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BACKGROUND: Bone marrow mesenchymal stem cell (BM-MSC)-derived extracellular vesicles
(ExoFlo) convey the immunomodulatory and regenerative properties of intact BM-MSCs.
This study aimed to determine the safety and efficacy of ExoFlo as treatment for moderate
to severe ARDS in patients with severe COVID-19.

RESEARCH QUESTION: Do two doses of ExoFlo safely reduce mortality in COVID-19-
associated moderate to severe ARDS compared with placebo?

STUDY DESIGN AND METHODS: A prospective phase 2 multicenter double-anonymized ran-
domized placebo-controlled dosing trial was conducted at five sites across the United States
with infusions of placebo, 10 mL of ExoFlo, or 15 mL of ExoFlo on days 1 and 4. Patients (N ¼
102) with COVID-19-associated moderate to severe ARDS were enrolled and randomized to
treatment. Adverse events were documented throughout the study. The primary outcome
measure was all-cause 60-day mortality rate. Secondary outcomes included time to death
(overall mortality); the incidence of treatment-emergent serious adverse events; proportion of
discharged patients at 7, 30, and 60 days; time to hospital discharge; and ventilation-free days.

RESULTS: No treatment-related adverse events were reported. Mortality (60-day) in the
intention-to-treat population was reduced with 15 mL ExoFlo mixed with 85 mL normal
saline (ExoFlo-15) compared with placebo (not significant, c2, P ¼ .1343). For the post hoc
subgroup analyses, 60-day mortality was decreased with ExoFlo-15 compared with placebo
(relative risk, 0.385; 95% CI, 0.159-0.931; P ¼ .0340; n ¼ 50). With ExoFlo-15, a relative risk
of 0.423 (95% CI, 0.173-1.032; P ¼ .0588; n ¼ 24) was determined for participants aged 18 to
65 years with moderate to severe ARDS. Ventilation-free days improved with ExoFlo-15 (P ¼
.0455; n ¼ 50) for all participants aged 18 to 65 years.

INTERPRETATION: The 15 mL dose of ExoFlo was found to be safe in patients with severe or
critical COVID-19-associated respiratory failure. In participants aged 18 to 65 years, the risk
reduction in 60-day mortality was further improved from subjects of all ages in the intention-
to-treat population after two doses of 15 mL of ExoFlo compared with placebo.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov; No.: NCT04493242; URL: www.
clinicaltrials.gov. CHEST 2023; 164(6):1444-1453
KEY WORDS: COVID-19; bone marrow mesenchymal stem cell; efficacy; extracellular vesicle;
safety
FOR EDITORIAL COMMENT, SEE PAGE 1343
[ 1 6 4 # 6 CHE ST D E C EM B E R 2 0 2 3 ]

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chest.2023.06.024&domain=pdf


Take-home Points

Study Question: Do two doses of ExoFlo safely
reduce mortality in severe COVID-19-associated
moderate to severe ARDS compared with placebo?
Results: No adverse events or serious adverse events
related to the investigational product were reported.
For participants aged 18 to 65 years with respiratory
failure, 60-day mortality was significantly decreased
with ExoFlo-15 compared with placebo (relative risk,
0.385; 95% CI, 0.159-0.931; P ¼ .0340).
Interpretation: Two doses of ExoFlo safely and
significantly reduced mortality in patients aged 18 to
65 years with respiratory failure caused by critical or
severe COVID-19.
Optimal management of ARDS morbidity remains
critical. ARDS develops in 33% to 42% of hospitalized
patients with COVID-19 and in 61% to 81% of patients
admitted to the ICU. Patients with COVID-19-
associated ARDS exhibit pathologic changes of diffuse
alveolar damage similar to those of classic ARDS.1,2

Pooled mortality estimates of ARDS cases in patients
with COVID-19 showed similar mortality to patients
with non-COVID-19 ARDS.3

