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ABSTRACT

Introduction To date, no specific antivirus drugs or
vaccines have been available to prevent or treat the
COVID-19 pandemic. Mesenchymal stem cell (MSC)
therapy may be a promising therapeutic approach that
reduces the high mortality in critical cases. This protocol is
proposed for a systematic review and meta-analysis that
aims to evaluate the efficacy and safety of MSC therapy on
patients with COVID-19.

Methods and analysis Ten databases including PubMed,
EMBASE, Cochrane Library, CINAHL, Web of Science,
Chinese National Knowledge Infrastructure (CNKI), Chinese
Scientific Journals Database (VIP), Wanfang database,
China Biomedical Literature Database (CBM) and Chinese
Biomedical Literature Service System (SinoMed) will

be searched from inception to 1 December 2020. All
published randomised controlled trials, clinical controlled
trials and case series that meet the prespecified eligibility
criteria will be included. The primary outcomes include
mortality, incidence and severity of adverse events,
respiratory improvement, days from ventilator, duration of
fever, progression rate from mild or moderate to severe,
improvement of such serious symptoms as difficulty
breathing or shortness of breath, chest pain or pressure,
and loss of speech or movement, biomarkers of laboratory
examination and changes in CT. The secondary outcomes
include dexamethasone doses and quality of life. Two
reviewers will independently perform study selection, data
extraction and assessment of bias risk. Data synthesis

will be conducted using RevMan software (V.5.3.5). If
necessary, subgroup and sensitivity analysis will be
performed. Grading of Recommendations Assessment,
Development and Evaluation system will be used to assess
the strength of evidence.

Ethics and dissemination Ethical approval is not
necessary since no individual patient or privacy data

have been collected. The results of this review will be
disseminated in a peer-reviewed journal or an academic
conference presentation.

PROSPERO registration number CRD42020190079.

INTRODUCTION

Description of the condition

COVID-19, an infectious disease caused by
SARS-CoV-2 (formerly termed as 2019-nCoV),

," Qing Zhang," Wei Peng, Dan Liu,? Yanyan You,? Xinglong Liu,’

Strengths and limitations of this study

» This systematic review protocol follows the Preferred
Reporting Items for Systematic Review and Meta-
Analysis Protocols guidelines.

» This systematic review, to the best of our knowl-
edge, will be the first to explore the efficacy and
safety of mesenchymal stem cell (MSC) therapy for
the treatment of patients infected with COVID-19.

» The study will systematically review quantitative
data from various medical databases for an in-depth
interpretation of the efficacy and safety of MSC ther-
apy on patients with COVID-19.

» The potential for low and inconsistent quality in the
reporting of process evaluations, the publication
bias and the methodological quality of the grey lit-
erature found may be the limitations of the study.
Other potential limitation might be whether a suffi-
cient number of trials would be completed such that
patient data are widely available to make interpreta-
tions or draw conclusions.

has been sweeping the world.! However, to
date, no efficient vaccines and specific anti-
viral medications are available to halt the
pandemic. As of 24 June 2020, a total of 9 110
186 confirmed cases of COVID-19 have been
documented globally in 216 countries, areas
or territories with 473061 deaths.’? Notably,
approximately 15% of the infected patients
develop severe pneumonia and 5% prog-
ress to acute respiratory distress syndrome
(ARDS), septic shock and multiorgan failure
eventually.3 4 High mortality rate was observed
in critically ill patients and has prompted an
urgent need for treatments that can address
the critical cases and prevent fatal outcomes.”®
Description of the intervention

