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Efficacy and safety of CD24Fc in hospitalised patients with
COVID-19: a randomised, double-blind, placebo-controlled,
phase 3 study
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Summary

Background Non-antiviral therapeutic options are required for the treatment of hospitalised patients with COVID-19.
CD24Fc is an immunomodulator with potential to reduce the exaggerated inflammatory response to tissue injuries.
We aimed to evaluate the safety and efficacy of CD24Fc in hospitalised adults with COVID-19 receiving oxygen
support.

Methods We conducted a randomised, double-blind, placebo-controlled, phase 3 study at nine medical centres in
the USA. Hospitalised patients (age =18 years) with confirmed SARS-CoV-2 infection who were receiving oxygen
support and standard of care were randomly assigned (1:1) by site-stratified block randomisation to receive a single
intravenous infusion of CD24Fc 480 mg or placebo. The study funder, investigators, and patients were masked to
treatment group assignment. The primary endpoint was time to clinical improvement over 28 days, defined as time
that elapsed between a baseline National Institute of Allergy and Infectious Diseases ordinal scale score of 2-4 and
reaching a score of 5 or higher or hospital discharge. The prespecified primary interim analysis was done when
146 participants reached the time to clinical improvement endpoint. Efficacy was assessed in the intention-to-treat
population. Safety was assessed in the as-treated population. This study is registered with ClinicalTrials.gov,
NCT04317040.

Findings Between April 24 and Sept 22, 2020, 243 hospitalised patients were assessed for eligibility and 234 were
enrolled and randomly assigned to receive CD24Fc (n=116) or placebo (n=118). The prespecified interim analysis was
done when 146 participants reached the time to clinical improvement endpoint among 197 randomised participants.
In the interim analysis, the 28-day clinical improvement rate was 82% (81 of 99) for CD24Fc versus
66% (65 of 98) for placebo; median time to clinical improvement was 6-0 days (95% CI 5-0-8-0) in the CD24Fc group
versus 10-0 days (7-0-15-0) in the placebo group (hazard ratio [HR] 1-61, 95% CI 1-16-2-23; log-rank p=0-0028,
which crossed the prespecified efficacy boundary [a=0-0147]). 37 participants were randomly assigned after the
interim analysis data cutoff date; among the 234 randomised participants, median time to clinical improvement was
6-0 days (95% CI 5-0-9-0) in the CD24Fc group versus 10-5 days (7-0-15-0) in the placebo group (HR 1-40, 95% CI
1-02-1-92; log-rank p=0-037). The proportion of participants with disease progression within 28 days was
19% (22 of 116) in the CD24Fc group versus 31% (36 of 118) in the placebo group (HR 0-56, 95% CI 0-33-0-95;
unadjusted p=0-031). The incidences of adverse events and serious adverse events were similar in both groups. No
treatment-related adverse events were observed.

Interpretation CD24Fc is generally well tolerated and accelerates clinical improvement of hospitalised patients with
COVID-19 who are receiving oxygen support. These data suggest that targeting inflammation in response to tissue
injuries might provide a therapeutic option for patients hospitalised with COVID-19.

Funding Merck & Co, National Cancer Institute, Oncolmmune.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction

COVID-19 is characterised by a wide range of clinical
manifestations, ranging from asymptomatic or mild
influenza-like illness (eg, cough, myalgia, fatigue,
low-grade fever, headache, and diarrhoea) to severe
disease including viral pneumonia (eg, dyspnoea and
hypoxaemia) that can rapidly progress to critical
illness involving acute respiratory distress syndrome,

coagulopathy, shock, multiorgan failure, and death.'?
Although the exact mechanism underlying the patho-
biology of severe COVID-19 is not known, viral replication
causes necroptosis of lung epithelial cells and release of
proinflammatory cytokines.’ Neighbouring pneumocytes
and resident macrophages recognise components
released from the necroptotic cells and inflammatory
cytokines and initiate a hyperinflammatory signalling
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Research in context

Evidence before this study

We searched PubMed and ClinicalTrials.gov from Jan 15, 2020,
to Nov 12, 2021, for papers in English, using the terms “CD24Fc
and COVID-19" and “randomised clinical trials and COVID-19”,
and found no previous clinical studies on soluble CD24
appended to heavy chains 2 and 3 of human immunoglobulin
G1, CD24Fc, in COVID-19. Drugs that inhibit inflammatory
responses, including dexamethasone, tocilizumab, and
baricitinib, have been approved for use in patients with
COVID-19. CD24Fc has been tested for safety and tolerability in
a phase 1 clinical study in healthy volunteers (NCT02650895).
A phase 2 trial of CD24Fc for the prevention of acute graft-
versus-host disease following myeloablative allogeneic
haematopoietic stem cell transplantation has been completed
(NCT02663622; the data are being summarised for
publication).

cascade resulting in the uncontrolled production and
release of cytokines or chemokines (otherwise known as
a cytokine storm), including interleukin (IL)-6, IL-2,
IL-10, tumour necrosis factor a, and interferon y.*

