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Summary

Background The long-term consequences of human umbilical cord-derived mesenchymal stem cell (UC-MSC)
treatment for COVID-19 patients are yet to be reported. This study assessed the 1-year outcomes in patients with
severe COVID-19, who were recruited in our previous UC-MSC clinical trial.
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Methods In this prospective, longitudinal, cohort study, 100 patients enrolled in our phase 2 trial were prospectively ebizm.zom _1%3789 !

followed up at 3-month intervals for 1 year to evaluate the long-term safety and effectiveness of UC-MSC treatment.
The primary endpoint was an altered proportion of whole-lung lesion volumes measured by high-resolution CT.
Other imaging outcomes, 6 min walking distance (6-MWD), lung function, plasma biomarkers, and adverse events
were also recorded and analyzed. This trial was registered with ClinicalTrials.gov (NCT04288102).

Findings MSC administration improved in whole-lung lesion volume compared with the placebo with a difference
of —10.8% (95% CI: —20.7%, —1.5%, p = 0.030) on day 10. MSC also reduced the proportion of solid component
lesion volume compared with the placebo at each follow-up point. More interestingly, 17.9% (10/56) of patients in
the MSC group had normal CT images at month 12, but none in the placebo group (p = o.013). The incidence of
symptoms was lower in the MSC group than in the placebo group at each follow-up time. Neutralizing antibodies
were all positive, with a similar median inhibition rate (61.6% vs. 677.6%) in both groups at month 12. No difference
in adverse events at the 1-year follow-up and tumor markers at month 12 were observed between the two groups.

Interpretation UC-MSC administration achieves a long-term benefit in the recovery of lung lesions and symptoms
in COVID-19 patients.
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Research in context

Evidence before this study

We performed a PubMed search for studies published,
up to July 20, 2021, evaluating the effect of mesenchy-
mal stem cells (MSCs) in patients with COVID-19. The
search terms used were “COVID-19” or “SARS-CoV-2"
and “mesenchymal stem cells” and (“clinical trial” or
“randomized controlled trial”). 9 study reports were
found, and preliminary data indicated MSCs treatment
benefit clinical outcome in the disease. However, no 1-
year follow-up results of clinical trial of MSCs treatment
in patients with COVID-19 has been reported.

Added value of this study

This study is the first randomised, double-blind, and pla-
cebo-controlled clinical trial to further evaluate the
long-term safety and efficacy of intravenous infusions
of human UC-MSCs in severe COVID-19 patients. MSC
medication showed numerically improvement in lung
lesion volume compared with the placebo. MSC also
contributed to higher proportion of normal CT images,
lower incidence of symptoms in the 1-year follow-up.
MSC treatment did not affect the production and main-
tenance of neutralizing antibodies in COVID-19 patients
after 1 year. The incidence of adverse events was similar
in the two groups.

Implications of all the available evidence

1-year follow-up results indicate that human UC-MSC
administration achieves a long-term benefit in the
recovery of lung lesions and symptoms in COVID-19
patients with good tolerance.

Introduction

Coronavirus disease 2019 (COVID-19) has become a
global pandemic and has caused diverse clinical statuses
ranging from asymptomatic carriers and mild upper
respiratory tract symptoms, to severe acute respiratory
distress syndrome.” ? As of October 12, 2021, COVID-
19 has affected more than 200 countries, resulting in
more than 237.5 million identified cases with 4847,462
confirmed deaths.* Although most people recover from
COVID-19 at around 2 to 3 weeks, approximately 10%
of patients still have symptoms after 3 weeks and up to
several months. Long-term follow-up studies of dis-
charged severe COVID-19 patients have been
reported.”® Improvement in exercise capacity and pul-
monary physiology was found in most patients;

however, 76% of patients still experienced at least one
symptom 6 months after symptom onset when the
patients had more severe illness. Even 12 months after
discharge, persistent physiological and radiographic
abnormalities remained in some patients with COVID-
19. These data indicate that discharged COVID-19
patients, especially those with severe or critical disease,
still need suitable intervention to improve their long-
term recovery.

Mesenchymal stem cells (MSCs) derived from bone
marrow, umbilical cord tissue, adipose tissue, and den-
tal pulp have been widely studied in basic research and
clinical applications.” MSC treatment reduced the path-
ological changes of the lung and inhibited the abnormal
immune-mediated inflammatory response induced by
the influenza virus infection in animal models and clini-
cal trials.® '° In patients with acute respiratory distress
syndrome (ARDS), the number of ventilator-free and
organ-fajlure-free days was numerically fewer in the
MSC group than in the placebo group.”™ " Since the out-
break of the COVID-19 pandemic, a series of stem cell
therapy clinical trials have been launched and the
results showed that MSCs not only lead to remarkable
decrease of lung damage and time to recovery, but also
improved patient survival with good tolerance in the
early phase.” > However, it remains unknown how
the long-term effectiveness and safety of MSC treatment
are in severe COVID-19.

In our previous double-blind, randomized, placebo-
controlled trial (ClinicalTrials.gov: NCT04288102), we
have reported the short-term safety and effectiveness of
UC-MCS treatment, from baseline to day 28 after treat-
ment, and found that UC-MCS administration signifi-
cantly reduced the proportions of solid component
lesion volume in the lungs and numerically increased
the 6 min walking distance (6-MWD) compared with
the placebo control.” Herein, we report the 1-year fol-
low-up results of UC-MSCs treatment for severe
COVID-19 patients in the double-blind, randomized,
placebo-controlled trial.