Bone marrow mesenchymal stem cells (BM-MSCs)
show promise for the treatment of ARDS. The phase
1 Human Mesenchymal Stem Cells for ARDS
Treatment (START) trial monitored outcomes for
60 days following a single IV administration to
patients with moderate to severe ARDS; no serious
adverse events (SAEs) were observed following
infusion of allogeneic BM-MSCs.4 Transplantation
of healthy donor BM-MSCs into patients with
COVID-19 pulmonary disease improved functional
outcomes without any observed adverse effects, and
serum level changes in tumor necrosis factor alpha
and IL-10 suggest that BM-MSCs may inhibit
cytokine storm.5 MSCs from other tissue sources
also exhibit efficacy.6 However, the challenges of
ABBREVIATIONS: AE = adverse event; BM-MSC = bone marrow
mesenchymal stem cell; EV = extracellular vesicle; ExoFlo-10 = 10 mL
ExoFlo mixed with 90 mL normal saline; ExoFlo-15 = 15 mL ExoFlo
mixed with 85mL normal saline; IRB = institutional review board; ITT =
intention-to-treat; SAE = serious adverse event; TEAE = treatment-
emergent adverse event; VFD = ventilation-free day
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cryodamage, fresh product distribution, cell product
heterogeneity, immunogenicity, thrombotic events,
and scalability make BM-MSC technology
impractical for global delivery.4,7,8

ExoFlo (Direct Biologics) is an extracellular vesicle
(EV) product manufactured per Current Good
Manufacturing Practice regulations from a single-
donor BM-MSC culture that conveys the
immunomodulatory and regenerative properties of
BM-MSCs without cellular therapy limitations.9-12

Extensive characterization of ExoFlo EVs reveals an
absence of immunogenic surface epitopes that would
cause acute immune reactions. The BM-MSCs used to
manufacture ExoFlo are fully characterized to meet
the International Society for Cellular Therapy
definition of possessing trilineage differentiation
capability (bone, adipose, and cartilage) and to be
positive for the surface markers CD90 and CD166 but
negative for CD45. The cells are evaluated by, and
have a master file on record, with the US Food and
Drug Administration that includes information about
the chemistry, manufacturing, and control
requirements for an approved phase 2 Investigational
New Drug Application clinical study. The efficacy and
safety potential of ExoFlo were evidenced by an
investigator-initiated safety study treating patients with
COVID-19-associated ARDS.13 These findings
combine with the acellular nature, homogeneity, and
scalability of ExoFlo to increase its potential as a
practical therapeutic option for respiratory failure
from COVID-19.13,14

To further evaluate the safety and efficacy of ExoFlo for
the treatment of hospitalized patients with respiratory
failure from severe or critical COVID-19, a randomized
controlled trial (Extracellular Vesicle Infusion
Treatment for COVID-19 [EXIT COVID-19]) was
conducted. We hypothesized that ExoFlo would be safe
in the treatment of patients with severe and critical
COVID-19 and compared the safety and efficacy of two
doses of ExoFlo vs placebo.
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Study Design and Methods
Study Design and Participants

A prospective multicenter phase 2 randomized double-anonymized
placebo-controlled trial was conducted. Enrollment for EXIT COVID-
19 began September 24, 2020, and was completed May 22, 2021. Five
clinical trial sites in the United States actively participated in patient
recruitment and enrollment. Patients with severe or critical COVID-19
as defined by blood oxygen saturation < 94% on room air at sea level,
PaO2/FIO2 < 300 mm Hg and a respiratory rate > 30 breaths per
minute, or lung infiltrates > 50% were included (e-Table 1).

The trial protocol was approved by the institutional review board (IRB)
at each site (or a centralized IRB as applicable) and overseen by a data
and safety monitoring board that was fully independent of both study
sponsor and director. Written informed consent (or consent by other
IRB-approved process) was obtained from each patient or patient’s
legally authorized representative if the patient was unable to provide
consent.