To date, there are few treatment options for hospitalised
patients with COVID-19. Dexamethasone, a broad-acting
anti-inflammatory corticosteroid, has shown a significant
reduction in mortality in a large study of hospitalised
patients with COVID-19.° The survival benefit associated
with dexamethasone appeared to be greatest in patients
receiving mechanical ventilation and lesser among
patients requiring oxygen support.’ The intravenous
antiviral agent remdesivir has been shown to significantly
shorten time to clinical recovery in hospitalised patients
with moderate-to-severe COVID-19.°° Effects on
mortality were variable in the remdesivir trials. Other
agents under investigation for the treatment of severe
COVID-19 include passive immunotherapy with con-
valescent plasma, monoclonal antibodies, IL-6 inhibitors,
IL-1 pathway inhibitors, and immunoglobulins.” To date,
virus-neutralising antibodies, administered either as
antigen-specific monoclonal antibodies or more broadly
antigen-reactive convalescent serum, have not shown a
clear Dbenefit in hospitalised patients with severe
COVID-19."# However, the monoclonal antibodies could
be sensitive to viral mutations, as monoclonal antibodies
such as bamlanivimab and etesevimab are no longer
recommended for use in the treatment of the omicron
(B.1.1.529) SARS-CoV-2 variant.

Furthermore, antibodies or targeted therapeutics
against cytokine and chemokine receptors have been
tested in several randomised trials. Although tocilizumab
and sarilumab, two IL-6 receptor antagonists, were
previously shown to be ineffective at reducing disease
progression and accelerating clinical recovery among
hospitalised patients with COVID-19,”*" a more recent
study in critically ill patients hospitalised with COVID-19

Added value of this study

In this randomised, multicentre, double-blind,
placebo-controlled, phase 3 study, we examined the
therapeutic effect of CD24Fc for hospitalised patients

with COVID-19 who were receiving oxygen support.

We found that CD24Fc had significant efficacy in accelerating
clinical improvement and in reducing disease progression
compared with placebo.

Implications of all the available evidence

Our findings suggest a possible new framework for the treatment
of COVID-19—ie, targeting an innate immune checkpoint of host
response to tissue injury. This work might lead to new approaches
to address diseases associated with inflammation.

found them both to be effective at extending the number
of organ-support-free days (by 10-11 days) and in
improving overall survival compared with standard of
care.” Baricitinib, a Janus kinase inhibitor, showed only a
small benefit in clinical efficacy when used in
combination with remdesivir, with a 1-day improvement
in clinical recovery overall and potentially more in the
subgroup receiving high-flow oxygen or non-invasive
ventilation, although the effect was not tested in
combination with dexamethasone.”

Because viral lysis of host cells might contribute to
COVID-19 pathogenesis and enhanced severity of disease,””
reducing the innate host injury response might serve as
another potential target for anti-COVID-19 therapeutics.
CD24 is a small glycosylphosphatidylinositol-anchored
cell surface glycoprotein that appears to suppress host
cell response to injury through its interaction with
immune-inhibitory transmembrane receptors called
sialic acid-binding immunoglobulin-type lectins (Siglec)
by downregulation of NF-kB activation.®* As a major
CD24 receptor, Siglec-10, has been shown to be
downregulated in the lungs of patients with COVID-19;*
it is of interest to determine whether fortifying the CD24-
Siglec pathway might lead to clinical benefit for patients.

Soluble CD24 appended to heavy chains 2 and 3 of
human immunoglobulin G1, CD24Fc, is in development
for the treatment of diseases associated with
inflammation.” Preclinical studies have suggested that
CD24Fc reduces the risk of graft-versus-host disease in
recipients of allogeneic haematopoietic stem cell
transplants.”” More recently, it has been shown that
CD24Fc confers therapeutic benefit against pneumonia
and diarrhoea induced by simian immunodeficiency
virus infection in Chinese rhesus monkey models.””
The safety and clinical activity of CD24Fc has been
evaluated in multiple phase 1 (NCT02650895) and
phase 2 (NCT02663622) clinical trials, but CD24Fc has
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not yet been evaluated in patients with COVID-19. We
aimed to evaluate the safety and efficacy of CD24Fc in
hospitalised adults with COVID-19 who were requiring
oxygen support and were at risk of progression to severe
and critical illness.

Methods

Study design and participants

We conducted a randomised, double-blind, placebo-
controlled, phase 3 trial at nine medical centres in
the USA. Eligible participants were hospitalised adults
(age =18 years) with a diagnosis of COVID-19 and
confirmed SARS-CoV-2 infection by PCR, who were
requiring oxygen support (oxygen saturations <94%).
Initially, the protocol specified that eligible participants
included adults with COVID-19 and a National Institute
of Allergy and Infectious Diseases (NIAID) 8-point
ordinal scale (NIAID-OS) score of 3 (ie, receiving
non-invasive ventilation or high-flow oxygen) or 4
(ie, receiving supplemental oxygen), regardless of acute
respiratory distress syndrome. After the event number
required for interim analysis was reached, the protocol
was amended to also allow the enrolment of participants
with critical COVID-19, defined by an NIAID-OS
score of 2 (ie, receiving invasive mechanical ventilation
or extracorporeal membrane oxygenation [ECMO]) if
intubation occurred within 7 days from randomisation.

