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Hyperimmune immunoglobulin for hospitalised patients
with COVID-19 (ITAC): a double-blind, placebo-controlled,
phase 3, randomised trial

The ITAC (INSIGHT 013) Study Group*

Summary

Background Passive immunotherapy using hyperimmune intravenous immunoglobulin (hIVIG) to SARS-CoV-2,
derived from recovered donors, is a potential rapidly available, specific therapy for an outbreak infection such as
SARS-CoV-2. Findings from randomised clinical trials of hIVIG for the treatment of COVID-19 are limited.

Methods In this international randomised, double-blind, placebo-controlled trial, hospitalised patients with COVID-19
who had been symptomatic for up to 12 days and did not have acute end-organ failure were randomly assigned (1:1)
to receive either hIVIG or an equivalent volume of saline as placebo, in addition to remdesivir, when not
contraindicated, and other standard clinical care. Randomisation was stratified by site pharmacy; schedules were
prepared using a mass-weighted urn design. Infusions were prepared and masked by trial pharmacists; all other
investigators, research staff, and trial participants were masked to group allocation. Follow-up was for 28 days. The
primary outcome was measured at day 7 by a seven-category ordinal endpoint that considered pulmonary status and
extrapulmonary complications and ranged from no limiting symptoms to death. Deaths and adverse events, including
organ failure and serious infections, were used to define composite safety outcomes at days 7 and 28. Prespecified
subgroup analyses were carried out for efficacy and safety outcomes by duration of symptoms, the presence of anti-
spike neutralising antibodies, and other baseline factors. Analyses were done on a modified intention-to-treat (mITT)
population, which included all randomly assigned participants who met eligibility criteria and received all or part of
the assigned study product infusion. This study is registered with ClinicalTrials.gov, NCT04546581.

Findings From Oct 8, 2020, to Feb 10, 2021, 593 participants (n=301 hIVIG, n=292 placebo) were enrolled at 63 sites in
11 countries; 579 patients were included in the mITT analysis. Compared with placebo, the hIVIG group did not have
significantly greater odds of a more favourable outcome at day 7; the adjusted OR was 1-06 (95% CI 0-77-1-45;
p=0-72). Infusions were well tolerated, although infusion reactions were more common in the hIVIG group
(18-6% vs 9-5% for placebo; p=0-002). The percentage with the composite safety outcome at day 7 was similar for the
hIVIG (24%) and placebo groups (25%; OR 0-98, 95% CI 0-66-1-46; p=0-91). The ORs for the day 7 ordinal outcome
did not vary for subgroups considered, but there was evidence of heterogeneity of the treatment effect for the day 7
composite safety outcome: risk was greater for hIVIG compared with placebo for patients who were antibody positive
(OR 2-21, 95% CI 1-14—4-29); for patients who were antibody negative, the OR was 0-51 (0-29-0-90; P, .c.ociios=0- 001).

Interpretation When administered with standard of care including remdesivir, SARS-CoV-2 hIVIG did not demonstrate
efficacy among patients hospitalised with COVID-19 without end-organ failure. The safety of hIVIG might vary by the
presence of endogenous neutralising antibodies at entry.

Funding US National Institutes of Health.

Copyright © 2022 Published by Elsevier Ltd. All rights reserved.

Introduction

Current effective therapies for individuals hospitalised
with COVID-19 target viral replication or pathological
elements of the host inflammatory response; however,
morbidity and mortality persist, and additional treatments
are urgently needed.

Augmenting the host humoral immune response to
SARS-CoV-2 via passive immunotherapy is one possible
therapeutic approach. Development of endogenous
neutralising antibody responses to SARS-CoV-2 appears
variable and might not be present at the time of
hospitalisation.™”

Approaches using engineered monoclonal antibodies
targeting viral elements have shown benefit
among outpatients early in the course of COVID-19.**
Results from two trials of monoclonal antibodies
indicate that the clinical benefit and possibly safety of
monoclonal antibodies for patients admitted to hospital
with COVID-19 might depend on the presence of
endogenous neutralising antibodies at the time of
randomisation.”™

Convalescent plasma from recovered donors has
been studied in both non-randomised and randomised
trials for a variety of infectious diseases. With few
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Research in context

Evidence before this study

Passive immunotherapies targeting SARS-CoV-2 have been
considered promising potential therapies for COVID-19 since the
beginning of the pandemic. Convalescent plasma has been in
wide use since early in the epidemic, whereas monoclonal
antibodies directed at SARS-CoV-2 and polyclonal hyperimmune
immunoglobulin (hIVIG) to SARS-CoV-2 derived from recovered
donors have emerged as potential therapies.