Randomization and Masking

Figure 1 presents a CONSORT (Consolidated Standards of
Reporting Trials) diagram of patient screening and enrollment.
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Figure 1 – CONSORT diagram for study enrollment, allocation of treatment a
saline; ExoFlo-15 ¼ 15 mL ExoFlo mixed with 85 mL normal saline.
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Patients (N ¼ 102) were randomized 1:1:1 by the clinical trial
sites to ExoFlo 15 mL, ExoFlo 10 mL, or placebo arms on day
1. ExoFlo is colorless when thawed, and thus only treatment
masking was required to maintain blinding. Unblinded
pharmacists prepared interventions that were delivered to the
blinded nursing staff who delivered the infusion. Pharmacists are
trained on blinding principles, sign a Delegation of Authority
Log, and do not intermingle with practitioners or patients and
their family.

Procedures

Each lot of ExoFlo meets stringent release specifications, including
proteomic, messenger RNA, and microRNA characterization. In
addition, the size and quantity of EVs and the presence of an
exosome-specific tetraspanin profile for CD9, CD63, and CD81
are confirmed. Identity assays are combined with validated
potency assays to show that the mechanism of action is functional.

Dosing of ExoFlo was calculated based on the following: (1) the 24-
patient preliminary COVID-19 ExoFlo pilot study13; (2) the phase 1
START trial using IV administration of BM-MSCs for ARDS, which
reported safety at up to 5 million cells/kg and a ceiling dose of 10
million cells/kg7; (3) observation of approximately 2,000 EVs
d for eligibility
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secreted per cell; and (4) laboratory analysis indicating 60 to 80 billion
EVs/mL. Extrapolation from the START trial MSC ceiling dose
indicates an IV ExoFlo ceiling dose of 17.5 mL/70 kg adult, and
15 mL and 10 mL of IV ExoFlo were determined as reasonable high
and low dosing arms providing 1.2 and 0.9 trillion EV particles per
dose, respectively.

All enrolled patients received a 100 mL IV infusion over 60 minutes on
day 1. Treatment arms were: 100 mL normal saline (placebo), 10 mL
ExoFlo mixed with 90 mL normal saline (ExoFlo-10), and 15 mL
ExoFlo mixed with 85 mL normal saline (ExoFlo-15). A repeat of
the same study treatment occurred on day 4 if the patient had not
recovered (blood oxygen saturation $ 93% on room air or PaO2/
FIO2 $ 300 mm Hg). All patients were followed up for 60 days, or
until hospital discharge or death. Regardless of the allocated
treatment arm, patients were offered standard supportive care
according to hospital guidelines. There was no major numerical
difference between the ExoFlo-15 and placebo arms for three types
of prior and concomitant medications (remdesivir, plasma, and
dexamethasone), and > 75% and 100% of both groups received
prior and concomitant glucocorticoids, respectively, per recent
guidelines.15

No statistical testing was provided due to a small sample size per
arm and no predefined limits for the test of equivalence. Although
all means and percentages between ExoFlo-15 and the placebo
arms in e-Table 2 were not significant (P > .1) according to a
superiority test, we could not make a conclusive statement on
equivalence between the ExoFlo-15 and placebo arms. Other
experimental treatment or off-label use of marketed medications
was prohibited. Patients were assessed daily from day 1 to day
60 during hospitalization. All SAEs and grade 3 or 4 AEs
representing increased severity from day 1 as well as any grade
2 or higher suspected drug-related hypersensitivity reactions were
recorded.
chestjournal.org
Outcomes

The primary end point was improvement in the mortality rate within
60 days from randomization. Secondary end points included: time to
death; incidence of treatment-emergent SAEs; proportion of
discharged patients; time to hospital discharge at 7, 30, and 60 days
from randomization; and ventilation free days (VFDs). Exploratory
outcome measurements included viremia, serum acute-phase
reactants, immune cell subset counts, Sequential Organ Failure
Assessment scores, and quality of life (five-level European Quality of
Life-5 Dimensions scale) scores.

Statistical Analysis

Calculation of the sample size was based on 60-day binomial mortality
rates of 32% for ExoFlo-15 referring to the Expanded Access
preliminary data and publication of 43% for placebo.16 Sixty-eight
patients in the intention-to-treat (ITT) analysis set generated
approximately 38% power based on a type I error rate of 0.2
(80% CI) to reject the null hypothesis with the underlying
assumption of 60-day mortality rates.

