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Human Umbilical Cord Blood Infusions
in the Management of Autism Spectrum Disorder
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ABSTRACT

Objective: To provide an overview of the role of umbilical
cord blood (UCB) in managing autism spectrum disorder
(ASD) symptoms in children aged 4-8 years.

Data Sources: A systematic literature search was conducted
using the terms (autism OR autism spectrum disorder AND
umbilical cord blood infusion UCB OR umbilical cord blood).
The review was limited to articles published in the English
language from 1945 to September 2020. The database
search included PubMed, Scopus, and EMBASE.

Study Selection: The initial search revealed 165 hits of
potential relevance.

Data Extraction: The articles were analyzed to obtain
clinical information relevant to meeting the review
objectives.

Data Synthesis: After title, abstract, and full article review, 3
UCB studies were selected for analysis.

Results: The systematic review showed mixed results. In the
first study, improvements were seen in the socialization and
communication domains and adaptive behavior with UCB
infusion. The Pervasive Developmental Disorder Behavior
Inventory composite T score and Expressive One-Word
Picture Vocabulary Test (EOWPVT) score also improved.
Symptomatic improvement was seen in half of the patients.
The second study showed no improvement in the EOWPVT,
Receptive One-Word Picture Vocabulary Test, Clinical

Global Impressions scale, or Vineland Adaptive Behavior
Scales (VABS), second edition. The third study showed
nonsignificant improvement in the VABS, third edition
socialization scale scores; however, major improvement

in the communication domain was seen for those with
nonverbal IQ>70. No serious adverse events were reported
in any of the studies.

Conclusion: Few studies have evaluated the role of UCB
infusion in addressing symptoms of ASD. Due to the limited
number of studies, more research is warranted.
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O ne in 54 US children is diagnosed with autism spectrum
disorder (ASD).! ASD presents with abnormalities in social
interaction, impaired verbal and nonverbal communication, and
repetitive behavior, with a broad spectrum of severity from mild
to disabling. The lifetime expense supporting a person with ASD
without an intellectual disability is estimated to be $1.4 million
compared to $2.4 million for people with comorbid intellectual
disabilities.> In 2017, a study® found total annual health care
expenditures for ASD to be $13,700 versus $8,560 for non-ASD
patients. The symptoms of ASD are usually noted by caregivers
by 12-18 months of age.* The conclusive ASD diagnosis usually
occurs around age 24-36 months; however, the diagnosis might
be delayed until adulthood in some mild severity cases.’

Standard of care for ASD encompasses a combination of
behavioral, nutritional, and pharmacologic interventions.
There is sparse evidence to support the efficacy of nutritional
intervention for ASD symptom management. Pharmacologic
interventions include psychostimulants for comorbid
attention-deficit/hyperactivity disorder, selective serotonin
reuptake inhibitors for associated anxiety and depression, and
atypical antipsychotics (aripiprazole, risperidone, and off-label
olanzapine) for aggression and self-injurious behavior.%® The side
effect profile of the pharmacologic interventions is concerning.
Behavioral interventions typically include activities designed to
promote social interaction and communication. However, even
the combination of pharmacologic and behavioral interventions
cannot influence core ASD psychopathology.” Recent trials
with umbilical cord-derived mesenchymal and stromal cell
transplantation'® and umbilical cord blood (UCB) infusion!!~!>
in the management of ASD have shown promise.

Umbilical Cord Blood Pharmacology
and Mechanism of Action

UCB-based stem cells retrieved at birth have expanded the
horizons of medical interventions. The UCB pluripotent stem
cells on infusion relocate to the bone marrow and lymphatic
regions. These stem cells can breach the blood-brain barrier
and appear to gather near injury sites and other central nervous
system regions containing endogenous stem cell populations. The
infused cells stimulate endogenous stem cells.'® Currently, the
exact mechanisms in humans are poorly understood.!”

The exact pathophysiology of ASD is uncertain. The
proposed causes include overactive immune system,'® white
matter abnormalities,'® brain synaptic irregularities,?*2!
neuroinflammation,?? presence of maternal antibodies in fetal
brain tissue,?® unusual levels of proinflammatory cytokines (IL-6,
TNF-a) in the cerebrospinal fluid,”* or abnormal microglial
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activation, leading to excessive aberrant neural connectivity
pathways.>>2¢ ASD therapy with UCB promotes neural cell
protection and repair, reducing inflammation.?” Cord blood
stem cells respond through paracrine signaling to modulate
brain inflammation and immune abnormalities,?” enhancing
socialization, communication, and adaptive behavior.?”-?°
Infusions of autologous cord blood cells are safe and beneficial
with other brain injuries such as cerebral palsy, hypoxic-
ischemic encephalopathy, and congenital hydrocephalus.*’-*2

