
considered as statistically significant). Analyses were con-
ducted using Statistical Analysis System software (version 
9.2, SAS Institute).

Results
Evaluation of Safety

Twenty-four months after implantation of SB623 cells, 
all patients in the study population (n = 18) had experi-
enced at least 1 TEAE (Table 4). No patient withdrew 
from the study due to adverse events, and there were no 
dose-limiting toxicities or deaths. Overall, the most fre-
quently encountered TEAEs (measured as a percentage 
of patients) were surgical procedure–related headache 
(88.9%), nausea (33.3%), depression (22.2%), muscle spas-
ticity (22.2%), vomiting (22.2%), blood glucose increase 

(16.7%), C-reactive protein increase (16.7%), constipation 
(16.7%), fatigue (16.7%), pain in extremity (16.7%), and 
urinary tract infection (16.7%) (Table 4). Of TEAEs that 
occurred with ≥ 10% frequency, the vast majority did so 
during the 1st year after implantation of SB623 cells (65 
TEAEs in the 1st year vs 11 in the 2nd year). During the 
2nd year after implantation, 2 cases each of headache, 
dysphagia, hypesthesia, and muscle spasms and single 
cases of constipation, pain in extremity, and urinary tract 
infection were reported. During the study, the majority of 
TEAEs were assessed as being of mild (11.1%) or moder-
ate (50.0%) intensity. In addition, no correlation between 
the frequency of TEAEs and SB623 cell dose levels was 
observed.

During the 24 months after implantation of SB623 
cells, investigators assessed that 94.4% of patients (17 of 
18) experienced a TEAE that was unrelated, 55.6% (10 of 

TABLE 1. Baseline demographics (intent to treat population)

Characteristics n=18

Age, y
 Mean (SD) 61.3 (10.3)
 Median 64.0
 Range: min–max 33–75
Sex, n (%)
 Male 7 (38.9)
 Female 11 (61.1)
Race, n (%)
 White 12 (66.7)
 Black 1 (5.6)
 Asian 5 (27.8)
 Native Hawaiian or other Pacific  

 Islander
0 (0.0)

 American Indian or Alaska native 0 (0.0)
 Other 0 (0.0)
Ethnicity, n (%)
 Hispanic or Latino 0 (0.0)
 Not Hispanic or Latino 18 (100.0)
Mean time (range) post stroke (months) 22.0 (7–36)
Mean size (range) of infarct (cm3) 42.3 (1.0–87.0)
Mean clinical outcome endpoints at 

baseline (SD; 95% CI)
Baseline measures of clinical outcome 

end points (SD; 95% CI)
  ESS 58.44 (6.27; 55.3–61.6)
  NIHSS 9.3 (1.7; 8.5–10.2)
  mRS 3.22 (0.43; 3.0–3.4)
  F-M total score 133.61 (20.90; 123.2–144.0)
  F-M motor function total score 30.44 (15.14; 22.9–38.0)

Max = maximum; min = minimum.
Reproduced with permission from Steinberg GK, Kondziolka D, Wechsler LR, 
Lunsford LD, Coburn ML, Billigen JB, Kim AS, Johnson JN, Bates D, King 
B, Case C, McGrogan M, Yankee EW, Schwartz NE: Clinical outcomes of 
transplanted modified bone marrow-derived mesenchymal stem cells in stroke: 
a phase 1/2a study. Stroke 47:1817–1824, 2016. One value has been modified.
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18) experienced a TEAE that was unlikely, and a single 
patient (5.6%) experienced a TEAE that was possibly re-
lated to cell treatment (muscle spasticity) (Table 5). No 
TEAEs were assessed as probably or definitely related to 
cell treatment. Overall, a total of 28 TEAEs were assessed 
as being related or unrelated to cell treatment during the 
1st year after implantation, with no additional TEAEs oc-
curring during the 2nd year.

During the 24 months after implantation of SB623 cells, 
a greater number of patients experienced TEAEs that were 
possibly related to surgical procedure than were possibly 
related to cell treatment (50.0% vs 5.6%). Furthermore, 
55.6% of patients (10 of 18) experienced a TEAE that was 
probably, and 44.4% (8 of 18) experienced a TEAE that 
was definitely related to the surgical procedure (Table 5). 
The most frequently reported TEAE that was assessed as 
probably or definitely related to the surgical procedure 
was headache (66.7%, 12 of 18 patients) (Table 5). Over-

all, a total of 46 TEAEs were assessed as being related or 
unrelated to surgical procedure during the 1st year after 
implantation, with an additional 4 new TEAEs occurring 
during the 2nd year.