We searched PubMed for research articles published between
database inception and Dec 15, 2021, for clinical trials of
anti-SARS-CoV-2 passive immunotherapies among hospitalised
patients with COVID-19 using various combinations of the terms
"COVID-19,” "SARS-CoV-2," "monoclonal antibody”
“convalescent plasma” “intravenous immunoglobulin”

“passive immunotherapy” and “clinical trial.” No language

or date restrictions were applied. One small parallel-group trial
reported encouraging results for treatment with hIVIG

among hospitalised patients with COVID-19. Two trials
(bamlanivimab in a trial conducted by the ACTIV-3 investigators,
and casirivimab in combination with imdevimab in a trial
conducted by the RECOVERY investigators) reported no clinical
benefit for anti-SARS monoclonal antibody therapy for the broad
population of hospitalised patients with COVID-19, but
suggested potential benefit for patients without endogenous
anti-SARS-CoV-2 antibodies at the time of treatment. Trials for
convalescent plasma varied greatly in their size, population, and
rigour; taken together, these trials showed no clinical benefit of
convalescent plasma in the hospitalised population.

exceptions,”™ randomised trials have not shown
consistent evidence of benefit with convalescent
plasma. One small study in older outpatients early in
the course of COVID-19 infection showed benefit," but
this result has not been consistently replicated.” A non-
randomised study found that risk of death was reduced
for hospitalised patients given convalescent plasma that
had higher anti-SARS-CoV-2 IgG antibody levels
compared with patients given convalescent plasma with
lower antibody levels;' however, overall, randomised
trials have not consistently shown that convalescent
plasma reduces the risk of death or improves
outcomes.”” Reasons for this might include variability
in the titre of specific antibodies in convalescent
plasma.

Hyperimmune intravenous immunoglobulin
(hIVIG) is derived from healthy individuals who have
recovered from COVID-19 and mounted a neutralising
immune response to the infection.”? It differs from
convalescent plasma in being a drug product
manufactured from plasma pooled from multiple
donors. It is comprised of purified immunoglobulin G
in a limited volume, and is standardised to high
neutralising titres to SARS-CoV-2, thereby over-coming

Added value of this study

To our knowledge, this study is the first well powered,
placebo-controlled clinical trial to report results of hIVIG for
the treatment of hospitalised patients with COVID-19. When
administered with standard of care, including remdesivir,
SARS-CoV-2 hIVIG did not demonstrate efficacy among
patients hospitalised with COVID-19 without end-organ
failure. There was no heterogeneity of treatment effect

in efficacy among patients without endogenous antibodies
compared with those with endogenous antibodies, but there
was heterogeneity of treatment effect for the primary safety
outcome: risk was greater for hIVIG compared with placebo
for patients with endogenous neutralising anti-SARS-CoV-2
antibodies at the time of treatment.

Implications of all the available evidence

Clinical trials completed to date do not support use

of antibody-based passive immunotherapies including
convalescent plasma, monoclonal antibodies , and hIVIG for
the broad population of hospitalised patients with severe
COVID-19. Unlike some trials of monoclonal antibodies, this
trial did not show evidence of benefit in those patients
endogenous neutralising anti-SARS-CoV-2 antibodies at the
time of treatment, but did suggest that safety of hIVIG and
potentially other passive immunotherapies might vary

by baseline antibody status. Further evaluation could better
define the appropriate target population for this and other
passive immunotherapies against SARS-CoV-2.

the interunit variability of convalescent plasma.
Unlike monoclonal antibodies, hIVIG is a concentrated
mixture of polyclonal antibodies reflecting the
diversity of the endogenous antibody response, which
might provide advantages over monoclonal antibodies
by mitigating immune escape by viral variants. A small
single-centre trial reported encouraging results with
this approach;® parallel approaches using polyclonal
product derived from non-human inoculation strategies
also suggested possible benefit.* Findings from well
powered, controlled clinical trials of hIVIG to
SARS-CoV-2 have not been reported.

We conducted a randomised, double-blind, placebo-
controlled, phase 3 trial to evaluate the safety and
clinical efficacy of anti-SARS-CoV-2 hIVIG in addition
to standard of care including the antiviral remdesivir
in  individuals  hospitalised = with  COVID-19
without end-organ failure between October, 2020, and
March, 2021. Following the completion of the trial,
stored specimens collected at study entry were analysed
to address an a priori hypothesis that patients without
neutralising antibodies at study entry would benefit
more from hIVIG compared with placebo that those
with neutralising antibodies.
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Methods

Study design

INSIGHT 013 wasan international, double-blind, placebo-
controlled, phase 3 trial conducted by the International
Network for Strategic Initiatives in Global HIV Trials
(INSIGHT) at 63 hospital sites in Argentina, Denmark,
Germany, Greece, Indonesia, Israel, Japan, Nigeria,
Spain, the UK, and the USA.

The protocol was approved by a central institutional
review board or an ethics committee at each participating
site.

The protocol and statistical analysis plan are available in
the appendix (pp 80, 118).

Participants
Participants were adults (aged =18 years) hospitalised
with documented SARS-CoV-2 infection and symptoms
attributable to COVID-19 for 12 days or less. Exclusion
criteria included previous passive immunotherapies,
end-organ failure (including vasopressor therapy, new
renal replacement therapy, and mechanical ventilation),
known IgA deficiency with anti-IgA antibodies, and
certain thrombotic conditions and prothrombotic
disorders. Additional eligibility criteria are provided in
the appendix (p 13).

