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Background. We evaluated the safety and efficacy of XAV-19, an antispike glyco-humanized swine polyclonal neutralizing
antibody in patients hospitalized with severe coronavirus disease 2019 (COVID-19).

Methods. This phase 2b clinical trial enrolled adult patients from 34 hospitals in France. Eligible patients had a confirmed
diagnosis of severe acute respiratory syndrome coronavirus 2 within 14 days of onset of symptoms that required hospitalization
for low-flow oxygen therapy (<6 L/min of oxygen). Patients were randomly assigned to receive a single intravenous infusion of
2 mg/kg of XAV-19 or placebo. The primary end point was the occurrence of death or severe respiratory failure between
baseline and day 15.

Results. Between January 12, 2021, and April 16, 2021, 398 patients were enrolled in the study and randomly assigned to
XAV-19 or placebo. The modified intention-to-treat population comprised 388 participants who received full perfusion of
XAV-19 (199 patients) or placebo (189 patients). The mean (SD) age was 59.8 (12.4) years, 249 (64.2%) individuals were men,
and the median time (interquartile range) from symptom onset to enrollment was 9 (7-10) days. There was no statistically
significant decrease in the cumulative incidence of death or severe respiratory failure through day 15 in the XAV-19 group vs
the placebo group (53/199 [26.6%] vs 48/189 [25.4%]; adjusted risk difference, 0.6%; 95% CI, —6% to 7%; hazard ratio, 1.03;
95% CI, 0.64-1.66; P=.90). In the safety population, adverse events were reported in 75.4% of 199 patients in the XAV-19
group and in 76.3% of 190 patients in the placebo group through D29.

Conclusions. Among patients hospitalized with COVID-19 requiring low-flow oxygen therapy, treatment with a single intravenous
dose of XAV-19, compared with placebo, did not show a significant difference in terms of disease progression at day 15.

Keywords. SARS-CoV-2; XAV-19; clinical trial; polyclonal glyco-humanized anti-SARS-CoV-2 antibody.

Coronavirus disease 2019 (COVID-19) pneumonia in hospital- and use of high-flow oxygen, mechanical ventilation, and a high

ized patients often leads to acute respiratory distress syndrome rate of death [1]. In the past 2 years, progress has been made to

improve management of the most severe forms of COVID-19,
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including heparin-based thromboprophylaxis [2], remdesivir
[3], glucocorticoids [4], interleukin-6 signaling inhibitors [5],
selective inhibitor of Janus kinase (JAK) [6], and neutralizing
antibodies [7].
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have been developed and have been recommended by the
World Health Organization for patients at an early stage of
COVID-19 to prevent progression to severe or critical disease
[7, 8]. Given the resistance of current SARS-CoV-2 variants
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to monoclonal antibodies, there is a clinical need for new neu-
tralizing antibodies for management of COVID-19 patients.
The advantage of polyclonal antibodies over monoclonal anti-
bodies, which bind to nonoverlapping epitopes, is to reduce
neutralization escape by SARS-CoV-2 and mutations in the
spike gene [9, 10].

Heterologous animal-derived polyclonal antibodies could be
an advantageous approach but raise safety concerns related to
the risk of serum sickness [11]. XAV-19 is a purified polyclonal
immunoglobulin G (IgG) derived from immunization with the
receptor binding domain (RBD) of the SARS-CoV-2 spike in
CMAH/GGTAL1 double-knockout pigs designed to produce
polyclonal glyco-humanized antibodies, leading to improved
tolerability for administration in humans [12]. XAV-19 binds
multiple target epitopes on SARS-CoV-2 spike, maintains neu-
tralizing activity against the Alpha, Beta, Gamma, Delta, and
Omicron variants of concern, and does not induce escape mu-
tations in SARS-CoV-2 [13].

In a phase 2a study conducted in severe COVID-19 hospital-
ized patients, a single intravenous perfusion of XAV-19 at
2 mg/kg was safe and maintained plasma XAV-19 concentra-
tions above the expected target neutralization concentration
for at least 8 days after infusion (estimated half-life of 11.4
days) [14, 15].

We conducted a multicenter, randomized, double-blind,
placebo-controlled phase 2b study to investigate the efficacy
of XAV-19 in hospitalized patients with severe COVID-19
who required low-flow oxygen support.

METHODS

Trial Design and Ethical Considerations

The POLYCOR trial was a multicenter, phase 2b, double-
blind, placebo-controlled, randomized clinical trial conduct-
ed at 34 sites in France. Details of the trial design have been
reported previously [14] and are available in the trial protocol
and the statistical analysis plan (Supplementary Data 1 & 2).