In the 24-month duration of this study, 7 patients expe-
rienced 9 serious adverse events (SAEs), with no apparent 
trend between cell dose and frequency of SAEs (Table 6). 
Four SAEs were assessed as unrelated to both cell treat-
ment and surgical procedure. All SAEs were assessed as 
being unrelated or unlikely to be related to cell treatment. 
Single cases of pneumonia, seizure, and subdural hema-
toma were possibly, probably, and definitely, respectively, 
related to the surgical procedure. A total of 6 patients ex-
perienced 7 SAEs during the 1st year after implantation, 
with a single patient experiencing 2 SAEs during the 2nd 
year. All patients who experienced SAEs were provided 
with supportive therapy and recovered or resolved from 
the event without sequelae.

TABLE 2. Study inclusion and exclusion criteria

Inclusion Criteria • Uncontrolled psychiatric illness, including depression (Hamilton 
Score >14).

• A total bilirubin level of >1.5 mg/dL.
• A serum creatinine level of >1.5 mg/dL.
• A hemoglobin level of <10.0 g/dL.
• An absolute neutrophil count of <2,000/mm3.
• A lymphocyte count of <800/mm3.
• A platelet count of <100,000/mm3.
• Had liver disease supported by aspartate aminotransferase or ala-

nine aminotransferase of ≥2.5x institutional upper limit of normal.
• A serum calcium level of >11.5 mg/dL.
• Had an International Normalized Ratio of Prothrombin Time (INR) 

of >1.2.
• Signs and symptoms of intracranial herniation or increased intra-

cranial pressure.
• Acute intracranial hemorrhage.
• Used neuroleptic drugs.
• Unexplained abnormal preoperative test values (blood tests, elec-

trocardiogram [ECG], chest X-ray); patients with ECG evidence 
to suggest a recent myocardial infarction, major dysrhythmia, 
atrial fibrillation, congestive heart failure, or xray evidence of 
infection were excluded.

• Participated in any other investigational trial within 4 weeks of 
initial screening and 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 the previous 3 months.

• Ongoing use of herbal or other non-traditional drugs.
• Ongoing drug or alcohol abuse.
• Contraindications to MRI, CT, or PET scans of the head.
• Pregnant or lactating.
• Female patient of childbearing potential unwilling to use an ad-

equate birth control method during the first 6 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.

• Had the presence of serum antibodies to donor SB623 cells with a 
Luminex value of >1,000 Maximum Fluorescence Intensity.

• Aged 18-75 years.
• Documented history of completed ischemic stroke in the subcortical region 

of the middle cerebral artery or lenticulostriate artery with or without cortical 
involvement, with findings correlated preferably by magnetic resonance imag-
ing (MRI) or by computed tomography (CT) scan if MRI was contraindicated.

• Between 6 and 60 months post-stroke, and had a motor neurological deficit.
• No significant further improvement with physical therapy/rehabilitation 

(confirmed by no change in NIHSS greater than ±1 within 3 weeks prior to 
enrollment).

• Had 2 evaluations during the prior 3 weeks with no more than ±1 point change 
in clinical evaluation using the NIHSS.

• NIHSS score of >7.
• mRS of 3-4.
• Able and willing to undergo MRI, CT, and positron emission tomography (PET) 

scans of the head.
• Agreed to the use of anti-platelet, anti-coagulant, or non-steroidal anti-

inflammatory (NSAID) drugs to be determined by the local medical staff in 
accordance with the American College of Chest Physicians 2012 guideline 
if applicable,10 provided that no anti-platelet, anti-coagulant, or NSAID drugs 
were to be restarted after surgery until determined to be safe following MRI 
scan of the head on Day 8.

