
HUMAN C L I N I C A L A R T I C L E S

Umbilical cord mesenchymal stem cells for COVID-19 acute
respiratory distress syndrome: A double-blind, phase 1/2a,
randomized controlled trial

Giacomo Lanzoni1,2 | Elina Linetsky1,3 | Diego Correa1,4 |

Shari Messinger Cayetano5 | Roger A. Alvarez6,7 | Dimitrios Kouroupis1 |

Ana Alvarez Gil1 | Raffaella Poggioli1 | Phillip Ruiz3 | Antonio C. Marttos6,7,8 |

Khemraj Hirani1,6 | Crystal A. Bell6 | Halina Kusack6 | Lisa Rafkin1 |

David Baidal1,6,7 | Andrew Pastewski8 | Kunal Gawri6,7 | Clarissa Leñero1 |

Alejandro M. A. Mantero5 | Sarah W. Metalonis5 | Xiaojing Wang1 | Luis Roque1 |

Burlett Masters1 | Norma S. Kenyon1 | Enrique Ginzburg3,7,8 | Xiumin Xu1 |

Jianming Tan9 | Arnold I. Caplan10 | Marilyn K. Glassberg11 |

Rodolfo Alejandro1,6,7 | Camillo Ricordi1,3

1Diabetes Research Institute, Cell Transplant Center, University of Miami Miller School of Medicine, Miami, Florida

2Department of Biochemistry and Molecular Biology, University of Miami Miller School of Medicine, Miami, Florida

3Department of Surgery, University of Miami Miller School of Medicine, Miami, Florida

4Department of Orthopedics, UHealth Sports Medicine Institute, University of Miami Miller School of Medicine, Miami, Florida

5Division of Biostatistics, Department of Public Health Sciences, University of Miami Miller School of Medicine, Miami, Florida

6Department of Medicine, University of Miami Miller School of Medicine, Miami, Florida

7University of Miami Health System, Miami, Florida

8Jackson Health System, Miami, Florida

9The Second Affiliated Hospital of Hainan Medical University, Haikou, Hainan, People's Republic of China

10Skeletal Research Center, Case Western Reserve University, Cleveland, Ohio

11University of Arizona College of Medicine, Tucson, Arizona

Correspondence

Camillo Ricordi, MD, Diabetes Research

Institute, Cell Transplant Center, University of

Miami Miller School of Medicine, 1450 NW

10th Ave., Miami, FL 33137, USA.

Tel +1 305 582 7151; FAX +1 305 243 4404

Email: ricordi@miami.edu

Funding information

National Center for Advancing Translational

Sciences, Grant/Award Numbers:

UL1TR002736, UL1TR000460; Ugo Colombo;

Simkins Family Foundation; Fondazione Silvio

Tronchetti Provera; Barilla Group and Family;

Abstract

Acute respiratory distress syndrome (ARDS) in COVID-19 is associated with high mortality.

Mesenchymal stem cells are known to exert immunomodulatory and anti-inflammatory

effects and could yield beneficial effects in COVID-19 ARDS. The objective of this study

was to determine safety and explore efficacy of umbilical cord mesenchymal stem cell (UC-

MSC) infusions in subjects with COVID-19 ARDS. A double-blind, phase 1/2a, randomized,

controlled trial was performed. Randomization and stratification by ARDS severity was used

to foster balance among groups. All subjects were analyzed under intention to treat design.

Twenty-four subjects were randomized 1:1 to either UC-MSC treatment (n = 12) or the
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control group (n = 12). Subjects in the UC-MSC treatment group received two intravenous

infusions (at day 0 and 3) of 100 ± 20 × 106 UC-MSCs; controls received two infusions of

vehicle solution. Both groups received best standard of care. Primary endpoint was safety

(adverse events [AEs]) within 6 hours; cardiac arrest or death within 24 hours postinfusion).

Secondary endpoints included patient survival at 31 days after the first infusion and time to

recovery. No difference was observed between groups in infusion-associated AEs. No seri-

ous adverse events (SAEs) were observed related to UC-MSC infusions. UC-MSC infusions

in COVID-19 ARDS were found to be safe. Inflammatory cytokines were significantly

decreased in UC-MSC-treated subjects at day 6. Treatment was associated with significantly

improved patient survival (91% vs 42%, P = .015), SAE-free survival (P = .008), and time to

recovery (P = .03). UC-MSC infusions are safe and could be beneficial in treating subjects

with COVID-19 ARDS.
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Lessons learned

• Two intravenous infusions of umbilical cord mesenchy-

mal stem cells (UC-MSCs), at a dose of 100 million cells

per infusion, given 72 hours apart, are safe in COVID-19

patients with acute respiratory distress syndrome.

• This double blind randomized controlled trial in 24 subjects

demonstrated fewer serious adverse events in the UC-MSC

treatment group compared with the control group.