Patient Consent

This trial was conducted in accordance with the Good
Clinical Practice guidelines of the International Council for
Harmonization E6 and the principles of the Declaration of
Helsinki. The protocol was reviewed by the French National
Agency for Medicines and Health Products’ Safety (ANSM
MEDMSANAT-2020-12-00243_2020-002574-27, approval
12/28/2020) and approved by the Ethics Committee CPP
Ouest VI (Brest, France, approval #20.06.15.31.306, CPP ref-
erence 1305, 01/08/2021) and was sponsored by the research
department of Nantes University Hospital. Written informed
consent was obtained from all participants at the time of
enrollment.

Patients

Patients aged 18 years or older who were hospitalized with
severe COVID-19, as confirmed by positive polymerase chain
reaction (PCR) assay of respiratory samples, a need for oxygen
supplementation, and evidence of pulmonary involvement on
lung examination and/or chest radiography or computed to-
mography, were eligible for enrollment. Participants had to
have symptom onset and first positive PCR test no more than
14 days before randomization and requirement for oxygen
support with a blood oxygen saturation (SpO2)>92% (or
>90% if they had chronic obstructive pulmonary disease) on
oxygen <6 L/min by facial mask or nasal prongs. Exclusion
criteria included high-flow oxygen support, mechanical venti-
lation or extracorporeal membrane oxygenation (ECMO), evi-
dence of multiorgan failure, prior stay in an intensive care unit
(ICU) for the current COVID-19 episode, having received im-
munoglobulins or any blood products in the past 30 days, or
uncontrolled bacterial infection. Standard care according to lo-
cal practice (antiviral treatment, glucocorticoids, tocilizumab,
anticoagulants, and supportive care) was provided.

Intervention, Randomization, and Blinding
Eligible patients were randomly assigned in a 1:1 ratio to
receive a single intravenous infusion of XAV-19 or placebo
plus standard care by means of an interactive web-based re-
sponse system and block randomization. Randomization was
stratified according to duration of symptoms (0 to 6 days, 7
to 10 days, or 11 to 14 days) and by center. The saline placebo
was administered in the same volumes as the active agents in
the XAV-19 group, so that neither the patient nor the investi-
gator could differentiate it from XAV-19 by its appearance.
Based on a previous pharmacokinetic study (phase 2a) of
XAV-19 in patients hospitalized with COVID-19 pneumonia,
a single infusion of XAV-19 at 2 mg/kg was chosen [15].
Patients and investigators were blinded to the trial’s group

assignment.

Outcomes

Patients’ clinical status was assessed on the World Health
Organization (WHO) 8-level ordinal scale [16] according to
the following categories: (1) discharged with no limitation of
activities; (2) discharged with limitation of activities; (3) hospi-
talization without supplemental oxygen; (4) hospitalization
with supplemental oxygen by mask or nasal prongs; (5)
ICU or non-ICU hospitalization with noninvasive ventilation
(NIV) or high-flow oxygen; (6) ICU hospitalization with intu-
bation and mechanical ventilation (MV); (7) ICU hospitaliza-
tion with extracorporeal membrane oxygenation or MV and
additional organ support (ECMO); and (8) death. The primary
outcome was the occurrence of death or respiratory failure
through day 15, as defined by a score of >5 on the WHO
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ordinal scale or by an increase of the required O2 supplement
(in absolute value) of >10 L/min with a nonrebreather mask.

The following secondary outcomes were recorded through
day 29: percentage of subjects reporting each severity rating
on an 8-point ordinal scale at day 15, primary criterion at
days 8 and 29, time to respiratory failure, cumulative incidence
of transfer to ICU, time to first day on invasive mechanical ven-
tilation or ECMO (6 or 7 on an ordinal scale), time to weaning
off of oxygen support, time to hospital discharge, cumulative
incidence of death through days 60 and 29, oxygen-free days,
time to National Early Warning Score (NEWS) <2 or hospital
discharge, and thrombotic events (defined as any confirmed
thrombotic episode including peripheral venous thrombosis,
pulmonary embolism, or arterial thrombosis).

Adverse Events

Safety outcomes included the cumulative incidence of any
grade 3 or 4 adverse event (AE) or of any serious adverse event
(SAE) and grade changes in the biological and inflammatory
patterns of participants over time. The occurrence and se-
verity of AEs were graded according to the Division of
AIDS (DAIDS) Table for Grading the Severity of Adult and
Paediatric Adverse Events (version 2.1, July 2017) and coded
according to the Medical Dictionary for Regulatory Activities,
version 24.0. The etails of adverse event reporting are de-
scribed in Supplementary Data 2. An independent data and
safety monitoring board reviewed unblinded patient-level
data for safety on a regular preplanned basis during the trial.

Sample Size Calculation

Sample size calculation was based on a previous cohort anal-
ysis that reported around 20% progression to severe respirato-
ry failure requiring admission to the ICU among patients
hospitalized with oxygen supplementation for COVID-19
pneumonia [1].

