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Graphical Abstract 

Significance Statement
Stroke remains a leading cause of death and disability in the US with limited treatment options. In this phase II study, we demonstrate 
the safety and feasibility of infusing banked, non-human leukocyte antigen matched, unrelated allogeneic umbilical cord blood into adults 
during the 3-10 days window following acute ischemic stroke. These observations are consistent with results of a recent phase I study. 
This study was not adequately powered for efficacy and further reduced secondary to the COVID-19 pandemic and no clinical benefit was 
observed in the patients enrolled.

Introduction
Every year, ~800 000 people in the US suffer a stroke, of 
which ~90% are ischemic.1 Although there has been an 
emphasis on evaluating pharmacological and mechanical 
interventions to promote reperfusion and reduce secondary 
tissue injury after acute stroke, these strategies are time lim-
ited, and stroke remains a leading cause of long-term disa-
bility, affecting one in six people worldwide. To date, there 
are no Food and Drug Administration (FDA)-approved phar-
macological interventions targeting neuroprotection in acute 
ischemic stroke, and the only approved therapy to promote 
early reperfusion is intravenous administration of tissue plas-
minogen activator (tPA).2 Unlike traditional neuroprotective 
and reperfusion therapies, cell-based interventions may mod-
ulate inflammation and improve long-term plasticity and 
functional recovery.3 Preclinical data suggest that the delivery 
of human stem cells into animal models of stroke may reduce 
infarct volume and improve functional outcomes.4,5 Although 

the exact mechanisms of these beneficial effects remain poorly 
defined, it has been demonstrated that in a number of an-
imal models of brain injury, stem cells are capable of migra-
tion and immunomodulation, secrete neurotrophic factors, 
and modulate neuroinflammatory responses after acute is-
chemic injury.6 If successful, such therapies would allow for 
interventions in the subacute setting and offer the potential 
for reducing the burden of disability in a much larger popula-
tion than is eligible for reperfusion.

Although cell-based interventions offer the potential to 
improve outcomes after subacute brain injury, there re-
main a number of unique challenges associated with this 
strategy, including defining the optimal cell-based interven-
tion, mode of administration, and timing of intervention rel-
ative to the index stroke. For example, several recent early 
phase trials have been performed evaluating the use of bone 
marrow-derived mononuclear cells, mesenchymal stem cells, 
and modified cell lines in the setting of subacute stroke.7-12 
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The studies, which were associated with intravenous, intra-
arterial, intrathecal, and intraparenchymal modes of delivery 
have been associated with favorable safety profiles and chal-
lenging logistics. To date none have demonstrated definitive 
improvements in functional outcomes.

One promising intervention that mitigates the risk inherent in 
invasive intraparenchymal and intra-arterial modes of delivery 
or bone marrow harvest in critically ill patients, is the intrave-
nous administration of banked unrelated allogeneic umbilical 
cord blood (UCB).13,14 Preclinical studies have demonstrated 
both neurotrophic15 and immunomodulatory16 properties of 
UCB, which are associated with functional improvements in 
experimental stroke models.17 Moreover, there are a number 
of clinical advantages to the use of UCB which facilitate trans-
lation to the clinical setting. For example, UCB cells are im-
munologically tolerant, and associated with a long history 
of safety in the setting of partially human leukocyte antigens 
(HLA)-mismatched hematopoietic stem cell transplantation in 
unrelated donors.14,16 UCB is a readily available, cryopreserved, 
banked blood product which does not require collection of au-
tologous cells via bone marrow harvest or peripheral stem cell 
collection; this is a particular advantage in the setting of med-
ically vulnerable patients following stroke. The safety and fea-
sibility of UCB in subacute stroke was recently demonstrated 
in a pilot trial in which banked, nonhuman leukocyte antigen 
matched UCB were administered intravenously into adults 3-10 
days following a middle cerebral artery stroke.18 The current 
randomized, placebo-controlled trial was designed to evaluate 
the feasibility and efficacy of a single intravenous (IV) infusion 
of non-HLA matched, unrelated donor UCB for improving 
functional outcomes in patients with ischemic stroke.