Methods

Study design and participants

Our previous study was a phase 2, double-blind, ran-
domized, placebo-controlled trial of UC-MSC treatment.
A total of 100 patients were finally enrolled and received
either UC-MSCs (n = 65) or placebo (n = 35) in addition
to standard care.®After the 28-day follow-up, a 3-month
follow-up was completed according to the previous
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protocol.” Subsequently, the follow-up visit was con-
ducted for all the patients at month 6, month ¢, and
month 12 in the outpatient clinic of General Hospital of
Central Theater Command in Wuhan, Hubei, China to
evaluate the safety and effectiveness of the treatment.
Written informed consent was obtained from all partici-
pants. This study was approved by the Ethics Commit-
tee of the Fifth Medical Center, Chinese PLA General
Hospital (2020-013-D). This trial was registered with
ClinicalTrials.gov (NCT04288102).

Randomization and masking

Eligible patients were randomly assigned in a 2:1 ratio to
receive either UC-MSCs or the placebo using an interac-
tive web response management system (IWRS).
Patients, investigators, and outcome assessors were all
blinded to the treatment allocation. Product Identifica-
tion Authentication and Tracking System (PIATS) was
introduced in this study to manage and track the study
products logistics. The concealment of the randomiza-
tion sequence could be ensured using PIATS and
IWRS.B

Procedures

According to the method described in our previous
study,” UC-MSCs were supplied by VCANBIO Cell &
Gene Engineering Corp, Tianjin, China (Accession
number: VUMor). The UC-MSC product was an almost
colourless suspension containing 4.0 x 107 MSC for
each procedure in a volume of 100 ml/bag. The placebo
had the same medium and appearance in packaging
and suspension, but without the MSCs. Three proce-
dures were carried out for each patient (4.0 x 107 cells
for each procedure) on day o, 3, and 6 after randomiza-
tion. Cell viability was examined by using both 7-AAD/
Annexin V staining and trypan blue in our study. The
averages of cell viabilities were 94.4% + 1.9% before
shipment and 88.4% =+ 4.8% before infusion, respec-
tively. During the follow-up visit, patients were inter-
viewed by trained physicians, underwent a physical
examination, and were asked to complete a series of
questionnaires regarding symptoms and quality of life
(appetite, sleep difficulties, pain or discomfort, fatigue
or muscle weakness, anxiety or depression, and usual
activity). Other items included chest high-resolution CT
(HRCT), a standardized 6-MWD test,*® pulmonary
function tests, and blood sample tests, as previously
described.

Lung lesions were evaluated by using the changes in
high-resolution chest CT(HRCT) images and measured
by centralized imaging interpretation based on both
lung radiologist analyses and imaging software (LIAIS).
The imaging data were derived from a software-assisted
lung volumetry and densitometry procedure as
described in our previous report.” After month 3, the
boundary of the ground glass lesion was blurred, it is
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difficult to conduct segmentation of the ground glass
lesion area and distinguish from normal lung tissue
along with lung repair, but it worked well in evaluation
of segmentation of solid component lesions. For this
reason, we only evaluated the difference in solid compo-
nent lesions using LIAIS after 3 months. Additionally,
image analysis was performed independently by three
radiologists (JH.D, JZ.Z, and MM.Z, who had 22, 23,
and 18 years of experience in radiology, respectively) to
evaluate the outcomes of lung damage. All radiologists
were blinded to the treatment allocation during analysis,
and the final outcomes were determined by consensus.

The 6-MWD test was performed according to the
ATS practical guidelines.*® We further calculated the
predicted values of the same gender, age, and height in
healthy adults according to equations for the 6-
MWD.®?7(Appendix 1) Ultimately, the results were
expressed as measured values, percentages, and differ-
ences in predicted values. Pulmonary function and
peripheral blood tests were carried out as previously
described.” We also performed a surrogate virus neu-
tralization assay (Appendix 2), which was performed
according to the manufacturer’s instructions at base-
line, day 10, month 1, month 3, month 6, month 9, and
month 12, respectively. Blood tumor markers at month
12 were simultaneously assessed.

Imaging and clinical outcomes

As previously reported,” the primary outcome was a
change in the total lesion proportion (%) of the whole
lung volume from baseline to month 1, as measured by
chest CT. The secondary imaging outcome was the
change in the total or solid component lesion proportion
(%) of the whole lung volume from baseline to follow-
up. Clinical outcomes included the 6-MWD, lung func-
tion, plasma biomarkers, and adverse events.

Statistical analysis

This study was designed as a phase 2 clinical exploratory
trial. The aim of this study was to describe the 1-year
health consequences of patients with COVID-19 who
were recruited in our previous UC-MSC clinical trial.
There were no predefined hypotheses made in this
study; therefore, we focused on description instead of
inference for statistical analyses: all statistical tests, con-
fidence intervals, and p-values were used for explora-
tion, not for inference.

Continuous variables were expressed as median
(IQR) or mean (SD) and compared between groups
using the Wilcoxon rank sum test or t-test. The 95%
confidence interval (CI) of the median differences was
calculated using the Hodges—Lehmann estimation for
the variables that were not normally distributed. Cate-
gorical variables were expressed as n/N (%) and com-
pared between groups using the chi-square test or
Fisher’s exact test, if appropriate. A logistic regression
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model was used to estimate odds ratios (ORs). The
mlITT population was considered as the primary analy-
sis population, and safety analysis was performed for all
patients who started their assigned treatment. If the
patient missed a chest CT scan, the last scan’s results
were carried forward to the missing visit for primary
endpoints in the analysis. Other missing values were
not imputed. Statistical analyses were performed using
SAS software (version 9.4; Cary, NC, USA), while the
figures were generated using the R software (version

4.1.0).

Role of the funding source

This study was supported by the National Key R&D Pro-
gram of China (2020YFCo0841900,
2020YFCo0844000, 2020YFC08860900), the Innova-
tion Groups of the National Natural Science Foundation
of China (81,721,002), and the National Science and
Technology Major Project (2017YFAo1o5703). The
funder of the study had no role in the study design, data
collection, data analysis, data interpretation, or writing
of the report.