We calculated that a sample size of 398 patients would pro-
vide the trial with 80% power to detect a between-group differ-
ence of 10 percentage points in the incidence of the primary
outcome, assuming that 10% of the participants in the
XAV-19 group and 20% of those in the placebo group would
have an event. The hypothesis of superiority was to be tested
at a 2-tailed alpha level of 5%.

Statistical Analysis

We performed efficacy assessments of the primary and second-
ary outcomes in the modified intention-to-treat (mITT) popu-
lation, which included all the patients who had undergone
randomization (ITT population) and received full perfusion
of XAV-19 or placebo and who had legal requirements (ie,
no guardianship or trusteeship, >18 years, signed consent)
(Supplementary Data 1). The primary outcome was analyzed
using a logistic regression model that included a fixed effect

for stratification factor (duration of symptom onset at enroll-
ment and center) as a random effect. Missing data were handled
by simple imputation by the worst case scenario on the mITT
population. If the P value of the parameter was <.05, then the
null hypothesis that there was no difference between groups
was rejected. A sensitivity analysis was performed on the ITT
population, that is, all randomized patients. Missing data
were handled by multiple imputation methods (5 completed
data sets were generated in order to pool the results). The mul-
tiple imputation model was based on stratification factors
(duration of symptom onset at enrollment, center) and the al-
located treatment group. This approach assumed that missing
data were missing at random. A second sensitivity analysis
was performed on the per-protocol (PP) population, that is,
randomized patients who had received a full perfusion of
XAV-19 or placebo, met the legal requirements, met the prima-
ry end point, and did not meet the primary endpoint before
treatment, that is, between randomization and perfusion.
Prespecified subgroup analyses were performed on the primary
end point according to time from symptom onset to enroll-
ment, age, gender, comorbidities, presence of immunodepres-
sion, NEWS?2 score, ratio of the partial pressure of oxygen to
the fraction of inspired oxygen, and COVID-19 serum anti-
body status at baseline.

For analyses of the secondary outcomes, 95% Cls were not
adjusted for multiplicity. Because of the potential for type I er-
ror due to multiple comparisons, findings for secondary end
points were considered exploratory. Time-to-event analyses
(time to respiratory failure or death), when no other risk was
in competition, used the frailty model to take into account cen-
ter as a random effect. All analyses were adjusted for duration
of symptoms before enrollment as a fixed effect and censored
29 days after infusion. Time to ICU transfer, to MV or
ECMO, to NIV/ high-flow oxygen, to oxygen support weaning,
to a NEWS <2, and to hospital discharge was compared
between groups using the Fine and Gray method to take into
account the competing risk of death before the event, adding
a frailty factor to include the variability of the randomization
done by each center. Oxygen-free days were calculated as the
number of days without oxygen between day 1 and day 29.
Patients who had died by day 29 were considered to have had
no oxygen-free days. This duration was compared between
groups using the van Elteren test.

Data were analyzed with R (version 4.1.1) and SAS software
(version 9.4, SAS Institute). All tests were 2-tailed, with signifi-
cance defined as P < .05.

Exploratory Analysis

Exploratory outcome measures were done in a subset of
participants and included the decrease of the normalized
SARS-CoV-2 viral load in nasopharyngeal (NP) swabs from
baseline to day 29; ancillary studies analyzed the postinfusion
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plasma concentration of XAV-19 at day 1 and the trough level
at days 3, 5, 8, 15, and 29, as well as total anti-SARS-CoV-2 S1
protein and inhibiting antibodies in the sera of patients treated
with XAV-19 vs placebo. This study was performed in a sub-
group of 30 patients included in the core study (16 XAV-19
and 14 placebo). We also included 20 additional patients
from a supplementary pharmacokinetic substudy (with a fixed
dose of 150 mg XAV-19) and 2 vaccinated patients (after the
second dose of COVID-19 Pfizer-BioNTech BNT162b2 vac-
cine). The main objectives of this substudy were to measure
total anti-SARS-Cov-2 S1 protein and inhibiting antibodies in
the sera of patients treated with XAV-19, compared with place-
bo, with postvaccinated patients serving as controls. The kinet-
ics of total anti-SARS-CoV-2 S IgG were assessed by Elecsys
anti-SARS-CoV-2 S assay; an electrochemiluminescence
immunoassay “ECLIA” was performed on a Cobas e immuno-
assay analyzer using the Elecsys Anti-SARS-CoV-2 S assay
(Roche Diagnotics, Meylan, France) to detect antibodies
to SARS-CoV-2 spike protein RBD in patients’ serum (antigens
within the reagent capture were predominantly anti-SARS-
CoV-2 IgG, but also anti-SARS-CoV-2 IgA and IgM). Spike/
ACE-2 interaction blocking antibodies were assessed by testing
patients’ sera for their capacity at blocking the binding of re-
combinant SARS-CoV-2 spike S1 molecule (original strain)
to immobilized recombinant human ACE-2 protein (Sino
Biological, Eschborn, Germany) [17].

