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Summary

Background The present study aims to better understand the efficacy and safety of mesenchymal stromal cells eClinicalMedicine

(MSCs) in treating severe/critical patients with COVID-19. 2022;51: 101545
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Methods PubMed, the Cochrane Library, and the Chinese electronic database CNKI were searched from inception
up to Dec 19, 2021. Original comparative studies for MSC treatment + standard treatment for severe/critical patients
with COVID-19, with placebo or standard treatment as the control group, were included. The primary outcomes
were in-hospital mortality and adverse events (AEs). A meta-analysis was performed to compare the mortality rates
between the two groups. Then, a subgroup analysis was performed according to the category of the disease (severe
or critical) and MSC dose. Afterwards, a descriptive analysis was performed for AEs and secondary outcomes. The
funnel plot and Egger’s test were used for the publication bias assessment.

https://doi.org/10.1016/j.
eclinm.2022.101545

Findings Compared to placebo or standard care, MSCs provide significant benefit in the treatment of patients with
severe/critical COVID-19, in terms of in-hospital mortality rate (odds ratio: 0.52, 95% CI 0.32-0.84), with very low
heterogeneity (P=0.998 [Q test], [’=0.0%) and less AEs. No significant difference was found in mortality rate due to
the different disease categories or MSC doses. Furthermore, no publication bias was found.

Interpretation The present study demonstrates that MSCs are highly likely to reduce mortality and are safe to use
for patients with severe or critical COVID-19, regardless of whether 1-3 doses are applied. However, due to the small
sample size of the included studies, further high-quality, large-scale trials are needed to confirm this statement in
the future.
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Research in context

Evidence before this study

We searched the Cochrane Library, Medline, and
Embase databases up until Dec 19, 2021. The search
identified 3638 references (Medline: 1213, Embase:
2337, and Cochrane Library: 88). After duplicate check-
ing, approximately 2630 records were collected and
stored in the Endnote library. Approximately 150
reviews related to the topic were found. However, there
was no systematic review and meta-analysis on mesen-
chymal stromal cells (MSCs) for severe COVID-19. A sys-
tematic review in treating COVID-19 patients was
published (2021) but not severe/critical COVID-19.
According to the systematic review (2021), stem cell
therapy has a remarkable effect in reducing the mortal-
ity and morbidity of patients with COVID-19.

Added value of this study

This study summarised the presently available evidence
on the efficacy and safety of MSCs for severe COVID-19.
To our knowledge, this is the first systematic review and
meta-analysis conducted on this topic. The present
study revealed that the mortality in the experimental
group significantly decreased (OR: 0.52, 95% Cl: 0.32-
0.84), with fewer AEs. Furthermore, an apparent
improvement in pulmonary function and imaging
appearance in patients with severe/critical COVID-19
was determined after the use of MSCs. In addition, it
was found that the cytokines decreased or tended to
decrease in the experimental group, further proving the
pulmonary repair function of MSCs in severe/critical
patients with COVID-19. In terms of resource use, it was
found that the length of hospitalisation and ICU stays
were shorter in the experimental group, when com-
pared to the control group.

Implications of all the available evidence

The present study demonstrated that MSCs can signifi-
cantly reduce mortality, and are safe to use for patients
with severe or critical COVID-19, regardless of whether
1-3 doses are used. In addition, MSCs have a high
potential to improve pulmonary function, save resource
use, and decrease inflammatory cytokines in these
patients. However, due to the small sample size of the
included studies, high-quality, large-scale trials are
needed to confirm this statement in the future.

Introduction

Approximately 270 million COVID-19 cases and more
than five million related deaths have been confirmed
worldwide." The most common symptoms of COVID-
19 include cough, fever, myalgias, fatigue, headache
and diarrhoea.” Severe or critical COVID-19 usually
begins at approximately one week after disease onset.’
Dyspnea and hypoxemia, followed by progressive respi-
ratory failure, are the most common severe disease

symptoms.* Most severe or critical patients can progress
to acute respiratory distress syndrome (ARDS).?> It has
been reported that the mortality can reach up to 49%
for critically ill patients.’

Scientists are presently working on developing effective
drugs for COVID-19. Remdesivir is the only antiviral drug
approved by the Food and Drug Administration (FDA) in
the United States of America (USA) to treat COVID-19 in
adults, and children of 12 years old and older.® Respiratory
support and dexamethasone remains as the main therapy
for most hospitalised patients with COVID-19.”* Hence,
there is an urgent need for novel therapies that can help
in the recovery of respiratory function and decrease the
mortality of patients with severe COVID-19.

Mesenchymal stem cells, also known as mesenchy-
mal stromal cells (MSCs), are a subset of heterogeneous
cells that can differentiate into cells of multiple line-
ages.” The biomolecular basis of adipose-derived MSCs
was found to be correlated to the activity of receptor
tyrosine kinases (RTKs)."”"" MSCs have been shown to
have an antimicrobial function, enhance tissue repair,
and balance hyperinflammatory processes and overac-
tive immune systems.®

Severe patients with COVID-19 often present with
noticeable inflammatory cell infiltration following rapid
viral replication.”” Furthermore, several studies have
identified the presence of the “cytokine storm” (exces-
sive inflammation) and ARDS in patients with COVID-
19 due to the dysregulated immune response.”
Moreover, several observational studies have reported
the efficacy and safety of MSCs in COVID-19 disease
treatment.’® "% Therefore, MSCs appear to be a suitable
cell-based therapy due to their function in reducing
lung injury by modulating the immune response.*® A
recent living systematic review conducted by Kirkham et
al. stated that treating COVID-19 using MSCs appear
promising.>" However, there is a lack of systematic evi-
dence on the efficacy and safety of MSCs in treating
severe/critical patients with COVID-19. The present
study aims to systematically review the literature to bet-
ter understand the efficacy and safety of MSCs in treat-
ing severe/critical patients with COVID-19.