• Normal emotional status; i.e., no disabling psychological deficits.
• Patient or legal authorized representative was able to understand and sign an 

informed consent form.
Exclusion Criteria

• History of >1 symptomatic stroke.
• Presence or history of any other major neurological disease.
• Cerebral infarct size >100 cm3 measured by MRI scan.
• Myocardial infarction in the past 6 months.
• Known malignancy except squamous or basal cell carcinoma of the skin.
• History of central nervous system malignancy.
• History of seizures or current use of antiepileptic medication.
• Uncontrolled systemic illness, including but not limited to: diabetes, hyperten-

sion (systolic blood pressure: >150 mm Hg or diastolic blood pressure: >95 
mm Hg), renal failure, hepatic failure, or cardiac failure.

Reproduced with permission from Steinberg et al.: Stroke 47:1817–1824, 2016.
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There were no clinically meaningful changes or trends 
in cytokines (tumor necrosis factor–a, interleukin-6, and 
interferon-g), vital signs, hematological parameters, or 
biochemical parameters after 24 months.

During the study, no patient developed antibodies to 
SB623 human leukocyte antigens (HLAs). One patient was 
found to have preexisting antibodies to SB623 HLAs, the 
median fluorescence intensity of which decreased after ex-
posure to SB623. Antibodies to SB623 HLAs in this pa-
tient were found at each visit to month 9, but were not pres-
ent at month 12. No adverse events were associated with 
the presence of antibodies to SB623 HLAs in this patient.

Evaluation of Clinical Outcomes
The evaluation of clinical outcomes using ESS, NIHSS, 

mRS, F-M, and Fugl-Meyer motor scale (FMMS) scores 
was conducted on all patients. The mean (SD) ESS total 
score at baseline was 58.4 (6.3), which improved signifi-
cantly at each time point beginning at month 1. Compared 
with baseline, the mean ESS total score improved signif-
icantly by 6.5 (95% CI 2.6–10.4, p < 0.01) at 6 months 
(primary outcome), 6.9 (95% CI 3.5–10.3, p < 0.001) at 12 
months, and 5.7 (95% CI 1.4–10.1, p < 0.05) at 24 months 
(Fig. 1A).

The mean (SD) NIHSS total score at baseline was 9.3 
(1.7), which improved significantly at each time point. 
Compared with baseline, the mean NIHSS total score 
improved significantly by -1.9 (95% CI -2.6 to -1.1, p < 
0.001) at 12 months and -2.1 (95% CI -3.3 to -1.0, p < 
0.01) at 24 months (Fig. 1B).

Overall, there were no significant changes in mRS 
scores compared with the mean (SD) baseline (3.2 [0.4]) at 
12 months (0.0, 95% CI -0.2 to 0.2, p < 0.99) or 24 months 
(0.1, 95% CI -0.2 to 0.3, p < 0.99). However, during the 
study 2 patients each experienced a single-point improve-
ment and single-point worsening in mRS score.

The mean (SD) F-M total and FMMS scores at baseline 
were 133.6 (20.9) and 30.4 (15.1), respectively. Both F-M 
total and FMMS scores improved significantly at each 
time point starting at month 1. Compared with baseline, 
F-M total score improved significantly by 19.2 (95% CI 
11.4–27.0, p < 0.001) at 12 months and 19.4 (95% CI 9.9–
29.0, p < 0.01) at 24 months (Fig. 1C). FMMS score im-

TABLE 3. Relationship of adverse events to cell treatment and surgical procedure

Description Relationship

Unrelated No temporal relationship to cell treatment/surgical procedure, or the presence of a reasonable causal relationship between another 
drug, concurrent disease, or circumstance and the AE.

Unlikely A temporal relationship to cell treatment/surgical procedure, but no reasonable causal relationship between the cell treatment/surgical 
procedure and the AE.

Possibly A reasonable causal relationship between the cell treatment/surgical procedure and the AE. Information related to withdrawal of cell 
treatment/surgical procedure was lacking or unclear.

Probably A reasonable causal relationship between the cell treatment/surgical procedure and the AE. The event responded to withdrawal of cell 
treatment/surgical procedure. Re-challenge was not required.

Definitely A reasonable causal relationship between the cell treatment/surgical procedure and the AE. The event responded to withdrawal of cell 
treatment/surgical procedure, and recurred with re-challenge, when clinically feasible.

AE = adverse event.
Reproduced with permission from Steinberg et al.: Stroke 47:1817–1824, 2016.