• UC-MSC treatment was associated with a significant

decrease in a set of inflammatory cytokines involved in

the COVID-19 “cytokine storm.”
• UC-MSC treatment was associated with significantly

improved patient survival and time to recovery.

• The observed findings strongly support further investigation

in a larger trial designed to estimate and establish efficacy.

Significance statement

This study was a double-blind, randomized, controlled, early

phase clinical trial of umbilical cord mesenchymal stem cell

treatment in 24 subjects with COVID-19 acute respiratory dis-

tress syndrome. This study demonstrated fewer serious adverse

events in the treatment group compared with control. Explor-

atory efficacy analyses provide evidence of significantly

improved patient survival and time to recovery. The observed

findings strongly support further investigation in a larger trial

designed to estimate and establish efficacy. These observations

will inform physicians influencing clinical practice and future

research in the fields of acute respiratory distress syndrome,

COVID-19, and other immune-related disorders.

1 | INTRODUCTION

Coronavirus disease 2019 (COVID-19), a pneumonia-like disease cau-

sed by the virus severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2), reached pandemic proportions in early 2020.1,2 A sub-

set of subjects infected by SARS-CoV-2 develop severe COVID-19

requiring hospitalization.3,4 Severe COVID-19 is believed to result from

hyperinflammation, overactive immune response triggering cytokine

storm, and a prothrombotic state, collectively determined as immuno-

thrombosis, all elicited by SARS-CoV-2 infection.5-8 Subjects

progressing to acute respiratory distress syndrome (ARDS) require

high-flow oxygen therapy, intensive care, and frequently, mechanical

ventilation.3,4,9-12 Mortality in patients with COVID-19 and ARDS was

reported to be 52.4%.10 There is an urgent need for novel therapies

that can attenuate the excessive inflammatory response associated

with the immunopathological cytokine storm and immunothrombosis,

that can accelerate the recovery of functional lung tissue, and that can

abate mortality in patients with severe COVID-19.

Mesenchymal stem cells, also known as mesenchymal stromal cells

or medicinal signaling cells (MSCs),13 have been shown to modulate

overactive immune and hyperinflammatory processes, promote tissue

repair, and secrete antimicrobial molecules.14-16 These cells, with

established safety profile when administered intravenously,17 have

been studied for treatment of autoimmune diseases (eg, type 1 diabetes

[T1D]),18,19 systemic lupus erythematous,20 inflammatory disorders,21

and steroid-refractory graft-vs-host-disease (GvHD).22 MSCs have

been reported to limit inflammation and fibrosis in the lungs,23,24 and

have generated variable yet promising results in ARDS of viral25 and

nonviral etiology.26-29 Multiple ongoing trials are now testing MSCs in

patients with severe COVID-19, and pilot uncontrolled trials have

reported promising results.16,30-34 MSCs can be isolated and expanded

from multiple tissues, including the umbilical cord (UC). UC-MSCs

constitute a cell type of choice in cell therapy trials, including for

COVID-19.15,30-35 The experience accumulated thus far indicates
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that allogeneic UC-MSC administration is safe in a multitude of

diseases.36 These cells can be derived from umbilical cords dis-

carded after delivery and quickly expanded to clinically relevant

numbers.37 They express low levels of class I and class II human

leukocyte antigen, which may reduce alloreactivity.37 Our Cur-

rent Good Manufacturing Practice (cGMP) manufacturing facility

is now scaling up UC-MSC manufacturing to support upcoming

multisite clinical trials, where large numbers of cell doses will be

required.

The objective of this study was to establish safety and explore

efficacy of allogenic UC-MSC infusions in hospitalized patients with

ARDS secondary to COVID-19. Here we report the results at 1 month

of follow-up of a double-blind randomized controlled trial (RCT) test-

ing this cell-based therapy approach.

2 | MATERIALS AND METHODS

2.1 | Trial design

This double-blind, phase 1/2a randomized controlled trial was an aca-

demic, investigator-initiated trial performed at UHealth System/Jackson

Health System (UHS/JHS), in Miami, Florida. This trial was designed to

evaluate safety and explore efficacy endpoints of allogeneic UC-MSCs

in patients with COVID-19 and ARDS.

Regulatory, ethical, and institutional review board approvals were

obtained by the Western Institutional Review Board and UHS/JHS

Human Subject Research Office/Institutional Review Board in accor-

dance with local institutional requirements.

Additional details are provided in the supplemental online

Methods.

2.2 | Participants

The trial was conducted in accordance with the principles of the

Declaration of Helsinki and consistent with the Good Clinical

Practice guidelines of the International Conference on

Harmonisation.

Subjects diagnosed with COVID-19 ARDS were eligible for inclu-

sion if they met the eligibility criteria listed in Table S1 within

24 hours of enrollment. The investigations were performed with

informed consent.