Methods

Study design

The present study was reported following the PRISMA
guidelines for reporting systematic reviews.”* Due to
the retrospective and anonymous characteristics of the
study, the informed consent from patients and ethics
approval were waived.

Search strategy and selection criteria
English electronic databases (PubMed and Cochrane
Library) and the Chinese electronic database CNKI were
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searched. The search terms used were, as follows:
“COVID”, “SARS-CoV-2”, “coronavirus disease”, “novel
coronavirus”, “novel coronaviral”, “mesenchymal stem
cell”, “mesenchymal stromal cell”, “MSC*”, “stem cell”,
and “stromal cell”. Additional references were searched
by cross-checking the bibliographies of the retrieved
studies or relevant reviews. The final search date for the
literature search was December 19, 2021. The search
strategy is presented in the Appendix.

Inclusion criteria: (a) original comparative studies
that included randomised controlled trials (RCTs), retro-
spective or prospective cohort studies, and case-control
studies; (b) patients with severe and/or critical COVID-
19 disease, without age restriction, or studies with sub-
group information on severe and/or critical COVID-19
disease patients; (c) MSCs with standard treatment as
the experiment group; (d) standard treatment or placebo
combined with standard treatment as the control treat-
ment group; (e) studies with information on the out-
comes of survival rate or adverse effects. Exclusion
criteria: (a) other study designs, including case reports,
clinical research protocols, and non-controlled trials; (b)
studies not written in the English language; (c) abstracts
without full-text reports.

Study selection

Two independent authors (WY and HD) with more than
three years of research experience performed the study
selection. After deleting the duplicate studies, title and
abstract screening were performed according to the eli-
gibility criteria, using the Endnote (X, version) software.
Then, the full-text reports of potentially eligible studies
were retrieved for further screening. Studies that may
not have information on the target outcomes were
excluded during the data analysis process. During the
full-text screening process, Excel spreadsheets were
used to record the reasons for each excluded study. Any
disagreements between the two reviewers were resolved
by discussion or referring to a third authority (JQ).

Data extraction

Two independent authors (WY and HD) used an Excel
data collection form to collect the data for each included
study. Missing or unclear information was requested
from the corresponding author of the study through
E-mail.

The primary outcome included short-term mortality
and adverse events (AEs), including any AEs and MSC-
related AEs. The secondary outcomes were, as follows:
(a) pulmonary function and imaging changes, (b) the
resource use was measured according to the length of
hospitalisation or ICU stay, and (c) the change in
inflammatory cytokines.

The following data were collected: (a) study charac-
teristics (study design, first author, year of publication,
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country, and sample size for each group); (b) patient
characteristics (age, gender and comorbidities); (c)
information and characteristics of the MSC treatment
and control treatment; (d) information on other treat-
ments; (e) information on the co-therapy.

Quality assessment and certainty of the evidence

Two independent reviewers (WY and HD) performed
the risk of bias assessment for each included study.
Any disagreements were resolved by discussion or
referred to a third authority (JQ). The revised
Cochrane risk-of-bias tool for randomised trials was
applied to assess the risk of bias for each RCT study.
The risk of bias assessment was performed using
the Risk of Bias in Non-randomised Studies of Inter-
ventions (ROBINS-I) tool for observational studies.*?
The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach®*
was applied to assess the outcome results with the
meta-analysis result.

Data analysis

For the primary outcome, the mortality was measured
using odds ratio (OR) with 95% confidence interval
(CI). Since there was not enough data to perform a
meta-analysis, descriptive analysis was performed for
the AEs and all secondary outcomes. Two independent
reviewers together performed the meta-analysis using
the STATA software, version 16.0 (Stata Corp., College
Station, TX, USA). P<o.05 was considered statistically
significant.

For the mortality rate, merely studies that used the
outcome data to compare the two interventions were
included in the meta-analysis. Data conversions were
required when there was no appropriate direct number
for the meta-analysis. If there was any missing data or
unclear data, an e-mail was sent to the corresponding
author of the study to request information. The pooled
event rates were calculated using a double arcsine trans-
formation to stabilise the variances of the original pro-
portions. Each pooled rate was presented in proportion,
with 95% CI. Based on the information obtained from
the domain and research question, a meta-analysis was
performed for outcome measures when there were at
least two clinically homogenous studies (studies with
similar participants, interventions, and outcomes), and
a forest plot was generated for each meta-analysis. Due
to the potential high heterogeneity of the included
studies, the random-effects model was initially cho-
sen for all analyses. The heterogeneity was estimated
using the Q-test and I score. If the P-value was >o.1
(for Q-test) and I* was <50%, the result was consid-
ered not heterogeneous. Subsequently, a fixed-effects
model was applied for the analysis as the final
result.>"*7 The subgroup analysis was performed
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according to the number of MSC doses and COVID-
19 category (severe or critical). The sensitivity analy-
sis was conducted by deleting the data of each
included study, one by one, in order to assess the
robustness of the synthesised results.