METHODS

Our search strategy and data extraction followed the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.® A systematic literature
search was conducted independently by 2 contributing
authors (M.A. and C.T.) using (autism OR autism spectrum
disorder AND umbilical cord blood infusion UCB OR umbilical
cord blood) in PubMed, Scopus, and EMBASE. The review
was limited to articles published in the English language
from 1945 to September 2020. Citations and references were
reviewed from all included studies to identify additional
potential studies. The authors read the full articles for
relevance and pertinence. The third reviewer (E.M.) resolved

any conflict that arose about the inclusion of any study in this
review. Also, we checked for ongoing studies at the National
Institutes of Health clinical trials and National Library of
Medicine (ClinicalTrials.gov). Data were extracted based
on the following inclusion criteria: (1) studies published in
English, (2) human studies, (3) participants aged > 18 years,
(4) participants with a primary diagnosis of ASD based on
DSM-1V/V criteria, (5) studies focused on utilization of UCB
infusions as an intervention, and (6) study designs: open-
label and randomized controlled trials. Previously published
systematic reviews, case series, case reports, opinions,
comments, editorials, and unpublished studies were
excluded. The 3 studies included in the analysis displayed
heterogeneous data; hence, meta-analysis is not possible.
Thus, a systematic review was performed.

RESULTS

The initial literature search resulted in 165 hits. After
the title and abstract review and removing all duplicates,
we retrieved 7 relevant articles. After the full-text review,
we excluded 4 articles based on our inclusion criteria and
extracted data from 3 articles (Figure 1).!'-13 Table 1 provides
the study characteristics.
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Table 1. Umbilical Cord Blood (UCB) Infusion

Umbilical Cord Blood Infusions and Autism

Male: Dose of UCB
Type of Age, mean Female, (1-time Outcome
Study Design UCB N (range) n (%) infusion) Duration Measure Conclusions
Dawson etal, Open AUCB 25 46(2.26-5.97) 21(84):4(16) CFUsinfused 12mo VABS-II, -Safe
2017" label 1,225.5/kg CGI,PDDBI,  -Well-tolerated
(range, EOWPVT-4, -Positive outcome
85.5-4,620) E-GT -Significant improvement
on majority of domains
-Improvement was
associated with higher 1Q
Chezetal, RCT AUCB 29 453 (2.42-6.80) 25(86.2): AUCB, TNC 12.25mo EOWPVT-4,  -Safe
20182 crossover vs PBO 4(13.8) count at (49 wk) ROWPVT-4, -Well-tolerated
trial least VABS-II,CGI  -Trends toward
10 x10%/kg improvement in
socialization
-No statistically
significant differences for
any endpoints
Dawsonetal, RCT AUCBor Total:180  5.30(2.39-8.00) 143:37 25107 12mo VABS-3, -Safe
2020" ALUCB  AUCB:56 cells/kg PDDBI, CGl-l, -Well-tolerated
vsPBO  ALUCB: 63 CGI-S, -UCB was not associated
PBO: 61 EOWPVT with improvements

in the primary and
secondary outcomes
-In the subanalysis,
children without
intellectual disability
showed significant
improvements in
communication skills

Abbreviations: ALUCB = allogenic umbilical cord blood, AUCB = autologous umbilical cord blood, CFU = colony-forming unit, CGI-I = Clinical Global
Impressions-Improvement, CGI-S = Clinical Global Impressions-Severity, E-GT = Eye Gaze Tracking, EOWPVT = Expressive One-Word Picture Vocabulary
Test, PBO = placebo, PDDBI = Pervasive Developmental Disorder Behavior Inventory, RCT = randomized controlled trial, ROWPVT = Receptive One-Word
Picture Vocabulary Test, TNC = total nucleated cell count, VABS = Vineland Adaptive Behavior and Socialization Scale.

Efficacy Outcome

A single-center, open-label trial by Dawson et al'!
evaluated the safety and feasibility of autologous cord blood
transfusion in 25 children (median age of 4.6 years). The
primary outcome was adaptive behavior. The Vineland
Adaptive Behavior Scales, second edition (VABS-II) was
used to evaluate adaptive behavior, which showed 3-point
improvement at 6 months (P=.007). In the separate analysis
of the VABS-II domain, socialization and communication
scores showed a 2-point and 4.5-point improvement (P<.05)
at 6 months. There was no improvement in the motor and
daily living skills domain. There was a correlation between
nonverbal IQ score and improvement in socialization
domain (r=0.57) and adaptive behavior domain (r=0.42)
scores in the subanalysis. Patients with higher nonverbal
IQ scores showed more improvement than others. There
was no correlation between change in the communication
domain score and nonverbal IQ score (r=0.22). Scores of
each domain or composite score showed no change from 6
to 12 months. The Clinical Global Impressions (CGI) scale
evaluated autism symptom severity at baseline and change
in severity with intervention. At baseline, 73% of patients
had moderately severe to very severe symptoms, which
improved to 45% of patients at 6 months. There was more
than minimal symptomatic improvement in 50% of patients
at 6 months and 45% of patients at 12 months. Parents noted
symptomatic improvement as measured by the composite