Results

One hundred and one eligible patients were rando-
mised in a 2:1 ratio (66 to the UC-MSC group and 35 to
the placebo group). Finally, there were 65 and 35
patients in UC-MSC and placebo group, respectively ,
since a patient withdrew her informed consent after ran-
domization. The baseline characteristics were highly
consistent between the two groups of patients, includ-
ing age, sex, body weight, time from symptom onset,
distribution of comorbidities, concomitant medication,
median time from symptoms onset to study baseline
and lesion proportions assessment from chest CT, etc.
(Table 1). From April 8, 2020, to March 31, 2021,
patients received follow-up visit for a median of 32 days
(IQR 30—35) at month 1, 89 days (88—90) at month 3,
172 days (171—173) at month 6, 266.5 days (265—268)
at month 9, and 362.5 days (360—367) at month 12
(Figure 1). Of the 100 enrolled patients, 81 patients (51/
65 in MSC group, 30/35 in placebo group) at month 3,
82 patients (53/65 in the MSC group, 29/35 in the pla-
cebo group) at month 6, 8o patients (53/65 in MSC
group, 27/35 in placebo group) at month 9, and 86
patients (56/65 in MSC group, 30/35 in placebo group)
at month 12 were assessed. One patient in the placebo
group died of liver cancer 3 months after enrollment.

To evaluate the difference in lung lesions between
the MSC and placebo groups, we measured the lesions
by using centralized imaging interpretation based on
the evaluation of both radiologist analyses and lung
imaging artificial intelligence software. Through com-
parison of the Hodges—Lehmann estimator of the total
lesion proportion (%) of the whole lung volume by

LIAIS, the median change was —8.0 (—23.6, 0.5) in the
MSC group and 4.1 (—16.6, 14.8) in the placebo group
at day 10 with a difference of —10.8% (95% CI:
—20.7%, —1.5%, Wilcoxon, p = 0.030); —19.4 (—53.4,
—2.6) in the MSC group and —7.3 (—46.6, —19.1) in the
placebo group at month 1 with a difference of —13.3%
(95% CI, —29.1%, 2.1%, Wilcoxon, p = 0.080); —52.1%
(95% CI, —81.8%,—13.1%) in the MSC group and
—38.0% (95% CI, —71.6%, 6.8%) in the placebo group
at month 3 with a difference of —12.8% (95% CI,
—30.8%, 5.5%, Wilcoxon, p = 0.170) (Figure 2, Table 2).
Interestingly, in the evaluation of the solid component
lesions as a specific lesion type, we found that the
median change was —77.4% (—92.2%,—58.6%) in the
MSC group and —65.1% (—87.3%,—16.3%) in the pla-
cebo group at month 3; —82.89% (—90.9%, —63.9%)
in the MSC group and —70.65% (—92.0%, —43.0%) in
the placebo group at month 6; —84.0%
(—93.3%,—62.5%) in the MSC group and —75.5%
(—84.3%, —51.3%) in the placebo group at month o;
median change of —87.4% (—95.7%, —68.4%) in the
MSC group and —84.1% (—92.0%,—54.0%) in the pla-
cebo group at month 12 from baseline, respectively. UC-
MSC administration exerted a numerical improvement
at each follow-up point (Figure 2, Table 2).

Three radiologists independently assessed lung dam-
age at baseline, months 1, 3, 6, 9, and 12. Unexpectedly,
abnormal CT images, which presented as ground-glass
opacity (GGO), interlobular septal thickening, reticular
opacity, fibrous stripes, air bronchogram sign, crazy-
paving pattern, and honeycomb pattern were found in
up to 92.3% (72/78) of patients at month 6 and 88.4%
(76/86) patients at month 12 (Appendix 3, Appendix 4).
Of note, 6 (6/51, 11.8%) patients had normal CT images
in the MSC group, but none of the patients in the pla-
cebo group exhibited normal CT findings at month 6
(Fisher, p = 0.087). Moreover, normal CT images were
found in 10 (10/56, 17.9%) patients in the MSC group
but not in the placebo group at month 12(Fisher,
p=o0.013, Table 2).

To compare the long-term restoration of lung func-
tion and integrated reserve capability between the two
groups of patients, we continued to examine the 6-
MWD at months 3, 6, 9, and 12 (Figure 3, Table 1). The
median 6-MWD test gradually increased over time in
both groups. In the MSC group, the results were from
440 m (IQR 412—471) at month 3 to 478 m (432—492)
at month 12. In contrast, the results were from 420 m
(IQR 390—460) at month 3 to 441 m (424—501) at
month 12 in the placebo group. If normalized to the pre-
dicted values were calculated according to a previous
method,®?” the 6-MWD showed a numerically
increased distance in the patients treated with UC-
MSCs compared with the placebo group at each follow-
up point. The median percentage was 83.4% (IQR,
74.7% and 90.2%) in the MSC group, and 80.7%
(72.2%, 84.8%) in the placebo group at month 3; 86.8%

www.thelancet.com Vol xx Month xx, 2021



Articles

UC-MSC group (n = 65)

Placebo group (n = 35)

Age, years

Sex — no. (%)

Men

Women

BMI (Body Mass Index), Kg/m?*

Time from symptom onset to baseline, days

Any comorbidities

Hypertension

Diabetes

Chronic bronchitis

Chronic obstructive pulmonary disease

Concomitant medication

Antiviral drugs
Antibiotics

Corticosteroids

Lesion proportion (%): total lesion volume (in cm?) / whole lung volume (in cm?)