RESULTS

Patients

From January 12, 2021, through April 16, 2021, a total of 2558
hospitalized patients with COVID-19 were assessed for eligibil-
ity, and after exclusion, 398 consecutive patients receiving
low-flow oxygen therapy from 34 sites in France consented
and were enrolled: 203 were randomly assigned to receive
XAV-19 and 195 to receive placebo. Of these patients, 199 in
the XAV-19 group and 190 in the placebo group received the
assigned treatment. In the placebo group, 1 patient did not pro-
vide a valid consent and was excluded from the mITT popula-
tion, which included 388 patients (199 in the XAV-19 group
and 189 in the placebo group). Four patients were removed
from the per-protocol analysis: 1 patient, in the XAV-19 group,
was lost to follow-up after being discharged alive from the hos-
pital, 2 patients in the XAV-19 group and 1 in the placebo
group had respiratory failure before infusion (Figure 1). The
baseline characteristics of the patients were well balanced
in the 2 trial groups. The mean (SD) age of patients was 59.8
(12.4) years, and 249 (64.2%) were men, with a median time
(interquartile range [IQR]) of 9 (7-10) days from symptom
onset to enrollment. The median duration between hospitaliza-
tion and assigned treatment administration (IQR) was 1 (1-2)
day. Regarding the patient’s respiratory illness at baseline,

partial pressure of oxygen/fraction of inspired oxygen ratio
<300, NEWS score 2-4, and oxygen flow >4L/min at baseline
were 80% vs 78%, 13% vs 18%, and 27% vs 23% for the
XAV-19 and placebo patients, respectively (Table I;
Supplementary Table 1). Previous medications used by ACEI
or ARB2 were in 26.6% vs 17% in the XAV-19 and placebo
groups. The proportion of patients infected by the initial
SARS-CoV?2 virus, the variant Alpha, the variant Beta, the var-
iant Gamma, or other variants was 39.2%, 53.4%, 3.9%, 0.5%,
and 3.1%, respectively. Standard care at baseline included glu-
cocorticoids in 93.3% of the patients and remdesivir in 1.0%.

Primary Outcome

Results for the primary and secondary outcomes are shown
in Table 2. There was no statistically significant decrease in
the cumulative incidence of death or severe respiratory failure
through day 15 in the XAV-19 group vs the placebo group
(53 [26.6%] vs 48 [25.4%], respectively; absolute risk difference,
0.6%; 95% CI, —6% to 7%; hazard ratio, 1.03; 95% CI, 0.64-1.66;
P =.90).The ITT sensitivity analysis led to imputing 9 missing
values (2%), with similar proportions regarding primary out-
come (Table 2). Results for the primary outcome were consis-
tent across subgroups and in all randomized (ITT) and PP
populations (Supplementary Table 1, Supplementary Figures
1 and 2).

Secondary Outcomes

The distributions of patients’ scores on the 8-level ordinal
scale at day 15 and day 29 are shown in Figure 2A and
Supplementary Figure 2. Time to respiratory failure, time to
weaning off of oxygen, and oxygen-free days were not signifi-
cantly different between the 2 groups. Through day 29, time
to first day under invasive mechanical ventilation or ECMO
was 1 day shorter in the XAV-19 group vs the placebo group
(median [IQR], 4 [3-6] vs 5 [3-7] days, respectively; adjusted
hazard ratio, 2.05; 95% CI, 1.04-4.02; P=.037) (Table 2,
Figure 2B and C; Supplementary Table 1). Time to hospital dis-
charge was 1 day longer in the XAV-19 group than the placebo
group (median time [IQR], 8 [7-9] vs 7 [7-8] days, respectively;
adjusted hazard ratio, 0.76; 95% CI, 0.62-0.93; P=.008)
(Supplementary Figure 4). By day 29, death from any cause oc-
curred in 3.5% of the patients in the XAV-19 group and 1.6%
of the placebo group (adjusted hazard ratio, 2.12; 95% ClI,
0.55-8.20) (Table 2; Supplementary Table 1 and Figure 3).

Exploratory Analyses

A total of 592 NP swabs were analyzed for viral load quantifica-
tion in 194 participants. There was no significant effect of
XAV-19 compared with placebo on the viral kinetics, in either
patients with positive or negative COVID-19 serology status at
baseline (Supplementary Figure 5 and 6). The postinfusion plas-
ma concentrations of XAV-19 and total anti-SARS-CoV-2 S1
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2558 Patients hospitalized with symptomatic COVID-19

assessed for eligibility

2094 Excluded
1090 Were unable to comply with inclusion criteria:

243  Did not have 02 <6 L/min
135 Had duration of symptoms >14 days
102 Lacked capacity for consent
39 Did not have SARS-CoV-2 pneumonia confirmed
83 Wereage <I8or>85y
488 ad other reason
282 Had an exclusion criterion:
21 Were receiving NIV, IMV, or ECMO
41 Participated in other trials
3 Ilad suspected uncontrolled bacterial infection
4  Had severe hepatic impairment
19 Had severe kidney impairment
7  Had severe heart impairment
51 Had other serious medical condition
2 Were pregnant
134 Had other exclusion criteria
326 Declined to participate
396 Had other unspecified reason

398 Randomized

203 Randomized to XAV-19 group (ITT)

!