T score of the Pervasive Developmental Disorder Behavior
Inventory (PDDBI) (median improvement: 7.5, P=.004).
From 6 months to 12 months, there was no change in the
score. The Expressive One-Word Picture Vocabulary Test
(EOWPVT) score, which reflects the ability to name a
picture, showed improvement in 57% of patients at 6 months
(P=.001) and 68% (P=.001) at 12 months."!

Chez et al'? analyzed safety and efficacy in 29 children
(aged 2-6 years) in a placebo-controlled crossover
randomized trial. The primary outcome was the ability to
name the picture (EOWPVT-4 and Receptive One-Word
Picture Vocabulary Test[ROWPVT-4]). The baseline mean
EOWPVT score was low in the UCB group (mean score: 63)
compared to placebo (mean score: 82). Fluid reasoning and
knowledge assessment by Stanford-Binet Fluid Reasoning
and Knowledge did not show significant change at follow-up.
For the VABS-II subscale, the socialization domain showed
improvement (baseline: 69, 12 weeks: 75, 24 weeks: 77) in the
UCB group. However, the score remained the same in the
placebo group (baseline: 72, 12 weeks: 70, follow-up: 72), and
the difference was not statistically significant.!> There was
no change in scores in the other domains (communication,
motor, daily, adaptive behavior). Almost half the patients
after 12 weeks showed CGI scale improvement in both the
placebo and UCB groups.'?

The third study conducted by Dawson et al'* was a
placebo-controlled randomized clinical trial on the safety
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Table 2. Overview of Scales of Improvement

Study VABS-Il and VABS-III CGI-S CGHl PDDBI EOWPVT Eye-Gaze Tracking
Dawson etal, Socialization, Severity of Significantly improved  Significant Significantly Significant
2017 communication, and symptoms at6and 12 mo improvementin  improved improvement in
adaptive behavior improved  decreased (22.7%) symptoms from  baseline-12mo  odds of gazing at 1
at6 mo at6 mo 0to3 mo target
Chezetal, Improvement on the CGl baseline severity  CGl baseline scores Not done No significant Not done
20182 socialization and behavior scores improved improved mainly for improvement
subscale between 12and 24  mainly for receptive  receptive and social postinfusion at
wk (after FDR adjustment and social domains  domains at 12 and 12 wk and 24 wk;
score did not reach at 12 and 24 wk 24 wk same results for
significance) ROWPVT
Dawson etal, No significantimprovement  No significant NVIQ>70: No significant No significant Improved at 6 mo
20203 with any type of UCB at 6 improvement ALUCB >AUCB improvement improvement
mo ALUCB >PBO
AUCB=PBO
NVIQ >70, was associated NVIQ<70:
with improvement in AUCB>ALUCB
communication domain at AUCB>PBO
6 mo PBO>ALUCB

Abbreviations: ALUCB = allogenic umbilical cord blood, AUCB = autologous umbilical cord blood, CGI-I1=Clinical Global Impressions-Improvement,
CGI-S=Clinical Global Impressions-Severity, EOWPVT = Expressive One-Word Picture Vocabulary Test, FDR=false discovery rate, NVIQ=nonverbal 1Q,
PDDBI =Pervasive Developmental Disorder Behavior Inventory, PBO = placebo, ROWPVT = Receptive One-Word Picture Vocabulary Test, VABS =Vineland

Adaptive Behavior and Socialization Scale.

and efficacy of UCB infusion for treating children with
ASD. The primary outcome was change in the VABS-III
socialization standard score. Of 180 patients, 56 received
autologous UCB infusion, 63 received allogeneic UCB
infusion, and 61 received a placebo. After 6 months, the
VABS-III socialization standard subscore was more improved
in the UCB group (3.13 vs 1.98), but there was no significant
difference compared to the placebo group (P=.46). There
was no difference in the VABS-III socialization standard
subscore between autologous or allogeneic UCB infusion
groups. Children without intellectual disability (nonverbal
IQ>70) showed a better response in the communication
domain of the VABS-III standard score.!® With 6 months of
UCB treatment among patients with nonverbal IQ =70, the
communication domain score was 5.45 times higher than
those for the non-UCB group. For the CGI, half of the patients
in all 3 groups showed symptom improvement. However,
in patients with nonverbal IQ =70, more improvement was
observed in the UCB group than in the placebo group (65.9%
vs 57.1%).!® Table 2 provides an overview of the scales of
improvement for the 3 studies.