The study was designed to assess safety at two doses of ExoFlo toward
nominating a safe and effective dose of ExoFlo for the treatment of
respiratory failure from COVID-19, as well as to understand trends
in morbidity and mortality for future phase 3 hypotheses and study
design. Analysis of the primary outcome of 60-day binominal
mortality rate was planned and tested by using a c2 test as a
primary method. Predefined subgroup analyses were performed in
patients who met criteria for moderate to severe ARDS and/or a post
hoc subgroup of patients aged $ 18 to < 65 years to investigate
primary and secondary end points in this disease-specific cohort.

Ethical Principles

The study was conducted in accordance with ethical principles as denoted
in the International Council for Harmonisation E6 requirements.
Results

Trial Participants

Thirty-four subjects were randomized to treatment per
study arm. There were no significant demographic or
clinical differences in the treatment arms based on age,
sex, race, BMI, respiratory rate, intubation prior to
enrollment, time from first diagnosis of COVID-19 to
time of first treatment dose, total Sequential Organ
Failure Assessment score, PaO2/FIO2 ratio, and prior
therapy for COVID-19 (e-Table 2).

Subjects in the three arms were comparable with respect
to the number of doses received, reason for not receiving
the second infusion, and completion of all 60 days of the
study. Of the patients who received two doses, 27
(79.4%) of 34 participants were randomized to receive
ExoFlo-15, 29 (85.3%) of 34 participants to ExoFlo-10,
and 27 (79.4%) of 34 participants to placebo.

Safety

The safety analysis set (Table 1) consisted of all 68
enrolled participants who received any dose of ExoFlo.
No AEs or SAEs caused a pause in patient recruitment
or clinical trial discontinuation. No infusion reaction
or AEs were observed in any cohort within the first 72
hours. No AEs were attributed by the investigators to
administration of ExoFlo, and there was no apparent
difference across the three study arms in the
percentage of subjects with AEs or the distribution of
types of AE.

All events occurred> 72 h following treatment and were
evaluated by an independent data and safety monitoring
board to be reasonably attributable to COVID-19
disease progression or a temporally correlated provoking
stimulus. Both treatment-emergent AEs (TEAEs) and
serious TEAEs of grade 3 or 4 occurred with comparable
frequency between ExoFlo-15 and placebo, as did
TEAEs of any grade. The frequency of serious TEAEs of
any grade with ExoFlo-15 was less than that of placebo
and ExoFlo-10. The only treatment-related TEAE (grade
2 hypotension) occurred in the placebo arm. No serious
treatment-related TEAEs occurred in any of the three
arms. TEAEs that led to death occurred in 47.1% of the
subjects receiving placebo, 38.2% in the ExoFlo-10
1447
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TABLE 1 ] Overall Summary of Safety Events (Safety Analysis Set)

Safety Parameter
ExoFlo-15
(n ¼ 34)

ExoFlo-10
(n ¼ 34)

Placebo
(n ¼ 34)

ExoFlo Total
(N ¼ 68)

Any TEAEa

Any grade 24 (70.6) 26 (76.5) 23 (67.6) 50 (73.5)

Grade 3 or 4 5 (14.7) 9 (26.5) 5 (14.7) 14 (20.6)

Serious TEAEsa

Any grade 10 (29.4) 18 (52.9) 16 (47.1) 28 (41.2)

Grade 3 or 4 3 (8.8) 7 (20.6) 3 (8.8) 10 (14.7)

Study treatment-related TEAEs 0 (0) 0 (0) 1 (2.9) 0 (0)

Study treatment-related serious TEAEs 0 (0) 0 (0) 0 (0) 0 (0)

TEAEs that led to dose interruption 1 (2.9) 0 (0) 0 (0) 1 (1.5)

TEAEs that led to missing dose or discontinued the
treatment early

0 (0) 0 (0) 1 (2.9) 0 (0)