Currently, mesenchymal stem cell (MSC)-
based treatment has been proposed as a
promising therapeutic approach for patients
with COVID-19.” MSCs are multipotent cells
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that can be obtained from various tissues including pref-
erably bone marrow, adipose tissue, placenta, umbilical
cord and dental pulp. The safety and effectiveness of MSC
therapy have been well documented in several clinical
studies including ARDS, bronchopulmonary dysplasia
and cardiovascular diseases.*'® In a recent case study,
a 65-year-old critically ill ventilatorridden patient with
COVID-19 was treated with allogeneic human umbilical
cord MSCs (three infusions of 5x107 cells at an interval
of 3days) and the patient was off the ventilator and able
to walk after the second infusion. No obvious side effects
were observed.” In another study, seven patients with
COVID-19 (one critically severe, four severe and two mild
to moderate) received a single intravenous administra-
tion of MSCs at a dose of 1x10° cells/kg body weight, all
patients had significant improvements in clinical symp-
toms 2days after the transplantation, one severe and two
mild patients were discharged from the hospital by day 10
and a 14-day follow-up showed no adverse effects.'* These
completed clinical trials provided limited but promising
evidence that the use of MSC therapy might be efficient
in the treatment of COVID-19. The US Food and Drug
Administration authorised compassionate use of MSC
therapy in patients with an extremely dismal prognosis.
Recently, 45 clinical trials of MSCs as a new treatment for
COVID-19 have been registered on ChiCTR (http://www.
chictr.org.cn) and ClinicalTrials.gov (https://clinical-
trials.gov). Several trials are underway that may provide
more evidence to evaluate the safety and effectiveness of
MSC therapy for COVID-19.

How the intervention might work

A growing body of research has interpreted the potential
mechanism underlying the therapeutic effect of MSCs on
COVID-19. SARS-CoV-2 cell entry depends on the ACE2
and the transmembrane serine protease 2 (TMPRSS2),
gene expression profiling exhibited that transplanted
MSCs were ACE2 and TMPRSS2 and had a natural immu-
nity to the COVID-19 infection." ' Virus-induced cyto-
kine storm is considered as the hallmark of SARS-CoV-2
pathogenesis and has been reported to induce ARDS
and multiorgan failure, leading to death in patients with
COVID-19."° To prevent or attenuate the cytokine storm
is pivotal to halt the pandemic. Compelling studies have
demonstrated that MSCs have potent and broad immuno-
modulatory and anti-inflammatory effects. Such processes
include the regulation of T-cell function, proliferation
and differentiation of B cells, influence of innate immune
cells (such as macrophages and dendritic cells), decrease
of proinflammatory cytokines (such as interleukin 1
(IL-1), IL-6, interferon (IFN) and tumour necrosis factor-
alpha), increase of anti-inflammatory cytokines (such
as IL-4, IL-5 and IL-10) and peripheral lymphocytes,
and decline of overactivated cytokine-secreting immune
cells (such as CXCR3+ CD4+ T cells, CXCR3+ CD8+ T
cells and CXCR3+ natural killer Cells).14 17-23 Besides,
MSCs inhibit bacterial growth, enhance the restoration
of injured alveolar epithelial cells, improve pulmonary

microenvironment, alleviate pulmonary fibrosis and
enhance pulmonary function.* ® Kyoto Encyclopedia
of Genes and Genomes analysis implied that MSCs were
involved in antiviral pathways."* Hence, MSC therapy
may improve the outcome of patients with COVID-19
through immunomodulation, regulating the inflamma-
tory response and promoting tissue repair.

Why it is important to perform this review

The pandemic COVID-19 caused by SARS-CoV-2 has been
sweeping the world. MSC therapy has been proposed as
a safe, effective and promising approach to treat COVID-
19, especially for severe or critical cases. It is important
to perform a systematic review and meta-analysis to eval-
uate its efficacy and safety. In this systematic review, all
potential randomised controlled trials (RCTs), clinical
controlled trials (CCTs) and case series regarding MSCs
for the treatment of COVID-19 will be fully considered
and synthesised without language or publication restric-
tions. The findings of this study mayyield helpful evidence
for the patients, clinicians, investigators and policymakers
concerned about the efficacy and safety of MSC therapy
on COVID-19.

Objectives

This systematic review and meta-analysis aims to assess the
evidence for the effectiveness and safety of MSC therapy
for COVID-19.

METHODS AND ANALYSIS

A statement: this is to clarify that due to the similarity
of the methods, there is some overlap with our previous
publication.*®

Criteria for including studies for this review

Types of studies

This review will include RCTs, CCTs and case series of
MSCs treatment for COVID-19. Snowballed papers from
references will also be included. Animal-based research
and literature review will be excluded.

Types of participants

This review will include patients diagnosed with COVID-19
using any recognised diagnostic criteria regardless of the
age, gender, and source of cases and the duration and
severity of the disease. Patients infected with adenovirus,
rhinovirus, human metapneumovirus, and so on will be
excluded.