Methods
Study design
COBIS 2 was designed as a multicenter, placebo controlled, 
randomized, double-blinded phase II study in 100 subjects 
18-90 years of age who had sustained a recent ischemic stroke 
in the middle cerebral artery (MCA) distribution without a 
clinically significant midline shift prior to infusion. Volunteers 
could be screened on the day of the primary stroke event after 
confirmation of ischemic stroke, but neurological status was 
confirmed within 24 hours prior to infusion. After obtaining 
informed consent, patients were randomized 2:1 to receive 
treatment with umbilical cord blood (UCB) cells or placebo, 
which was administered intravenously as a single infusion 
3-10 days after the patient’s index stroke.

Participants
Eligible patients were male and female adults 18-90 years of 
age who experienced an acute cortical ischemic stroke in the 
middle cerebral artery (MCA) distribution that was verified 
by diffusion-weighted imaging (DWI) abnormality on mag-
netic resonance imaging (MRI). Eligible patients were re-
quired to have National Institutes of Health Stroke Scale 
(NIHSS) scores of 6-15 (R) and 6-18 (L) at the time of in-
formed consent. Subjects with > 4-point increase of NIHSS 
from time of consent (worsening of score) were not be eli-
gible for infusion. Patients were required to have a platelet 
count >100 000/µL, hemoglobin > 8 gm/dL, white blood cell 
count (WBC) > 2500/µL, and an absolute lymphocyte count 
(ALC) ≥ 1200 for African-American patients and ≥ 1500 for 
all other racial-ethnic groups, and WBCs > 2500/µL. If ALC 

upon presentation was disqualifying, patients were eligible for 
enrollment if they had a historical pre-stroke of ALC ≥ 1200 
for African American and ≥ 1500 for all other racial-ethnic 
groups within 6 months of stroke and a post stroke ALC value 
of ≥1000. Patients with premorbid mRS > 1, hemorrhagic con-
version or midline shift, isolated brainstem or lacunar stroke, 
prolonged need for mechanical ventilation, coagulopathy, sys-
temic infection, pregnancy active malignancy within 3 years, 
autoimmune disease or any disease or therapy that would 
compromise immune function were excluded. Patients were 
also excluded from the study if they had an active malignancy 
or autoimmune disease requiring immunosuppressive therapy 
within 3 years prior to the start of screening (excluding skin 
cancers other than melanoma). Patients who received tissue 
plasminogen activator (tPA) or endovascular reperfusion 
were eligible for inclusion included in the study if they met all 
other inclusion and exclusion criteria. A detailed list of inclu-
sion/exclusion criteria is provided in Supplementary Table S1.

Intervention and Allogeneic UCB Infusion
Subjects were not HLA typed and did not receive immuno-
suppressive or myeloablative medications between the time 
of consent and the infusion. UCB units were selected from an 
accredited U.S. public cord bank (The Carolinas Cord Blood 
Bank, Durham, NC; The MD Anderson Cord Blood Bank, 
Houston, TX; LifeSouth Cord Blood Bank, Gainesville, FL; 
The University of Colorado Cord Blood Bank, Aurora, CO) 
based on blood type and a targeted cell dose ranging between 
0.5 and 5 × 107 total nucleated cell count (TNCC)/kg. Emory, 
Wake Forest, and Duke participants received cord blood units 
(CBU) from the Carolinas Cord Blood Bank, MD Anderson 
participants received CBU from MD Anderson Cord Blood 
Bank, University of Florida participants received CBU from 
LifeSouth Cord Blood Bank, and University of Colorado 
participants received CBU from the University of Colorado 
Cord Blood Bank. On the day of infusion, UCB was thawed 
in a 37 degree C waterbath, and washed in an automated de-
vice (Sepax 2 RM) (Cytiva Life Sciences, Marlborough, MA) 
with dextran 40 with 5% human serum albumin. The washed 
product was deposited into a transfer bag on the washing kit 
(Cytiva, Marlborough, MA) in 50 mL Dextran 40 and 5% 
human serum albumin. Thawed UCB units were tested for 
enumeration of total nucleated cell count (TNCC), viable 
CD34 + cells, colony forming units, cell viability via trypan 
blue, confirmatory HLA typing, and sterility cultures. A final 
50 mL volume of the cellular product was transported to the 
care site of the participant in the transfer bag using a con-
tainer validated to maintain 20.8-24.8 °C for administration.