2.3 | Randomization

Twenty-four subjects hospitalized for COVID-19 were randomized

1:1 to either UC-MSC treatment (n = 12) or to the control group

(n = 12). Patients were assigned to treatment group using a stratified,

blocked randomized design.

Additional details are provided in the supplemental online

Methods.

2.4 | Blinding

The study was double-blinded: neither the patient nor the assessing

physician was aware of treatment assignment, and the staff responsi-

ble for product administration were blinded to group assignment.

2.5 | UC-MSC investigational product

UC-MSCs were manufactured as previously described.38 UC-MSCs were

culture-expanded from a previously established and characterized master

cell bank (MCB) derived from the subepithelial lining of a UC, collected

from a healthy term delivery (kindly provided by Jadi Cell and Amit Patel,

M.D.).37,39 The MCB and its source tissue were tested according to the

applicable U.S. Food and Drug Administration (FDA) regulations and

American Association of Blood Banks (AABB) and Foundation for the

Accreditation for Cellular Therapy (FACT) standards for cellular therapies.

In preparation for infusion, frozen UC-MSCs were quickly thawed

and slowly diluted in Plasma-LyteA supplemented with human serum

albumin and heparin (vehicle solution). The final volume of UC-MSC

suspension or vehicle solution (control) for infusion was 50 mL. Cell

dose (100 ± 20 × 106), cell viability by trypan blue (>80%), cell surface

marker expression by flow cytometric analysis (CD90/CD105 > 95%,

CD34/CD45 < 5%), endotoxin (<1.65 EU/mL), Gram stain (negative),

and 14-day sterility (negative) were used as product release criteria.

The vehicle solution was tested for 14-day sterility, Gram stain, and

endotoxin. The UC-MSC suspension or vehicle solution was infused

within 3 hours of preparation for infusion.

Additional details are provided in the supplemental online

Methods.

2.6 | Interventions

Subjects in the UC-MSC treatment group received two intravenous

infusions of 100 ± 20 × 106 UC-MSCs each, in 50 mL vehicle solution

containing human serum albumin and heparin, infused over

10 ± 5 minutes, at days 0 and 3. Subjects in the control group (n = 12)

received two infusions of 50 mL vehicle solution, at day 0 and day

3. Best standard of care was provided in both groups following the

current institutional COVID-19 guidelines.

Additional details are provided in the supplemental online

Methods.

2.7 | Outcomes

2.7.1 | Primary endpoints

Primary endpoints were the following: (a) safety, defined by the

occurrence of prespecified infusion-associated adverse events (AEs)

within 6 hours from each infusion; (b) cardiac arrest or death within

24 hours postinfusion; and (c) incidence of AEs.
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2.7.2 | Secondary endpoints

Secondary endpoints included exploratory efficacy defined by clinical

outcomes and laboratory testing and mechanistic analyses.

Clinical outcomes included the following: (a) survival at day

28 after treatment; (b) time to recovery, defined as time to discharge

or, if the subject was hospitalized, no longer requiring supplemental

oxygen and no longer requiring COVID-19-related medical care; and

(c) AEs, serious AEs (SAEs), and clinical outcomes assessed for 31 days

after the first infusion, corresponding to 28 days after the last

infusion.

Laboratory testing and mechanistic analyses included the follow-

ing: (a) viral load by SARS-CoV-2 real-time polymerase chain reaction

(RT-PCR) in peripheral blood plasma samples and (b) inflammatory

cytokines, chemokines, and growth factors in peripheral blood plasma.

Primary and secondary endpoints are presented in detail in the

supplemental online Methods.

2.8 | Plasma preparation from peripheral blood

Whole blood was collected from randomized subjects at day 0 (imme-

diately pretreatment) and at day 6 after treatment initiation. Whole

blood was collected into EDTA-treated tubes, transferred on ice, and

processed for plasma separation within 4 hours. Whole blood was

centrifuged at 2000g for 15 minutes at 4�C. The plasma (top fraction)

was collected, aliquoted into cryogenic tubes, and stored at −80�C

until processing.

2.9 | Analysis of viral load by SARS-CoV-2 RT-PCR

The RealStar SARS-COV-2 RT-PCR kit (Altona Diagnostics GmbH,

Hamburg, Germany) was used to detect the SARS-CoV-2-specific S

gene and quantify the number of copies per mL of plasma. The assay

was performed following the manufacturer's instruction, using plasma

samples collected from the randomized subjects on day 0 and day 6.

2.10 | Analysis of inflammatory cytokines,
chemokines, and growth factors in peripheral blood
plasma

A protein array (RayBio Q-Series, RayBiotech, Peachtree Corners,

Georgia) was used to determine plasma levels of a set of inflammatory

cytokines, chemokines, and growth factors (granulocyte-macrophage

colony-stimulating factor [GM-CSF], interferon [IFN]g, interleukin [IL]-

2, IL-5, IL-6, IL-7, tumor necrosis factor [TNF]a, TNFb, platelet-derived

growth factor [PDGF]-BB, regulated on activation, normal T cell

expressed and secreted, RANTES). The assay was performed using

plasma samples collected from the randomized subjects on day 0 and

day 6. On the processing day, 1 mL of plasma per sample was thawed

in a 37�C water bath and supplemented with 10 μL of 100× Halt

Protease and Phosphatase inhibitor cocktail (Thermo Fisher Scientific,

Waltham, Massachusetts). Each plasma sample was diluted 1:2 with

sample diluent and assayed following the manufacturer's instructions.