TABLE 4. TEAEs of ≥ 10% by decreasing frequency (study 
population)

System Organ Class 
Preferred Term, n (%)

Cell Dose

Pooled
2.5 x 106  
(n = 6)

5.0 x 106  
(n = 6)

10 x 106  
(n = 6)

Any TEAE 6 (100) 6 (100) 6 (100) 18 (100)
Headache/procedural 

headache*
6 (100) 4 (66.7) 6 (100) 16 (88.9)

Nausea 0 (0) 3 (50.0) 3 (50.0) 6 (33.3)
Depression 0 (0) 2 (33.3) 2 (33.3) 4 (22.2)
Muscle spasticity 2 (33.3) 1 (16.7) 1 (16.7) 4 (22.2)
Vomiting 0 (0) 2 (33.3) 2 (33.3) 4 (22.2)
Blood glucose increase 2 (33.3) 1 (16.7) 0 (0) 3 (16.7)
C-reactive protein 

increase
1 (16.7) 1 (16.7) 1 (16.7) 3 (16.7)

Constipation 0 (0) 2 (33.3) 1 (16.7) 3 (16.7)
Fatigue 0 (0) 1 (16.7) 2 (33.3) 3 (16.7)
Pain in extremity 2 (33.3) 1 (16.7) 0 (0) 3 (16.7)
Urinary tract infection 1 (16.7) 0 (0) 2 (33.3) 3 (16.7)
Arthralgia 2 (33.3) 0 (0) 0 (0) 2 (11.1)
Convulsion 1 (16.7) 1 (16.7) 0 (0) 2 (11.1)
Decreased appetite 0 (0) 2 (33.3) 0 (0) 2 (11.1)
Diarrhea 0 (0) 1 (16.7) 1 (16.7) 2 (11.1)
Dizziness 1 (16.7) 1 (16.7) 0 (0) 2 (11.1)
Dysphagia 0 (0) 1 (16.7) 1 (16.7) 2 (11.1)
Hypesthesia 1 (16.7) 1 (16.7) 0 (0) 2 (11.1)
Muscle spasms 0 (0) 1 (16.7) 1 (16.7) 2 (11.1)
Musculoskeletal pain 1 (16.7) 1 (16.7) 0 (0) 2 (11.1)
Pneumocephalus 0 (0) 2 (33.3) 0 (0) 2 (11.1)
Pneumonia 0 (0) 0 (0) 2 (33.3) 2 (11.1)
Subdural hematoma 0 (0) 2 (33.3) 0 (0) 2 (11.1)

Values are presented as the number of patients (%) unless stated otherwise.
* Headaches were coded into 2 terms due to reporting verbatim differences.
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proved significantly by 11.4 (95% CI 4.6–18.2, p < 0.001) 
at 12 months and 10.4 (95% CI 4.0–16.7, p < 0.01) at 24 
months (Fig. 1D), with maximal improvement in FMMS 
score achieved by 7 patients (38.9%) at month 3.

Improvement in ESS, NIHSS, and F-M scores pla-
teaued by 12 months and had not declined at 24 months.

Thirteen patients (72.2%) achieved clinically meaning-
ful improvement (at least a 10-point increase in FMMS 

TABLE 5. TEAES (≥ 3) occurring by relationship to cell treatment or surgical procedure by decreasing frequency

System Organ Class 
Preferred Term, n (%)

Relationship 
to Cell 

Treatment*

Cell Dose Relationship 
to Surgical 
Procedure*

Cell Dose
2.5 x 106  
(n = 6)

5.0 x 106  
(n = 6)

10 x 106  
(n = 6)

Pooled  
(n = 18)

2.5 x 106  
(n = 6)

5.0 x 106  
(n = 6)

10 x 106  
(n = 6)

Pooled  
(n = 18)

Any TEAE

Unrelated 6 (100) 6 (100) 5 (83.3) 17 (94.4) Unrelated 6 (100) 6 (100) 5 (83.3) 17 (94.4)
Unlikely 5 (83.3) 2 (33.3) 3 (50.0) 10 (55.6) Unlikely 4 (66.7) 1 (16.7) 1 (16.7) 6 (33.3)
Possibly 1 (16.7) 0 (0) 0 (0) 1 (5.6) Possibly 1 (16.7) 5 (83.3) 3 (50.0) 9 (50.0)