4 Did not receive the treatment

2 Due to physician’s decision”
2 Withdrew consent

.

199 Received intervention as randomized ‘

.

‘ 199 Included in the primary analysis (mITT) ‘

A 4

‘ 196 Included in per-protocol analysis¢ ‘

195 Randomized to placebo group (ITT)

v

5 Did not receive the treatment
4 Withdrew consent before infusion
1 Withdrew consent during infusion

)

|
‘ 190 Received placebo as randomized

.

‘ 189 Included in the primary analysis (mITT)®

|

‘ 188 Included in per-protocol analysis®

Figure 1.  Flow of participants in a study of the effect of a swine glyco-humanized polyclonal neutralizing antibody on survival and respiratory failure in patients hospitalized
with COVID-19 pneumonia (POLYCOR trial). *Worsening of respiratory status before infusion. "One patient did not provide a valid written informed consent and was excluded.
“The per-protocol analysis excluded 4 patients: 3 patients with respiratory failure before infusion (XAV-19 group n = 2 and placebo group n = 1) and 1 in the XAV-19 group
with loss to follow-up between days 1 and 15. Abbreviations: COVID-19, coronavirus disease 2019; ECMO, extracorporeal membrane oxygenation; IMV, invasive mechanical
ventilation; ITT, intent to treat; mITT, modified intent to treat; NIV, noninvasive ventilation; 02, oxygen flow; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2;

Sp02, blood oxygen saturation.

protein and inhibiting antibodies in the sera of patients treated
with XAV-19 are presented in Supplementary Table 2. In the im-
unomonitoring substudy (n = 50 patients), we detected signifi-
cantly increased levels of neutralizing Ab soon after the
injection in patients treated with XAV-19 and in vivo additive
antibodies neutralizing effect 2-5 days earlier than in the placebo
group, yet these levels remained lower than in the vaccinated
controls. Levels of neutralizing Ab then increased to reach a pla-
teau at day 7, likely owing to patient IgG production (Figure 3).

Safety

In the safety population, adverse events were reported in 75.4%
of 199 patients in the XAV-19 group and in 76.3% of 190
patients in the placebo group through day 29 (Table 3); SAEs
were reported in 23.1% and 15.8%, respectively, with a higher
number of serious infections and pneumonia in the XAV-19
group. No infusion-related events were reported. Fatal events
occurred in 7 patients (3.5%) in the XAV-19 group and in
3 (1.6%) in the placebo group through day 29. The most
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Table 1. Demographic and Disease Characteristics of the Patients at Baseline

XAV-19 Placebo
Characteristics at Baseline® (n=199) (n=189)
Age, mean (SD), y 59.6 (12.6) 60.0 (12.1)
Distribution, No. (%)
<50y 38 (19.1) 40 (21.2)
50-64 y 101 (50.8) 82 (43.4)
65-74y 41 (20.6) 50 (26.5)
>75y 19 (9.5) 17 (9.0)
Sex, No./total (%)
Male 127/199 (63.8) 122/189 (64.6)
Female 72/199 (36.2) 67/189 (35.4)
Weight, mean (SD), kg 86.3 (18.9) 86.0 (20.3)
Body mass index, mean (SD), kg/m? 29.6 (6.2) 29.6 (6.3)
Body mass index in class, No. (%)
<30 kg/m? 119 (61.3) 115 (61.8)
30-34 kg/m? 46 (23.7) 36 (19.4)
35-40 kg/m? 20(10.3) 26 (14.0)
>40 kg/m? 9(4.6) 9(4.8)
Delay between the 1st symptoms and screening, mean (SD), d 8.5 (2.8) 8.7 (2.7)
Delay between the start of hospitalization and infusion, mean (SD), d 1.9 (3.4) 1.9(1.6)
Delay between first positive PCR symptoms and infusion, mean (SD), d 3.9(3.7) 4.2 (3.9)
Delay between 1st symptoms and screening, No. (%)
<6d 46 (23.1) 40 (21.2)
7-10d 106 (563.3) 101 (63.4)
>11-14d 47 (23.6) 48 (25.4)
lliness severity on National Early Warning Score 2, mean (SD) 7.0 (2.3) 6.7 (2.2)
<5 27 (13.6) 35 (18.5)
5-6 56 (28.1) 44 (23.3)
>6 105 (52.8) 101 (563.4)
Ordinal scale for clinical status, No. (%)P
3-Hospitalized, not requiring supplemental oxygen 1(0.5) 2(1.1)
4-Hospitalized, requiring low-flow oxygen by mask or nasal prongs 197 (99.0) 186 (98.4)
5-Hospitalized, requiring NIV or use of high-flow oxygen devices 1(0.5) 1(0.5)
Type of oxygen supplementation, No. (%)°®
Room air 1(0.5) 2(1.1)
Low oxygen delivery (nasal cannula) 176 (88.4) 164 (86.8)
Low oxygen delivery (face mask) 19 (9.5) 21 (11.1)
Low oxygen delivery (face mask with reservoir)® 2(1.0) 1(0.5)
High oxygen delivery (high-flow oxygen, NIV) 1(0.5) 1(0.5)
Ratio PaO2/Fi02, mean (SD) 241.4 (82.1) 246.0 (78.6)
Ratio PaO2/FiO2 <300, No. (%) 159 (80.3) 147 (78.6)
Ratio PaO2/FiO2 >300, No. (%) 39 (19.7) 40 (21.4)
Oxygen flow at the start of infusion, mean (SD) 3.3(3.1) 3.4 (3.8)
<4 L/min 145 (72.9) 145 (76.7)
>4 L/min 54 (27.1) 44 (23.3)
SpO2 at the start of infusion, mean (SD) 94.9 (2.1) 95.3 (1.9)