Types of interventions

The intervention group will receive treatment of MSCs
and standard care. This review will impose no restriction
on standard care regimens (including supportive treat-
ment, IFN-o, lopinavir or ritonavir).

Types of comparator(s)/control
The control group will receive the same treatment of
standard care regimen as the intervention group in the
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same original study. This review will impose no restric-
tions regarding standard care regimen.

Types of outcome measures

Primary outcomes

The primary outcomes include mortality, incidence and
severity of adverse events, respiratory improvement, days
from ventilator, duration of fever, progression rate from
mild or moderate to severe, improvement of such serious
symptoms as difficulty breathing or shortness of breath,
chest pain or pressure, and loss of speech or movement,
biomarkers of laboratory examination and changes in
CT.

Secondary outcomes
Secondary outcomes include dexamethasone doses and
quality of life.

Search methods for identification of studies

Electronic searches

The following 10 databases will be searched from the
inception to 1 December 2020: PubMed, EMBASE,
Cochrane Library, CINAHL, Web of Science, Chinese
National Knowledge Infrastructure (CNKI), Chinese
Scientific Journals Database (VIP), Wanfang database,
China Biomedical Literature Database (CBM) and
Chinese Biomedical Literature Service System (SinoMed).
The literature will be searched by two reviewers inde-
pendently. Any discrepancies will be resolved by consul-
tation with a third reviewer. Manual search will be
performed on the reference lists of included studies for
relevant publications.

The reviewers will use a combination of the following
terms to conduct the electronic search: novel corona-
virus, severe acute respiratory syndrome coronavirus 2,
SARS-CoV-2, COVID-19, COVID19, 2019-nCoV, mesen-
chymal stem cells, mesenchymal stromal cells, MSCs,
stem cells, SCs, randomised controlled trial, controlled
clinical trial, randomised, randomly, trials, case series,
CCT and RCT. Table 1 presents the search strategy for
PubMed, and the reviewers will modify the strategy corre-
spondingly on the requirement of other databases.

Searching other resources

The reviewers will also search the studies from Clinical-
Trials.gov (http://clinicaltrials.gov), Chinese Clinical
Trial Registry (http://www.chictr.org/cn/) and WHO
International Clinical Trial Registry Platform (https://
www.who.int/ictrp/en/). Grey literature such as guide-
lines, research and committee reports, government
reports and conference papers will be obtained from
WHO, US National Library of Medicine, Chinese Center
for Disease Control and Prevention and online official
news websites. The reviewers will manually review the
reference lists of the retrieved articles for further addi-
tional trials. For incomplete data, the corresponding
author will be contacted.

Table 1 Search strategy for the PubMed

No Search terms

#1 Novel coronavirus

#2 Severe acute respiratory syndrome coronavirus 2
#3 SARS-CoV-2

#4 COVID-19

#5 COVID19

#6 2019-nCoV

#7 OR/#1-#6

#8 Stem cells

#9 SC

#10 Mesenchymal stem cells
#11 Mesenchymal stromal cells
#12 MSCs

#13 OR/#8-#12

#14 #7 AND #13

#15 Randomised controlled trial
#16 Controlled clinical trial

#17 Randomised”

#18 Randomly*

#19 Trials
#20 Case series
#21 CCT
#22 RCT

#23 OR/#14—#22
#24 #7 AND #14 AND #23

*Represent one or more characters of all characters.
CCT, clinical controlled trial; MSC, mesenchymal stem cell; RCT,
randomised controlled trial; SC, stem cell.

Data collection and analysis

Selection of studies

Two reviewers will independently conduct screening,
study selection and data extraction. The reviewers will
import the literature obtained into EndNote V.X9, screen
the title and abstract and exclude the duplications and
studies that did not meet the inclusion criteria. The final
included studies will be determined after reading the full
text of the remaining studies. If the full text is not avail-
able, the corresponding author of the original study will
be contacted. A third reviewer will be consulted for arbi-
trating any disagreements. A Preferred Reporting Items
for Systematic Reviews and Meta-Analyses flow chart is
presented to summarise the entire process of the study
selection (figure 1).