Solid component lesion proportion (%): Solid

component lesion volume (in cm?) / whole lung volume (in am’)

Six-category scale

2-Hospitalized, not requiring supplemental oxygen
3-Hospitalized, requiring supplemental oxygen

4-Hospitalized, on noninvasive ventilation or high flow oxygen devices

White blood cell count* (10%/L)
Lymphocyte count (10%/L)
CD4 T cells (/ul) '

CD8 T cells (/pl) '

B cells (/ul) '

NK cells (/pl) |

Neutrophil count (10°/L)
Platelet count (10%/L)
Hemoglobin (g/L)

D-

dimer (mg/L) *

IL-6 (pg/ml) °
CRP(mg/L)
SARS-CoV-2 test result

SARS-Cov-2 IgG positive
SARS-Cov-2 IgM positive

SARS-Cov-2 nucleic acid detection positive

60.72(9.14)

37 (56.92%)

28 (43.08%)
24.71(3.19)
45.00(39.00,51.00)
34(52.31%)

17 (26.15%)

12 (18.46%)
2(3.08%)

2(3.08%)

32(49.23%)

27 (41.54%)

13 (20.00%)
26.31(11.62,38.42)
2.59(0.69,5.20)

14 (21.54%)

50 (76.92%)

1 (1.54%)
5.70(5.00,6.60)
1.39(1.19,1.80)
641.00(482.00,760.00)
371.00(275.00,520.00)
148.50(99.60,251.00)
233.50(151.00,393.00)
3.48(2.91,432)
214.00(174.00,255.00)
122.68 (14.44)

0.58 (0.36,1.11)
7.86(5.63,9.84)
1.95(0.84,3.53)

63 (100.00%)
58 (92.06%)
47(72.31%)

59.94(7.79)

19 (54.29%)

16 (45.71%)
25.01(3.12)
47.00(41.00,53.00)
18 (51.43%)

10 (28.57%)

5 (14.29%)
3(8.57%)
0(0.00%)

20 (57.14%)

12 (34.29%)

9 (25.71%)
27.98(11.57,44.14)
2.52(0.77,4.91)

10 (28.57%)

25 (71.43%)

0 (0.00%)
5.80(5.00,6.80)
1.47(1.24,1.84)
734.00(502.00,1031.00)
401.00(307.00,593.00)
148.50(94.70,248.00)
197.50(136.00,309.00)
3.83(2.85,4.48)
210.00(176.00,247.00)
124.26 (11.83)

0.56 (0.31,1.12)
8.76(6.54,11.77)
1.38(0.68,2.26)

34 (100.00%)
32(94.12%)
20(57.14%)

Table 1: Baseline characteristics.
Data are median (interquartile range (IQR)), n (%), or mean (SD).

+
$
§
q
Il

* BMI values were available for 59 patients in the UC-MSC group and 33 patients in the placebo group.

CD4, CD8, CD19, and CD56 values were available for 62 patients in the UC-MSC group and 34 patients in the placebo group.
D-dimer values were available for 55 patients in the UC-MSC group and 29 patients in the placebo group.
IL-6 values were available for 64 patients in the UC-MSC group and 35 patients in the placebo group.
CRP values were available for 27 patients in the UC-MSC group and 14 patients in the placebo group.

The test results are summarized from hospitalization to the pre-random test. If there is any positive, it is defined as positive. The IgG and IgM values were
available for 63 patients in the UC-MSCs group and 34 patients in the placebo group.

(81.6%, 97.3%) in the MSC group and 84.7% (79.1%,
88.8%) in the placebo group at month 6; 9o.4% (81.3%,
99.4%) in the MSC group and 85.2% (81.8% and
90.6%) in the placebo group at month 9; 90.3%
(83.7%, 98.8%) in the MSC group and 85.7% (82.2%,
91.5%) in the placebo group at month 12. However,
there were mno statistically significant differences

www.thelancet.com Vol xx Month xx, 2021

between the two groups (Figure 3, Table 2). We also cal-
culated the deviation between the measured and pre-
dicted values, and a similar increasing trend was
observed in the MSC group (Appendix 5).

No significant differences in pulmonary function
test parameters (including DLCO, functional residual
capacity, VCp,,y residual volume, total lung capacity,
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288 participants screened |

E—

187 excluded |
y

101 participants enrolled I

v

v

| 66 assigned to the MSC group |

| 35 assigned to the placebo group |

1 withdrew consent and did
not start study treatment

al

A A
| MSC group(65) | | Placebo group(35) |
A

| Month 1 follow-up(n=61) | |

Month 1 follow-up(n=35) |

| Month 3 follow-up(n=51) | |

Month 3 follow-up(n=30) |

\ 4

| Month 6 follow-up(n=53) | |

Month 6 follow-up(n=29) |

y

| Month 9 follow-up(n=53) | |

Month 9 follow-up(n=27) I

A

| Month 12 follow-up(n=56)

Month 12 follow-up(n=30) |

—

Analyze and compare the data
between MSC and placebo groups

Figure 1. Trial profile.

and vital capacity) were found between the MSC and
placebo groups in the long-term follow-up (Appendix
6).

It has been reported that a substantial number of
COVID-19 patients still experienced various symptoms
6 months after the onset of acute infection.” Consis-
tently, we found that 70.7% (58/82) of enrolled patients
at month 6 and 68.6% (59/86) at month 12 reported at
least one symptom since disease onset, and the propor-
tions were much higher in the placebo group than in
the MSC group at months 6 (64.2%, 34/53 in the MSC
group; 82.8%, 24/29 in the placebo group, chi-square,
p = o0.077) and at month 12 (62.5%, 35/56 in MSC
group; 80.0%, 24/30 in placebo group, chi-square,
p =0.096). In addition, the incidence of fatigue or mus-
cle weakness, sleep difficulties, pain, and usual activity
was lower in the MSC group than in the placebo group

(Table 3) at each follow-up time. The numerical rating
scales (NRS) for pain was completed in 85 patients at
month 12. The median score of NRS was o in the MSC
group and 1 in the placebo group, with a difference of
0.00 (95% CI —1.00,0.00, Wilcoxon, p = 0.031). The
percentages of patients with no pain (NRS=0), mild
pain (1—3), moderate pain (4—06), and severe pain
(7—10) were 65.5%, 32.7%, 1.8%, and 0.0% in the MSC
group and 43.3%, 40.0%, 13.3%, and 3.3% in the placebo
group, respectively, which indicates a difference of 0.34
(95% CI o.14, 0.83, proportional odds model, p = 0.018,
Appendix 7) between the two groups.

