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Abstract

Objective: To evaluate the safety and efficacy of human stem cells for bronchopulmonary dysplasia in preterm infants. Study
design: From inception to September 2020, the PubMed, Web of Science, Cochrane Library and CNKI databases as well as
ClinicalTrials.gov were searched for relevant reports. All the clinical trials, case reports, case series and letters were included.
The included results were analyzed by Stata 16.0. Results: There were no statistically significant differences between the trial
and control groups with respect to the number of deaths (OR [95% CI]: 0.619 [0.089, 4.316]) or bronchopulmonary dysplasia cases
(OR [95% CI]: 1.138]0.040, 32.36]). The incidences of serious adverse events and dose-limiting toxicities were not significantly
different between the two groups. There was a significant statistical difference between the trial and control groups in the
mechanical ventilation duration (P<0.05) and duration of oxygen (P<0.05). Conclusion: The infusion of human cord blood
stem cells into premature infants does not increase the risk of serious adverse events or death, and this therapy may decrease

the mechanical ventilation duration and duration of oxygen administration.

Introduction

Bronchopulmonary dysplasia (BPD) is a chronic lung disease in extremely preterm infants and very preterm
infants (gestational age<32 weeks). With improvements in neonatal intensive care, the survival rate of
preterm infants has increased significantly. BPD is the most common complication in extremely low ges-
tational age newborns or very preterm infants and is increasing in prevalence!. The main cohort studies
(including studies in China, India, the Canadian Neonatal Network, the Swiss Neonatal Network, and the
Korean Neonatal Network) have suggested that the BPD incidence is 11%-50%2°. The younger the gesta-
tional age is, the higher the incidence of BPD. In the neonatal period, the main clinical manifestations of
BPD include a progressive increase in respiratory support requirements, persistent lung arterial hypertension,
hypercapnia, diuretic dependence, and capillary leakage, etc’. Long-term complications of BPD include ab-
normal lung function and structure, cardiovascular diseases® % and impaired long-term neurodevelopment!?,
which will increase familial and social medical costs'?. Currently, there is no effective treatment method
for BPD. The prevention and treatment for BPD include avoiding intubation and ventilation, caffeine,
corticosteroids and inhaled nitric oxide'®. Corticosteroids can reduce chronic oxygen dependence and the
incidence of BPD, but the neurodevelopmental safety of corticosteroids in extremely preterm infants needs
to be assessed!*!>. Nitric oxide inhalation can improve respiratory symptoms and decrease brain damage in
preterm infants, but it has no definite effect on the development of BPD in white or Hispanic groups'®'7.

In recent years, advances in regenerative medicine have provided new ideas for the treatment of BPD.
Several preclinical studies have shown that human stem cells may improve alveolarization and pulmonary
hypertension by participating in the repair of damaged tissues and immune regulation'® and reduce lung
inflammation by reducing tumor necrosis factor and increasing interleukin-10'°. Vascular endothelial growth



factor secreted by human stem cells can promote BPD vascular development and repair?®. A meta-analysis of
preclinical studies that assessed the efficacy of mesenchymal stem cells (MSCs) therapy in BPD showed that
MSCs treatment had a significant benefit for outcome measures (including alveolarization, lung inflammation
and pulmonary hypertension)?!. There have been few systematic reviews and /or meta-analyses on the safety
of human stem cells in preterm infants and their therapeutic potential for clinical BPD to date. To explore
the evidence-based translation of this promising human stem cell therapy into the clinic for patients at risk
of developing BPD, we performed this meta-analysis to assess the current clinical evidence to help guide
clinical treatment.

METHODS
Search Strategy

We followed the recommendations of the PRISMA-P (preferred reporting items for systematic review and
meta-analysis protocols)?? and Cochrane collaboration recommendations?®. Two independent reviewers (J.Z.
and Y.G.) searched the keywords in PubMed, Web of Science, Cochrane Library, CNKI and ClinicalTrials.gov
using keywords from inception to September 2020. The following keywords were used in PubMed: “stem
cells” or “cord blood cell” or “human umbilical cord blood”, and “preterm infants” or “infant” or “neonates”,
and “lung injury”.

All the clinical trials, case reports, case series and letters were analyzed. The inclusion criteria were as
follows: (1) no language restriction; and (2) preterm infants born at less than 37 weeks’ gestational age. Any
pre-clinical studies were excluded.

Data Analysis

All of the data were extracted from each study, and the risk of bias was assessed by two independent
reviewers. Discrepancies in quality assessment ratings between reviewers were resolved by the third reviewer
(H.X.). The data extracted from each study included authors, year of publication, sample size, type of study,
study duration, characteristics of the sample population, type of stem cells, dosage of administration, BPD
diagnosis, and quality assessment. The primary outcomes included: (1) the incidence of bronchopulmonary
dysplasia (BPD) or death and (2) the incidence of serious adverse events (SAEs) 2 or dose-limiting toxicities
(DLTs). SAEs were defined as any related adverse medical events that could lead to death, life-threatening
conditions, prolonged hospitalization, persistent or severe disability, or potential harm and requirement for
clinical care. DLTs was defined as (1) cardiopulmonary decomposition after 6 days of treatment, (2) FiO2
that was increased by more than 30% compared with the previous level, (3) mean airway pressure increased
by more than 5 cm HyO, (4) anaphylaxis or (5) death within 6 hours. The secondary outcomes included
mechanical ventilation duration and duration of oxygen.