Reporting for bias assessment

Publication bias analysis by Egger’s test was performed
for all response rates when the results were obtained
from at least 10 studies. P<o.05 suggests the presence
of publication bias. This was dealt with using the trim-
and-fill method.*®

Role of the funding source

The funders of the study had no role in the study
design, data collection, data analysis, data interpreta-
tion, or writing of the report. All authors had full access
to all data in the study and had the final responsibility
for the decision to submit the study for publication.

Results

Study selection

A total of 3644 articles were extracted from the litera-
ture search. After omitting duplicate studies, 2632
articles underwent title and abstract screening. Among
these articles, 24 articles were selected for the full-text
review. Finally, 13 studies reported in 14 articles were
included for the study quality assessment and data anal-
ysis.”?974" The study selection process and reasons for
excluding studies are presented in Figure 1.

Study characteristics

A total of 557 patients were involved in the included 13
studies, with a sample size range of 8-210 patients. The
number of RCTs, prospective cohort studies, and retro-
spective cohort studies was 7, 5 and 1, respectively. All
articles were published in 2020 or 2021. Diabetes and
hypertension were the most common reported comor-
bidities. The details of the participants, including the
age, male rate, treatments, follow-up and primary out-
comes, in the included 13 studies reported in 14 articles
are listed in Table 1.

Among the 13 included studies, eight studies used
umbilical cord-derived derived MSCs,*93*333%35 4! two
studies used healthy bone-marrow-derived MSCs,*** one
study used menstrual blood-derived MSCs,*° and one
study used non-hematopoietic enriched stem cells.” For
the dose, seven studies administered 1-3 x 10° cells per kg
of body weight,3*33%3%394" four studies administered 3-
12 X 107 cells per infusion,*?3°34° and two studies did
not report the stem cell dose.***” Among the 210 patients
in the experimental group, 59 patients received a single

dose,”3*3%394" 35 patients received two doses,’***° and
116 patients received three doses of therapy.>93°# 355 All
included studies applied intravenous (IV) as the route of
delivery. However, not all studies reported the details of
standard care. Among the reported treatments,”*>%3 the
most common standard treatments included antipyretic,
antiviral, glucocorticoid, and supportive therapy. There
was diversity on the details of the standard treatment
between different hospitals and countries.

Risk of bias in the studies

The risk of bias in seven RCTs is summarised in
Table 2529307354941 Three studies had bias concerns
in randomisation,’® *® and one study had a high risk of
bias due to randomisation.” Furthermore, two studies
had concerns in selection reporting,*>*" and one study
had concerns about the deviation of the intervention.*®
For the overall assessment, one study was defined as
having a high risk of bias,’ five studies were defined as
having some concerns,’® 3*#°# and one study was
defined as having a low risk of bias.*??’

For the six cohort studies, the risk of bias assessment
results is listed in Table 3. All six studies had a risk of
bias in the selection of the reported result since none of
these studies published a priori protocol. Further-
more, there was no evidence that these had problems
in the domains with bias in the measurement of out-
comes into the study, or bias in the classification of
interventions. However, all studies had problems in
risk of bias due to confounding. Therefore, the over-
all risk of bias was defined as moderate and serious
risk of bias in four (66.7%)**"* and two (33.3%)
studies,®“39 respectively.

Short-term mortality

Among the 13 included studies, three studies reported
that all patients who participated survived.*' ** The
detailed number of deaths reported in each included
article is presented in Table 4. The mortality for all other
remaining studies indicated that patients in the stem
cell group had a lower mortality rate (0.08; 95% CI:
0.01, 0.20), when compared to those in the control
group (0.28; 95% CI: o.12, 0.48). The present meta-
analysis revealed that compared to standard treat-
ment, MSC therapy can significantly decrease the
mortality rate of patients with severe/critical COVID-
19 (OR: 0.52, 95% CI: 0.32-0.84), with very low het-
erogeneity (P=0.998 [Q-test], I’=0.0%) (Figure 2 &
Appendix).

According to the subgroup analysis, no statistical sig-
nificance was found between severe cases (OR: 0.59;
95% CI: 0.29, 1.18) and critical cases (OR: 0.56; 95%
CI: 0.26, 1.19). In addition, no statistical significance
was found among the one-dose MSC therapy (OR: 0.55;
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—

Not comparative studies
(n=6).

Figure 1. PRISMA flow diagram for article selection.

95% CI: 0.25, 1.24), two-dose MSC therapy (OR: 0.47;
95% CI: 0.18, 1.24), and three-dose MSC therapy (OR:
0.52; 95% CI: 0.24, 1.15).

After deleting the data obtained from observational
studies, the OR for the mortality rates between the two
groups was 0.54 (95% CI: 0.29-1.00), which was similar
to the total results. In addition, after excluding the data
obtained from serious risk of bias studies, the OR for
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the mortality rates between the two groups was o.57
(95% CI: 0.34-0.95), which was similar to the total
results.

The P-value in Egger’s test for the comparison of
mortality rates was 0.07. Combined with the funnel
plots (Figure 3), it was found that there was no publica-
tion bias in the included studies for the OR of mortality
rates between the two groups.