The inhibition rate (IR) of neutralizing antibodies
gradually decreased from baseline to the 1-year follow-
up in both groups. However, the IR were all positive
(over 20%) with a similar median (61.6% vs. 67.6%) in
the MSC group and placebo group at month 12, which
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Figure 2. The effect of human umbilical cord-mesenchymal stem cells (UC-MSCs) on the lung damage in patients with severe

COVID-19. (a, b: total lesion; ¢, d: solid component lesion).

(a) shows the between-group median difference in the change in total lesion proportion (%) of the whole lung volume from
baseline to month 3. I bars indicate the Q1(the first quartile),Q3(the third quartile).
(b) shows the mean absolute change from baseline to month 3 in the total lesion proportion (%) of the whole lung volume. | bars

indicate the standard error.

(c) shows the between-group median difference in the change in solid component lesion proportion (%) of the whole lung vol-
ume from baseline to month 12. | bars indicate the Q1(the first quartile),Q3(the third quartile).
(d) shows the mean absolute change from baseline to month 12 in solid component lesion proportion (%) of the whole lung vol-

ume. | bars indicate the standard error.

Group difference assessed by Wilcoxon rank sum test. The 95% Cl calculated by Hodges—Lehmann estimation.

was higher than that of healthy individuals (Figure 4).
The subsets (najve, central memory, effector memory,
and terminally differentiated effector memory) and
functional markers (PD-1, HLA-DR, and CD38) of
peripheral blood T-cells were assessed using flow cyto-
metric analyses at month 12. There was no significant
difference in these parameters between CD4 T-cells and
CD8 T-cells between the two groups (Appendix &).

The total incidence of adverse events reported during
the 1-year follow-up was similar in the MSC group
(83.1%) and the placebo group (74.3%) (Table 4). The
most common adverse event in the MSC group was a
21.5% increase in lactic acid dehydrogenase, compared
with 20% in the placebo group; a 13.9% elevation of
serum alanine aminotransferase compared with 11.4%
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in the placebo group; a 13.9% increase in creatine phos-
phokinase compared with 14.3% in the placebo group; a
9.2% increase in aspartate aminotransferase compared
with 11.4% in the placebo group; 9.2% increase in uric
acid compared with 8.6% in the placebo group; and
9.2% increase in hypokalemia compared with 2.9% in
the placebo group. There were a few other adverse
events at grade 1 or 2 in both groups. After the 28-day
follow-up, no grade 3—4 adverse events occurred in
either group. All adverse events during the follow-up
period were judged by the site investigators and found
to be unrelated to the UC-MSC intervention. One
patient in the placebo group died of liver cancer. To fur-
ther clarify the long-term tumorigenicity of MSC treat-
ment, we compared the tumor markers between the
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MsSC group Placebo group Difference/OR (95% ClI) p value
Change in the total lesion proportion (%) of the whole lung volume from baseline *
Day 10 —7.99(—23.63,0.51) 4.13 (—16.58, 14.83) —10.82(—20.69, —1.46)' 0.030°
Month 1 —19.40(—53.40, —2.62) —7.30(—46.59, —19.12) —13.31(—29.14,2.13) | 0.080°
Month 3 —52.06(—81.82, —13.13) —38.00(—71.58,6.83) —12.79(—30.80,5.44) | 0.170°
Change in solid component lesion proportion (%) of whole lung volume from baseline *
Month 1 —57.70(—74.95, —36.57) —44.45(—62.24, —8.82) —15.45(—30.82,—0.39) ' 0.043°
Month 3 —77.37(—92.23, —58.63) —65.12(—87.32, —16.26) —9.77(—24.40,1.86) ' 0.099°
Month 6 —82.89(—90.88, —63.95) —70.65(—91.95, —42.98) —6.97(—19.10,2.98) | 0.174°
Month 9 —84.00(—93.29, —62.49) —75.51(—84.32, —51.32) —9.02(—17.44,—0.10) ' 0.045°
Month 12 —87.35(—95.69, —68.39) —84.13(—91.98, —53.92) —4.65(—11.05,2.02) ' 0.161°
Number of normal chest CT images
Month 1 0/58 (0.00) 0/34 (0.00) NA NA
Month 3 3/50 (6.00) 0/30 (0.00) 238(0.35,+00) 0.239
Month 6 6/51(11.76) 0/27 (0.00) 4.72(—0.86,+00)! 0.070
Month 9 6/53 (11.32) 0/27 (0.00) 4.52(0.82,+00)! 0.076
Month 12 10/56 (17.86) 0/30 (0.00) 8.75(1.72,+00)! 0.010
6-MWD (meters) &
Month 1* 420.00(392.00,465.00) 403.00(352.00,447.00) 24.00(0.00,57.00) ' 0.057°
Month 3 440.00(412.00,471.00) 420.00(390.00,460.00) 18.00(—8.00,45.00) ' 0.196"
Month 6 447.00(426.00,489.00) 450.00(420.00,480.00) 6.00(—15.00,27.00) ' 0.561°
Month 9 477.00(436.50,490.50) 456.00(420.00,495.00) 12.00(—9.00,35.00) ' 0.359°
Month 12 478.50(432.00,492.00) 441.00(424.00,501.00) 12.00(—9.00,39.00) ' 0.214°
6-MWD (% of predicted value) &
Month 1* 81.24(72.78,89.32) 77.06(65.44,84.67) 3.83(—2.41,9.90) ' 0236
Month 3 83.42(74.66,90.22) 80.69(72.23,84.83) 3.55(—1.75,8.70) ' 0.209°
Month 6 86.79(81.56,97.26) 84.74(79.06,88.77) 3.27(—1.58,8.52) ! 0.197°
Month 9 90.35(81.28,99.35) 85.19(81.82,90.58) 3.17(—1.85,8.40) ' 0.241°
Month 12 90.28(83.67,98.77) 85.72(82.21,91.53) 4.41(—0.06,8.89) ' 0.054°

follow-up visit.