Stroke participants were premedicated with diphenhydra-
mine 0.5 mg/kg/dose IV (maximum 50 mg), hydrocortisone 1 
mg/kg/dose i.v. (maximum 100 mg), and acetaminophen 10-15 
mg/kg (maximum 650 mg) by mouth (PO) or per rectum (PR) 
30-60 minutes prior to the UCB infusion. Antihypertensive 
medication was available at the patient’s bedside because of 
the potential risk that hydrocortisone and residual dimethyl 
sulfoxide in the cell product would elevate blood pressure, al-
though the threshold for permissive hypertension was defined 
by the treating clinician prior to infusion. A peripheral IV 
was used to administer allogeneic UCB over a period of 5-30 
minutes, at a maximum rate of 5 mL/kg per hour; this was 
performed under direct physician supervision. Participants re-
ceived IV hydration of normal saline infused at a minimum 
of 75 mL/hour for 2-4 hours post-infusion. When the UCB 
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infusion was initiated > 24 hours after the baseline brain 
MRI, an uncontrasted head computerized tomography (CT) 
was obtained within 24 hours prior to infusion, to evaluate 
for exclusionary pretreatment hemorrhage, increasing edema, 
or midline shift. All patients received standard of care therapy 
while enrolled in this study and all subjects were encouraged 
to participate in rehabilitative therapy.

Randomization and Masking
This study randomized participants 2:1 to cord blood or pla-
cebo and utilized a randomly varying block size of 3 or 6 with 
stratification by study center and NIHSS score (6-11 or 12-18). 
The 2:1 allocation was selected to facilitate recruitment and ex-
pand the safety database for UCB in ischemic stroke. The ran-
domization table was prepared by an independent statistical 
coordinating center. During the pre-planned interim analysis 
(see below), an irregularity in the ratio of allocated treatments 
was observed that led to a discovery of an error in the random-
ization table. Specifically, when the separate strata of the ran-
domization schedule were merged into a single table there was 
a mistaken overlap in which the assignments from 10 blocks in 
the table were split across 2 strata. At the time of discovery, 6 
treatment assignments from split blocks had been allocated to 
patients. Although this caused a deviation from the intended 
2:1 allocation ratio at the time of the interim analysis, when the 
study ended the allocation ratio was correct at 2:1.

All subjects, families and medical staff were blinded. 
Following randomization, the selected CBU was shipped 
frozen overnight to the site. Once selected and available on 
site, each CBU was thawed, washed, tested, released and 
infused intravenously using common standard operating 
procedures (SOPs) at all sites. The placebo product was acel-
lular and consisted of tissue culture medium 199 (TC-199 
[pink] Gibco, Waltham, MA) with 1% dimethyl sulfoxide 
(DMSO, Protide, Crystal Lake, IL), which are standard 
components in cellular products. This product is similar in 
both appearance and odor as CBU. The volume of placebo 
was 50 mL ± 5mL, the same range for UCB infusion. The pla-
cebo was delivered to the clinic in the same final container as 
used for the CBU infusion with the same masking cover.

Primary and Secondary Outcomes
The primary outcome measure was the Modified Rankin Scale 
(mRS), a validated 7-level ordinal scale ranging from 0 (no 
symptoms) through 6 (dead) that is commonly used to assess 
global functional outcome after stroke.19 The mRS is highly 
correlated with health-related quality of life and a score of ≤2 
is considered compatible with functional independence. The 
mRS is scored for each patient as: 0 = no symptoms; 1 = no 
significant disability despite symptoms; able to carry out all 
usual duties and activities; 2 = slight disability; unable to carry 
out all previous activities, but able to look after own affairs 
without assistance; 3 = moderate disability; requiring some 
help, but able to walk without assistance; 4 = moderately se-
vere disability; unable to walk and attend to bodily needs 
without assistance; 5 = severe disability; bedridden, incontinent 
and requiring constant nursing care and attention; or 6 = dead.

The mRS was assessed at baseline, day 30, and day 90. The 
primary outcome of the study was the difference in mRS be-
tween baseline and day 90, which yields a 13-level ordinal 
scale where positive numbers indicate improved functional 
outcome at day 90 as compared to the time of the stroke, 
0 indicates no change, and negative values indicate worse 

functional outcome at day 90 than at the time of the stroke. 
Key secondary outcomes were the mRS at days 30 and 90, 
functional independence at day 90 (defined as mRS 0, 1, or 
2), the NIHSS,20 activities of daily living measured using the 
Barthel index,21 and a series of patient reported outcome 
measures at days 30, 90, and 1 year: The Stroke Impact 
Scale,22 European Quality of Life Health Questionnaire,23 
the Patient Health Questionnaire Scale,24 and the Telephone 
Interview for Cognitive Status (TICS).25

Secondary safety and tolerability endpoints included inci-
dence of infusion reaction, infection, alloimmunization, and 
graft vs host disease. A cognitive battery, comprised primarily 
of Stroke Common data elements,26 including Trail Making 
Task,27,28 Montreal Cognitive Assessment,29 Controlled Oral 
Word Association Task,30 and the Hopkins Verbal Learning 
Test-Revised31 were performed at day 30.