The fluorescent signals were visualized via a laser scanner equipped

with a Cy3 wavelength (green channel) and converted to concentra-

tions (pg/mL) using the standard curve generated per array.

2.11 | Statistical methods

Comparisons of AEs, SAEs, demographics, clinical characteristics, com-

orbidities, and concomitant treatments between the two groups were

performed using Fisher's exact test and Wilcoxon two-sample tests

for categorical and continuous variables, respectively. Survival, sur-

vival in absence of SAE (SAE-free survival), and time to recovery were

estimated in each group with Kaplan-Meier survival estimates. Log-

rank tests were used to compare hazards between groups. For the

analyses of viral load, P values were calculated using the Wilcoxon

rank-sum test on SAS 9.4. The data were nonnormally distributed. For

the analyses of inflammatory cytokines, chemokines, and growth fac-

tors, group data at a specific day were analyzed via nonparametric

unpaired Mann-Whitney t test; for the analyses on longitudinal

changes in each group, data at day 0 and day 6 were analyzed via non-

parametric paired Wilcoxon t test.

2.12 | Registration

This trial was registered with ClinicalTrials.gov identifier

NCT04355728 (https://clinicaltrials.gov/ct2/show/NCT04355728?

term=NCT04355728&draw=2&rank=1).

2.13 | Clinical trial protocol

The clinical trial protocol is included in the Data S1.

3 | RESULTS

3.1 | Participant flow

Participant flow is shown in Figure 1.

3.2 | Recruitment

From 25 April 2020, to 21 July 2020, a total of 28 subjects were

enrolled. Four subjects were subsequently determined to be ineligible

because of screen failure. Twenty-four subjects were randomized

(Figure 1). At enrollment, 11 subjects (46%) were receiving invasive

mechanical ventilation, and 13 (54%) were on high flow oxygen ther-

apy via noninvasive ventilation (including high flow nasal cannula,
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continuous positive airways pressure, or bilevel positive airways pres-

sure) prior to initiation of treatment.

Demographics and baseline characteristics for enrolled subjects,

along with stratification, randomization, and concomitant treatment

information are presented in Table 1 and Table S2.

Two cases required special considerations. Subject #11 died for

reasons unrelated to COVID-19 after failed endotracheal intubation.

Therefore, this subject was considered as censored in the data analy-

sis for time to COVID-19-related death and time to recovery out-

comes. Subject #24 left the hospital against medical advice 11 days

after second infusion and was thus considered as censored in the time

to recovery analysis. This patient eventually recovered at home and

was confirmed alive at 31 days after the first infusion.

A Data Safety Monitoring Board reviewed all safety data.

At the time of this writing, all subjects have been followed for 31 days

after the first infusion, corresponding to 28 days after the second infusion.

3.3 | Baseline data

Twelve subjects were randomized to the UC-MSC treatment group

(age 59 ± 16 years; 7 women [58%]) and 12 to the control group (age

59 ± 12 years; 4 women [33%]) (Table 1; Table S2). The age of

enrolled subjects was 59 ± 14 years (mean ± SD).

Three subjects in each group were stratified to the mild-to-moderate

ARDS severity stratum, and nine subjects in each group into the

F IGURE 1 Enrollment and randomization. UC-MSC, umbilical cord mesenchymal stem cell
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moderate-to-severe stratum. There were no significant differences in

concomitant treatments between the groups (Table 1; Table S2). The

only differences observed in baseline characteristics and comorbidities

were in body mass index and obesity, which were higher in the UC-MSC

treatment group (Table 1; Table S2). The analysis was by original

assigned groups.

3.4 | Investigational product

An average of 98.7 × 106 UC-MSCs were administered per infusion.