Month 1.NA=not applicable.
b
MWD) refer to the Figure 4.
% Group difference assessed by Wilcoxon rank sum test.

Table 2: Comparison of lung lesion imaging and 6 min walking distance (6-MWD) between MSC and placebo groups throughout 1-year
Data are n/N (%) or median (IQR), unless otherwise specified. The differing denominators used indicate missing data.
T Differences are expressed as Hodges—Lehmann estimator and 95% confidence interval (CI).

* In the 6-MWD, there were three cases who could not complete the test because of cardiopulmonary function problems. The data were calculated as o m at

AThe available values of lung lesion imaging were 65 in the MSC group and 35 in the placebo group.& The available values of 6 min walking distance (6-

I Calculated by the exact logistic regression model. OR= odds ratio. These p values are provided for descriptive purposes only.

two groups of patients at month 12 (Appendix 9, Appen-
dix 10). No significant differences were observed
between the two groups.

Discussion

To our knowledge, this is the first and largest prospec-
tive long-term follow-up study of MSC therapy in
patients with severe COVID-19. In our randomized pla-
cebo-controlled clinical trials,” we verified the safety
and preliminary efficacy of UC-MSCs as an adjunctive
therapy for severe COVID-19 patients with lung damage
at day 28. Consistently, this study showed that UC-MSC
administration still exerted improvement in whole lung
lesions in severe COVID-19 patients at month 3. Fur-
thermore, we found that UC-MSC medication increased

the resolution of lung solid component lesions com-
pared with the placebo at each follow-up time. More
interestingly, 17.9% of patients in the MSC group had
normal CT images at month 12, while no patient recov-
ered from lung damage in the placebo group at this
point. In addition, MSC-related predefined adverse
events were not observed throughout the 12-month fol-
low-up period. The incidences of adverse events and
evaluated tumor markers were similar between the
MSC and placebo groups. These findings demonstrate
that UC-MSC medication not only achieved a beneficial
short-term effect but also exerted a long-term therapeu-
tic benefit on lung lesions with good tolerance in severe
COVID-19 patients.

The 6-MWD is an important parameter reflecting
the integrated reserve capability of complex physiology,
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Figure 3. Comparison of UC-MSCs on long-term follow-up 6MW

D in patients with severe COVID-19.

(a) and (b) show temporal changes in 6-MWD in the MSC and placebo groups at 3, 6, 9, and 12 months after enrollment.
(a): absolute 6MWD. | bars indicate Q1(denotes the first quartile), Q3(the third quartile), and points indicate the median.
(b): normalized to predicted values(%). Data are presented as median (interquartile range). | bars indicate Q1(denotes the first

quartile), Q3(the third quartile), and points indicate the median.
6MWD=6 min walking distance.

including the pulmonary and cardiovascular systems,
and neuromuscular circulation.”® Our current study
indicated that the 6-MWD was numerically increased in
patients treated with UC-MSCs at each follow-up point
compared with the control group. Considering the
improvement of lung damage by UC-MSC delivery, we
speculated that the increase in 6-MWD in UC-MSCs-
treated patients may be partly ascribed to restoration of
the lung reserve capability. Pulmonary function was
also assessed for a comprehensive assessment in this
study. It should be noted that residual abnormalities of
lung diffusion capacity were observed in about half of
the patients (33/63) at 12 months after disease onset in
both groups. It is somewhat disappointing that signifi-
cant differences in pulmonary function test parameters
were not observed between the two groups. This may be
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attributed to the relatively small sample size, together
with that some patients refused to be tested or were not
suitable for pulmonary function examination during
the follow-up visits. In this study, only patients in the
placebo group died of liver cancer and no mortality dif-
ference was observed between two groups. In another
randomized controlled trial,"* UC-MSC infusion signifi-
cantly improved patient survival, time to recovery and
serious adverse events in one month compared with the
control, in which, 11 of 24 enrolled severe patients
(46%) received invasive mechanical ventilation and 13
of them (54%) were with high flow oxygen therapy via
noninvasive ventilation prior to initiation of MSC treat-
ment. Therefore, the discrepancy between the above-
mentioned studies may be due to the enrollment of dif-
ferent patients.