— — — — — Probably 3 (50.0) 3 (50.0) 4 (66.7) 10 (55.6)
— — — — — Definitely 2 (33.3) 4 (66.7) 2 (33.3) 8 (44.4)

Headache/procedural 
headache

Unrelated 3 (50.0) 3 (50.0) 3 (50.0) 9 (50.0) Unrelated 0 (0) 1 (16.7) 0 (0) 1 (5.6)
Unlikely 3 (50.0) 1 (16.7) 3 (50.0) 7 (38.9) Possibly 1 (16.7) 2 (33.3) 1 (16.7) 4 (22.2)

— — — — — Probably 3 (50.0) 1 (16.7) 3 (50.0) 7 (38.9)
— — — — — Definitely 2 (33.3) 1 (16.7) 2 (33.3) 5 (27.8)

Muscle spasticity
Unrelated 1 (16.7) 0 (0) 1 (16.7) 2 (11.1) Unrelated 1 (16.7) 0 (0) 1 (16.7) 2 (11.1)
Unlikely 0 (0) 1 (16.7) 0 (0) 1 (5.6) Unlikely 0 (0) 1 (16.7) 0 (0) 1 (5.6)
Possibly 1 (16.7) 0 (0) 0 (0) 1 (5.6) Possibly 1 (16.7) 0 (0) 0 (0) 1 (5.6)

Nausea
Unrelated 0 (0) 2 (33.3) 2 (33.3) 4 (22.2) Unrelated 0 (0) 1 (16.7) 1 (16.7) 2 (11.1)
Unlikely 0 (0) 1 (16.7) 1 (16.7) 2 (11.1) Possibly 0 (0) 2 (33.3) 2 (33.3) 4 (22.2)

Depression Unrelated 0 (0) 2 (33.3) 2 (33.3) 4 (22.2) Unrelated 0 (0) 2 (33.3) 2 (33.3) 4 (22.2)

Vomiting
Unrelated 0 (0) 2 (33.3) 2 (33.3) 4 (22.2) Unrelated 0 (0) 1 (16.7) 1 (16.7) 2 (11.1)

— — — — — Possibly 0 (0) 1 (16.7) 1 (16.7) 2 (11.1)
Blood glucose increased Unrelated 2 (33.3) 1 (16.7) 0 (0) 3 (16.7) Unrelated 2 (33.3) 1 (16.7) 0 (0) 3 (16.7)

Constipation
Unrelated 0 (0) 1 (16.7) 1 (16.7) 2 (11.1) Unrelated 0 (0) 2 (33.3) 0 (0) 2 (11.1)
Unlikely 0 (0) 1 (16.7) 0 (0) 1 (5.6) Possibly 0 (0) 0 (0) 1 (16.7) 1 (5.6)

C-reactive protein 
increased

Unrelated 0 (0) 1 (16.7) 1 (16.7) 2 (11.1) Unrelated 0 (0) 1 (16.7) 1 (16.7) 2 (11.1)
Unlikely 1 (16.7) 0 (0) 0 (0) 1 (5.6) Unlikely 1 (16.7) 0 (0) 0 (0) 1 (5.6)

Fatigue
Unrelated 0 (0) 1 (16.7) 2 (33.3) 3 (16.7) Unrelated 0 (0) 0 (0) 1 (16.7) 1 (5.6)

— — — — — Possibly 0 (0) 1 (16.7) 1 (16.7) 2 (11.1)

Pain in extremity
Unrelated 2 (33.3) 1 (16.7) 0 (0) 3 (16.7) Unrelated 2 (33.3) 0 (0) 0 (0) 2 (11.1)

— — — — — Probably 0 (0) 1 (16.7) 0 (0) 1 (5.6)
Urinary tract infection Unrelated 1 (16.7) 0 (0) 2 (33.3) 3 (16.7) Unrelated 1 (16.7) 0 (0) 2 (33.3) 3 (16.7)

— = not applicable.
* The relationship to cell treatment/surgical procedure and adverse events (TEAEs) was evaluated by the investigator according to the guidance outlined in Table 3.