The viability of UC-MSCs (investigational product) at the time of prod-

uct release for administration was found to be 96.2% ± 1.8% by try-

pan blue and 88.4% ± 7.6% by flow cytometry using fixable viability

TABLE 1 Baseline characteristics and
concomitant treatments during index of
hospitalization by treatment group

Characteristics and treatments UC-MSC (n = 12) Control (n = 12) P value

Sex, n (%) .41

Male 5 (41.7) 8 (66.7)

Female 7 (58.3) 4 (33.3)

Age, mean ± SD, years 58.58 ± 15.93 58.83 ± 11.61 .97

Race, n (%) 0.99

White 11 (91.7) 10 (83.3)

African American 1 (8.3) 2 (16.7)

Ethnicity, n (%) 0.99

Hispanic or Latino 11 (91.7) 11 (91.7)

Non-Hispanic 1 (8.3) 1 (8.3)

PaO2/FiO2 ratio at enrollment, median (IQR) 124 (68-164) 108.5 (68.5-165.5) .67

ARDS severity stratification, n (%) 0.99

Mild-to-moderate 3 (25) 3 (25)

Moderate-to-severe 9 (75) 9 (75)

BMI, mean ± SD, kg/m2 34.5 ± 4.5 29.6 ± 3.5 .01

Smoker (former), n (%) 0 2 (16.7) .48

Comorbidities, n (%)

Diabetes 5 (41.7) 6 (50) 0.99

Hypertension 7 (58.3) 9 (75) .67

Obesity (BMI >30) 11 (91.7) 5 (41.7) .03

Cancer 0 1 (8.3) 0.99

Heart disease 1 (8.3) 3 (25) .59

Concomitant treatments, n (%)

Heparin 12 (100) 12 (100) 0.99

Only prophylactic dose heparina 9 (75) 7 (58.3) .67

Therapeutic dose heparinb 3 (25) 5 (41.7) .67

Remdesivir 9 (75) 7 (58.3) .67

Convalescent plasma 3 (25) 4 (33.3) 0.99

Corticosteroids 10 (83.3) 9 (75) 0.99

Tocilizumab 1 (8.3) 4 (33.3) .32

Hydroxychloroquine 1 (8.3) 2 (18.2) .59

Alteplase 0 2 (16.7) .48

Note: Age and BMI are normally distributed. PaO2/FiO2 ratio at enrollment is non-normally distributed. t

test, Wilcoxon two-sample test, and Fisher's exact test were used for continuous normal, continuous

non-normal and categorical variables, respectively.

Abbreviations: ARDS, acute respiratory distress syndrome; BMI, body mass index; FiO2, fraction of

inspired oxygen; IQR, interquartile range; PaO2, partial pressure of oxygen; UC-MSC, umbilical cord

mesenchymal stem cell.
aProphylactic dose heparin: either prophylactic unfractionated heparin, subcutaneous injection,

5000 units two to three times daily (up to 15 000 units) or prophylactic enoxaparin 40 to 60 mg daily.
bTherapeutic dose heparin: either full dose unfractionated heparin, intravenous, titrated to a goal of

activated partial thromboplastin time, or full dose enoxaparin 1 mg/kg twice daily.
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stain. Apoptosis, assessed by activated caspase-3, was found to be

2.4% ± 3.7%, by flow cytometry (Figure S1). No differences in cell

dose, cell viability, or degree of apoptosis were observed between

UC-MSCs (investigational product) prepared for the first or second

infusion. Stability studies demonstrated stability of the UC-MSC

investigational product for up to 8 hours after thawing and prepara-

tion, as assessed by cell count, viability by trypan blue and flow cyto-

metry, and apoptosis assessed by flow cytometry. Cell surface marker

analysis demonstrated a typical surface marker profile characteristic

of MSCs: CD90 of 97.9% ± 2.6%, CD105 of 98.1% ± 1.4%, and

CD34/CD45 of 2.2% ± 4.9% (Figure S1).

3.5 | Outcomes and estimations

A total of nine deaths were documented by day 28 after the sec-

ond infusion. Two deaths occurred in the UC-MSC treatment

group and seven deaths in the control group. One subject (Subject

#11) in the UC-MSC treatment group died as a result of a failed

endotracheal intubation. This outcome was deemed to be

unrelated to the patient's COVID-19 disease. Therefore, data ana-

lyses for this subject were censored at the time of failed endotra-

cheal intubation.

The details of all deaths are presented in Table S3.

3.6 | Adverse events

Two serious adverse events (SAEs) were observed in the UC-MSC

group and 16 SAEs in the control group, affecting 2 of 12 and 8 of

12 subjects, respectively (P = .04; Fisher's exact test). There were sig-

nificantly more subjects experiencing SAEs in the control group than

in the UC-MSC treatment group. The adverse events in all subjects

are summarized in Table 2.

TABLE 2 Summary of all adverse events for randomized subjects

Topics
UC-MSC treatment,
n (%)

Controls,
n (%)

Total (n = 24; 12 per group),
n (%)

Fisher's
exact test

Number of AEs reported 35 53 88

Number of subjects with AEsa 8 11 19 NS

Number of SAEs reported 2 16 18

Number of subjects with SAEsa 2 8 10 P = .04

Number of AEs by severityb

Mild 13 (37) 13 (24) 26 (30)

Moderate 18 (51) 21 (40) 39 (44)

Severe 4 (12) 19 (36) 23 (26)