I Articles

(oLt

(pPanunuoD) ¢ 3jqnL

‘uoisnjur-isod uoisnjul (€/1) @seasip F €885 /€6'GL Sadv 6L
SINOY T UlYiM yiesp Juswiean JSW-Dn snid ueay ‘(1/0) 123ued “(6/£) (0£'99) F 85'8S) -AINOD 213135 vsn ‘(1zoz)
10 153u1e DeIpIed pUE A13jes Yuow | piepueis jusuneain piepueis uoisuapdAH ‘(9/5) sa120e1q 8/(0LLY) S pay1ads 10N Lz vz Yum syuaned 104 ‘|e 39 luozue
(1/0) saseasip Aieuow|nd
‘(z/0)
‘skep aseasip ueay Aleuolod [(6£ 01 S)
51 :dnoub jonuod “(¢/0) 21n|1ey 1eay dluoiyd 65 /(05 03 2€) Sayy 6L Auewisn
'skep jusuwiean uoisnyui DS snid ‘(€1/1) uoisuauadAy (%zTTL) 6€] payiads -AINOD 313135 Apnis 1oyod ‘(1zoT)
Keis D) 61 :dnoub yuswnadxy piepueis juswieal) plepuels |euaue ‘(z/0) sa1eqelq €1 /(%00°09) € J0U :(YOI) uelpay (81/9) €T YuMm syuaned aAndadsold ‘|e 3@ ajeqeH
[(s€9
'STEY) LS
/(SLTL'00°6€E)
uoisnjul 05051 (0079 osessip 6l
Juswileas JSW-dNy snid (£/v) uois (%00°St) 'STEY) 00'LS -dINOD 213135 Apnis 1oyod eulyd ‘(1zoz)
SIUDAS 3SISAPY syuow ¢ piepueis juswieal) plepuels -uauadAy Jo/pue sa1aqeiq 6/(%00°0S) ¥ {(4OI) uelpaiy (02/8) 8T Yum syuaned aAndadsold ‘le3d Buay
(zL1o=d) eisauopu|
uolsnjul JSW sajIpiqiowod Jo (%00°5£) 61-dIAOD &> ‘(1z02)
40 Yibus| pue ares Aujeniop pay1ads 10N d4ed piepuers sn|d a1e> piepuels  JaGUINU Ay} Ul IUUHIP ON S1/(%00°SZ) SL payads 10N (02/027) OF  -hd yum syuaned 104 ‘le 39 obojig
uonejueidsueny Kaxany
Ayi[evow pue wiols jJuswieany DS snid Jusw (payidads 61-AINOD B> ‘(1zoT)
2upj01Ad 3Y3 JO sINRY payads 10N [eUOnUSAUOD) -1e31) [PUONUIAUOD payads 10N payads 10N 10U) 96 UBBY (0L/01) 0Z  -1d yum suaned 1Y ‘|e 39 sepy
alel) Ayjerow (6£:5L
AKep-8z 3 pue ssaujjt [e> uoisnyul FO8°LS/L8LL osessip 6l
113 0} 9I9A3S WO} UOIS juswieany JSW-oNY snid (9/€) (%L1°SS) F00'19) -AINQD 249A3s eulyd
-sa1601d jo duzpIdUI Y| skep 8z piepuels  juswiess} piepuels  uoisudladAH ‘(S/€) s13qeIq 9L /(%£9'99) 8 97’9l F 8L'8S (62/21) Lt Yum syusned 1DY3qe-usdo  “(0Z0Z) 12 3@ nys
(RN
uoisnyul '(0/1) dseasip 43| FSLLY YL 6L
Juawieasn DSW-DNy snid Aned (0/1) s12qe1a “(1/2) (%00°05) F sy -dINOD 243135 Apmis 1oyod eulyd ‘(0zoz)
Kiages skep gz piepueis usunesiy piepuels uoisuauadAH ‘(1/0) ewyisy T /(%001) ¥ 98'0LF 00°'S¥ (w/v) 8 Yum syusned andadsoid ‘|2 32 buspy
(uoneinyes
uabAxo ayy pue
‘ewse|d ui ui20.d aAn
-2e3J-) JO [9A3] 3Y) ‘uon
-elIeA BUI0IAD JO [9AJ)
ayy) eyep Aoeoyys Arewnd
Y} puUe (SIUDAD 3SIDAPE
Buiuaieaiyi-a4| pue ‘uon 10 219A35)
-29jul A1epu0d3s ‘suon. (991 F 00'59 eluownaud
-deaui6.3]|e pue [euoisny /06'8 F 07'8S) 61-dINOD Apnis 1oyod eulyd ‘(0zoz)
ul) erep K1a4es Arewiig paypads JoN ogadeld uedsuen DS payads JoN (0) 0 /(9%00°09) € Z9'LL F SL09 (g/9)8 Yum syuned aadadsold ‘e 3@ bua
Juswiean (91/1) fouap (tad 61-AINOD
OWD3 + uoisnjut -ynsul [eusy dluoayd (%55°€6) /8€) payads Yum syuaned Apmis Loyod vsn ‘(0zoz)
Kiages payidads 10N jusuniean OWD3 JSW ‘(8/€) s919qeIq ‘(1/v) ewiyisy 62/(%vyvy) v 10N :UeIpay (L€/6) OF OWD3 It Ajjeanud aAadsonay ‘| 39 jeysney
paynads 1o as
F ueaw ‘(wie u‘(wie
(%) u ‘ajew JoA3uod/uwiie |oA3uod/wiie
(wae e o13u0d/ | 1adxa) 1adxa) Anuno> ‘(Jeak
Juswyeasy Juswyeasy [043u0d/wiie e3uswnRdXd 3jew wie abe azis sjuaned uonediqnd)
(s)awod3no Aiewnid skep dn mojjo4 joiuo)y Jeyuswiiadxy ‘u) sanIpiq. ») I 1ad: ajdwes jejol ajdwes [ejo) papnpu| ubisaq Apnis Joyine isaig4