TABLE 6. Serious adverse events

Verbatim Term/Preferred Term
Cell  

Dose
Relationship to:

OutcomeCell Treatment Surgical Procedure

Seizure
2.5 × 106 Unrelated Probably Recovered/resolved

Stenting of asymptomatic carotid artery stenosis Unrelated Unrelated Recovered/resolved
Asymptomatic subdural hematoma/hygroma

5.0 × 106

Unrelated Definitely Recovered/resolved
Transient ischemic attack Unrelated Unrelated Recovered/resolved
Hypesthesia Unlikely Unrelated Recovered/resolved
Dysphagia Unlikely Unrelated Recovered/resolved
Urinary tract infection

10 × 106

Unrelated Unrelated Recovered/resolved
Sepsis Unrelated Unrelated Recovered/resolved
Pneumonia Unlikely Possibly Recovered/resolved
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score from baseline) at a mean (SD) of 78.4 (64.1) days, 
with first achievement of clinically meaningful improve-
ment occurring in 9 of 13 patients (69.2%) by month 2 (Fig. 
2A). For the 13 patients who achieved clinically meaning-
ful improvement, the greatest significant mean change in 
FMMS score from baseline was +12.4 points at month 
2 (Fig. 2B). This compared with the greatest significant 
mean change of FMMS score from baseline of +1.5 points 
at month 2 for 5 patients who did not achieve clinically 
meaningful improvement (Fig. 2B). For both groups, there 
were no significant differences in mean change of FMMS 
score from 2 months compared with subsequent time 
points. A comparison of patients who achieved and those 
who did not achieve clinically meaningful improvement 
showed that first achievement of at least 75% of maximal 
improvement occurred significantly sooner in patients 
who achieved clinically meaningful improvement (mean 
[SD]: 92.1 [65.2] days vs 184.4 [107.5] days, p < 0.05).

During the study, there were no correlations between 
improvement in clinical outcomes and cell dose, baseline 
patient age, or baseline stroke severity.

We previously reported significant correlations in a post 
hoc analysis between the size of newly appearing transient 
lesions on T2-weighted FLAIR, primarily in or adjacent 
to the premotor cortex at weeks 1–2 (which resolved by 
months 1–2), and improvement of 4 clinical outcomes 
scores (ESS total, NIHSS total, F-M total, and FMMS 
scores) in 13 of 18 patients at 12 months.33 At month 24, 
the size of transient lesions on T2-weighted FLAIR con-
tinued to be significantly correlated to improvements in 
ESS total score (0.619, p < 0.05) and NIHSS total score 
(-0.735, p < 0.01), but not F-M total score or FMMS score.

Discussion
Safety and Clinical Outcomes

In this completed phase 1/2a study, intracerebral stereo-
tactic implantation of modified allogeneic SB623 cells in 
chronic stroke patients was generally safe and well toler-
ated at 2 years. Most TEAEs were of mild or moderate 
intensity. No TEAEs were assessed as probably or defi-
nitely related to cell treatment, but, as in a previous study, 

FIG. 1. Evaluation of clinical outcome endpoints at 24 months (intent-to-treat population, n = 18). A: ESS total score. B: NIHSS 
total score. C: F-M total score. D: FMMS total score. *p < 0.05, **p < 0.01, ***p < 0.001.
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numerous TEAEs were assessed as probably or definitely 
related to the surgical procedure.23 This is not unexpected 
in an invasive study that utilized craniostomy and direct 
introduction of cell product into the brain parenchyma. 
During the study, the vast majority of TEAEs and SAEs 
occurred during the 1st year after implantation of SB623 
cells. Specifically, 65 TEAEs occurred during the 1st year 
with a frequency of ≥ 10%, with an additional 11 TEAEs 
occurring during the 2nd year of the study (Fig. 2C). These 
findings suggest that adverse events that occurred during 
the study were mostly associated with the surgical pro-
cedure, rather than long-term effects associated with the 
implantation of SB623 cells. However, the larger number 
of follow-up visits during the 1st compared with the 2nd 
year (9 vs 1) could also explain the increased number of 
TEAEs and SAEs reported during the 1st year after im-

plantation. In addition, no adverse events were associated 
with the presence of antibodies to SB623 HLAs. Although 
1 patient had preexisting antibodies to SB623 HLAs, no 
patient developed antibodies to SB623 HLAs during the 
study. These findings are important given the allogeneic 
background of SB623 cells and their potential for immu-
noreactivity.