Statistical analysis of the data and meta-analysis were performed using Stata 16.0. P-values of 0.05 or less
were considered statistically significant. Measurement data used the mean difference (MD) as the effect
indicator, and categorical variables used the relative risk (RR) as the effect indicator. Each effect size was
given a point estimate and 95% CI. The chi-square test was used to evaluate the statistical heterogeneity
between the results of the studies (test level a=0.1). If there was no statistical heterogeneity between the
studies (I? <50%, P>0.1), a fixed-effects model was used for the meta-analysis; after excluding the effects of
obvious clinical heterogeneity, a random-effects model was used for the meta-analysis. If there was obvious
clinical heterogeneity in the results of each study, a subgroup analysis was performed. The inspection level
of the meta-analysis was set to a=0.05.

RESULTS

A total of 795 studies were found the databases, and 15 documents were selected by title and abstract. After
full-text evaluation, a total of 7 clinical studies met the inclusion criteria. A flow chart of the process for
eliminating studies is shown in Figure 1. All of the included clinical studies were published between 2014
and 2020. Among them, 4 were clinical controlled trials, and 3 were non-controlled clinical studies. Yun et
al.?® | Xian et al.?%and Steven et al.?” treated patients with MSCs infusions. Zhu et al.?® and Jie et al.??



administered autologous cord blood cells to infants. All the subjects in the 7 studies were premature infants
with gestational ages of less than 37 weeks. All the infants weighed less than 2500 g. The characteristics of
the included relevant studies are shown in Table 1.

Four clinical controlled trials of the included articles evaluated the primary outcomes, including the number
of deaths, BPD cases, SAEs and DLTs. The primary outcomes are shown in Table 2. Analysis of the clinical
controlled trials revealed no significant statistical differences between the trial and control groups in the
number of deaths (OR [95% CIJ: 0.619 [0.089, 4.316]) or BPD incidence (OR [95% CI]: 1.138 [0.040, 32.36]).
The incidence of SAEs (Figure 2a) and DLTs (Figure 2b) was not significantly different between the two
groups. All SAEs that occurred in the clinical controlled trials were evaluated and had no relationship with
human stem cells infusion.

Regarding the secondary outcomes, there was a significant statistical difference between the trial and control
groups in the mechanical ventilation duration (P=0.01, Figure 3a) and the duration of oxygen administration
(P=0.02, Figure 3‘b). Based on the subgroup analysis, the incidence of SAEs was not significantly different
with respect to whether a low or high dose of human stem cells was infused. The overall heterogeneity tests
showed an 12 value of 14.9%.

DISCUSSION

Our meta-analysis showed no statistically significant differences in deaths and SAEs in preterm infants
receiving human stem cell transfusion compared with control infants. A total of 7 articles are included in
this analysis, 3 clinical studies of which were uncontrolled trials. Steven et al.2” reported that 12 very-low-
birth-weight preterm infants were given intratracheal administration of human umbilical cord blood-derived
mesenchymal stromal cells. In this study, only 1 infant died of pulmonary hypertension at 161 days of life.
None of the SAEs evaluated were considered to be related to the MSCs infusion. Yang et al.? infused
autologous cord blood cells in 15 premature infants and assessed their safety. No BPD or deaths occurred
in the infants who received the infusion. Five patients presented ventilation-associated pneumonia (VAP),
but no SAEs were observed among them. In the subgroup analysis, the primary outcomes of SAEs and
death were still not significantly different. These studies showed that human stem cells were safe for preterm
infants. Yoon Ahn et al.? conducted a study with 2 years of follow-up and found that it was safe to inject
MSCs into the trachea of premature infants, with no side effects on the nervous system, growth or the
respiratory system. However, to demonstrate whether the infusion of human cord blood stem cells is safe in
preterm infants, large-sample clinical randomized controlled trials are still needed.

In this meta-analysis, there was no significant difference in the incidence of BPD between the two groups.
However, we found that mechanical ventilation duration and duration of oxygen administration in the human
stem cell groups were significantly shorter than those in the control groups (both I?=0.00%). Preclinical trials
have confirmed that the infusion of mesenchymal stem cells can induce a reduction in BPD and pulmonary
hypertension®!32.  Xian Wu et al.?6 enrolled 16 children diagnosed with moderate to severe BPD who
were infused with MSCs, with subsequent monitoring and follow-up. The Silverman Anderson score of the
experimental group was significantly lower than that of the control group. The peak volume ratio and tidal
volume index obtained by the pulmonary function test were significantly better than those before treatment.
The clinical care of premature infants involves multisystem comprehensive management. However, due to
the small sample of included studies, the efficacy of stem cells in BPD still needs further clinical research.

Conclusion

Our analysis indicated that the infusion of human stem cells in premature infants does not increase the
risk of SAEs or death. Since large-sample randomized controlled clinical trials have not been conducted,
the present conclusions still need further experimental verification. Although the application of MSCs in
premature infants has been proven to be safe in clinical trials, further research is needed to transform this
therapy into clinical practice®3.
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