Safety Monitoring
Safety was evaluated during the infusion, the first 24 hours 
post-infusion, and at scheduled visits or telephone calls 
performed 30 days, and at 3, 6, and 12 months after treat-
ment. During the day of treatment urine output was monitored 
and vital signs were reviewed pre-infusion, every 5 minutes 
during the infusion, every 15 minutes for 1 hour post-infusion, 
every 30 minutes for 2 hours post-infusion, and then hourly 
until 6 hours post-infusion. Patients were observed during 
the infusion, and 6- and 24-hours post-infusion to docu-
ment adverse events (AE) and any change to their functional 
statuses. Additional safety monitoring included assessing 
alloimmunization by direct and indirect Coombs and HLA re-
active antibody testing, prior to and 3 months post-infusion. 
Clinical symptoms for graft-versus-host disease (GVHD), in-
fection, and hypersensitivity were monitored at the 3-month 
visit, and at 6 and 12 months by remote follow-up. Additional 
AEs were identified in person at the 3-month clinic visit, and 
through phone interviews with participants at 1, 6, and 12 
months post-treatment. For analysis, verbatim AE terms were 
mapped onto standard terminology defined by the Common 
Terminology Criteria for Adverse Events (CTCAE) version 4.0 
and summarized according to severity and relationship to the 
intervention, as judged by the investigator. An independent 
Data and Safety Monitoring Board (DSMB) was chartered to 
assess participant safety during the trial according to a charger 
established prior to the start of the study.

Sample Size
This study was designed to test the null hypothesis that there 
is an equal probability of improved functional outcome at day 
90 in patients treated with UCB and placebo. Under the alter-
native hypothesis, there is a greater than 0.5 probability that 
a randomly selected participant treated with UCB will have 
a more favorable change in mRS than a randomly selected 
patient treated with placebo. An alternative hypothesis prob-
ability of 0.67 was selected based on clinical judgement as 
the minimal clinically important difference (MCID) that the 
study should be powered for. This effect size is equivalent to 
an odds ratio (OR) of 2 comparing UCB to placebo. We used 
Noether’s formula32 to estimate that N = 100 participants 
would be required for 80% power to detect the MCID as-
suming a 2:1 allocation (67 on UCB and 33 on placebo) and 
2-sided 5% type I error rate. This approach to powering the 
trial was chosen because it does not rely on assumptions 
about the control group distribution as required by methods 
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based on the proportional odds model33 although it under-
estimates the required sample size if ties are present.34

Statistical Analysis
The Wilcoxon rank sum test was used to compare the distri-
bution of change in mRS from baseline to day 90 between 
UCB and placebo. We also compared the distribution of mRS 
at days 30 and 90 between UCB and placebo using the pro-
portional odds (cumulative logit) model, which is commonly 
referred to as a “shift analysis” in stroke trials. The common 
odds ratio reported from this model is interpreted as the odds 
of a better outcome in UCB as compared to placebo, where 
better outcomes are lower values on the mRS. These models 
were adjusted for the randomization strata (NIHSS and study 
center). Analysis of other secondary outcomes used common 
statistical tests for binary, ordinal, or continuous data as 
appropriate. All analyses were conducted in SAS 9.4 (SAS 
Institute, Cary, NC). The procedure defined by Benjamini and 
Hochberg was prespecified to control the false discovery rate 
at 5%. However, we ultimately decided to present the results 
without correction because none of the analyses were statisti-
cally significant at the pre-specified 5% alpha level.

Interim Analysis
A preplanned interim futility analysis was conducted with 
60% of the target accrual (24 on Placebo and 36 on UCB; see 
Randomization and Masking) using the conditional power 
method.35 Conditional power was 6.6% for the planned 

treatment effect, indicating a low probability of detecting clin-
ical benefit, if it were present, given the data accumulated to 
that point in time. However, the study did not have a binding 
futility rule. The DSMB recommended the study continue for 
evaluation of secondary safety and efficacy endpoints.