Subjects with AEs by severityc,d

Mild 7 (44) 5 (25) 12 (33) NS

Moderate 7 (44) 8 (40) 15 (42) NS

Severe 2 (12) 7 (35) 9 (25) NS

Number of AEs by relatedness to treatmentb

Unrelated 31 (89) 45 (85) 76 (86)

Unlikely 3 (9) 7 (13) 10 (11)

Possible 1 (3) 1 (2) 2 (3)

Probable 0 (0) 0 (0) 0 (0)

Definite 0 (0) 0 (0) 0 (0)

Subjects with AEs by relatedness to

treatmentc,d

Unrelated 8 (80) 10 (67) 18 (72) NS

Unlikely 1 (10) 4 (26) 5 (20) NS

Possible 1 (10) 1 (7) 2 (8) NS

Probable 0 (0.0) 0 (0.0) 0 (0.0) NS

Definite 0 (0.0) 0 (0.0) 0 (0.0) NS

Abbreviations: AE, adverse event; SAE, serious adverse event; NS, not significant; UC-MSC, umbilical cord mesenchymal stem cell.
aSubjects who experience one or more AEs or SAEs are counted only once.
bPercentages are based on number of AEs reported for each treatment group.
cSubjects are counted only once within a particular severity grade or relatedness category.
dPercentages are based on n for each treatment group.
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3.7 | Primary endpoint

The primary endpoint was safety, defined as the occurrence of

prespecified infusion-associated AEs within 6 hours after infusion in

addition to cardiac arrest or death within 24 hours after infusion.

Prespecified infusion-associated AEs are outlined in Table 3. One sub-

ject in each group developed infusion-associated AEs. UC-MSC treat-

ment was found to be safe, as it did not lead to an increase in

prespecified infusion-associated AEs. In the UC-MSC treatment

group, the only reported adverse event occurred in a subject with bra-

dycardia, who experienced worsening of bradycardia and required

transient vasopressor treatment. In the control group, all prespecified

infusion-associated AEs occurred in the same subject, who experi-

enced cardiac arrest 2 hours after infusion of vehicle solution. In each

group, one subject developed infusion-associated AEs.

3.8 | Secondary endpoints

At 31 days after the first infusion (corresponding to 28 days after the

last infusion), patient survival was significantly improved in the UC-MSC

vs the control group: 10 of 11 (91%) vs 5 of 12 (42%), respectively

(P = .015). The hazard ratio for death comparing the control group with

UC-MSC treatment group was 8.76 (95% confidence interval [CI]:

1.07-71.4), indicating that the control group had a higher risk of death.

Kaplan-Meier estimates are presented in Figure 2A (survival).

SAE-free survival was significantly improved in the UC-MSC

treatment group (P = .0081). The hazard ratio for SAE, comparing the

control group with the UC-MSC treatment group, was 6.22 (95% CI:

1.33-28.96), indicating that the control group experienced an

increased risk of SAEs. Kaplan-Meier estimates are presented in

Figure 2B (SAE-free survival).

Time to recovery was significantly shorter in the UC-MSC treat-

ment group (P = .0307). The hazard ratio for recovery comparing the

control group with the UC-MSC treatment group was 0.29 (95% CI:

0.09-0.95); this is evidence of a lower rate of recovery for the control

group. Kaplan-Meier estimates are presented in Figure 2C (time to

recovery).

3.9 | Analysis of viral load in peripheral blood
plasma

The median viral load at day 0 or day 6 did not differ significantly

between the UC-MSC treatment and control group. The P values

were .196 and .136 for day 0 and day 6, respectively (Figure S2).

3.10 | Analysis of inflammatory cytokines and
chemokines levels in peripheral blood plasma

The blood plasma levels of 10 inflammation-related proteins were

assessed by quantitative enzyme-linked immunosorbent assay in both

UC-MSC treatment and control groups on days 0 and 6. Baseline

levels of proteins tested were comparable in both UC-MSC and con-

trol groups (Figure 3; day 0 column, unpaired t tests), with the excep-

tion of IL-6, which showed higher baseline levels in the control group

(P < .05, an imbalance between groups possibly resulting from the

small sample size). At 6 days after treatment initiation, we observed

significant differences between the groups, and a consistent decrease

in inflammatory markers only in the UC-MSC treatment group. In a

comparison between groups at day 6, we observed significant differ-

ences in the concentration of GM-CSF, IFNg, IL-5, IL-6, IL-7, TNFa,

TNFb, PDGF-BB, and RANTES (P < .05); median values of these mole-

cules were lower in the UC-MSC group (Figure 3; day 6 column,

unpaired t tests). The difference in IL-2 resulted very close to statisti-

cal significance (P = .051) (Figure 3; day 6 column, IL-2). In the longitu-

dinal analysis, inflammatory cytokine concentrations showed marked

and statistically significant decreases from day 0 to day 6 only in the

UC-MSC treatment group (Figure 3; UC-MSC treatment and control

columns, paired t tests).