TEAEs that led to death 10 (29.4) 13 (38.2) 16 (47.1) 23 (33.8)

Data are presented as No. (%). Related indicates possibly related or probably related. ExoFlo-10 ¼ ExoFlo mixed with 90 mL normal saline; ExoFlo-15 ¼
15 mL ExoFlo mixed with 85 mL normal saline; TEAE ¼ treatment-emergent adverse events (defined as any adverse event that started between the first
dose date and 30 days following the last dose date, inclusively).
aToxicity grades of adverse events are evaluated based on criteria of the National Cancer Institute’s Common Terminology Criteria for Adverse Events
version 5.0. Each subject is counted once to the worst grade at subject-level.
group, and 29.4% in the ExoFlo-15 group. For all clinical
laboratory parameters, the mean values for the three
groups were comparable at baseline, and there were no
apparent major differences across the three groups in
changes from baseline (not shown).
Efficacy

ITT Population Analysis: The overall mortality rate
among all subjects was 61%. The 60-day mortality was
numerically lower in the ITT ExoFlo groups compared
with the placebo group (Table 2). Although the alpha
significance level of 0.2 was suboptimal and may not
indicate true statistical significance, the study rejected
the null hypothesis for the primary end point (P ¼
.1343) for ExoFlo-15. For all other analyses (including
ExoFlo-10 and secondary end points), subgroup
analyses were not predefined with a properly adjusted
type I error rate, and P values were calculated for a
descriptive purpose only. No multiplicity adjustment
applies to subgroup analyses.

The overall mortality (Kaplan-Meier) (Fig 2) was
improved at all time points for ExoFlo-15 compared
with ExoFlo-10, which was superior at all time points to
placebo. The overall mortality comparison between
placebo and ExoFlo-15 was measured by the Kaplan-
Meier curves and a hazard ratio with 95% CI using a
Cox regression model and tested by using a log-rank
test. No arm reached median overall mortality with a 60-
day follow-up. Although statistical significance was not
1448 Original Research
achieved for the log-rank test (P ¼ .1820) or the hazard
ratio (0.59; 95% CI, 0.27-1.30), the Kaplan-Meier
curves suggest an increasing reduction in the mortality
risk over time with ExoFlo-15 compared with placebo.
The relative difference in mortality rates across the
three groups increased with time from randomization;
ExoFlo-15 was 3% better than placebo at day 15,
9% better at day 30, and 18% better at day 60. Similar
trends, although of lesser magnitude, were observed
with ExoFlo-10 vs placebo. Mortality rates for ExoFlo-
15 and ExoFlo-10 diverged by 60 days, and the
mortality rate for ExoFlo-10 at 60 days was similar to
that of placebo.

The percentage of subjects discharged was highest for
ExoFlo-15 (58.8%), followed by ExoFlo-10 (52.9%) and
placebo (50.0%). The median time to hospital discharge
was estimated to be 22 days for ExoFlo-15, twenty-nine
days for ExoFlo-10, and not reached by placebo when
evaluated with Kaplan-Meier curves. The Kaplan-Meier
curves suggested a decreasing time to discharge from
placebo to ExoFlo-10 to ExoFlo-15, although statistical
significance was not achieved for the log-rank test (P ¼
.5554) or the recovery ratio (hazard ratio, 1.21; 95% CI,
0.63-2.31) as estimated by a Cox regression model
comparing time vs hospital discharge between ExoFlo-
15 and placebo.