Results
The study was initially powered to accrue 100 patients, but 
due to COVID and other logistical challenges, recruitment was 
halted after 79 patients (Fig. 1). Of the 83 participants who 
consented, 3 were ineligible and one withdrew consent prior to 
randomization. Therefore, 79 participants were randomized, 
52 to Cord Blood and 27 to Placebo. All 27 participants 
randomized to placebo received their allocated intervention; 
however, 2 participants randomized to Cord Blood did not, 
both of which were withdrawn for clinical reasons. At the 
30-day follow-up visit, 2 participants in each treatment group 
were missing mRS evaluations. In the Cord Blood treatment 
group, one participant was lost to follow up and one par-
ticipant had an unknown reason for missing the visit. In the 
Placebo group, one participant was lost to follow up and the 
other had an unknown reason for missing the visit; however, 
this participant returned for a 90-day visit. Ultimately, 47/52 
participants in the Cord Blood group and 26/27 participants 
in the Placebo group with an mRS evaluation at 90 days were 
included in the efficacy analysis (Fig. 1). Characteristics of 
participants excluded from the primary analysis of mRS at 

Figure 1. Consort diagram.
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day 90 (N = 6) and those who were included (N = 73) were 
similar (not shown). Based on this observation, and the small 
number of participants with missing data, we determined the 
impact on the final analysis was likely minimal and no impu-
tation or other missing data analyses were done. In the group 
of analyzed participants, the initial severity of stroke, patient 
demographics and comorbidities were balanced between 
groups (Table 1). Seventy seven of the 79 enrolled subjects re-
ceived their baseline infusion. Both participants who did not 
receive infusions were withdrawn from the study prior to in-
fusion. All infused subjects received pre-infusion medication 
per-protocol.

Primary and Secondary Neurological Endpoints
The median [range] of the change in mRS was 1 point (−2, 
3) in UCB and 1 point (−1,4) in Placebo (P = .72), indicating 
no difference between the groups in global functional out-
come. The shift analysis based on the proportional odds 
model showed similar results, with an odds ratio of 0.9 (95% 
CI: 0.4, 2.3) after adjustment for baseline stroke severity and 
randomization strata (Fig. 2). A post hoc descriptive analysis 
suggested increasing latency to treatment after index stroke 
might be associated with the impact of treatment, although 
his was not statistically significant (interaction P-value = .19) 
(Fig. 3). However, the study was not designed to test for this 
effect so the results of this analysis should be interpreted as 
hypothesis generating.

In addition to this primary analysis, a series of secondary 
analyses were performed. When 90-day mRS was treated as 
a dichotomized variable, 32% of UCB treated patients had 
a favorable mRS associated with functional independence 
(mRS 0-2), as compared to 23% of placebo treated patients 
(P = .85). Ninety-day NIHSS was unchanged between groups 
(median NIHSS of 6 at 90 days in both groups). There were 
also no significant differences in the functional activities of 
daily living as assessed by the in the Barthel Index (BI of 80 
in treatment group vs. 85 in placebo treated group (Table 
2). There was no correlation between Infused TNCC/kg and 
CD34/kg with improvement on the mRS at day 30 or 90 
(P > .5 for all analyses; details not shown).

Safety
There were 55 serious adverse events (SAE), including 5 
deaths, reported in 26 participants. The majority of serious 
adverse events were severe (n = 33, 60%). All but one serious 
adverse event was unrelated to the investigational product, 
which was possibly related (thromboembolic event). There 
were no instances of graft versus host disease or product-
related infections (Fig. 4).

There were 292 non-serious AEs in 53 participants. All 
but 4 events were either unrelated or unlikely to be related. 
The 4 events hypertension (n = 3) and seizure (n = 1) and all 
were assessed as possibly related to the study product (Fig. 
4). The distribution of SAEs and non-serious AEs was similar 
between arms. There were 17 mild infusion reactions (13 in 
the UCB arm). Additional detail on SAE and AE is available 
in the Supplementary Material.