Exclusion criteria were previous enrolment in a
CD24Fc clinical trial, women who were pregnant or
breastfeeding, and patients with severe liver disease
(Child-Pugh score C or aspartate aminotransferase more
than five times the upper limit of normal) or renal
impairment (creatinine clearance <30 mL/min or
receiving renal replacement therapy).

The study protocol and all amendments were approved
by the US Food and Drug Administration (FDA) and a
central institutional review board (Western Institutional
Review Board, Seattle, WA, USA) and accepted by the
institutional review board at each study centre. The
study was conducted in accordance with the protocol,
protocol amendments, Good Clinical Practice, and the
Declaration of Helsinki. All participants provided written
informed consent before enrolment. The protocol is
included in the appendix (pp 10-99).

Randomisation and masking

Eligible participants were randomly assigned (1:1) to
receive a single intravenous infusion of either CD24Fc
480 mg or placebo over 60 min on day 1. The study drug
and placebo were diluted to 100 mL with normal
saline by local hospital pharmacists. The study funder,
investigators, and patients were masked to treatment
group assignment. In addition to the assigned treatment,
all participants received the standard of care and other
experimental therapeutics at the treating physician’s
discretion following local institutional guidelines for
COVID-19 treatment. Randomisation was stratified by

study site. The block randomisation schedule, with a block
size of four, was produced by a computerised random list
generator and was securely provided to trained, unmasked
pharmacists at each site.

Procedures

The protocol-specified primary outcome was the time to
sustained clinical improvement in COVID-19 disease
status from randomisation (day 1) to day 29, defined as the
time that elapsed between a baseline NIAID-OS
score of 24 and a score of 5 or higher (ie, not
requiring supplemental oxygen, based on oxygen
saturation threshold of 93%) without a drop in score to
less than 5zthin 28 days. The clinical status of each
participant was evaluated by the treating physician
through day 29 using the NIAID-OS (NCT04280705,
ClinicalTrials.gov entry on March 20, 2020, by the
NIAID ACTT-1 Study Team; appendix pp 13-17).
Participants who were discharged from hospital before
day 29 were interviewed by telephone or telemedicine
weekly (plus or minus 3 days). The date when the
participant showed sustained clinical improvement with
an NIAID-OS score of 5 or higher or hospital discharge
date, whichever came first, was used as the date of clinical
improvement. If the participant was rehospitalised for
respiratory distress, a record of rehospitalisation with
oxygen therapy was used to modify the clinical
improvement date. The new time to clinical improvement
was modified to the time from randomisation to the last
improvement to a NIAID-OS score of 5 or higher or the
last date of hospital discharge, whichever came first.

Prespecified key secondary outcomes reported herein
were the proportion of participants who had died or had
respiratory failure (ie, defined as the need for mechanical
ventilation, ECMO, non-invasive ventilation, or high-
flow oxygen devices) by day 29, time to hospital
discharge, hospital discharge without readmission, time
to intubation, time to disease progression (ie, time to
progression from NIAID-OS score of 3 or 4 to 1 or 2, or
from 2 to 1, from randomisation to day 28), and all-cause
mortality (at days 15 and 29).

Other secondary endpoints, including proportion of
participants with clinical relapse (ie, return to oxygen
support for at least 1 day after initial recovery within
28 days after treatment), conversion rate of clinical status
on days 8 and 15 (ie, proportion of participants who
changed from NIAID-OS score of 2—4 to 5 or higher
within 28 days after randomisation), and duration of
hospitalisation were not reported in the manuscript as
their effects are integrated into the primary endpoint
analysis.

The general safety and tolerability profile of CD24Fc
was assessed by monitoring adverse events (grade 3-5)
during the 28-day treatment period and comparing the
incidences of specific adverse events by system organ
classes in both treatment groups. The study investigators
rated the severity (mild, moderate, or severe) and
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243 patients assessed for eligibility

9 excluded
7 did not meet inclusion criteria
1death
1 withdrawal of consent

v

| 234 enrolled and randomly assigned |

v v

116 assigned to the CD24Fc group
114 received a dose of
assigned treatment
2 did not receive assigned

treatment treatment
1 refused treatment 1 withdrawal of consent
1tooill 1tooill

1 became ineligible before

dosing

v v

| | 0 lost to follow-up |

118 assigned to the placebo group
115 received a dose of
assigned treatment
3 did not receive assigned

| 2 lost to follow-up

v v

116 included in the 118 included in the
intention-to-treat population intention-to-treat population
114 included in the safety 115 included in the safety
population population

Figure 1: Study profile

relatedness (possibly, probably, or definitely related to
study medication) of each adverse event.

Statistical analysis

The primary endpoint was assessed in the intention-to-
treat population and was analysed according to the
treatment assigned at randomisation, regardless of the
actual treatment received. For the analysis of the primary
endpoint (time to clinical improvement), all participants
without clinical improvement or who died within 28 days
were censored on the day 29 visit.