In the ITT population, mean � SD VFDs were highest
for ExoFlo-15 (41.3 � 25.8) and similar for ExoFlo-10
(32.0 � 26.2) and placebo (33.9 � 28.1). The difference
[ 1 6 4 # 6 CHE ST D E C EM B E R 2 0 2 3 ]



TABLE 2 ] Summary of Efficacy (ITT Analysis Set)

Study End Point Statistics ExoFlo-15 (n ¼ 34) ExoFlo-10 (n ¼ 34) Placebo (n ¼ 34)

Subjects discharged within 60 d No. (%) 20 (58.8) 18 (52.9) 17 (50.0)

Subjects discharged within 30 d No. (%) 19 (55.9) 17 (50.0) 17 (50.0)

Subjects discharged within 7 d No. (%) 11 (32.4) 9 (26.5) 11 (32.4)

Median time to discharge (KM)a No. 34 34 34

Median 22.0 d 29.0 d NR

95% CI (6.0, NE) (9.0, NE) (7.0, NE)

Subjects who died within 30 d No. (%) 9 (26.5) 10 (29.4) 12 (35.3)

Subjects who died within 60 d No. (%) 10 (29.4) 14 (41.2) 16 (47.1)

80% CI (19.1, 41.6) (29.6, 53.6) (35.0, 59.4)

95% CI (15.1, 47.5) (24.6, 59.3) (29.8, 64.9)

ExoFlo-15 vs placebo P valueb .1343 . .

Median time to death (KM) Median NR NR NR

Mortality rate at 15 d (KM) % 21.2 22.2 24.2

Mortality rate at 30 d (KM) % 27.3 32.3 36.3

Mortality rate at 60 d (KM) % 30.4 46.6 48.4

95% CI (17.7-49.2) (30.6-65.8) (33.1-66.4)

P/F ratio increase from baseline to
day 7, mm Hgc

No. 17 18 18

Mean � SD 55.5 � 86.37 42.9 � 53.39 48.9 � 78.38

95% CI (18.9-92.1) (21.0-64.8) (16.8-81.0)

Min, max 0, 311 0, 176 0, 303.16

Ventilation-free days (within 60 d)d No. 34 34 34

Mean � SD 41.3 � 25.78 32.0 � 26.23 33.9 � 28.06

95% CI (33.8-48.7) (24.4-39.6) (25.8-42.1)

Min, max 0, 61 0, 61 0, 61

ExoFlo-15 vs placebo P valuee .3030 . .

Eighty percent CI and 95% CI of subjects who died within 60 d were calculated by using the exact (Clopper-Pearson) method; 95% CI of P/F ratio increase
and ventilation-free days are calculated using the t distribution. ExoFlo-10 ¼ ExoFlo mixed with 90 mL normal saline; ExoFlo-15 ¼ 15 mL ExoFlo mixed with
85 mL normal saline; ITT ¼ intention-to-treat; KM ¼ Kaplan-Meier method; Min, max ¼ minimum, maximum; NE ¼ not evaluable; NR ¼ not reached; P/F
¼ PaO2/FIO2 (average pressure of arterial oxygen to fraction of inspired oxygen ratio).
aSubjects who died or were discontinued from the study due to a reason other than discharge prior to reaching 60 d (day 61) are censored at day 61.
bc2 test for 60-day mortality rates. P value is displayed for a descriptive purpose.
cP/F ratio: All treated subjects with baseline and at least one P/F ratio measured at day 4 or 7. For missing day 7 data, 380 mm Hg was assigned for
discharged patients, and no change (0) was assigned to patients with negative change from the baseline or died prior to day 7.
dVentilation-free days: days when patients are not receiving mechanical ventilation within 60 d of follow-up.
eWilcoxon rank sum test. P value is displayed for a descriptive purpose.
in VFDs between ExoFlo-15 and placebo failed to reach
statistical significance (Wilcoxon rank sum test, P ¼
.303); however, encouraging trends in several end
points emerged in analyses of subpopulations of the
ITT population that were not predefined (e-Tables 3-5).

Subpopulations: Important post hoc subanalyses were
conducted in patients aged 18 to 65 years with
respiratory failure or moderate to severe ARDS. Those
with respiratory failure had a 60-day mortality of
50% in the placebo arm and 19.2% in the ExoFlo-15
arm, representing absolute risk reduction of 30.8% and
chestjournal.org
a relative risk of 0.385 (95% CI, 0.159-0.931; P ¼ .0340)
(Table 3). For this age group who met modified Berlin
criteria for moderate to severe ARDS, 60-day mortality
was 72.7% in the placebo arm and 30.8% in the ExoFlo-
15 arm, yielding an absolute risk reduction of
41.9% and a relative risk of 0.423 (95% CI, 0.173-1.032;
P ¼ .0588). These findings indicated a trend toward
improvement.