Articles

10

MSC group Placebo group OR(95% ClI) p value
Loss of appetite
Month 1 7/60 (11.67) 6/35(17.14) 0.64 (0.20,2.08) ' 0.450
Month 3 5/51 (9.80) 6/30 (20.00) 0.43(0.12,1.57) ' 0.313
Month 6 3/53(5.77) 2/29 (6.90) 0.81(0.13,5.15) 1.000
Month 9 5/53 (9.43) 2/27 (7.41) 1.30 (0.24,7.20) ' 1.000
Month 12 5/56 (8.93) 2/30 (6.67) 137 (0.25,7.54) ' 1.000
Sleep difficulties
Month 1 35/60 (58.33) 22/35 (62.86) 0.83(0.35,1.95) ' 0.664
Month 3 14/51 (27.45) 20/30 (66.67) 0.19 (0.07,0.50) ' 0.001
Month 6 17/53 (32.08) 15/29 (51.72) 0.44(0.17,1.12) ' 0.081
Month 9 11/53 (20.75) 10/27 (37.04) 045 (0.16,1.24) ' 0.118
Month 12 12/56 (21.43) 12/30 (40.00) 0.41(0.16,1.08) ' 0.067
Pain or discomfort
Month 1 10/60 (16.67) 5/35(14.29) 1.20(0.37,3.85) ' 0.759
Month 3 7/51(13.73) 9/30 (30.00) 0.37(0.12,1.13) 0.076
Month 6 12/50 (24.00) 12/28 (42.86) 0.41(0.16,1.10) ' 0.083
Month 9 12/53 (22.64) 7/27 (25.93) 0.84(0.29,2.45) ' 0.744
Month 12 20/56 (35.71) 17/30 (56.67) 0.42 (0.17,1.05) 0.061
Fatigue or muscle weakness
Month 1 27/60 (45.00) 21/34 (61.76) 0.55(0.23,1.27) ' 0.118
Month 3 11/51(21.57) 10/30 (33.33) 0.55(0.20,1.51) 0.243
Month 6 12/53 (22.64) 11/29 (37.93) 0.48 (0.18,1.29) ' 0.141
Month 9 13/53 (24.53) 11/27 (40.74) 047 (0.18,1.27) 0.135
Month 12 20/56 (35.71) 15/30 (50.00) 0.56 (0.23,1.37) 0.199
Decreased usual activity
Month 1 34/60 (56.67) 22/35 (62.86) 0.77 (0.33,1.82) ' 0.554
Month 3 28/51 (54.90) 21/30 (70.00) 0.52(0.20,1.36) 0.180
Month 6 5/51 (9.80) 6/29 (20.69) 0.40 (0.11,1.45) 0.194
Month 9 1/53 (1.89) 2/27 (7.41) 0.24 (0.02,2.78) ' 0.262
Month 12 2/55 (3.64) 6/29 (20.69) 0.15 (0.03,0.79) 0.018
Anxiety or depression
Month 1 4/60 (6.67) 6/35(17.14) 0.35(0.09,1.32) 0.120
Month 3 1/50 (2.00) 0/30 (0.00) 0.60 (0.03,+00) ° 0.625
Month 6 1/52(1.92) 0/29 (0.00) 0.59 (0.03,+00) * 0.642
Month 9 1/52(1.92) 0/27 (0.00) 0.52 (0.03,+00) 0.658
Month 12 5/56 (8.93) 6/30 (20.00) 0.39(0.11,1.41) 0.152
Table 3: Comparison of symptoms and health-related quality of life between MSC and placebo groups throughout 1-year follow-up visit.
Data are n/N (%), unless otherwise specified. The differing denominators used indicate missing data.
Group difference assessed by chi-square test or Fisher’s exact test.
T Calculated by the logistic regression model. OR = odds ratio.
§ Calculated by the exact logistic regression model. OR = odds ratio.These p values are provided for descriptive purposes only.

It has been reported that fatigue, muscle weakness,
and sleep difficulties were the most common symptoms
for COVID-19 patients 6 months after disease onset.’
Some COVID-19 patients still suffer from persistent
pulmonary physiological abnormalities 12 months after
discharge.® Consistent with previous studies, 68.6% of
COVID-19 enrolled patients in our cohort were still
troubled with at least one symptom at the 12-month fol-
low-up, although they recovered over time. Intriguingly,
we observed a better alleviation of symptoms and quality
of life in patients with UC-MSC treatment. The

underlying mechanism of symptom alleviation in the
UC-MSC group is likely to be multifactorial, but we
believe that the improvement of lung damage at least
partly contributed to this benefit. The potential mecha-
nism for MSCs effect is not fully elucidated yet. It has
been reported that MSCs have differentiational and
regenerative properties and can secrete hepatocyte
growth factor, vascular endothelial growth factor, and
keratinocyte growth factor to promote the regeneration
of type II alveolar epithelial cells. In addition, MSCs can
be attracted to inflammatory sites through
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Figure 4. Inhibition rate (IR) of neutralizing antibodies.

The inhibition rate (IR) of neutralizing antibodies decreased gradually from baseline to the 1-year follow-up. However, the IR
were all positive (over 20%) with a similar median (61.6% vs. 67.55%) in either the MSC group or placebo group at 12 months, which
was higher than that in healthy people. The bars indicate the minimum and maximum values.

corresponding chemokines and then modulate the func-
tions of various immunocytes through direct contact
and paracrine effects.*®>9 It is possible that the long-
term effects of MSCs was derived from the initial biolog-
ical effects after MSC therapy.

With the continuous prevalence of COVID-19, the
long-term consequences of survivors have raised a seri-
ous concern. Patients with more severe diseases had
more abnormal chest CT images and impaired pulmo-
nary diffusion capacities after 6 months of discharge.’
In this study, all enrolled patients were of the severe
type, and only 10.5% (9/86) of patients had normal
chest CT images at month 12, which was much lower
than that in other studies. Thus, severe COVID-19 survi-
vors are the main target population for intervention of
long-term recovery. Our previous study revealed that
UC-MSC medication remarkably accelerated the resolu-
tion of lung lesions in severe COVID-19 patients,
including those in the convalescent stage.” Of note, our
current investigation showed that a complete resolution
of lung lesions as detected by CT scan was only achieved
in patients treated with UC-MSCs at 12-month follow-
up. Thus, it may be worth evaluating the effect of UC-
MSCs on pulmonary damage in convalescent patients
in further clinical trials.

With mass vaccination worldwide, the generation
and maintenance of neutralizing antibodies in COVID-
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19 were interesting issues.’® ** Herein, we found that
the IR of neutralizing antibody remained positive at
month 12 in both groups of patients, although it gradu-
ally decreased over time. Of note, there was no signifi-
cant difference in neutralizing antibody titers between
the two groups, indicating that MSC treatment did not
affect the production and maintenance of neutralizing
antibodies in COVID-19 patients.