Laboratory values
C-reactive protein, mean (SD), mg/L
Ferritin, mean (SD), mg/L
No. of comorbidities, No. (%)
None
1
>2
Immunosuppressive status, No. (%)°
Negative COVID serology at baseline, No. (%)
Previous medications used, No. (%)
ACEI or ARB2
Recent use of NSAID

85.9 (66.7) [n= 193]
1300.2 (1257.2) [n = 156]

51 (26.3)
72 (37.1)
71 (36.6)
13 (6.5)
56/120 (46.7)

53 (26.6)
19(9.8)

80.1 (60.3) [n = 186]
1219.2 (1236.7) [n=162]

49 (26.63)
70 (37.6)
67 (36.0)
14 (7.4)
55/124 (44.4)

32 (17.0)
15 (8.2)
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Table 1. Continued

XAV-19 Placebo

Characteristics at Baseline® (n=199) (n=189)

Anticoagulation 16 (8.0) 12 (6.4)

Corticoids 14 (7.0) 19(10.1)
Treatments during trial before respiratory degradation, No. (%)f

Remdesivir 2(1.0) 2(1.1)

Glucocorticoids 185 (93.0) 177 (93.7)

IL-6 receptor antagonist 9 (4.5) 12 (6.3)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB2, angiotensin 2 receptor blocker; COVID, coronavirus disease; FiO2, fraction of inspired oxygen; IL-6, interleukin-6; NIV,
noninvasive ventilation; NSAID, nonsteroidal anti-inflammatory drug; PaO2, partial pressure of oxygen; PCR, polymerase chain reaction.

#For the evaluation of patients, baseline was defined as the last observation before the administration of XAV-19 or placebo on day 1.

®Worst flow of oxygen support was recorded at baseline.

°One patient requiring supplemental oxygen by face mask at 6 L/min and 1 patientat 15 L/min (considered respiratory failure before infusion) in the XAV-19 group and 1 patient at 6 L/min in the

placebo group.
9Worst blood oxygen saturation was recorded at baseline.

°Have been considered immunosuppressant on any treatment that interferes with innate or adaptive immunity, such as calcineurin inhibitors, mTOR inhibitors, anti~tumor necrosis factor—a,
antilymphocyte antibodies, alkylating agents, or purine base analogues. Long-term corticosteroid therapy was considered immunosuppressive if >7 d at a dose >1 mg/kg body weight

(prednisone equivalent) or for >3 months at a lower dose.
fBefore the primary end point if it occurred.

Table 2. Primary and Selected Secondary Outcomes of the POLYCOR Trial for Patients Included in the Primary Analysis (mITT)