For the group aged 18 to 65 years, the number of VFDs
with ExoFlo-15 (47.6 days) was improved (Wilcoxon
rank sum test, P ¼ .0455,) compared with placebo
1449
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Figure 2 – Mortality (intention-to-treat population). Time to death was compared between investigational product 15 mL and placebo by using a log-
rank test. Median time to death was estimated by using the Kaplan-Meier method. Time to death is the interval in days from randomization to the
subject’s death. The interval is censored to study discontinuation or completion if the subject is alive. The HR of investigational product 15 mL to
placebo was estimated by using a Cox regression model with a 95% CI. aP value is from the log-rank test. HR ¼ hazard ratio; IP ¼ investigational
product; NR ¼ not reached.
(30.3 days) (e-Table 4). A dose-response effect trend was
observed for VFDs in both moderate and severe ARDS
in this age group (e-Table 5): moderate ARDS, 47.0
(ExoFlo-15), 25.3 (ExoFlo-10), and 13.3 (placebo);
severe ARDS, 34.6 (ExoFlo-15), 26.5 (ExoFlo-10), and
19.6 (placebo).

Discussion
This prospective double-anonymized randomized
placebo-controlled phase 2 trial is the first to show that
BM-MSC EVs are safe and exhibit potential for efficacy
based on post hoc subgroup analyses in the treatment
TABLE 3 ] Sixty-Day Mortality Rate for Patients Aged 18 to 6
ARDS

Indication
Placebo, n/N

(%)
ExoFlo 1

n/N (%

Respiratory failure due to severe or
critical COVID-19, aged 18-65 y

12/24 (50.0) 5/26 (1

Moderate to severe ARDS subgroup
(CPAP, BiPAP, MV), all agesc

11/17 (64.7) 6/16 (3

Moderate to severe ARDS subgroup
(CPAP, BiPAP, MV), aged 18-65 yc

8/11 (72.7) 4/13 (3

MV ¼ mechanical ventilation.
aAbsolute Risk Reduction ¼ (60-day mortality placebo) – (60-d mortality ExoFlo
bRelative Risk ¼ 60-d mortality rate with ExoFlo/60-d mortality rate with plac
cModerate to severe ARDS defined per the modified Berlin definition in which mo
P/F (PaO2/FIO2) ratio # 100 mm Hg.
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of severe or critical COVID-19. A critical finding of this
study was the safety profile of ExoFlo. There was a lack
of AEs or SAEs related to ExoFlo at either the 10 mL or
15 mL treatment dose. Given the severity of illness in
this patient population, the overwhelming safety profile
is highly encouraging for the regulatory path in patients
severely impaired with COVID-19. There were no
differences in the safety profile at either dose despite
the difference in efficacy trends observed between
ExoFlo-10 compared with ExoFlo-15, and no AEs were
related to the investigational product. The rate of
TEAEs and SAEs of any severity grade did not increase
5 Years With Respiratory Failure or Moderate to Severe

5 mL,
)

Absolute
Risk

Reductiona
Relative

Risk (95% CI)b N

P Value for
Relative
Risk

9.2) 30.8% 0.385 (0.159-0.931) 50 .0340

7.5) 27.2% 0.580 (0.281-1.195) 33 .1394

0.8) 41.9% 0.423 (0.173-1.032) 24 .0588

).
ebo.
derate ARDS is 100 mm Hg < P/F ratio # 200 mm Hg, and severe ARDS is
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beyond placebo with either dose of ExoFlo. The
number of patients in treatment arms who died was
lower with treatment relative to placebo. In fact, overall
mortality trended lowest in the ExoFlo-15 group and
improved with increasing time from randomization.
This safety profile is superior to the known side effects
attributed to dexamethasone, remdesivir, and IL-6
antagonists.17,18