Discussion
Although traditionally used for pediatric hematological 
malignancies and metabolic disease, the ready availability, low 
immunogenicity, and safety profile of umbilical cord blood has 

found a growing application in regenerative medicine, with 
clinical studies performed in patients with hepatic,36 cardiac,37 
inflammatory bowel,38 and renal disease.39 In particular, UCB 
may hold promise in neurological disorders,13 and preliminary 
clinical trials have recently been performed in stroke,18 cere-
bral palsy,40,41 neonatal hypoxic ischemic encephalopathy,42,43 
and spinal cord injury.44 The current trial demonstrates that 
infusion of banked, non-HLA matched, unrelated, human, al-
logeneic UCB could be safely administered to patients within 
3-10 days after index stroke. The availability of a therapeutic 
intervention that can be administered in the subacute setting 
would represent a significant advance, as currently available 
reperfusion therapies are time limited. Unfortunately, the 
planned enrollment of COBIS2 was truncated due to COVID 
and other logistical challenges. However, with approximately 
70% of the planned enrollment, we were not able to demon-
strate that administration of UCB was associated with in im-
provement in global functional outcome as assessed by shift 
in 90-day mRS.

There remain a number of unique challenges associated 
with the design of studies designed to test the potential of 
cell-based interventions to improve recovery in subacute 
stroke. These include optimization of cell type, dosing, route 
of administration, timing relative to stroke, and functional 
endpoints sensitive to the therapeutic intervention. Although 
a number of clinical trials have used different modes of de-
livery to evaluate the safety and efficacy of administering mes-
enchymal and neural stem cell following stroke, the use of 
intravenous UCB has several distinct advantages. UCB cells 
have low immunogenicity, and thus do not require complete 
HLA matching. Importantly, UCB cells do not require ex vivo 
clonal expansion or bone marrow aspiration, which may 
be suboptimal in medically fragile patients following acute 
stroke. Moreover, there is long clinical track record of safety 
with UCB infusion, and the intravenous route avoids the in-
vasiveness inherent with intraparenchymal,8,45 intrathecal,46,47 
or intra-arterial9,48-50 routes of administration.

Unlike traditional neuroprotective and reperfusion 
therapies which must be used within hours of ischemia, cell-
based interventions have the potential to improve long term 
plasticity and recovery. This allows administration in the 
subacute setting and the opportunity of reducing the burden 
of disability for a much larger population. Thus, an impor-
tant variable that would help to inform the clinical design 
of a cell-based intervention is the optimal timing of the cell-
based intervention relative to index stroke. Traditionally, in-
tervention within the first week of stroke is considered the 
acute phase, whereas treatment within the first 6 months 
may be considered subacute, and treatment beyond 6 months 
chronic.51 However, as a practical matter, the use of intrave-
nous tPA is limited to the first 4.5 hours after stroke, and me-
chanical thrombolysis is traditionally only performed within 
the first 6 hours, although this time window may be extended 
to 24 hours in select situations. Thus, treatment within a 3-10 
day time period represents a unique time window in which 
patients may still be in-hospital, but not eligible for other dis-
ease modifying interventions.

Unfortunately, preclinical studies have not been definitive in 
defining the optimal timing of UCB administration. Although 
several studies have demonstrated functional improvements 
following UCB and other cell-based interventions, the 
mechanism(s) and timing by which this occur remain 
poorly defined.52,53 For example, although UCB has been 
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Table 1. Baseline Characteristics

Cord Blood
(N = 47)

Placebo
(N = 26)

Total
(N = 73)

Age (years)

 � N 47 26 73

 � Mean (SD) 62.6 (12.1) 64.4 (11.2) 63.2 (11.7)

 � Median 64.0 64.0 64.0

 � Q1, Q3 55.0, 70.0 57.0, 73.0 56.0, 71.0

 � Range (22.0-85.0) (42.0-83.0) (22.0-85.0)

Sex

 � Male 29 (61.7%) 16 (61.5%) 45 (61.6%)

 � Female 18 (38.3%) 10 (38.5%) 28 (38.4%)

Race

 � American Indian/American Native 1 (2.1%) 1 (3.8%) 2 (2.7%)

 � Black/African American 10 (21.3%) 5 (19.2%) 15 (20.5%)

 � Asian 3 (6.4%) 1 (3.8%) 4 (5.5%)

 � White (Non-Hispanic) 26 (55.3%) 17 (65.4%) 43 (58.9%)

 � White (Hispanic) 7 (14.9%) 2 (7.7%) 9 (12.3%)

Ethnicity

 � Hispanic or Latino 6 (12.8%) 2 (7.7%) 8 (11.0%)

 � Not Hispanic or Latino 41 (87.2%) 24 (92.3%) 65 (89.0%)

tPA Administered

 � Missing 2 (4.3%) 2 (7.7%) 4 (5.5%)

 � Yes 16 (34.0%) 11 (42.3%) 27 (37.0%)