During PISCES, an observational phase 1 clinical study, 
11 chronic stroke patients who underwent implantation of 
allogeneic modified human neural stem cells experienced 
mostly mild TEAEs during a median follow-up of 44 
months. Fifteen SAEs were reported during 23 months of 
follow-up, with 3 assessed as definitely related to the surgi-
cal procedure, and there was no evidence for the develop-
ment of antibodies to HLAs.21 In a single-blind, controlled 
phase 2 clinical study of 15 chronic stroke patients who 

FIG. 2. A: Time to first achievement of clinically meaningful improvement (n = 13). B: Mean F-M motor function total score change 
from baseline for patients who achieved (n = 13), and did not achieve clinically meaningful improvement (n = 5). C: Number of 
TEAEs (columns 1 and 2), number of TEAEs associated with cell treatment (columns 3 and 4), number of TEAEs associated with 
surgical procedure (columns 5 and 6), and number of SAEs (columns 7 and 8) at 0 to 1 year and > 1 to 2 years.
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underwent implantation of autologous peripheral blood 
stem cells, no SAEs related to implantation were reported 
after 1 year.8 Although different stem cell types were im-
planted in patients in these small-scale, early-phase clini-
cal studies, the studies utilized similar intracerebral ste-
reotactic surgical procedures. Overall, investigators have 
deemed the implantation of stem cells as being safe, with 
no evidence of immunoreactivity, and with adverse events 
being mainly associated with the surgical procedure.8,21

Two years after implantation of SB623 cells, chronic 
stroke patients in this completed phase 1/2a study experi-
enced significant improvement in motor impairment scales 
compared with baseline, specifically ESS, NIHSS, F-M 
total, and FMMS scores. Improvement in motor impair-
ment scale scores after 2 years was sustained from interim 
1-year data, and the primary clinical outcome measure of 
significant improvement in ESS score at 6 months com-
pared with baseline was achieved.33 Although our phase 
1/2a study lacked a control arm, the improvement in mo-
tor impairment scale scores was unlikely to be a placebo 
effect, as these patients had chronic, stable neurological 
deficits ≥ 6 months following their stroke, at which point 
no therapy had been shown to improve function, and the 
improvement was maintained for 2 years. However, we 
cannot absolutely exclude a placebo effect, and this is cur-
rently being tested in an ongoing phase 2b randomized, 
double-blind, placebo-controlled study (ACTIsSIMA). In 
addition, no correlation was found between cell dosage 
and improvement in clinical outcomes during the study. 
This may be due to the small sample size in this study; 
it could also be a reflection of preclinical data using ani-
mal models of stroke that have reported that lower doses 
of implanted mesenchymal stem cells are associated with 
greater improvement in motor function.41

Two years after implantation of modified human neu-
ral stem cells in the PISCES study, chronic stroke patients 
experienced improvements in NIHSS score, Ashworth leg 
and arm scores, and the Barthel Index activity score.21 The 
mRS score was unchanged in 7 patients, improved in 3 
patients, and worsened in a single patient. After 1 year in 
another phase 2 study investigating intracerebral implan-
tation of autologous peripheral blood stem cells, chronic 
stroke patients experienced significant improvement in 
ESS, ESS motor subscale, NIHSS, and mRS scores com-
pared with baseline and untreated controls.8 Our complet-
ed phase 1/2a study and other early-phase clinical studies 
have reported improvement in several measures of motor 
impairment, activity, and disability in chronic stroke pa-
tients.

Although some improvement in mRS score was re-
ported in an early-phase clinical study,8 we did not see a 
significant mean change from baseline for mRS score in 
this phase 1/2a study at 2 years. The mRS is a disability 
scale used in the acute and subacute stroke setting, and its 
utility in chronic stroke has not been validated.3,38 Given 
the scope of the mRS, it is predictable that we were not 
able to measure a significant mean change from baseline 
during the 2 years after treatment. Improvements in mo-
tor function after stroke have been reported to plateau at 
6 months irrespective of stroke severity, with the greatest 
improvement occurring during the month following the 

stroke event.11,12,19 Patients were enrolled in this study at 
least 6 months after stroke onset and were therefore in the 
chronic stroke setting at baseline.