The sample size of the trial was determined on the
basis of the analysis of the primary endpoint. A total of
208 events in the intention-to-treat population would
provide 80% power with a two-sided significance level of
0-05 to detect a hazard ratio (HR) of 1-54 for time to
clinical improvement with CD24Fc versus placebo,
assuming the median time to clinical recovery was
7-14 days in the CD24Fc group and 11-00 days in the
placebo group, using a log-rank test. The assumption of
median time to clinical recovery of 11-00 days in the
placebo group in this study is consistent with reported
outcomes seen in previous studies in patients receiving
remdesivir.”” An interim analysis of the primary efficacy
endpoint of time to clinical improvement was prespecified
to occur when 146 participants reached the time to clinical
improvement endpoint (70% of the planned 208 total
events), with a two-sided a level of 0-0147 (ie, the

predefined stopping boundary) computed by Lan-DeMets
function approximating the O’Brien-Fleming boundary.”

Subgroups of patients with baseline NIAID-OS score
of either 2—4 or 34 and those who received or did not
receive standard-of-care concomitant therapies were
assessed for clinical improvement. The log-rank test was
used to compare survival curves for the primary analysis
of time to event endpoints and was used to compute
related p values. The Kaplan-Meier method was used to
estimate the cumulative probability of sustained clinical
improvement, as well as to calculate the median time
from randomisation to clinical improvement for each
group. The Brookmeyer-Crowley method was used to
construct the 95% Cls for the medians. HRs and 95% ClIs
were estimated by the Cox proportional hazard model.

All participants enrolled and randomised before the
final database lock date (Jan 31, 2021) were included for a
supportive analysis of the time to clinical improvement
endpoint and for all efficacy analyses of secondary
endpoints.

For the analysis of the secondary endpoints using
proportions, Fisher's exact test was used to test
differences in the proportions who died or had
respiratory failure between the treatment groups and
for the all-cause mortality endpoint. The log-rank test
was used to compare the time to disease progression
between the two groups. Analyses of secondary
endpoints were exploratory, not adjusted for multiplicity,
and their associated p values were considered nominal.
All randomised participants who received at least
one dose of study therapy (as-treated population) were
included in the safety analyses.

We performed post-hoc sensitivity analyses using site
as a stratification factor. To evaluate potential
overestimation and bias caused by censored deaths
possibly related to COVID-19, we performed a post-hoc
analysis using the Fine-Gray method.”

SAS version 9.4 TSIM6 was used for the statistical
analyses. This study is registered with ClinicalTrials.gov,
NCT04317040.

Role of the funding source

The funders of the study had a role in study design, data
collection, data analysis, data interpretation, and writing
of the report.

Results

Between April 24 and Sept 22, 2020, 243 hospitalised
patients were assessed for eligibility (figure 1). 234 eligible
participants were enrolled and randomly assigned to
receive CD24Fc (n=116) or placebo (n=118) and
were included in the intention-to-treat population.
Five participants were not dosed because they became
ineligible before dosing (two participants in the
CD24Fc group, three in the placebo group). Data from all
randomised participants who were enrolled before the
interim analysis cutoff date (Aug 21, 2020) were included
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in the interim primary analysis of time to clinical
improvement (n=197). After the interim analysis cutoff
date, the study entry criteria were modified to allow
enrolment of participants with critical COVID-19
disease (ie, NIAID-OS score of 2, receiving mechanical
ventilation or ECMO). 37 participants were enrolled after
the interim analysis cutoff date (17 participants in the
CD24Fc group and 20 in the placebo group) until the
final database lock date (ie, enrolled between Aug 21, 2020,
and the end of enrolment on Sept 22, 2020); of these,
three participants in the CD24Fc group and one in the
placebo group had an NIAID-OS score of 2 at study entry.
Two additional participants were enrolled and randomly
assigned in error; these participants were not included in
the intention-to-treat population as they were determined
to be ineligible in hindsight.

The treatment groups were generally well balanced
with respect to baseline demographics and disease
characteristics; the total number of comorbidities was
balanced between the two groups, although specific
comorbidities differed (diabetes and chronic obstructive
pulmonary disease were more frequent but obesity and
asthma were less frequent in the CD24Fc group
than in the placebo group; table 1). The median age
among the intention-to-treat population was 59-0 years
(IQR 48-0-68-0), 145 (62%) of 234 participants were male
and 89 (38%) were female, and 111 (47%) were White. At
randomisation, 121 (52%) of 234 participants were
receiving high-flow oxygen or non-invasive mechanical
ventilation (ie, NIAID-OS score of 3) and four (2%) were
receiving invasive mechanical ventilation or ECMO (e,
NIAID-OS score of 2). There were no meaningful
differences between the treatment groups in any of these
baseline parameters.