Written informed consent was obtained from all
participants or their legally authorised representative.

Randomisation and masking

Participants were randomly assigned (1:1) to receive
either hIVIG or an equivalent volume of saline as
placebo. Randomisation was stratified by site pharmacy;
schedules were prepared using a mass-weighted urn
design.” Infusions were prepared by trial pharmacists
and masked using opaque sleeves. All other investigators
and research staff, and trial participants were masked to
the treatment administered.

Procedures

A dose of hIVIG of 400 mg/kg bodyweight, capped at
40 g, was chosen based on predicted efficacy from in
vitro studies of SARS-CoV-2 neutralisation activity,
previous safety data for non-COVID hIVIG products,
and consideration of likely tolerability of the required
infusion volume in this patient population. Given the
early scarcity of SARS-CoV-2 hIVIG, four products were
used: CSL Behring (King of Prussia, PA, USA),
Emergent BioSolutions (Gaithersburg, MD, USA),
Grifols (Barcelona, Spain), and Takeda (Osaka, Japan)
each manufactured hIVIG for the study using plasma
collected either from fractionated whole blood or by
plasmapheresis from healthy convalescent volunteers at
sites in North America and Europe. Donors and plasma
units were selected based on neutralisation antibody
titres against SARS-CoV-2. All hIVIG lots underwent
central testing and were required to meet a prespecified
range of neutralising activity (ie, potency; appendix p 14).

Infusion of hIVIG or placebo was to commence at a
rate of 0-5 mg/kg per min for approximately 30 min. If
tolerated, the rate of infusion could be doubled after
intervals of not less than 30 min up to a maximum of
4 mg/kg per min.

Each site pharmacy was allocated the same hIVIG
product throughout the trial; a single-site pharmacy
could serve multiple sites. Data from participants
receiving each of the products and corresponding
placebo were pooled for the primary analysis. Each
participant receiving hIVIG received product from a
single lot.

All participants received supportive care reflecting
local practice and national guidelines. Standard of care
background therapy included up to 10 days of study-
provided remdesivir unless contraindicated. Other
aspects of standard care including corticosteroids,
prophylactic anti-coagulation, supplemental oxygen,
and other end-organ support, as clinically indicated.

SARS-CoV-2 viral RNA levels were measured from a
mid-turbinate nasal swab. Plasma samples collected at
study entry were used to measure anti-spike receptor
binding domain neutralising antibodies, and anti-
nucleocapsid binding antibody levels. Plasma SARS-CoV-2
N antigen was measured using a microbead-based
immunoassay (appendix p 17). These centrally determined
measurements were used to address prespecified
subgroup hypotheses.

Outcomes
The primary endpoint was an ordinal outcome based on
the patient’s clinical status on day 7 (appendix p 14).
The seven categories of this outcome ranged from
return to usual activities with no more than minimal
symptoms due to COVID-19, to death. They reflect
oxygen requirements and a range of organ dysfunction,
and were modified from similar outcomes in earlier
influenza and COVID-19 studies."**? The primary
safety outcome was a composite of death, serious
adverse events, and grade 3 or 4 adverse events up to
day 7 Serious adverse events included organ failure
events and serious infections, which were reported as
secondary endpoints separately from other serious
adverse events (appendix p 16). Adverse events were
graded for severity using the toxicity table of the Division
of AIDS, National Institute of Allergy and Infectious
Diseases, version 2.1. Adverse events were categorised
according to codes in the Medical Dictionary for
Regulatory Activities (MedDRA), version 23-1. The
composite safety outcome at day 28 included all of the
outcomes used in the day 7 safety outcome except
grade 3 and 4 adverse events. Several other outcomes
were specified in the protocol or statistical analysis plan;
all protocol-defined outcomes are summarised in the
appendix (pp 22-79).

Participants were followed up for 28 days from
randomisation.
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| 593 participants enrolled |

v

v

301 assigned hIVIG

4 not infused

288 received complete infusion
9 received partial infusion

292 assigned placebo
279 received complete infusion
5 received partial infusion
8 not infused

>

6 excluded
2 not eligible
4 not infused

8 excluded

—» 8 notinfused

v

A 4

295 included in modified ITT analysis
293 with complete day 7 ordinal outcome

284 included in modified ITT analysis
279 with complete day 7 ordinal outcome

Figure 1: Trial profile
ITT=intention to treat.

Statistical analysis

The planned sample size was 500 participants (250 per
group). This sample size provided 80% power to detect
an odds ratio (OR; hIVIG vs placebo) of 1-61 for a more
favourable outcome at day 7 on the ordinal scale at
the 0-05 (two-sided) level of significance (appendix p 18).