TABLE 3 Primary endpoint: Safety

Adverse event

Adverse events

UC-MSC treatment
(n = 12), n (%)

Control
(n = 12), n (%)

1a. An increase in

vasopressor dose

1a 1

1b. In patients receiving

mechanical ventilation:

worsening hypoxemia

0 0

1c. In patients receiving

high flow oxygen

therapy: worsening

hypoxemia, as indicated

by requirement of

intubation and

mechanical ventilation

0 0

1d. New cardiac

arrhythmia requiring

cardioversion

0 1

1e. New ventricular

tachycardia, ventricular

fibrillation, or asystole

0 1

1f. A clinical scenario

consistent with

transfusion

incompatibility or

transfusion-related

infection

0 0

2. Cardiac arrest or death

within 24 h

postinfusion

0 0

Note: Safety: as defined by the occurrence of prespecified infusion-

associated adverse events within 6 hours (1a-1f) and occurrence of

cardiac arrest or death within 24 hours postinfusion (2).
aThe vasopressor dose increase was ordered by the primary treating

physician before the infusion started, but it was not given until hours later,

after the infusion.
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F IGURE 2 Kaplan-Meier curves. A, Survival. At
31 days after the first infusion (corresponding to
28 days after the last infusion), patient survival was
91% vs 42% in the UC-MSC and control group,
respectively (P = .015). The difference between the
groups was statistically significant. B, SAE-free
survival. SAE-free survival was significantly
improved in the UC-MSC treatment group
compared with the control group (P = .008). SAEs

affected two vs eight patients in the UC-MSC and
control group, respectively. C, Time to recovery.
Time to recovery was significantly shorter in the
UC-MSC treatment group compared with the
control group (P = .031). Censoring was limited to
dropout from study, and the event of interest was
recovery. In the case of death, the patient's time to
recovery was considered censored at the end of
study observation; thus the patient conservatively
remained in the risk set for all Kaplan-Meier
estimation throughout the study period. CI,
confidence interval; HR, hazard ratio; SAE, serious
adverse event; UC-MSC, umbilical cord
mesenchymal stem cell
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F IGURE 3 Analysis of inflammatory cytokines, chemokines, and growth factors in plasma of randomized subjects. In the comparison between
groups at day 6 and in the longitudinal analysis from day 0 to day 6, inflammatory cytokine concentrations showed marked and statistically
significant decreases from day 0 to day 6 only in the UC-MSC treatment group. The overall “signature” of the response in the UC-MSC treatment
group is characterized by a reduction of the levels of key inflammatory molecules involved in the COVID-19 “cytokine storm,” including IFNg,
IL-6, and TNFa cytokines and RANTES chemokine. GM-CSF and PDGF-BB also decreased significantly only in the UC-MSC treatment group. ns,
not significant; UC-MSC, umbilical cord mesenchymal stem cell
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4 | DISCUSSION

Severe COVID-19 is believed to result from a hyperinflammatory

state and overactive immune response with cytokine storm and

immunothrombosis elicited by SARS-CoV-2 infection.5,40,41 Patients

with severe COVID-19 frequently develop ARDS, which is associated

with poor prognosis.4,40 Mortality in COVID-19 is associated with

ARDS and multiple organ failure.42 Mortality in patients with COVID-19

and ARDS was reported to be 52.4%.10 Various treatment modalities

have been investigated and recently reported, including dexametha-

sone11 and convalescent plasma.43 Yet, there remains a need for

therapies that can modulate the inflammatory response, shorten the

course of disease, and further improve survival.

UC-MSCs may have beneficial effects in patients with severe

COVID-19 by modulating immune responses and altering the

immunopathogenic cytokine storm.30-32 The cells used in this trial

were derived from the subepithelial lining of the umbilical cord and

can be rapidly expanded for clinical applications under strict Good

Manufacturing Practice conditions.37 UC-MSCs were reported to be

safe in clinical trials in other disease states and have been safely

administered across histocompatibility barriers.44-46 Because of their

immunomodulatory functions, UC-MSCs have already been tested in

the treatment of autoimmune and inflammatory disorders. Clinical

applications using UC-MSCs processed at our cGMP facility have

been authorized by the FDA in subjects with T1D (IND#018302) and

Alzheimer's disease (IND#18200).

Several clinical trials have been conducted to test MSCs as treat-

ment of ARDS, mainly focused on determining safety.25-29 Variable

results have been reported, possibly because of differences in trial design

and quality of the cell product used. Improved outcomes were recently

reported in patients with COVID-19 pneumonia treated with angiotensin

converting enzyme - 2 (ACE-2)-negative MSCs.30 Additional pilot studies

of UC-MSCs for COVID-19 also reported promising results.31-33

Based on previous encouraging results by other groups,30-33 our

experience with cell therapy clinical protocols, and the urgent need to

develop effective therapeutic strategies, the purpose of this RCT was

to determine safety and explore efficacy of UC-MSCs for treatment

of subjects with ARDS secondary to COVID-19 (ClinicalTrials.gov

identifier: NCT04355728).