Of the 197 participants in the interim analysis, 99 were in
the CD24Fc group and 98 were in the placebo group. The
28-day improvement rate was 81 (82%) of 99 participants in
the CD24Fc group and 65 (66%) of 98 in the placebo group.
Median time to clinical improvement was 6-0 days
(95% CI 5-0-8-0) in the CD24Fc group versus 10-0 days
(7:0-15-0) in the placebo group (HR 1.61, 95% CI
1-16-2-23; log-rank p=0-0028; table 2, figure 2A). The
stopping criterion for efficacy was met based on the
prespecified efficacy boundary of 0-0147 and the study
was declared a success on the basis of the interim
analysis results. The post-hoc sensitivity analysis using site
as a stratification factor showed an HR of 1-61
(95% CI 1-15-2-25; p=0-0035), which supported the
primary analysis. A comprehensive analysis of efficacy
parameters in the interim population, including secondary
endpoints and subgroup analyses of time to clinical
improvement, showed clinical benefit of CD24Fc
(appendix pp 6, 8-9).

In the supportive analysis of time to clinical improvement
in the entire randomised population, median time to
clinical improvement was 6-0 days (95% CI 5-0-9-0) in
the CD24Fc group versus 10-5 days (7-0-15-0) in the

CD24Fc group (n=116)

Placebo group (n=118)

Age, years

Mean (SD) 57-8 (14-0)
Median (IQR) 58.0 (48:0-69-0)
Range 26-86
<65 75 (65%)
=65 41(35%)
Gender

Male 71 (61%)
Female 45 (39%)
Race

White 53 (46%)
Black or African American 28 (24%)
Asian 2 (2%)
Other 33 (28%)
Mixed 0
Ethnicity

Hispanic or Latino 41 (35%)
Not Hispanic or Latino 75 (65%)
Time from disease onset to randomisation, days

Participants with defined onset data, n 111
Median (IQR) 10-0 (6-0-13-0)
Range 1-90
Time from hospitalisation to randomisation, days

Median (IQR) 3-0 (1-0-4-0)
Range 0-59
NIAID-O0S score at baseline

2 3(3%)
3 57 (49%)
4 56 (48%)
>5 0
Comorbidities

22 65 (56%)
<2 51 (44%)
Hypertension 64 (55%)
Diabetes 26 (22%)
Obesity 12 (10%)
Chronic obstructive pulmonary disease 4 (3%)
Asthma 9 (8%)
Concomitant medications

Remdesivir 70 (60%)
Systemic corticosteroids 97 (84%)
Remdesivir or dexamethasone, or both 98 (84%)
Convalescent plasma therapy 63 (54%)
Antithrombotic agents 108 (93%)
Hydroxychloroquine 1(1%)
C-reactive protein concentration, nmol/L

Participants with available data, n 106

Median (IQR) 1035-9 (454-3-1381.0)

578 (14-2)

605 (48-0-67-0)
23-91

80 (68%)

38 (32%)

74 (63%)
44 (37%)

44 (37%)
74 (63%)

114
10-0 (7-0-12:0)
2-29

3-0 (1:0-4-0)
0-22

110
958-4 (552-4-1638-1)

Data are n (%) unless otherwise stated. NIAID-OS=National Institute of Allergy and Infectious Diseases 8-point

ordinal scale.

Table 1: Baseline characteristics of all randomised participants
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Point estimate
(95% Cl)

Primary endpoint, time to clinical improvement

Interim analysis (n=197) 1-61(116-2-23)
1.40 (1.02-1-92)

Subgroup analyses of time to clinical improvement for all
randomised participants

All randomised participants (n=234)

Baseline NIAID-OS score of 2 NA (NA-NA)*

Baseline NIAID-OS score of 3 1-21(0-75-1-94)

Baseline NIAID-OS score of 4 1-85(1-19-2-87)

Baseline NIAID-OS score of 3 or 4 1-46 (1-06-2-00)

Concomitant corticosteroids 1-46 (1-02-2-09)
(

Concomitant remdesivir 1-44 (0-98-2-14)
1.51(0-50-4-55)
Secondary time-to-event analyses for all randomised participants
1-42 (1-03-1.95)
056 (0-33-0-95)
053 (029-0:94)
Death or respiratory failure by day 29 in all randomised participants
CD24Fc group 26 (22%; 15-31)

33 (28%; 20-37)
All-cause mortality by day 29 in all randomised participants
CD24Fc group 16 (14%; 8-21)

18 (15%; 9-23)

Participants requiring intubation by day 29 in all randomised
participants

CD24Fc group

No concomitant corticosteroids or remdesivir

Time to hospital discharge
Time to disease progressiont

Time to intubationt

Placebo group

Placebo group

18 (15%; NA-NA)

Placebo group 32 (27%; NA-NA)

Point estimates are HR or n (%). HRs are for CD24Fc group versus placebo group.
NIAID-OS=National Institute of Allergy and Infectious Diseases 8-point ordinal scale.
NA=not available. HR=hazard ratio. *Analysis was not performed because of small
number of participants (n=4) with baseline NIAID-OS score of 2. fTime to event
analysed as rate of events comparison; HR less than 1 favours CD24Fc.