All-cause 60-day mortality in the ITT population was
29.4% with ExoFlo-15 and 47.1% with placebo.
Although not statistically significant, our findings are
consistent with the findings of the initial investigator-
initiated trial and expanded-access program,19

wherein two treatments of ExoFlo-15 resulted in a
mortality reduction among patients hospitalized with
severe or critical COVID-19. Additional secondary
end points here supporting the benefit of ExoFlo-15
included confirmation of overall mortality according
to Kaplan-Meier curves, shorter time to hospital
discharge, increased VFDs, and biomarker trends.
Dose-response trends were observed in the ITT
population for 60-day mortality rate, overall mortality
(Kaplan-Meier), median time to discharge (Kaplan-
Meier), and VFDs. In the subgroup of patients aged 18
to 65 years with moderate or severe ARDS, VFDs
showed a dose-response trend with ExoFlo-15 >

ExoFlo-10 > placebo. Although these metrics did not
reach statistical significance, these results will inform
the subsequent phase 3 trial design. This study was
not adequately powered for a mortality benefit
between treatment arms; however, a larger mortality
risk reduction was identified in subjects aged 18 to 65
years experiencing respiratory failure due to COVID-
19, and a similar trend toward risk reduction was seen
in this age group with moderate to severe ARDS.

In the subgroup of patients aged 18 to 65 years who
met the modified Berlin criteria for moderate to severe
ARDS, mortality was 30.8% for ExoFlo-15 (n ¼ 11)
compared with 72.7% (n ¼ 13) in the placebo group;
there was a 60-day mortality absolute risk reduction of
41.9% and a relative risk of 0.423 (95% CI, 0.173-
1.032). Some of this difference may be due to
significant comorbidities in the aging population (age
is a known independent prognostic factor that affects
subjects aged > 65 years overwhelmingly to decrease
treatment effects on mortality) or to the small sample
size and a type I error. Another reason for such a
mortality benefit in the ARDS cohort is that ExoFlo
chestjournal.org
may have a more substantial impact in patients both
nearing intubation and those intubated at the time of
treatment, showing the value of ExoFlo in a critically
ill patient population. Importantly, this scenario
suggests that ExoFlo could be beneficial in pre-ARDS
patients. Larger sample sizes are needed to confirm a
significant difference in mortality, as the treatment
arm size was too small to adequately power this
question.

Although this is the first completed prospective
randomized placebo-controlled trial of an EV product for
the treatment of respiratory failure from COVID-19,
several other randomized clinical trials have been
conducted with antiviral and immunomodulatory
therapeutics for the treatment ofCOVID-19.15,20-30 Those
with documented effects on mortality include remdesivir
(antiviral) and dexamethasone and IL-6 antagonists
(immunomodulatory). The current trial is the first, to the
best of our knowledge, to show an EV product with
potential mortality benefit that, in phase 3, may be
superior to the aforementioned clinical trial results.

Weaknesses of the current study include that insufficient
power was proposed for the primary end point and
indications of efficacy may arise from the small sample
size and post hoc subgroup analyses. However,
preliminary efficacy inferences may be drawn from
trends in the end point data to guide generation of
hypotheses for the future phase III trial design.
Suggestions of efficacy were observed, particularly in
subjects receiving the higher dose of ExoFlo; overall
mortality, VFDs, and days to discharge all trended in
favor of the higher dose of ExoFlo vs placebo. In
addition, these trends seemed to be improved in the
younger patient cohort with ARDS.
Interpretation
Based on preliminary results shown with ExoFlo, the US
Food and Drug Administration issued a regenerative
medicine advanced therapeutic designation and also
authorized proceeding with a phase 3 clinical trial that is
currently underway to confirm the results described
herein. Given the limited approved therapeutics with
proven mortality benefit, expedient results of this phase
3 trial will be critical to the ongoing treatment of
patients with ARDS. Evidence of significant efficacy
against respiratory failure from COVID-19 disease by
ExoFlo would represent a significant advancement in
1451
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efforts to reduce morbidity and mortality caused by
SARS-CoV-2.
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