XAV-19 Placebo Adjusted Risk Difference Odds/Hazard Ratio
Outcome (n=199) (n=189) (95% CI) (95% ClI) P Value
Primary outcome, No. (%)
Occurrence of death or respiratory failure through day 15%° 53 (26.6) 48 (25.4) 0.6 (-6to7) 1.03 (0.64-1.66) .90
Components of the primary outcome, No. (%)
High-flow oxygen devices (or scale 5) 24 (12.1) 34 (18.0)
Invasive mechanical ventilation or ECMO (or scale 6-7) 26 (13.1) 11 (5.8
Death due to any cause (or scale 8) 3(1.5) 3(1.6)
Selected secondary outcomes
Primary end point at day 8, No. (%) 51 (25.6) 48 (25.4) —0.5 (-7 to 6) 0.97 (0.60-1.58) .92
Primary end point at day 29, No. (%) 53 (26.6) 48 (25.4) 0.6 (-6t07) 1.03 (0.64-1.66) .90
Time to respiratory failure through day 29, median (Q1; Q3), d° 3(2;4) 3(2;4) 0.1 (-6to 6) 0.99 (0.67-1.48)4 .98
Transfer to ICU through day 29, No. (%) 42 (21.1) 38(20.1) 0.9 (-3to05) 1.02 (0.67-1.57)¢ 91
Invasive mechanical ventilation or ECMO at day 29, No. (%) 26 (13.1) 12 (6.3)
Time to invasive ventilation or ECMO, median (Q1; Q3), d® 4 (3; 6) 5(3;7) 9 (4-13) 2.05 (1.04-4.02)¢ .037
Time to weaning off of oxygen supplement, median (Q1; Q3), d° 8(7;8) 71(7;8) -0.4 (7-7) 0.86 (0.70-1.04)° 12
Time to hospital discharge, median (Q1; Q3), d° 7 (5; 10) 7 (5;9) -4 (-31to0 11) 0.76 (0.62-0.93)¢ .008
Death through day 60, No. (%) 10 (5.0) 5(2.6) 2.2 (-0.5t05) 1.83 (0.6-5.4)° .65

Abbreviations: ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit; mITT, modified intent to treat.

@Progression to high-flow oxygen, noninvasive ventilation, mechanical ventilation, ECMO, or to oxygen support with reservoir mask of >10 L/min.

°Simple imputation by worst case scenario (1 missing value in XAV-19 group).

°Median time before event for patients who had the event.

9Survival analysis with competing risk (death before hospital discharge and before day 29) applied using the Fine-Gray regression model.

®The model using a frailty model to take into account the variability between centers did not converge. Then no random effects were included in the final model.

commonly reported cause of death was COVID-19 pneumonia
(9/10). Adverse events of interest with respect to XAV-19 were
well balanced between the trial groups (Table 3). No patients
who received XAV-19 had anaphylaxis or hypersensitivity. A
total of 31 adverse events, 14 (7.0%) in the XAV-19 group
and 17 (8.9%) in the placebo group, were deemed related to
the trial drugs. Of these 31 events, 3 were SAEs: acute delusion
in the XAV-19 group, toxic skin eruption and bone marrow
failure in the placebo group (Supplementary Table 3 and 4).

DISCUSSION

In this trial involving hospitalized patients with severe
COVID-19 requiring low-flow oxygen supplementation, we
found no significant difference in clinical deterioration or mor-
tality between the XAV-19 group and the placebo group at day
15. No safety concern was associated with the use of XAV-19.
Adverse events of interest for heterologous antibodies (specifi-
cally pyrexia, skin disorders) were similar in the XAV-19 group
and in the placebo group, and the vast majority of adverse events
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Figure 2. Change in respiratory status on an 8-point scale (A), time to respiratory failure (B), and weaning off of oxygen supplement (C), by group. Abbreviations: ECMO,
extracorporeal membrane oxygenation; ICU, intensive care unit; MV, mechanical ventilation; NIV, noninvasive ventilation.

were mild or moderate in intensity. The safety of XAV-19 in this The absence of observable benefit of XAV-19 in this trial con-
study, with no hypersensitivity or allergic reactions, highlights firms other observations about anti-SARS-CoV-2-neutralizing an-
the therapeutic potential of polyclonal glyco-humanized animal- tibodies in the course of advanced forms of severe COVID-19.
derived antibody technology to treat human diseases. In our trial, all patients had pulmonary involvement requiring

8 « OFID « Gaborit et al

¥202 Iudy Gg uo 1senb Aq y96GZEL/G2SPRIO/L L/0L/3I101e/plio/Wwoo dno-olwepeoe//:sdiy wol) papeojumoq



3004

2004

100+

Anti-S1, U/mL

Placebo
XAV-19 at 2 mg/kg
XAV-19 at a flat dose of 150 mg

Uninfected patients
Patients after 2nd dose of COVID-19 vaccine (Pfizer)

thet

Figure 3. Changes in the total level of anti-SARS-CoV-2 spike S1 proteins (A) and of total inhibitory antibodies (Abs blocking spike S1-ACEZ interactions) (B). Abbreviations:
AUC, area under the curve; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Table 3. Summary of Adverse Events in the Safety Population of the
POLYCOR Trial, According to Randomization Arm From Day 1 (Infusion)
to Day 29

XAV-19 Placebo
Adverse Event® (n=199) (n=190)
Patients with >1 event, No. (%) 152 (76.4) 146 (76.8)

No. of events 593 476
Serious adverse event®

Patients with >1 serious adverse event, No. (%) 47 (23.2) 30 (15.8)
No. of serious adverse events 94 57
Death, No. (%) 7 (3.5) 3(1.5)
Patients with adverse events of interest, No. (%) 73 (36.7) 58 (30.5)
Skin and subcutaneous tissue disorders 12 (6.0) 9(4.7)
Hepatobiliary disorders 28 (14.1) 27 (14.2)
Nervous system and psychiatric disorders 47 (23.6) 34 (17.9)
Serious infection 17 (8.5) 6(3.2)
COVID-19 resulting in death 6 (3.0) 3(1.6)
Pneumonia 10 (5.0 4(2.1)
Infusion-related event 0 0
Thrombosis 3(1.5) 2 (1.0)

Abbreviation: COVID-19, coronavirus disease 2019.
“Data were censored at day 29.