 � No 29 (61.7%) 13 (50.0%) 42 (57.5%)

Institution

 � Duke 8 (17.0%) 6 (23.1%) 14 (19.2%)

 � Grady/Emory 5 (10.6%) 4 (15.4%) 9 (12.3%)

 � Houston Methodist 20 (42.6%) 11 (42.3%) 31 (42.5%)

 � University of Colorado 7 (14.9%) 2 (7.7%) 9 (12.3%)

 � University of Florida 5 (10.6%) 2 (7.7%) 7 (9.6%)

 � WFU 2 (4.3%) 1 (3.8%) 3 (4.1%)

Infused dose (TNCC/kg)

 � N 47 0 47

 � Mean (SD) 13.2 (6.0) 13.2 (6.0)

 � Median 11.9 11.9

 � Q1, Q3 10.1, 15.1 10.1, 15.1

 � Range 4.1, 43.5 4.1, 43.5

NIHSS Stroke Score

 � Low (6-11) 18 (38.3%) 11 (42.3%) 29 (39.7%)

 � High (12-20) 29 (61.7%) 15 (57.7%) 44 (60.3%)

Raw NIHSS Score

 � N 47 26 73

 � Mean (SD) 12.3 (3.6) 12.2 (3.4) 12.3 (3.5)

 � Median 13.0 13.0 13.0

 � Q1, Q3 9.0, 15.0 9.0, 15.0 9.0, 15.0

 � Range (6.0-19.0) (6.0-18.0) (6.0-19.0)

MRS at randomization

 � 1 = No Significant Disability 0 (0.0%) 0 (0.0%) 0 (0.0%)

 � 2 = Slight Disability 2 (4.3%) 0 (0.0%) 2 (2.7%)

 � 3 = Moderate Disability 4 (8.5%) 3 (11.5%) 7 (9.6%)

 � 4 = Moderately Severe Disability 27 (57.4%) 8 (30.8%) 35 (47.9%)

 � 5 = Severe Disability 14 (29.8%) 15 (57.7%) 29 (39.7%)
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demonstrated to migrate to the injured central nervous system 
after ischemia,53 stem cell engraftment does not appear to be 
necessary for it to exert its beneficial effects. Rather, the pri-
mary mechanisms by which UCB are believed to improve 
outcome after stroke is likely mediated by subpopulations 
of CD34 + cells, modulating neuroinflammatory response, 
which is likely most relevant acutely after stroke, and by 
paracrine effects via release of neurotrophic factors that pro-
mote remyelination of damaged axonal tracts.54 These latter 
properties might be expected to be most relevant in improving 
plasticity and angiogenesis in the subacute phases of stroke 
recovery. In the current study, UCB cells were administered in 
a time window from 2 to 11 days following the index stroke. 
Interestingly, we found a trend toward increasing efficacy 
with longer latency to intervention (Fig. 3). This might be 
explained by the fact that the non-HLA matched lymphocytes 
in the cord blood unit added to the acute inflammatory re-
sponse to the hypoxic injury a few days post stroke. Over 
time, as that inflammation subsided, cord blood monocytes 
stimulated repair of neural circuits as previously reported in 
children with cerebral palsy.41

This trial represents the largest randomized controlled 
trial UCB in the setting of subacute stroke. Consistent with 
earlier studies, we found that UCB administration was safe 
and feasible. However, there were a number of limitations to 
the current trial that should be addressed. Importantly, this 
trial did not reach full recruitment due to logistic and funding 
issues associated with COVID; thus, conclusions should be 
considered preliminary. Traditionally, clinical trials evaluating 
the efficacy of acute neuroprotectant and reperfusion studies 
have focused on functional outcome measures such as 90-day 

assessment of the modified Rankin score.19 Although there 
are a number of advantages to the mRS, including simplicity 
of use and clinical relevance, potential limitations include 
the fact that the mRS is largely weighted to ambulation, and 
may not capture other domain specific endpoints such as 
upper extremity function that may be sensitive to cell-based 
interventions. Another potential limitation of the current 
study is that there was no control for post-stroke rehabilita-
tion. Future studies should determine feasibility of integrating 
standardizing physical therapy and rehabilitative programs 
into future protocols.