Analyses were done on a modified intention-to-treat
(mITT) population, which included all randomly
assigned participants who met eligibility criteria and
received all or part of the assigned study product infusion.
A proportional odds model was used to compare the
primary ordinal outcome at day 7. The proportional odds
model estimated a summary OR; ie, the ratio of the
cumulative odds of being in a better category of the
ordinal outcome for hIVIG versus placebo. ORs greater
than 1-0 corresponded to more favourable outcomes for
those receiving hIVIG. Models were adjusted for
pulmonary status at entry and which of the four hIVIG
products was provided to the site. The day 7 primary
outcome was imputed for participants for whom this
information was missing (appendix p 20).

A logistic regression model was used to estimate an OR
for hIVIG versus placebo for the composite safety
endpoint up to day 7. Percentages of participants who had
infusion reactions or prematurely terminated infusions
were also compared between treatment groups using
logistic regression. Each of these logistic regression
models adjusted for baseline ordinal outcome category
and hIVIG study product provided to the site. The
composite safety outcome at day 28 was summarised with
hazard ratios (HRs) estimated from a proportional hazards
model adjusted for baseline ordinal outcome category and
hIVIG product provided to the site. ORs and HRs less
than 1-0 for these safety outcomes favour hIVIG compared
with placebo. We tested the proportional hazards
assumption by including an interaction term between the
treatment indicator and log-transformed follow-up time.

Kaplan-Meier estimates were used to summarise time
to the day 28 composite safety outcome, time to the three

least favourable categories of the ordinal outcome, and
time to discharge or the most favourable category on the
ordinal scale. For the latter outcome, Gray’s test with
p=0, the Fine-Gray model for stratified models, and the
Aalen-Johansen estimator for the cumulative incidence
curve which is the competing risk equivalent to the
Kaplan-Meier estimator and Cox proportional hazards
models are used.** A recovery rate ratio (RRR) is cited
for this outcome, also adjusted for baseline ordinal
outcome category and hIVIG product provided to the
site; estimates more than 1-0 denote superiority of
hIVIG to placebo.

Subgroup analyses were carried out for the primary
ordinal outcome at day 7 and the composite safety
outcome at day 7 Heterogeneity was assessed Dby
including interaction terms in the proportional odds and
logistic regression models. Key a priori defined
subgroups are described in the appendix (p 21).

Statistical analyses were performed with the SAS
software, version 9-4. All p values reported are two-sided.

This study is registered with ClinicalTrials.gov,
NCT04546581.

Role of the funding source

The study was funded by the US National Institutes of
Health. Except for named members of the writing and
study group, the funder had no role in data collection,
analysis, interpretation, writing of the manuscript, or the
decision to submit.

Results

From Oct 8, 2020 to Feb 10, 2021, 593 participants
(n=301 hIVIG, n=292 placebo) were enrolled (figure 1);
295 participants in the hIVIG group and 284 in the
placebo group (n=579) were in the mITT analysis cohort.
The number of participants given each of the four
products or its matching placebo and potency levels for
lots of the products were similar (appendix pp 29-30).

Demographic and clinical characteristics were similar
between groups, with the exception of sex—women
comprised 49% of the hIVIG group and 37% of the
placebo group (table 1).

The median time from onset of first COVID-19
symptoms to participant randomisation was 8 days
(IQR 6-10); 38% were receiving either supplemental
oxygen at 4 L/min or more or high-flow oxygen. 96% of
participants received remdesivir; 49% had started
remdesivir before randomisation. 56% were receiving
corticosteroids and 61% received at least a prophylactic
dose of heparin before randomisation (table 1; appendix
pp 28, 31).

Baseline endogenous anti-SARS-CoV-2 antibody and
antigen levels were completed for 539 (93%) patients;
261 (48%) were positive for anti-spike neutralising
antibodies and 374 (69%) were positive for anti-
nucleocapsid antibodies; 507 (94%) had detectable
plasma nucleocapsid antigen levels. The median for
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antigen was 1368 ng/L (IQR 206-4335). Viral RNA
was detected in the central reference laboratory
among 438 of 513 with mid-turbinate swab material; the
median RNA viral load among those who were RNA
positive was 169979 copies/mL (IQR 7261-2 147 457).

The presence of endogenous neutralising antibodies
varied by duration of symptoms at entry, ranging from
27% for those with symptoms for less than 6 days to 67%
for those with symptoms for 10-12 days (appendix p 33).

All but two patients were infused with hIVIG or placebo
on the day of randomisation. Randomisation occurred
within 2 days of admission for 466 (80%) of 579 patients.

The primary ordinal outcome at day 7 was available for
all but seven participants. Outcomes were imputed for
these seven participants (appendix p 20). The OR
for being in a more favourable outcome in the hIVIG
group compared with placebo on day 7 was 1-06
(95% CI 0-77-1-45; p=0-72; figure 2; table 2). The
proportional odds assumption was met (p=0-97). Planned
sensitivity analyses for the primary endpoint analysis
given in the appendix (p 34) yielded consistent results.