This study has several limitations. First, the trial pro-
tocol was established in early February 2020 when the
COVID-19 epidemic was still prevalent in China. The
understanding of COVID-19 was still limited at that
point. To ensure safety, the treatment dosage was
4.0 x 107 cells for each procedure, and three procedures
were carried out for each patient on days o, 3, and 6 after
randomization. The optimal therapeutic regimen, includ-
ing the dosage, interval duration, and number of cycles
for MSC medication, remains to be clarified in future tri-
als. Second, the sample size was not large enough. We
recruited 100 patients in this study, and 14 patients were
lost to follow-up at month 12. A larger sample size will
improve efficacy analyses. Third, the baseline data of pul-
monary function and 6-MWD were unavailable as it was
not practical to conduct the test at baseline, which may
underestimate the interpretation of these parameters.

In conclusion, our current study further demon-
strates that UC-MSC administration exerted a long-

1
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Adverse Event Name MSC group Placebo group
Grade 1 or 2 n (%) Grade 3 or 4 n (%) Grade 1 or 2 n (%) Grade 3 or 4 n (%)
Any adverse event 53(81.54) 1(1.54) 26(74.29) 0(0.00)
Blood lactate dehydrogenase increased 14(21.54) 0(0.00) 7(20.00) 0(0.00)
Alanine aminotransferase increased 9(13.85) 0(0.00) 4(11.43) 0(0.00)
Blood creatine phosphokinase increased 9(13.85) 0(0.00) 5(14.29) 0(0.00)
Aspartate aminotransferase increased 6(9.23) 0(0.00) 4(11.43) 0(0.00)
Blood uric acid increased 6(9.23) 0(0.00) 3(8.57) 0(0.00)
Hypokalaemia 6(9.23) 0(0.00) 1(2.86) 0(0.00)
Blood urea increased 4(6.15) 0(0.00) 4(11.43) 0(0.00)
Diarrhoea 4(6.15) 0(0.00) 0(0.00) 0(0.00)
Interleukin level increased 4(6.15) 0(0.00) 2(5.71) 0(0.00)
Anaemia 3(4.62) 0(0.00) 0(0.00) 0(0.00)
Palpitations 3(4.62) 0(0.00) 0(0.00) 0(0.00)
Ventricular extrasystoles 3(4.62) 0(0.00) 2(5.71) 0(0.00)
Abdominal distension 2(3.08) 0(0.00) 0(0.00) 0(0.00)
Cough 2(3.08) 0(0.00) 1(2.86) 0(0.00)
Dizziness 2(3.08) 0(0.00) 0(0.00) 0(0.00)
Gamma-glutamyltransferase increased 2(3.08) 0(0.00) 1(2.86) 0(0.00)
Abdominal pain 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Anxiety 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Atrioventricular block first degree 1(1.54) 0(0.00) 1(2.86) 0(0.00)
Bacterial infection 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Brain natriuretic peptide increased 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Bundle branch block left 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Bundle branch block right 1(1.54) 0(0.00) 1(2.86) 0(0.00)
C-reactive protein increased 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Cardiac failure 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Dysgeusia 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Dyspepsia 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Functional gastrointestinal disorder 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Gastrooesophageal reflux disease 1(1.54) 0(0.00) 1(2.86) 0(0.00)
Gingivitis 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Heart rate increased 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Metabolic alkalosis 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Nausea 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Neutrophil count increased 1(1.54) 0(0.00) 1(2.86) 0(0.00)
Pharyngeal disorder 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Pharyngitis 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Poor quality sleep 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Pulmonary oedema 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Rash 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Regurgitation 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Supraventricular extrasystoles 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Tension 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Thirst 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Toothache 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Urinary tract infection 1(1.54) 0(0.00) 0(0.00) 0(0.00)
Vomiting 1(1.54) 0(0.00) 0(0.00) 0(0.00)
White blood cell count increased 1(1.54) 0(0.00) 1(2.86) 0(0.00)
Blood creatine phosphokinase MB increased 0(0.00) 0(0.00) 1(2.86) 0(0.00)
Blood creatinine increased 0(0.00) 0(0.00) 1(2.86) 0(0.00)
Electrocardiogram Q wave abnormal 0(0.00) 0(0.00) 1(2.86) 0(0.00)
Electrocardiogram ST-T segment abnormal 0(0.00) 0(0.00) 1(2.86) 0(0.00)
Table 4 (Continued)
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Adverse Event Name

MSC group

Placebo group

Grade 1 or 2 n (%)

Grade 3 or 4 n (%) Grade 1 or 2 n (%) Grade 3 or 4 n (%)

Hepatic cyst 0(0.00)
Hypocalcaemia 0(0.00)
Initial insomnia 0(0.00)
Lymphocyte percentage decreased 0(0.00)
Pleural effusion 0(0.00)
Pneumothorax 0(0.00)
Pruritus 0(0.00)
Respiratory alkalosis 0(0.00)

0(0.00) 2(5.71) 0(0.00)
0(0.00) 2(5.71) 0(0.00)
0(0.00) 1(2.86) 0(0.00)
0(0.00) 1(2.86) 0(0.00)
0(0.00) 1(2.86) 0(0.00)
1(1.54) 0(0.00) 0(0.00)
0(0.00) 3(8.57) 0(0.00)
0(0.00) 1(2.86) 0(0.00)

Table 4: Summary and comparison of adverse events that occurred between MSC and placebo groups throughout 1-year follow-up visit.

term Dbeneficial effect on lung lesions and symptom
relief with good tolerance, indicating that the use of
UC-MSCs as adjunctive therapy for severe COVID-19
patients is a feasible option. Since most severe COVID-
19 patients still suffer from pulmonary disability 12
months after viral resolution, the therapeutic benefit of
UC-MSCs deserves to be appraised in future trials for
COVID-19-convalescent patients with severe pulmonary
damage.
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