www.thelancet.com Vol 51 September, 2022



20T “19quiaydas LG [OA W0d'1dULR|3YI MMM

First author Study Design Included Total sample Total sample Experimental Comorbidities (n, Experimental Control Follow up days Primary outcome(s)
(publication patients size age arm male experil | arm/ ol treatment
year), country peri | (experi | Icontrol arm arm)
arm/control arm/control male, n (%)
arm), n arm), mean +
SD or specified
Shi et al. (2021), RCT Severe patients 100 (65/35) Not specified 37 (56.92%)/ 19 Any comorbidities (34/18) UC-MSCs Placebo 1 year Imaging and clinical
China with COVID-19 (60.72 +9.14/ (54.29%) outcomes
59.94 +7.79)
Ventura- Open-label RCT Severe patients 44 (20/24) Not specified Not specified Not specified Standard care plus Standard care 28 days Hospital discharge and
Carmenate with COVID-19 PB-NHESC-C mortality
et al. (2021),
United Arab
Emirates
Xu et al. (2021), Prospective Severe and criti- 44 (26/18) Not specified 17 (65.38%)/ 13 Not specified MSC infusion plus Concomitant 1 month Survival rate
China cohort study cally ill (5831 + (72.22%) concomitant medication
patients with 1249/61.11 medication
COVID-19 11.03)
Zhu et al. (2021), RCT Severe and criti- 27 (14/13) Not specified Not specified Diabetes (4/4), hypertension Standard treatment Standard treat- Not specified Hospital stays
China cally ill (11/11), cerebrovascular plus MSC infusion ment plus
patients with disease (3/2), coronary placebo
COVID-19 heart disease (3/3),
Chronic respiratory diseases
(1/0)
Table 1: Characteristics of the 13 included studies in 14 articles.
Abbreviation: RCT, randomised controlled trial; SD, standard deviation; hUC-MSC, human umbilical cord mesenchymal stem cell; USA, United states of America; ECMO, extracorporeal membrane oxygenation; IQR, interquartile
range; ARDS, acute respiratory distress syndrome; ICU, intensive care unit; PB-NHESC-C, peripheral blood non-hematopoietic enriched stem cell cocktail.
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Author Randomisation | Deviations from Missing Measurement | Selection of the Overall
(publication intended outcome data | of the outcome | reported results

year) intervention

Shu et al. () . . ) . ®
(2020), China

Adas et al. o . @ ) (] o
(2021), Turkey

Dilogo et al. S . El . - o
(2021),

Indonesia

Lanzoni et al. . - E . - o
(2021), USA

Shi et al. (2021), £ . ® . E ®
China

Ventura-Carme o E + ) L) ok
nate et al.

(2021), United

Arab Emirates

Zhu et al. o o ) ) ) o
(2021), China

Notes: ® Low risk of bias, @ High risk of bias, ¥ Some concerns.

Table 2: Summary assessment of risk of bias for the included studies using the revised Cochrane risk-of-bias tool for randomised trials (RoB2).

Author Bias due to Bias in the Bias in the Bias due to Bias due Bias in Bias in the | Overall
publication confounding | selection of | classification | deviations to missing | measurement | selection risk of
year participants | of from data of outcomes | of the bias
into the interventions | intended reported
study interventions result
Kaushaletal. | @ . . ] + ® + Serious
(2020), USA risk of
bias
Leng et al. + - - + ® . + Moderate
(2020), China risk of
bias
Meng et al. ® . - + . ® + Serious
(2020), China risk of
bias
Feng et al. ® + - . ] (5] + Serious
(2021), China risk of
bias
Haberleetal. | + + . . @ ® + Serious
(2021), risk of
Germany bias
Xu et al. + . . + ® ® + Moderate
(2021), China risk of
bias

Notes: @ for low risk of bias, ‘* for moderate risk of bias, @ for serious risk of bias, ® for critical risk of bias, “for no

information.

Table 3: Summary assessment of the risk-of-bias for the five included studies using the ROBIN-I tool.
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First author
(publication year),
country

Mortality rate (MSC
group vs. Control
group)

AEs

Pulmonary function

Length of
hospitalisation (MSC
group vs. Control
group)

Inflammatory cytokines

Kaushal et al.
(2020), USA

Leng et al. (2020),
China

Meng et al. (2020),
China

Shu et al. (2020),
China

Table 4 (Continued)

(2/9) vs. (15/31)

(0/5) vs. (1/3)

(0/4) vs. (0/4)

(0/12) vs. (4/29)

No patients were lost to follow-up
for the primary outcome of
safety with MSC infusion, and
there were no reported side
effects.

No acute infusion-related or allergic
reactions were observed within
two hours after transplantation.
Similarly, no delayed hypersensi-
tivity or secondary infections
were detected after treatment.

There were no serious adverse
events associated with the UC-
MSC infusion. Two patients who
received UC-MSCs developed
transient facial flushing and fever
immediately on infusion, and
this was spontaneously resolved
within four hours.

All patients who received UC-MSC
treatment had no adverse reac-
tions (such as rash, allergic reac-
tions and febrile reactions, after
infusion).

Not specified.

For all the experimental patients,
the oxygen saturations rose to
>95% at rest, with or without
oxygen uptake (5 liters per
minute).