Data extraction and management

Two reviewers will independently extract the following
data from eligible studies using a prespecified data acqui-
sition form: reference ID, author information, year of
publication, study type, study design, setting of study,
sample size, participant characteristics (age, gender,
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Figure 1 Flow chart of study selection.

duration and severity of illness, laboratory test, CT scan,
and so on), MSC intervention group and control group
(details of randomisation, blinding, allocation, interven-
tion approach and duration) and primary and secondary
outcomes at all reported time points. A third reviewer
will be consulted to solve any inconsistency between the
two reviewers. A crosscheck will be performed on all data
before transferring to RevMan software (V.5.3).

Assessment of risk of bias

The Cochrane Risk of Bias Assessment Tool will be used by
two reviewers to independently evaluate the risk of publi-
cation bias for all the included studies in eight domains,
namely randomisation sequence generation, randomi-
sation allocation concealment, blinding of participants,
blinding of personnel, blinding of outcome assessors,
incomplete outcome data, selective reporting bias and
other bias. Each domain will be graded as high, unclear
or low risk of bias. For unclear domain, the reviewers will
contact the corresponding authors of the original study.
Any inconsistency will be solved by discussion with a third
reviewer.

Measures of treatment effect
Two reviewers will independently synthesise and statis-
tically analyse efficacy data using RevMan V.5.3. The

reviewers will use a risk ratio or OR with 95% ClIs for
dichotomous data and a mean difference or standard
mean difference (SMD) with 95% CIs for continuous
data. When different assessment tools are employed,
SMD will be used.

Dealing with missing data

If the required data are unclear or unavailable, the orig-
inal study’s corresponding author will be contacted by
email or telephone. If data are still unattainable, the
reviewers will exclude the study concerned from the anal-
ysis. To address the potential effects of missing data, a
sensitivity analysis will be conducted.

Assessment of heterogeneity

x” test and I” statistic will be employed to investigate statis-
tical heterogeneity. The fixed effects model will be used
for a low heterogeneity (I’<50%) and the random effects
model will be applied when the heterogeneity is moderate
(50%<1°<75%). Meta-analysis will not be conducted if the
heterogeneity is remarkably high (I>75%).

Assessment of reporting biases

This review will perform funnel plots to assess potential
reporting bias when more than 10 eligible studies are
included. Additionally, the Egger regression and Begg
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correlation test will be used to identify the funnel plot
asymmetry.

Data synthesis

Following the Cochrane guideline, the reviewers will
use the fixed effects model for the pooled data when
heterogeneity is deemed low and the random effects
model if heterogeneity is moderate.”” This review will
perform subgroup analysis or meta-regression to evaluate
the potential sources and provide reasonable explana-
tions when heterogeneity is considerably high. P<0.05
is deemed statistically significant. If the meta-analysis is
unfeasible, the results will be described narratively.

Subgroup analysis and investigation of heterogeneity

If feasible, subgroup analyses will be performed in terms
of the disease severity of included patients, duration of
disease, routes of administration, dosage and origin of
MSCs. Subgroup analyses will be conducted to interpret
the heterogeneity.

Sensitivity analysis

If feasible, this review will conduct sensitivity analysis to
assess the robustness of the pooled effects of the included
studies given the impact of such variables as sample size,
methodological quality, missing data or high risk of bias.

Summary of evidence

This review will use the Cochrane Collaboration Network
Grading of Recommendations Assessment, Development
and Evaluation to grade the quality of evidence as very
low, low, moderate or high.”** The quality of evidence of
a specific study will be evaluated based on the risk of bias,
imprecision, inconsistency, indirectness, publication bias,
effect size or dose—response relation. The findings will be
presented in A Summary of Finding table. Any discrep-
ancy will be resolved by discussion or arbitrated by a third
reviewer.

Patient and public involvement
No patient was involved.

Ethics and dissemination

Ethical approval is not necessary as no individual patient
or privacy data will be collected. The results of this study
will be disseminated in a peerreviewed journal or an
academic conference presentation.

DISCUSSION

This meta-analysis will analyse the efficacy and safety of
MSC therapy for treatment of patients with COVID-19
using a structured and valid methodology. Conclusions
drawn from this study may provide useful information
and facilitate the decision-making process of patients,
clinicians, investigators and policymakers. The process
of performing this review will include identification,
study inclusion, data extraction and data synthesis. If this
protocol needs to be amended, we will provide the date

of each amendment with a statement of the changes and
corresponding reasons. For the ongoing incoming litera-
ture, this meta-analysis will be regularly updated with new
incoming data from randomised studies.
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