The summary ORs for the ordinal outcome on days 3,
5, 14, and 28 ranged from 0-96 to 1-09 (appendix p 35).
When comparing the day 7 ordinal category with
baseline ordinal category, 184 (63%) of 293 participants
in the hIVIG group and 179 (64%) of 279 in the
placebo group were in a better category; 44 (15%) and
50 (18%), respectively were in a worse category (figure 2;
appendix p 36).

Treatment differences were not significant for any of
the other efficacy outcomes (table 2; appendix pp 37-40).
Although rates of hospitalisation or death were not
significantly different between treatment groups overall
at days 7, 14, or 28, a post-hoc analysis restricted to
participants without endogenous neutralising antibodies
showed lower rates of hospitalisation or death only at
day 7 in participants who received hIVIG compared
with participants who received placebo (OR 0-64,
95% CI 0-38-1-07). In contrast, in participants who had
endogenous neutralising antibodies, the OR at this day 7
timepoint was 1-50 (0-87-2-58; P, .cin=0-02; appendix
p 39). The RRR for time to discharge or the most
favourable category of the primary ordinal outcome
was 1-07 (0-92-1-26; p=0-37; figure 2; table 2).

Infusion reactions were significantly more common in
the hIVIG group. 19% of participants in the hIVIG group
had reactions of any grade, compared with 10% of
participants in the placebo group (p=0-002; appendix p 41).
6% of participants in the hIVIG group had reactions of
grade 3 or higher, compared with 1% of participants in
the placebo group (p=0-012; table 2). Infusions were
paused for an adverse event in 7% of participants in the
hIVIG group and 3% in the placebo group (p=0-01;
appendix p 42). These differences between treatment
groups remained significant after the exclusion of one
site which infused at a faster rate for all their participants
(appendix pp 43—46).

hIVIG (n=295) Placebo (n=284) Total (N=579)

Age, years 58 (48-70) 60 (50-70) 59 (49-70)
Sex
Female 146 (49%) 104 (37%) 250 (43%)
Male 149 (51%) 180 (63%) 329 (57%)
Race
White 170 (58%1) 155 (55%) 325 (56%)
Hispanic 41 (14%) 47 (16%) 88 (15%)
Black 41 (14%) 46 (16%) 87 (15%)
Asian 38 (13%) 31 (11%) 69 (12%)
Other 5 (2%) 5 (2%) 10 (2%)

Oxygen requirement

Not receiving supplementary oxygen 79 (27%) 81 (29%) 160 (28%)
Supplementary oxygen <4 L/min 107 (36%) 92 (32%) 199 (34%)
Supplementary oxygen =4 L/min 84 (28%) 78 (27%) 162 (28%)
High-flow oxygen 25 (8%) 33 (12%) 58 (10%)
Days since symptom onset 8 (5-10) 8 (6-10) 8 (6-10)
C-reactive protein, mg/L 61 63 62
(21-111) (28-120) (23-112)
Lymphocytes, 10°cells per L 0-95 0-89 0-92
(0:70-139) (0-61-1-30) (0-65-1-35)
Body-mass index, kg/m?
=30 145 (50%) 136 (48%) 281 (49%)
240 34 (12%) 29 (10%) 63 (11%)
History (yes)
Hypertension requiring medication 125 (42%) 122 (43%) 247 (43%)
Diabetes requiring medication 84 (28%) 80 (28%) 164 (28%)
Renal impairment 17 (6%) 24 (8%) 41 (7%)
Asthma 32 (11%) 26 (9%) 58 (10%)
COPD 23 (8%) 16 (6%) 39 (7%)
Heart failure 17 (6%) 10 (4%) 27 (5%)
Compromised immune function* 15 (5%) 14 (5%) 29 (5%)
At least one comorbidity 186 (63%) 168 (59%) 354 (61%)
SARS-CoV-2 vaccination before enrolment 9 (3%) 3 (1%) 12 (2%)
Use of Remdesivir before enrolment 144 (49%) 140 (49%) 284 (49%)
Concomitant medications
Corticosteroids 172 (58%) 155 (55%) 327 (56%)
Antibacterial 124 (42%) 118 (42%) 242 (42%)
Heparin 179 (61%) 173 (61%) 352 (61%)
Other antiplatelets or anticoagulants 38 (13%) 39 (14%) 77 (13%)
ACE inhibitor or ARB 56 (19%) 67 (24%) 123 (21%)
NSAID 24 (8%) 20 (7%) 44 (8%)
Laboratory assessments
Plasma nucleocapsid antigen, ng/L 1407 1270 1368
(241-4371) (201-4254) (206-4335)
>3 ng/L, positive 259 (94%) 248 (94%) 507 (94%)
Nasal swab fluid viral RNA, positive 217 (82%) 221 (88%) 438 (85%)
Viral load if positive, copies/mL 267671 105743 169979
(7400-2934985)  (7037-1564469) (7261-2147457)
Neutralising antibodies, positive 133 (49%) 128 (48%) 261 (48%)
Anti-nucleocapsid antibodies, positive 185 (68%) 189 (71%) 374 (69%)

Data are median (IQR) or n (%). ACE=angiotensin converting enzyme. ARB=angiotensis receptor blocker. COPD=chronic
obstructive pulmonary disease. hIVIG=hyperimmune intravenous immunoglobulin. NSAID=non-steroidal anti-
inflammatory drugs. *HIV, an immunosuppressive condition other than HIV, taking anti-rejection medication, immune
modulators, or biological treatment for autoimmune disease or cancer.