Table 2: Primary and secondary outcomes by analysis population and
subgroup

placebo group (HR 1-40, 95% CI 1-02-1-92; p=0-037;
table 2, figure 2B). The post-hoc sensitivity analysis using
site as a stratification factor showed an HR of 1-42 (95% CI
1-03-1-96; p=0-034). The 28-day improvement rate was
89 (77%) of 116 participants in the CD24Fc group and
78 (66%) of 118 in the placebo group. The post-hoc analysis
using the Fine-Gray method showed an HR of 1-37
(95% CI 1-02-1-83), which was similar to that based on
the Cox model.

In participants with NIAID-OS scores of 3 or 4 at
baseline, median time to clinical improvement was
6-0 days in the CD24Fc group versus 10-0 days in the
placebo group (HR 1-46, 95% CI 1-06-2-00; p=0-019).
The 28-day improvement rate was 89 (79%) of
113 participants in the CD24Fc group versus 78 (67%) of
116 in the placebo group.

222 (95%) of 234 participants received background
standard of care treatment with remdesivir, systemic
corticosteroid treatment, or convalescent plasma therapy,
or a combination thereof. Participants who received at
least one of the standard-of-care therapies were distributed

nearly equally between the CD24Fc (107 [92%] of 116) and
placebo (115 [97%)] of 118) groups. The treatment effect on
time to clinical improvement was generally consistent in
the subgroup of participants who received standard-of-care
therapies compared with the entire randomised population
(appendix p 7, table 2). In participants who received
systemic corticosteroids during the study (97 in the
CD24Fc group and 98 in the placebo group), the HR for
time to clinical improvement favoured CD24Fc versus
placebo (HR 1-46, 95% CI 1-02-2-09; table 2). Among
those who received dexamethasone (81 in the CD24Fc
group and 77 in the placebo group), the HR was 1-82 (95%
CI 1-22-2-72). Among those who received the current
standard daily dose of 6-0 mg dexamethasone’ (61 in the
CD24Fc group and 59 in the placebo group), the HR was
1-64 (1-05-2-55). In participants who received remdesivir
during the study, the HR was 1-44 (0-98-2-14; table 2).
The number of participants who did not receive back-
ground treatment with remdesivir, systemic corticosteroids,
or convalescent plasma, or a combination thereof, was too
few for a reliable analysis (n=12; table 1). In general,
treatment with CD24Fc accelerated clinical improvement
compared with placebo in other subgroups examined by
age, race, and sex (appendix p 7).

Among 234 randomised participants, the rate of
hospital discharge without readmission during the
28-day post-treatment period was 77% (89 of 116) in the
CD24Fc group and 65% (77 of 118) in the placebo group;
the median time from randomisation to hospital
discharge was 7-0 days (95% CI 6-0-9-0) in the CD24Fc
group and 10-5 days (7-0-15-0) in the placebo group
(HR 1-42; 95% CI 1-03-1-95; p=0-032; figure 3A;
table 2). Among participants with NIAID-OS scores of 3
or 4 at baseline, the rate of hospital discharge without
readmission was 79% (89 of 113) in the CD24Fc group
versus 66% (77 of 116) in the placebo group; median time
from randomisation to hospital discharge was 6-0 days
(95% CI 5-0-9-0) in the CD24Fc group and 10-0 days
(7-0-15-0) in the placebo group (HR 1-48, 95% CI
1-07-2-03; p=0-016; table 2).

Median time to disease progression was not estimated
due to the low rates of progression; among 234 randomised
participants, the 28-day rates of disease progression
were 19% (22 of 116) in the CD24Fc group versus
31% (36 of 118) in the placebo group (HR 0-56, 95% CI
0-33-0-95; p=0-031; figure 3B, table 2). Among
participants with NIAID-OS scores of 3 or 4 at baseline,
the rates of disease progression were 18% (20 of 113) in the
CD24Fc group versus 31% (36 of 116) in the
placebo group (0-51, 0-30-0-89; p=0-015).

The proportion of participants who died or had
respiratory failure by day 29 was 22% (26 of 116) in the
CD24Fc group versus 28% (33 of 118) in the placebo group
(between-group difference 6%, 95% CI —17 to 6; p=0-33;
table 2). Among participants with NIAID-OS scores of
3 or 4 at baseline, the corresponding proportions of
participants with respiratory failure or death at day 29
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Figure 2: Kaplan-Meier curves for time to clinical improvement

(A) Primary endpoint; time to clinical improvement among randomised participants included in the interim analysis (n=197). (B) Supportive analysis; time to clinical

improvement among all randomised participants (n=234). HR=hazard ratio.

were 20% (23 of 113) in the CD24Fc group versus
28% (33 of 116) in the placebo group.

By day 29, all-cause mortality had occurred in 16 (14%) of
116 participants in the CD24Fc group versus 18 (15%) of 118
in the placebo group (risk difference —2%, 95% CI —11 to 8;
table 2). For the subgroup of participants with NIAID-OS
scores of 3 or 4 at baseline, all-cause mortality had occurred
in 14 (12%) in the CD24Fc group versus 18 (16%) in the
placebo group (risk difference —3%, 95% CI —12 to 6).