It is also possible that other cellular products derived from 
cord blood, cord tissue, or placenta, could improve functional 
outcomes after stroke. These include ex vivo expanded cord 
blood monocytes, DUOC—an expanded cord blood macro-
phage capable of inducing remyelination in early phase clinical 
trials, and cord tissue derived mesenchymal stromal cells (MSC) 
given intrathecally or intravenously.55-57 While these products 
are in development, none have been systematically studied in is-
chemic stroke. Banked cord blood, although, has the advantage 
of rapid availability in the acute stroke setting. Perhaps com-
bination cellular therapy will ultimately be the best approach.

Conclusion
In summary, COBIS 2 demonstrated the safety of infusing 
non-HLA matched UCB to adults with acute ischemic stroke. 
The primary efficacy endpoint did not demonstrate ben-
efit in this underpowered sample size. An observed trend of 
improved functional outcomes in recipients of UCB after 5 
days post stroke could be explored in future clinical trials.

Figure 2. mRS shift analysis at days 30 and 90. Analyses are based on the proportional odds (cumulative logit) model adjusted for NIH Stroke Scale 
Score and study center.



Stem Cells Translational Medicine, 2024, Vol. 13, No. 2 133

Figure 3. Post hoc analysis of treatment efficacy at day 90 as a function of time from stroke to treatment. Effect estimates are common odds ratios 
reported from a proportional odd (cumulative logit) model adjusted for NIH Stroke Scale Score, Study Center, and that includes an interaction between 
treatment assignment and time from stroke to intervention (labeled as “latency” in the figure).

Table 2. Summary of secondary endpoints

Endpoint Statistical test method Cord blood Placebo P-value

Functional independence at 90 days defined as a 90-day mRS 
score of 0, 1, or 2

Chi square test (df = 1) 31.9% 23.1% .42

National Institutes of Health Stroke Scale score at 90 days Wilcoxon rank sum test 6 (0, 18) 6 (1, 22) .76

Barthel Index Score at 90 days Wilcoxon rank sum test 80 (15, 100) 85 (0, 100) .87

EuroQoL Visual Analogue Scale Score at 90 days Wilcoxon rank sum test 70 (0, 100) 75 (35, 98) .7

Patient Health Questionnaire Scale 8 (PHQ-8) Score at 90 days Wilcoxon rank sum test 4 (0, 22) 5 (0, 18) .98

Telephone Interview for Cognitive Status (TICS) Total Score at 
30 days

Wilcoxon rank sum test 26.5 (2, 41) 20.5 (0, 34) .11

Telephone Interview for Cognitive Status (TICS) Total Score at 
6 months

Wilcoxon rank sum test 28 (2, 40) 29 (0, 40) .57

Telephone Interview for Cognitive Status (TICS) Total Score at 
12 months

Wilcoxon rank sum test 31 (6, 39) 30 (2, 40) .37

Stroke Impact Scale 16 Score at 90 days Wilcoxon rank sum test 59 (29, 80) 64 (16, 80) .94

Trail making test (A) at 90 days Log-Rank test (df = 1) 78 (20, 181) 62 (26, 181) .35

Trail making test (B) at 90 days Log-Rank test (df = 1) 278 (48, 300) 300 (60, 300) .79

Montreal Cognitive Assessment Total Score at 90 days Wilcoxon rank sum test 21 (2, 28) 20 (2, 26) .5

SF-36: Physical Functioning at 90 days Wilcoxon rank sum test 30 (0, 100) 60 (0, 95) .19

SF-36: Role Limitations Due to Physical Health at 90 days Wilcoxon rank sum test 0 (0, 100) 0 (0, 100) .94

SF-36: Role Limitations Due to Emotional Problems at 90 days Wilcoxon rank sum test 66.66 667 (0, 100) 100 (0, 100) .57

SF-36: Energy/Fatigue at 90 days Wilcoxon rank sum test 55 (10, 90) 65 (10, 100) .21

SF-36: Emotional Well-being at 90 days Wilcoxon rank sum test 72 (12, 100) 76 (28, 100) .43

SF-36: Social Functioning at 90 days Wilcoxon rank sum test 62.5 (0, 100) 62.5 (0, 100) .55

SF-36: General Health at 90 days Wilcoxon rank sum test 60 (20, 90) 70 (30, 95) .37

Controlled Oral Word Association Test Total Score at 90 days Wilcoxon rank sum test 14 (0, 43) 9.5 (0, 36) .16

Oral Symbol Digit Modalities Test Total Score at 90 days Wilcoxon rank sum test 13 (0, 50) 21 (0, 56) .2
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