Table 1: Participant characteristics at time of randomisation
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Number at risk Time since randomisation to discharge or most favourable ordinal category (days)
A 295 275 223 144 87 62 46 42 33 26 20 16 14 11 11
B 284 273 223 147 89 65 54 48 40 36 24 21 19 15 14

Figure 2: Clinical efficacy of hIVIG

(A) Clinical status at day 7. (B) Change in clinical status from baseline to day 7. (C) Time to discharge or most favourable ordinal category. hlVIG=hyperimmune
intravenous immunoglobulin. NIHSS=National Institute of Health Stroke Scale. ECMO=Extra-corporeal membrane oxygenation. OR=odds ratio.

In the hIVIG group, 24% of participants achieved the
composite safety outcome up to day 7 compared with
25% in the placebo group (OR 0-98, 95% CI 0-66-1-46;
p=0-91; table 2).

Components of the composite safety outcome up to
day 7 are summarised in the appendix (pp 47, 49-50).
Grade 3 or 4 adverse events and organ failure or serious
infection outcomes were the most commonly occurring
components of the composite safety outcome up to day 7
The most commonly reported safety outcomes were
respiratory (appendix pp 49-50). Respiratory events,
including respiratory failure, defined as an increase in

oxygen requirements to high-flow nasal cannula,
non-invasive ventilation, or mechanical ventilation, and
grade 3 or 4 adverse events corresponding to medDRA
Preferred Terms of dyspnoea, hypoxia, and respiratory
failure, occurred in 14% of hIVIG patients and 18% of
placebo participants (OR 0-72, 0-45-1-16; p=0-18). The
HR for the day 28 composite safety outcome was 0-79
(95% CI 0-57-1-11; tables 2; appendix p 47). There was
no evidence that the proportional hazards assumption
was violated (p=0-33). Similar to the events occurring up
to day 7, most events up to day 28 were due to respiratory
failure (appendix pp 51-52).
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Up to day 28, 18 deaths (6%) occurred in the hIVIG
group and 22 deaths (8%) occurred in the placebo group
(HR 0-80, 95% CI 0-42-1-51; p=0-49; table 2).

Adverse events of any grade severity atdays 1, 3,7 and 28
are summarised in the appendix (pp 53-56).

Changes in laboratory safety parameters and in
concomitant medications are summarised in the
appendix (pp 57-59).

Subgroup analyses for the primary ordinal outcome at
day 7 is summarised in figure 3 and the appendix (p 60)
the composite safety outcome at day 7 is summarised in
the appendix (pp 62-63). For the primary ordinal outcome
at day 7 there was no evidence of treatment effect
modification for any of the subgroups considered. As
expected, the ORs for each of the hIVIG products did not
Vary (Pemcio=0°95). Contrary to our hypothesis, when
considering days from symptom onset to randomisation,
the OR was less than 1-0 (OR 0-74), favouring placebo, for
those with symptom onset less than 6 days (the category
for which the most favourable treatment effect was
expected). ORs exceeded 1-0, favouring hIVIG, for those
with later symptom onset (categorised as 67 days, 8-9 days,
and 10-12 days). There was also no evidence for a different
treatment effect for those neutralising antibody-negative
(OR 0-97) and positive (OR 1-02; P,ercion=0-79) at baseline.
Significant treatment effect heterogeneity was also not
found for subgroups defined by the presence of anti-
nucleocapsid antibodies, antigen level, viral RNA level,
and the combination of neutralising antibody levels and
antigen level and viral RNA levels (appendix p 61).

By contrast, for the composite safety outcome up to
day 7, a significant interaction was evident by neutralising
antibody status (appendix pp 62-63). Among those
neutralising antibody-positive at baseline, 26-3% of
patients in hIVIG group and 16-4% in the placebo group
had at least one event included in the composite safety
outcome (OR 2-21; 95% CI 1-144-29). For those
neutralising antibody-negative at baseline 22-7% of
patients in hIVIG group and 34-3% in the placebo group
experienced at least one event included in the composite
safety outcome (OR 0-51, 0-29-0-90; P, i, =0-001). The
increased risk of the composite safety outcome among
those neutralising antibody-positive was evident for those
with high and low antigen or viral RNA levels
(appendix p 64).