32 (28%) of 114 participants who received CD24Fc and
35 (30%) of 115 who received placebo had at least
one adverse event (table 3). Adverse events were generally
balanced between the treatment groups. The incidence
of serious adverse events was similar in both treatment
groups (37 events in 26 [23%)] participants who received
CD24Fc vs 32 events in 27 [24%)] participants who received
placebo). There were no treatment-related adverse
events. The most frequently observed adverse events in
both treatment groups were in the system organ class of
respiratory, thoracic, and mediastinal disorders. The
incidence of respiratory failure-associated adverse events
was higher in participants who received placebo

(15 [13%)] participants) than in those who received
CD24Fc (five [4%]; table 3).

The most frequent grade 3 or worse adverse event in
the CD24Fc group was anaemia and in the placebo group
was exacerbation of respiratory failure (table 3). All
anaemia-related adverse events in this study were
deemed either not related or unlikely to be related to
study medication by the study investigators. No
infusion-related adverse events occurred. None of the
deaths in this study were attributed to study treatment.
Additional investigator-reported deaths were reported
by some sites outside of the 28-day protocol-specified
reporting period. Of these deaths, one was in the
CD24Fc group and six were in the placebo group.
Deaths outside of the 28-day protocol-specified period
were not uniformly reported across study sites,
therefore these findings should be interpreted with
caution.

Discussion
This study showed that, among hospitalised patients
with COVID-19 who were requiring oxygen support, the
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Figure 3: Kaplan-Meier estimates of secondary endpoints

(A) Time to hospital discharge among all randomised participants (n=234). (B) Time to disease progression (defined by death, invasive mechanical ventilation, or
extracorporeal membrane oxygenation) among all randomised participants (n=234). HR=hazard ratio.

administration of a single intravenous infusion of
CD24Fc 480 mg led to robust, significant, and sustained
improvements in time to clinical improvement compared
with placebo over the 28-day period after treatment.
When time to clinical improvement was analysed by
NIAID-OS score at baseline, the magnitude of the between-
group difference in response was numerically larger in the
subgroup of participants with less severe disease at
baseline (ie, NIAID-OS score of 4 vs NIAID-OS score of 3),
which suggests that CD24Fc is more effective when
administered early in the course of SARS-CoV-2 infection.
Beneficial effects of CD24Fc on clinical status at day 28
were seen across all other subgroups examined, including
by age, race, and sex. Taken together, the results from this
study show that CD24Fc substantially and meaningfully
improved time to clinical improvement, based on either
reduction of oxygen support or hospitalisation duration,

compared with placebo in hospitalised participants with
COVID-19 who had varied baseline demographics.
During the course of this study, use of remdesivir,
systemic corticosteroids, or convalescent plasma therapy,
or a combination thereof, became more widespread for
the treatment of COVID-19, due to positive signals
reported in the medical literature and emergency use
authorisations issued by the FDA.*” Most participants in
this study (95%) received at least one concomitant
COVID-19 therapy during the randomised treatment
period, and dexamethasone and remdesivir were the
most common. The benefit of CD24Fc versus placebo on
time to clinical improvement was observed across
subgroups of participants receiving many standard-of-
care therapies. These findings suggest that CD24Fc could
be a beneficial addition to the treatment armamentarium
in hospitalised patients with COVID-19, leading to
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reduced hospital stays and improved clinical status. A
limitation of this study was that convalescent plasma
therapy was considered as part of standard of care during
the enrolment period, before randomised studies with
convalescent plasma therapy failed to show efficacy in
patients with COVID-19.”

In addition to beneficial effects on time to clinical
improvement, secondary analyses showed that treatment
with CD24Fc also reduced the likelihood of disease
progression, defined by death or need for invasive
mechanical ventilation, by 44% compared with placebo,
and shortened the time to hospital discharge by 3-5 days.
Consistent with the reduced rate of intubation in the
CD24Fc group, there was a numerical reduction in death
and respiratory failure in the CD24Fc group compared
with placebo at day 29 (22% vs 28%, respectively) that did
not reach significance. The between-group differences in
all-cause mortality by day 29 were —2% (p=0-75) in the
overall population and -12% (p=0-030) in patients
requiring intubation (table 2). No apparent benefit with
respect to survival at 4 weeks was seen in this study,
which might be due to the small sample size or short
observation period. These results should be considered
exploratory in nature because adjustments for multiple
comparisons were not prespecified in the study protocol.

The overall adverse event profiles were similar in the
CD24Fc and placebo groups. The incidences and types of
adverse events, treatment-related adverse events, and
serious adverse events were generally similar across the
treatment groups. The adverse events observed were
consistent with a population of hospitalised patients with
COVID-19. The most frequently observed adverse events
in both treatment groups were in the system organ class
of respiratory, thoracic, and mediastinal disorders. The
incidences of anaemia-related adverse events were higher
in the CD24Fc group than in the placebo group, but
none were considered related to study treatment.
Consistent with the beneficial effect of CD24Fc on
clinical improvement, the incidence of respiratory
failure-related adverse events was numerically higher in
the placebo group than in the CD24Fc group.