The current report presents, for the first time, the results of a

double-blind, phase 1/2a RCT testing UC-MSCs in 24 subjects with

COVID-19 and ARDS. There was overall balance in the distribution of

baseline characteristics, comorbidities, or concomitant treatments

between the groups. No serious adverse events related to UC-MSC

infusion were observed. There was no observed difference in number

of subjects experiencing infusion-associated adverse events. At

28 days after the last infusion, patient survival was 91% in the UC-

MSC group and 42% in the control group (P = .015). Two SAEs were

reported in the UC-MSC group and 16 in the control group, affecting

two and eight patients, respectively (P = .04). SAE-free survival

(P = .008) and time to recovery (P = .03) were significantly improved

in the UC-MSC treatment group.

This study was not intended as an efficacy trial, but instead as an

early phase study to establish safety. We relied on randomization to

protect against imbalance in biasing preliminary estimates of efficacy.

Stratified, blocked randomization was employed to evenly represent

ARDS severity and changing standard of care over time between

groups. Even with blocked randomization, confounding may exist

because, with small numbers, there is still potential for imbalance.

Table 1 and Table S2 illustrate overall balance in the distribution of

demographic and clinical factors thought to be associated with

COVID-19 trajectory. The only differences observed at baseline, in

body mass index and obesity, would be expected to worsen COVID-19

outcomes in the UC-MSC treatment group.47,48 The viral load at base-

line did not differ significantly between the UC-MSC treatment and the

control group. An important change in inclusion criteria is worthy of

discussion. The study was initially designed to enroll patients receiving

invasive mechanical ventilation. At the time of study inception, there

were concerns regarding the potential for high flow oxygen therapy

and noninvasive mechanical ventilation to increase aerosolization and

infection risk in health care workers. Such concerns led practitioners to

avoid these therapies and prompted infection control leadership to

restrict them in our study sites. Subsequent studies called these con-

cerns into question,49 and high flow oxygen became broadly used. At

that time, it appeared appropriate to include in our trial patients of simi-

lar disease severity but who were being treated with a different modal-

ity, and on 22 June 2020, we made a change in our inclusion criteria to

reflect this. Subsequent studies have shown that high flow oxygen

therapy is associated with a reduction in the proportion of patients

who receive invasive mechanical ventilation, but no difference in mor-

tality.12 This supports the idea that the change of inclusion criteria did

not necessarily alter the severity of patients enrolled but rather just

reflects the secular trends and treatment patterns in the care of

patients with a novel disease.

The inferences we make from the efficacy results observed in this

phase 1/2a trial in 24 subjects, including the outcome of survival, are

still subject to limitations of sample size and potential bias because of

factors we were not yet aware of. However, results do provide prelim-

inary evidence of a remarkable effect, which substantiates the need

for further investigation in a larger, stratified, and adjusted clinical

trial. In addition, based on our results and those from previously

reported clinical trials, synergistic combination strategies could be

explored, with agents that have shown a beneficial effect at similar

stages of COVID-19 disease progression, such as dexamethasone11

and convalescent plasma.43

The overall “signature” of the response in the UC-MSC treatment

group is characterized by a reduction of the levels of key inflammatory

molecules involved in the COVID-19 “cytokine storm,” including IFNg,

IL-6, and TNFa cytokines and RANTES chemokine.50 In parallel, a

reduction in GM-CSF was observed. GM-CSF is the main activator of

the proinflammatory M1 macrophage phenotype; hence, its reduction

could lead to macrophage polarization toward alternatively activated

M2 macrophages.51 The levels of PDGF-BB also resulted significantly

reduced in the UC-MSC treatment group. Notably, PDGF-BB
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stimulates mesenchymal cell activation, airway smooth muscle cell

proliferation and migration, lung fibroblast cytokine production, and

activation of nociceptive neurons.52-54 Hence, it is possible that the

administration of allogeneic MSCs could accelerate the steps of tissue

repair in the lungs, decreasing the need for further mesenchymal cell

activation.

The positive response in subjects receiving UC-MSC treatment

seems to be more closely associated to a decrease in inflammatory

cytokines, rather than a change in viral load.

The observations made in this study could be of assistance

for future studies in the field of COVID-19, ARDS, hyper-

inflammatory states, overactive immune responses, and

autoimmunity. In addition, the preferential targeting of lung tis-

sue after intravenous infusion could make UC-MSCs particularly

appealing for ARDS secondary to trauma, microbial infection,

and pulmonary GvHD.

5 | CONCLUSION

The results of this trial indicate that UC-MSC infusions in COVID-19

with ARDS are safe. Moreover, UC-MSC treatment was associated

with a significant reduction in SAEs, mortality, and time to recovery,

compared with controls.
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Additional supporting information may be found online in the

Supporting Information section at the end of this article.
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