In most experimental severe

patients, the partial pressure of

arterial oxygen: percentage of

inspired oxygen (PaO?/Fi0?) ratio

improved after UC-MSC
treatment.

The arterial blood gas analysis
revealed that the time for the
oxygenation index to return to
the normal range was faster in
the UC-MSC treatment group,
when compared to the control
group.

Not specified.

Not specified.

The CT scans indicated that
patients in the MSC group pre-
sented with absorption of pul-
monary pathological changes.

The chest CT scans indicated that
the CT scores, number of lobes
involved, GGO, and consolida-

tion, which reflects the decrease
in lung inflammation in the stem

cell treatment group, were sig-
nificantly better, when com-
pared to those in the control
group.

Not specified.

Not specified.

Hospital stay: 20.00 vs.
23.00 days, P =0.306

Not specified.

Isolated plasma exosomes contain-
ing the SARS-COV-2 spike pro-
tein decreased after MSC
infusions between day 14 or 21
after administration (P = 0.003
and P = 0.005, respectively), and
this was associated with the
decrease in COVID-19 IgG spike
protein titer at the same time
points (P = 0.006 and P = 0.007,
respectively). Control ECMO
patients who received conva-
lescent plasma did not clear the
COVID-19 IgG during the same
time frame.

After the intravenous injection of
MSCs, the decrease ratio of
serum pro-inflammatory cyto-
kine TNF-« before and after MSC
treatment was significant
(P<0.05). Meanwhile, the
increase ratio of anti-inflamma-
tory IL-10 (P<0.05) was remark-
able in the MSC treatment
group.

There was a decreasing trend in the
levels of all these cytokines in
UC-MSC-treated patients within
14 days.

Compared with those of the control
group, the C-reactive protein
and IL-6 levels significantly
decreased from day dat of the
stem cell infusion in the UC-MSC
group.
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First author
(publication year),
country

Mortality rate (MSC AEs
group vs. Control
group)

Pulmonary function

Length of
hospitalisation (MSC
group vs. Control
group)

Inflammatory cytokines

Adas et al. (2021),
Turkey

Dilogo et al. (2021),
Indonesia

Feng et al. (2021),
China

Haberle et al.
(2021), Germany

Lanzoni et al.
(2021), USA

Table 4 (Continued)

(3/10) vs. (6/10) No adverse or serious adverse
events related to the MSC ther-

apy occurred.

(10/20) vs. (16/20) The intravenous infusion of MSCs
was found to be safe and well-
tolerated, with no life-threaten-
ing complications or acute aller-
gic reactions during the
administration. The critically ill
patients with severe COVID-19
presented no immediate death
or acute anaphylactic shock after
MSC application.

the UC-MSC group, none of the
patients experienced any
adverse reactions, such as skin
itchiness, dizziness, loss of appe-
tite, or foggy vision, after dis-
charge. Two patients had slightly
increased alanine aminotransfer-
ase (ALT) and aspartate amino-
transferase (AST) levels, and one
patient had mildly elevated lev-
els of CA12-5.

Not specified.

(0/8) vs. (0/20)

5

(1/5) vs. (10/18)

(2/12) vs. (7/12) Two serious adverse events (SAEs)
were observed in the UC-MSC
group, and 16 SAEs were
observed in the control group,
affecting 2 of 12 and 8 of 12 sub-
jects, respectively (P = 0.04, Fish-
er's exact test). Significantly
more subjects experienced SAEs
in the control group, when com-
pared to the UC-MSC treatment
group. Merely one AE was possi-
bly related to the treatment in
the UC-MSC group.

Not specified.

Not specified.

Compared to the control group
(59.45%—27.45%), the UC-MSC
group (71.88%— 8.46%) had a
higher mean FEV1 (P<0.01). The
mean FEV1/FVC ratio was signifi-
cantly higher in the UC-MSC
group, when compared to that in
the control group (79.95%-8.00%
vs. 58.97%-19.16%, P<0.05).

At discharge, the MSC-treated
patients had a significantly lower
Murray score of 0.3+0.1, when
compared to control patients,
who presented an average score
of 1.3+1.1.

Not specified.

Not specified.

Not specified.

There were no significant differen-
ces in CT scores between the
two groups (0.60-0.88 vs. 1.00-
1.31,P=0917).

Not specified.

Not specified.

Not specified.

The difference in length
of stay in the intensive
care unit and ventilator
usage were not statisti-

cally significant.

Not specified.

Patients in the control
group had a shorter
length of stay in the
intensive care unit,

when compared to the
MSC group, but the dif-
ference was not signifi-

cant (P =0.07).
Not specified.

When the MSC group and control
group were compared, the
serum ferritin, fibrinogen and
CRP levels in the MSC group sig-
nificantly decreased.

Inflammatory markers, namely, pro-
calcitonin, and CRP, were not sig-
nificantly different between the
MSC group and control group.

There were no significant differen-
ces in CPR (P =0.111), but there
were significant differences in
procalcitonin (P = 0.002)
between the two groups at fol-
low-up after three months

The values for CRP and IL-6 did not
significantly differ between the
groups during ICU treatment.