Previous studies with IL-6 receptor antagonists have
shown mixed results with respect to improvements in
clinical recovery and delayed disease progression in
hospitalised patients with COVID-19.%* By comparison,
this study showed that CD24Fc accelerates clinical
recovery and reduces disease progression among
hospitalised patients with COVID-19. The observed
effects on clinical status observed in this trial are likely to
be due to the novel mechanism of action of CD24Fc
that suppresses production of multiple inflammatory
cytokines and decreases inflammation in multiple
tissues, including the lungs.** Through interactions
with Siglec-G in mice and Siglec-10 in humans, CD24
functions as an innate immune checkpoint surveillance
molecule that suppresses activation of NF-kB caused by
tissue injury—namely, danger-associated molecular

CD24Fcgroup  Placebo group
(n=114) (n=115)
Total adverse events 69 52
Participants with adverse events 32 (28%) 35 (30%)
Treatment-related adverse events 0 0
Participants with treatment-related adverse events 0 0
Total serious adverse events 37 32
Participants with serious adverse events 26 (23%) 27 (24%)
Deaths 16 (14%) 18 (15%)
Total fatal serious adverse events 17 19
Participants with fatal serious adverse events 15 (13%) 18 (16%)
Fatal serious adverse events*
Respiratory, thoracic, and mediastinal disorders 7 (6%) 13 (11%)
Respiratory failure 5 (4%) 12 (10%)
Cardiac disorders 6 (5%) 3(3%)
Cardiac arrest 3(3%) 2 (2%)
Total non-fatal serious adverse events 22 15
Participants with non-fatal serious adverse events 17 (15%) 12 (10%)
Non-fatal serious adverse events*
Respiratory, thoracic, and mediastinal disorders 7 (6%) 7 (6%)
Respiratory failure 0 3 (3%)
Blood and lymphatic system disorders 3(3%) 1(1%)
Anaemia 3(3%) 1(1%)
Renal and urinary disorders 3(3%) 1(1%)
Acute kidney injury 3(3%) 1(1%)
Grade =3 adverse events by system organ class*
Blood and lymphatic system disorders
Acute anaemia 0 1(1%)
Acute exacerbation of chronic anaemia 1(1%) 0
Anaemia 5(4%) 1(1%)
Worsening of anaemia 1(1%) 0
Cardiac disorders
Asystole arrest 1(1%) 0
Cardiac arrest 2 (2%) 2 (2%)
Renal and urinary disorders
Acute kidney injury 1(1%) 1(1%)
Acute renal failure 4 (3%) 1(1%)
Oliguric acute renal failure with hyperkalaemia 0 1(1%)
Respiratory, thoracic, and mediastinal disorders
Pneumothorax 2 (2%) 1(1%)
Right pneumothorax 1(1%) 0
Exacerbation of respiratory failure 3(3%) 7 (6%)
Hypoxic respiratory failure 0 2 (2%)
Hypoxic respiratory failure secondary to COVID-19 0 1(1%)
Respiratory failure 4 (3%) 6 (5%)
Data are n or n (%). Adverse event assessment period was 28 days from randomisation. *With incidence rates of
2% or greater in one or more treatment group, by system organ class in all participants who received study treatment.
Table 3: Adverse events

patterns such as HMGB1 and HSP70/90.** This
pathway might be defective in patients with SARS-CoV-2
infection, as Siglec-10 has been shown to be selectively
downregulated in lung tissue in patients with
COVID-19.# Exogenous HMGB1 also induces the
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expression of SARS-CoV-2 entry receptor ACE2 in
alveolar epithelial cells.” The broad impact of CD24Fc on
inflammation in patients with COVID-19, as described
elsewhere,” is consistent with this notion.

We did our primary analysis in the intention-to-treat
population as this is the standard approach, although
there are some potential drawbacks of this approach that
have been described previously.”? After the prespecified
interim analysis, this study was stopped on the basis of
the efficacy criteria for stopping enrolment being met.
Although this resulted in a small patient population, the
robust results in both primary and secondary outcomes,
as well as in subgroup analyses, are supportive of the
prespecified stopping point being correctly designed into
the trial to provide a reliable measure of treatment effect.
An additional independent trial would be valuable to
confirm the clinical benefit found in this study and could
be designed with a longer study duration and the power
to evaluate survival benefits. Because this study enrolled
very few patients who were receiving invasive mechanical
ventilation or ECMO, the effect of CD24Fc in these
patients requires further study. Finally, as the trial was
conducted in 2020, the effect of CD24Fc against more
recent SARS-CoV-2 variants has not been tested.
However, as CD24Fc targets the host immune system, its
therapeutic activity would be less likely to be affected by
viral mutations.

Treatment with CD24Fc significantly accelerated
clinical improvement. It also reduced disease progression
and shortened the length of hospital stay among
participants with COVID-19 receiving oxygen support.
CD24Fc had an acceptable safety and tolerability profile
compared with placebo.
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