At day 28, the HRs for composite safety outcome did not
differ for the subgroups defined by neutralising antibody
Status (Pyenaion=0- 18; appendix p 66). The HR for the day 28
composite safety outcome (which no longer included
grade 3 and 4 events as a component) for neutralising
antibody-positive participants was 1-01(95% CI10- 57-1-79);
the percentages with a composite safety outcome at day 28
were 18-8% and 20- 3% for the hIVIG and placebo groups,
respectively (appendix pp 66, 69). By contrast, for those
neutralising antibody-negative at baseline, the day 7
reduced risk of the composite safety outcome persisted up
to day 28 (HR 0-62, 95% CI 0-39-0-98); by day 7 the

outcome up to day 289

statistic is OR. fThe summary statistic cited is HR.

Data are n (%) unless otherwise specified.hIVIG=hyperimmune intravenous immunoglobulin. OR=odds ratio.
RRR=recovery rate ratio. HR=hazard ratio. NA=not applicable. *Ordinal outcome is based on a seven-category ordinal
scale (1=can independently undertake usual activities with minimal or no symptoms; 2=no supplemental oxygen,
symptomatic and unable to undertake usual activities; 3=supplemental oxygen <4 L/min; 4=supplemental oxygen

>4 L/min or symptoms/signs of extra-pulmonary conditions; 5=non-invasive ventilation, high-flow oxygen, or
symptoms and signs of acute stroke (National Institute of Health Stroke Scale >14); 6=invasive ventilation, extra-
corporeal membrane oxygenation, mechanical circulatory support, vasopressor therapy or renal replacement therapy;
7=death). The summary statistic cited is a proportional OR based on use of multiple imputation. tAmong people not in
the category at baseline. The summary statistic cited is RRR. ¥The summary statistic cited is RRR. SThe summary

hIVIG (n=295) Placebo (n=284) OR, RRR, orHR p value
(95% Cl)
Efficacy outcomes
Primary
Ordinal outcome at day 7* NA NA 1.06 (0-77-145)  0-72
Secondary
Number reaching one of the 178 160 111 (0-91-1-35) 0-30
two most favourable categories
(categories 1 and 2)t
Number discharged from hospitalor 268 252 1.07 (0-92-1-26)  0-37
reached most favourable category
(category 1)
Safety outcomes
Number with infusion reaction grade2 38 (13%) 17 (6%) 2:27 (1-24-4-16)  0-008
or above§
Number with infusion reaction grade 3 17 (6%) 4 (1%) 420 (138-12-78)  0-012
or above§
Number with composite safety 71(24%) 70 (25%) 0-98 (0-66-1-46) 091
outcome up to day 7§
Number of deaths up to day 289 18 (6%) 22 (8%) 0-80(0-42-1-51)  0-49
Number with composite safety 63 (21%) 76 (27%) 0-79 (0-57-111) 0-18

Table 2: Summary of major outcomes by treatment group

percentages with a composite safety outcome were 22-7%
and 34-3% for the hIVIG and placebo groups, respectively,
and 24-8% and 35-8% at day 28 (appendix pp 66, 70). As is
evident from these percentages and comparing the curves
on figures S3 and S4 (appendix pp 67-68), risk of the
composite safety outcome was greater for those
neutralising antibody-negative than those neutralising
antibody-positive in both treatment groups.

The components of the day 7 and day 28 composite
safety outcomes by neutralising antibody category are
summarised in the appendix (pp 69-78). Up to both
days 7 and 28, end-organ disease events, specifically
respiratory failure, were the most common events for
people who were neutralising antibody positive and
neutralising antibody negative.

Discussion

In this randomised, double-blind, placebo-controlled,
phase 3 trial among hospitalised patients with COVID-19
with up to 12 days of symptoms and no end-organ
failure, there was no evidence that patients who received
a single infusion of hIVIG in addition to remdesivir and
other standard of care had better clinical outcomes at
day 7 after randomisation than patients who received
placebo plus remdesivir and standard of care. This
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Time since symptom hivic Placebo
onset (days) (n, score)  (n, score) 0-24*
035 0-74 1.53
<6 82,234 52,238 ° 041
071 143 2-89
6-7 65,2:25 61,2-85 - 032
050 1.03 212
8-9 66,239  70,2:34 0-93
0-69 124 2:25
10-12 80,228 96,232 — 0-47
T T 1
05 1.0 20 30
— —>
Favours placebo  Favours hIVIG
Neutralising anti- hivig Placebo
spike antibodyt (n,score)  (n, score) 079*
0-59 1.02 175
Neutralising antibody-positive 131,2-24 124,229 P — 0-95
0-60 0-97 157
Neutralising antibody-negative 141,243 136,268 —e 0-90
T T 1
05 1.0 2.0 30
+— —>
Favours placebo  Favours hIVIG
Oxygen requirement hivic Placebo
(n, score) (n, score) 0-90*
048 094 1.81
Not on Supplemental O, 78,167 80,168 e 0-85
055 0-94 161
Supplemental 0,<4 L/min 107,2:01  90,2-10 —_— 0-83
0-64 113 1.99
Supplemental 0,24 L/min 84,2:87 76,299 - 0-67
038 1.06 2:99
High-flow O, 24,383 33,409 . 091
T T 1
05 1.0 20 30
— —>
Favours placebo  Favours hIVIG
hIVIG or placebo hivic Placebo
product (n, score) (n, score) 0-95*
0-42 0-84 1.70
CSL Behring 74,214 76,209 e 0-63
0-62 120 2:31
Emergent 80,219 67,2-46 ° 0-59
0-64 1.23 238
Grifols 71,231 68,229 \d 0-54
0-54 1.05 204
Takeda 68,2:66 68,301 ° 0-89
T T 1
05 1.0 2.0 30
+— —>