Inflammatory cytokines signifi-
cantly decreased in UC-MSC-
treated subjects at day six.
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First author
(publication year),
country

Mortality rate (MSC
group vs. Control
group)

AEs

Pulmonary function

Length of
hospitalisation (MSC
group vs. Control
group)

Inflammatory cytokines

Shi et al. (2021),
China

Ventura-Carmenate
etal. (2021),
United Arab
Emirates

Xu et al. (2021),
China

Zhu et al. (2021),
China

(0/65) vs. (0/35)

(4/20) vs. (7/24)

(2/26) vs. (6/18)

(0/14) vs. (2/13)

The incidence of AEs reported dur-
ing the study was similar in the
MSC group (55.38%) and pla-
cebo group (60%) All AEs were
unrelated to the UC-MSC inter-
vention. No deaths were
observed in this trial. There was
no difference in adverse events
at the 1-year follow-up.

n total, adverse events were
reported in 50 (72.46%) patients
who received stem cell treat-
ment, when compared to the 51
(72.85%) patients in the control
group (P =0.9419). A total of 240
adverse events were reported
during the 28-day follow-up for
all enrolled patients.

The frequency of each AE was sta-
tistically similar between the two
groups, except for the AE related
to high blood pressure, which
was more common in the con-
trol group. Furthermore, the
experimental group had a lower
incidence of AEs (76.92%), when
compared to the experimental
group (100.00%), but the differ-
ence was not statistically
significant.

More serious adverse events were
recorded in the placebo group,
when compared to the MSC
group, but the difference was
not statistically significant.

The 6-minute walk test revealed an
increase in distance in patients
treated with UC-MSCs (differ-
ence: 27.00 m; 95% Cl: 0.00,
57.00; P=0.057).

Not specified.

SpO; significantly improved follow-

ing MSC infusion, from 94.72+

3.4% before treatment to 96.04+
5.93% after treatment (P<0.001).

Not specified.

UC-MSCs significantly reduced the
proportions of solid component
lesion volume, when compared
to the placebo (median differ-
ence: -15.45%; 95% Cl: -30.82%,
-0.39%; P = 0.043). More interest-
ingly, 17.9% (10/56) of patients
in the MSC group had normal CT
images at month 12, but there
was none in the placebo group
(P=0.013).

Not specified.

The chest CT results suggest that
the relative improvement rate
was higher in the experimental
group at one month after MSC
infusion, when compared to the
control group.

The CT and X-ray significantly
improved in the experimental
group (P = 0.008).

Not specified.

After nine days of follow-
up (evaluating the first
tertial after cell ther-
apy), 63.3% of patients
in the experimental
group recovered, and
were discharged from
the hospital. In the
control group, this per-
centage was only
57.1%, and a non-sig-
nificant difference was
found.

Length of stay in the ICU
(mean=£SD, days),
experimental group:
24.00£12.67; control
group: 22.17420.66.

Median time of hospitali-
zation stay (days): 11
(8,14) vs. 15(11,19)
with P=0.0198.

There was no significant difference
in the subsets of peripheral lym-
phocyte counts (CD4+ T cells,
CD8+ T cells, B cells, NK cells)
and plasma markers between
the two groups.

The IL-6 and C-reactive protein lev-
els also significantly decreased in
the treated group during the fol-
low-up. In the control group,
only statistically significant
changes were observed in the
reduction of C-reactive protein
levels.

For inflammatory indices, there
were no significant differences in
CRP (P=0.486) and IL-6 (P =
0.375).

The MSC infusion reduced the lev-
els of C-reactive protein, proin-
flammatory cytokines, and
neutrophil extracellular traps
(NETSs).

Table 4: Outcomes for the 13 studies in the 14 articles for efficacy and safety.

Abbreviations: UC-MSC, umbilical cord mesenchymal stem cell; AEs, adverse events; vs., versus; CRP, C-reactive protein; CT, computed tomography.
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Figure 2. Forest plot for the comparison of mortality rates between the experimental group (stem cell therapy + standard treatment) and con-

trol group (standard treatment).

Adverse events

151

Favours [Control (standard treatment) group]

All included articles, except for the article published by
Haberle et al.,*® reported safety outcomes. None of the
included studies reported any treatment-related serious
AEs or death related to cell infusion (Table 4). Merely
one study reported a subject with bradycardia with pos-
sible infusion-related AE. This patient experienced
worsening of the bradycardia, and required transient
vasopressor treatment.*® Furthermore, none of the stud-
ies, except for the study published by Meng et al.”
reported infusion-related AEs. Meng et al. reported one
case of transient facial flushing and fever that immediately
occurred upon infusion, and another case of transient
fever, which was resolved without treatment.** Five studies
compared non-treatment-related AEs during the trials
between the two groups.>93°3°374° In all five studies, the

incidence of AEs in the experimental group was similar to
or less than that in the control group.

Pulmonary function and imaging changes

Eight incduded studies reported the pulmonary
function and/or imaging changes between the two
groups.>>93°3%3%3%3539 Compared to the control group, the
experimental group was reported to have better pulmonary
function improvement and imaging appearance (Table 4).