Defined as adverse events that result in death, life-threatening, persistent or significant
disability, incapacity, prolongation of hospitalization, or other medically important
condition as defined by the European Medicines Agency.

oxygen support, and 96.9% received glucocorticoids, which
may have mitigated the additional benefit of neutralizing anti-
bodies. Indeed, steroids are known to interfere with the effector
function of antibodies [18]; their frequent use in our study pop-
ulation, as standard of care for patients with severe COVID-19
on oxygen, could have contributed to limiting the effectiveness

of neutralizing polyclonal antibodies. This could also be due to
overwhelming infection for which viral blockade by therapeutic
antibodies occurs too late to impact outcome. We did not ob-
serve any difference between groups following antibody ad-
ministration in patients whatever the duration of symptoms,
although a significant level of antibodies was reached 3 days
earlier in XAV-19-treated patients as compared with placebo.
Notably, patients with the shorter duration of symptoms had
the higher risk of disease progression, as previously described
[1, 19-22]. Indeed, time to severe respiratory distress occurred
rapidly in both groups, a median of 3 days, suggesting that neu-
tralizing antibodies were infused too late and that progression
of the disease course may not be modifiable with antiviral ther-
apy at this stage.

Consistently, SARS-CoV-2-seronegative participants had
a similar rate of events in both groups, and no clear effect
of XAV-19 on SARS-CoV-2 viral kinetics was observed.
However, by using an earlier treatment strategy, XAV-19 had
a greater clinical and virological impact [23], as already ob-
served with remdesivir [24] and monoclonal antibodies [25].

The dose of 2 mg/kg of XAV-19 used in the trial was derived
from a phase 2a trial, where plasma concentrations >10 times
the in vitro neutralization concentration were maintained for
at least 8 days [15]. In a model of human ACE-2-expressing
mice infected with SARS-CoV-2, a single administration of
XAV-19 at the dose of 20 mg/kg (pharmacologically equivalent
to 2 mg/kg in humans) was effective to reduce viral load in the
lung while the dose of 0.2 mg/kg was not [26]. An alternative hy-
pothesis would be that 2 mg/kg would be a subtherapeutic con-
centrations, as it is generally estimated that the concentration of
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antibodies in the endothelial lining of the lungs is 15-30 times
lower than in the circulation [27-29]. However, higher or equiv-
alent doses of monoclonal antibodies [23] and neutralizing
COVID-19 convalescent plasma [30, 31] have been evaluated
in other studies and have not shown effectiveness in reducing
mortality when administered late. In addition, no data are avail-
able on the effectiveness of nirmatrelvir/ritonavir at such an ad-
vanced stage of disease [32]. It is thus most likely that the late
stage of COVID-19 evolution in this study is the main reason
for the absence of efficacy.

In our study, the number of serious adverse events (SAEs)
was higher in the XAV-19 group than in the placebo group,
which was associated with more serious infections and pneu-
monia. The possible higher risk of occurrence of severe respi-
ratory failure requiring mechanical ventilation or ECMO
with XAV-19 could be due to several causes, notably the differ-
ences in respiratory state or the unbalance of previous medica-
tions by ACEI or ARB2 in the XAV-19 and placebo groups.
Last, we cannot exclude that infusion of xenoantibodies might
have worsened symptoms in the most severely infected
COVID-19 patients, favoring respiratory failure by fluid over-
load or immune-mediated damage. These hypotheses will have
to be explored further.

Given its broad in vitro activity against variants and its safe-
ty, XAV-19 might provide benefit in prophylactic treatment or
when administered in patients for whom there is no immediate
risk of rapid clinical deterioration, that is, earlier in the disease

course.

Limitations

First, the main limitation of the study concerns extrapolation of
the findings to the current pandemic, given that a majority of
the population has already been exposed or vaccinated several
times against COVID-19 and given the constant evolution of
SARS-CoV-2. Second, viral kinetics were evaluated in less
than half of the randomized patients, making it impossible to
draw definitive conclusions.

CONCLUSIONS

Among patients with severe COVID-19 hospitalized for
pneumonia requiring low-flow oxygen support, swine glyco-
humanized polyclonal neutralizing antibody did not signifi-
cantly improve the risk of clinical deterioration within
29 days. Further research is needed to determine the efficacy
of such antibodies in patients with mild or moderate
COVID-19.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the
posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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