The FMMS score is recognized as a valid and reliable 
motor impairment scale for the assessment of recovery 
from chronic stroke.13,16,34 At least a 10-point (10%) in-
crease from baseline in FMMS score is accepted as a clini-
cally meaningful improvement in chronic stroke.14,26,39,40 In 
this study, the mean FMMS score increased from baseline 
by 10.4 points at 2 years, showing that, on average, patients 
experienced a clinically meaningful improvement. More-
over, 13 patients achieved clinically meaningful improve-
ment during the study in a mean of 78.4 days, with first 
achievement occurring in 9 patients by month 2. In ad-
dition, first achievement of at least 75% of maximum im-
provement in FMMS score occurred significantly sooner 
(92.3 days) in patients who achieved clinically meaning-
ful improvement than in those who did not. Overall, these 
findings show that not only did the majority of patients 
who underwent implantation with SB623 cells experience 
clinically meaningful improvement at 2 years, but most 
did so by 2 months after implantation. These findings 
suggest that SB623 cells may have their greatest effect on 
patients during the initial months following implantation, 
with these effects sustained at 2 years.

T2-Weighted FLAIR Imaging
We previously reported in a post hoc analysis signifi-

cant correlations between the size of transient lesions in 
the ipsilateral cortex detected by T2-weighted FLAIR 
imaging with improvements in clinical outcomes scores 
at 1 year.33 Significant correlations continued between 
the size of transient lesions and improvement in the ESS 
and NIHSS total scores at 2 years. As implanted SB623 
cells only survive for a short period (usually less than 1 
month) in xenograft models,35,44 the sustained neurologi-
cal recovery seen in this study may result from paracrine 
effects secondary to implanted cell secreted proteins 
and molecules that mediate reduction in inflammation, 
changes in cell signaling, and enhanced endogenous plas-
ticity, rather than the integration and long-term survival 
of SB623 cells in the peri-infarction area.43 How long the 
human cells would remain viable in a human host after 
implantation is not known but is not expected to be more 
than 1 month. The causes of these transient lesions on T2-
weighted FLAIR imaging are unclear but may indicate the 
presence of inflammation, graft-host reaction, or possibly 
gliosis. Given the small number of patients in the study, it 
is difficult to ascertain the importance of these transient 
lesions and their relationship or necessity for stroke re-
covery. Their association with the improvement of clini-
cal outcomes, however, is most compelling and warrants 
further investigation.

Study Limitations
The findings of this study are encouraging but should 

be interpreted with caution given the small scale and un-
controlled study design. In addition, this study utilized a 
highly selective patient screening process, such that only 
4.7% of screened patients were enrolled in the study. Fur-
thermore, this study used NIHSS evaluations as a baseline 

Unauthenticated | Downloaded 05/23/23 11:21 PM UTC



J Neurosurg Volume 131 • November 2019 1471

Steinberg et al.

definition for stable chronic stroke. Although this defini-
tion has been used previously, other studies have alterna-
tively defined stable chronic stroke at baseline using other 
stroke scales.

Conclusions
This report presents 2-year data from our completed 

phase 1/2a study to evaluate the safety and clinical out-
comes of intracerebral stereotactic implantation of SB623 
cells in patients with stable chronic ischemic stroke. Con-
sistent with the 1-year interim data, treatment with SB623 
cells at 2 years was safe and well tolerated, and was asso-
ciated with significant improvements in clinical outcomes 
in patients with stable chronic stroke. The favorable find-
ings of this study highlight the potential of SB623 cells 
as a treatment for patients with chronic ischemic stroke; 
as such, a randomized, double-blind, controlled phase 2b 
(ACTIsSIMA) study is currently active. In this study, ap-
proximately 156 chronic stroke patients from 65 sites in 
the United States will be implanted stereotactically with 
either 2.5 × 106 or 5.0 × 106 SB623 cells or will undergo 
sham (partial burr hole) placebo surgery in a 1:1:1 ratio 
stratified by mRS score at screening. The study will run 
for 1 year, with the primary efficacy endpoint being the 
proportion of patients who achieve an improvement in 
FMMS score of at least 10 points at 6 months compared 
with baseline.
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