Resource use

Resource use was reported in six included studies
(Table 4).>3*37374" Meng et al. and Ventura-Carmenate et
al. reported shorter length of hospitalisation stays, but the

www.thelancet.com Vol 51 September, 2022
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Figure 3. Funnel plot for the odds ratios of mortality rates obtained from the seven included articles.

difference was not statistically significant.**” Furthermore,
Zhu et al. reported that the experimental group had a sig-
nificantly  shorter length of hospitalisation stay
(P=0.0198).>° Moreover, Dilogo et al. and Haberle et al.
reported shorter length of ICU stays in the experimental
group, when compared to the control group, but the differ-
ence was not statistically significant.’>*'

Inflammatory cytokines

All included studies reported the changes in inflammatory
cells and cytokines (Table 4). The cytokines were found to
be decreasing or tended to decrease in the experimental
group. Furthermore, two studies reported that the decease
between the two groups was statistically significant.”*

Certainty of the evidence (GRADE)

According to the GRADE assessment, the evidence for
primary outcome mortality had low certainty for the
total results, but this was moderate in the meta-analysis
results obtained from the RCTs, because the observa-
tional study design meant that the GRADE rating
started as moderate—certainty evidence. Another critical
reason for the downgrading of scores is the small sam-
ple size, which increased the imprecision of the results.

Discussion

The therapeutic function of MSCs is its anti-inflam-
matory and immunomodulatory activities. These
have been proven for many autoimmune diseases,
including multiple sclerosis, inflammatory bowel dis-
ease, and type 1 diabetes mellitus.** The potential

www.thelancet.com Vol 51 September, 2022

therapeutic effects of MSCs in respiratory viruses (e.
g. COVID-19) have also been discussed and summar-
ised.** To the best of our knowledge, the present
study is the first systematic review and meta-analysis
on MSC therapy that focused on patients with
severe/critical COVID-19. In the present systematic
review, the efficacy and safety of MSCs, as an
adjunctive therapy for severe/critical patients with
COVID-19, were verified.

In terms of the decrease in short-term mortality, it
was found that the mortality in the experimental group
significantly decreased (OR: 0.52, 95% CI: 0.32-0.84).
This result is similar to a recent systematic review,
which reported that for general patients with COVID-
19, MSCs can reduce mortality (RR: o0.471, 95% CI:
0.270-0.821).** The present findings indicated that
even for severe/critical patients with COVID-19, MSCs
can achieve efficacy, in terms of mortality. However,
according to the present subgroup analysis, the efficacy
in mortality reduction was not associated to the dose or
category of the disease (critical or severe). In addition,
MSCs may be harvested from many tissues, and adi-
pose-derived MSCs are the most popular resources
in practice.* However, there were not enough data
to analyse and determine whether the efficacy of
MSCs is associated with the resources. Considering
the relatively small sample size of all the included
studies, large-scale prospective studies are needed to
confirm this statement.

The safety of MSCs for severe/critical patients with
COVID-19 was excellent in the present review. Further-
more, none of the included studies reported treatment-
related serious AEs or death related to cell infusion.
However, it was reported that the intravascular

13
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administration of MSCs can increase fever risk (RR:
2.48, 95% CI: 1.27-4.86).*° Among the included stud-
ies, merely Meng et al. reported two cases with infusion-
related fever, which was resolved without interventions.
Furthermore, in studies that reported general AEs, the
incidence of AEs in the experimental group was similar
to or less than that in the control group. Therefore, it
appears that MSCs are safe for patients with severe/crit-
ical COVID-19.

In the present study, an apparent improvement in
pulmonary function and imaging appearance in
patients with severe/critical COVID-19 were found after
using MSCs. The rationale of this therapeutic efficacy is
that cytokines were released due to the damage to the
organs or tissues, causing the migration of MSCs to the
sites of inflammation and injury.#’ In addition, it was
found that the cytokines decreased or tended to decrease
in the experimental group, further proving the pulmo-
nary repair function of MSCs in severe/critical patients
with COVID-19.48 In terms of resource use, it was
found that the length of hospitalisation and ICU stays
were shorter in the experimental group, when com-
pared to the control group. However, most of the differ-
ences were not statistically significant.

The present systematic review was performed using
rigorous search strategies and scientific methodology.
The present systematic review and meta-analysis sug-
gest that treatment with MSCs is efficient and safe for
severe and critical COVID-19, although the certainty of
this effect remains limited. According to the GRADE
assessment, the evidence for primary outcome mortality
had low certainty for the total results. There were some
limitations in the studies. First, the sample size of the
included studies was not very large, which decreased
the precision of the results. Second, due to the different
diagnosis guidelines of different hospitals, the defini-
tions for the included severe/critical patients with
COVID-19 were slightly different in the included stud-
ies. This may have introduced a selection bias to the
present findings. Next, most of the included studies did
not provide details for the MSC characteristics, limiting
the confidence in the cell product used. Lastly, due to
the urgent need for evidence for COVID-19 treatment,
the present review was not registered, and the outlined
protocol was not published. Therefore, future high-qual-
ity, large-scale trials are needed to confirm the present
statement, which could provide benefits for the treat-
ment of COVID-19 and other similar diseases at present
or in the future.

Given the evolution of COVID-19 variants and wide-
spread vaccination programs, the treatment regimens
for COVID-19 should be updated in a timely manner.
However, for severe/critical cases, there is still an
urgent need for efficient and safe treatments, such as
MSCs. Furthermore, according to all included studies
in the present study (Table 1), the treatment regimens
are diverse. Therefore, treatment guidelines for MSCs

are needed, in terms of standard regimens, suitable
resources and adjustments, according to the different
conditions of patients.

The present study demonstrated that MSCs have
a high possibility of significantly reducing mortality
and are safe for patients with severe or critical
COVID-19, regardless of whether 1-3 doses are used.
In addition, MSCs have a high potential to improve
pulmonary function, save resource use, and decrease
the inflammatory cytokines in these patients. How-
ever, due to the small sample size of the included
studies, high-quality, large-scale trials are needed to
confirm this statement in the future.
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