Safety Outcome

The open-label trial by Dawson et al'! showed no severe
side effects. Treatment-related side effects occurred in 13%
of patients (allergic reactions: urticaria, cough). Unrelated
to infusion, typical side effects were agitation, skin changes,
and infections.

There were no severe side effects in the randomized study
by Chez et al.'? The mild to moderate side effects included
constitutional disorders, gastrointestinal disorders, and
pulmonary disorders. Of 86 side effects in 29 patients, 80%
were unrelated to CB transfusion. Only 3% (renal disorders,
constitutional symptoms) were probably due to UCB
infusion, and 16% of side effects (mainly gastrointestinal

disorders) were possibly due to infusion. None of the adverse
events required treatment.

Finally, in the randomized study by Dawson et al,'* 5.3% of
patients in the placebo and 2.5% in the UCB group had severe
adverse events unrelated to treatment. No severe side effects
were related to treatment. Mild infusion-related reactions
occurred in 6.6% of patients in the placebo group and 4.2%
of patients in the UCB group (P=.72). In 5.9% of patients,
moderate to severe infusion reactions occurred among the
UCB group. All severe infusion reactions (bronchospasm,
facial flushing, swelling) occurred in allogeneic UCB groups
only. The frequency of infusion reactions was higher in the
allogeneic group than in the autologous group but was not
statistically significant (14.3% vs 5.4%, P=.10).

DISCUSSION

UCB infusion offers a new dimension to the management
of ASD. The available literature indicates that UCB infusion
can be a safe and tolerable approach to ASD symptom
management. The improvements in socialization domains,
particularly in higher nonverbal IQ ASD patients, were
associated with significant behavioral improvements.

The efficacy of UCB is also evident by observing the
correlation of the changes in the electroencephalography
(EEG), white matter tract, and electrophysiologic biomarkers
with clinical improvement. UCB infusion changes to the
white matter tract are detectable by diffusion-weighted
images at baseline and 6 months after a single infusion.
Such an increase in white matter connectivity in frontal,
temporal, and subcortical regions (hippocampus and basal
ganglia) is associated with better behavioral and social
communication skills and reduced symptoms of ASD.!
Additionally, significant EEG changes are noticeable at 12
months post infusion, characterized by increased o and f
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power and decreased EEG theta power. Higher baseline
posterior EEG P power is associated with a significant
improvement in social communication symptoms.'> UCB
infusion has shown promise in childhood hypoxic-ischemic
encephalopathy and congenital hydrocephalus.***! The UCB
intervention combined with erythropoietin in children with
cerebral palsy improves motor and cognitive impairment
and the neural circuitry’s metabolic and structural changes.>?

The strength of our review includes the stringent
inclusion criteria for selecting only those studies with the
most robust and scientific design. A limited number of
heterogeneously designed studies with small sample sizes,
short follow-up periods, and less standardized control
groups limit our findings and conclusion. All the studies
included in our analysis were conducted at the Duke Center
for Autism and Brain Development. The participants in
these studies were from a single demographic area, which
limits generalizability. The uncontrolled open-label study'!
limited our determination if the observed behavioral
changes were due to the treatment or reflected the preschool
period’s natural course.** The findings of the 2017 study'!
were limited because of the lack of blinding and control
groups. However, the crossover design used by Chez et al'?
resulted in excellent compliance by parents for all endpoints.
The significant limitation of that study'? was the challenging
language assessment in the young age group and the lack
of standardization of allogenic UCB dose. Although the
study'? had no carryover effect for the 2 primary endpoints,

Umbilical Cord Blood Infusions and Autism

the carryover effects were observed for secondary endpoints,
leading to less variability between subjects. The 2020
randomized, placebo-controlled study'® was challenged
due to the high expectancy effect in the placebo arm and
the larger-than-anticipated number of participants with
intellectual disability, which might have compromised the
study results. Future studies must consider a transparent
primary endpoint selection, which will need to examine the
influence of cognitive ability, substantial variability among
participants in clinical change over time, and expectancy
effects.

CONCLUSIONS

The present study highlights the safety and tolerability of
allogenic UCB infusion in children with ASD with marginal
efficacy in behavioral and language outcomes. Thus, the
current trials did not support the clinical use of UCB for the
management of ASD. However, the evidence is from a limited
number of heterogeneous clinical trials and strongly suggests
its possible efficacy in the management of ASD. Therefore,
future global large-scale randomized controlled trials are
required to establish intervention efficacy and safety in
ASD. These studies offer a glimmer of hope; however, no
definitive conclusion about use of UCB in the future can be
extracted. The clinical implication of UCB in treating ASD
patients cannot be generalized at this time, as this area will
need further studies to support its potential use.
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