Favours placebo  Favours hIVIG

Figure 3: Subgroup analyses for primary endpoint

Data are odds ratio (95% Cl), unless stated otherwise. Score=mean score, 7=death, and 1=return to normal
activities with minimal or no symptoms. hiVIV=hyperimmune intravenous immunoglobulin.*p value for
interaction between subgroup and treatment group. In addition to heterogeneity across the 4 days since symptom
onset categories, a test for linear trend was conducted (p=0-99). TAntibody data available for 272 hIVIG and

260 placebo participants.

finding was mirrored in secondary efficacy outcomes,
with no differences observed in clinical status at other
timepoints, or in time to discharge or to the most
favourable category of ordinal outcome up to day 28.
Overall, these findings indicate that hIVIG confers no
clinical benefit for hospitalised patients with COVID-19.

Infusion reactions were more common in patients
receiving hIVIG compared with placebo, but most were
of low-grade severity. The percentage who had the
composite safety outcome (including deaths, serious
adverse events, end-organ disease and serious infections,
and grade 3 and 4 events) up to day 7 did not differ
between the treatment groups.

The failure to observe efficacy of hIVIG in this study
could be explained in several ways. A key possibility is
that antibody therapy might not benefit patients who
have already mounted an immune response. Thus, the
null result overall could reflect the balance of a positive
response in the antibody-negative subgroup and a neutral
or unfavourable response in the antibody-positive
subgroup. In addition, it is possible that other
characteristics of progressive COVID-19 affect the utility
of hIVIG: systemically infused antibody might not
effectively penetrate lung tissue in the pneumonic phase
of the illness, while some patients might have progressed
the inflammatory phase of COVID-19 in which
augmenting the humoral immune response might not
be useful.” It is also possible that the antiviral effects of
hIVIG beyond those of remdesivir are insufficient to be
detected.

We hypothesised that there might be a crucial time-
dependency of the impact of antibody therapy in patients
with COVID-19. A priori-defined subgroup analyses were
used to address this. Contrary to our prespecified
hypotheses, there was no evidence of benefit based on
the day 7 ordinal outcome in patients treated earliest or
in patients without endogenous neutralising antibodies
at entry. Among the patients treated within 6 days of
symptom onset (23% of participants) the odds of a
favourable outcome with hIVIG was lower than placebo,
giving a relative odds of 0-74. Among the 48% of patients
who were neutralising antibody-negative, the relative
odds (hIVIG vs placebo) of a favourable outcome
was 0-99 and not different from patients who were
neutralising antibody-positive at study entry. There was
no difference in treatment effect by baseline measures of
systemic inflammation: subgroup analyses by C-reactive
protein at entry did not reveal a differential treatment
effect for either the day 7 ordinal outcome or the
composite safety outcomes assessed at days 7 and 28.

Comparison of these subgroup findings with two recent
studies of monoclonal antibodies in similar hospitalised
populations demonstrate significant differences. In the
RECOVERY study of combination casirivimab and
indevimab, there was no benefit in overall mortality for
the general hospitalised population; however, an analysis
population of patients negative for SARS-CoV-2 binding
antibodies at baseline showed a significant mortality
reduction in the monoclonal antibody group." Similarly,
the ACTIV-3/TICO study of bamlanivimab showed no
overall benefit in a hospitalised population, but an
improvement in time to sustained recovery in patients
who were neutralising antibody-negative at entry.”

Evaluation of any impact of differences in the viral
variants and the antibody responses to those variants in
the hIVIG also requires consideration in understanding
the overall lack of clinical benefit. Plasma for IVIG was
collected in North America and Europe during the
summer of 2020 and the trial enrolled across those
and other regions during the winter of 2020-21
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However, enrolment was largely complete before
widespread emergence in enrolling countries of
SARS-CoV-2 variants with potential immune escape
characteristics such as B.1.1.7 (alpha) and B.1.351 (beta).’

It is possible that the infusion of hIVIG led to harm in
some patients. Although there was no overall difference
in the composite safety outcome at days 7 or 28, among
patients who were neutralising antibody-positive at entry,
an increased risk of safety events was observed, giving a
relative odds for a safety event of 2-21 at day 7—although
no difference was seen when considering safety events up
to day 28. At both days 7 and 28 for neutralising antibody-
negative participants, the risk of the composite safety
outcome was lower in the hIVIG compared with the
placebo group. Most safety events were of a respiratory
nature in both the neutralising antibody-positive and
neutralising  antibody-negative = groups, including
increasing dyspnoea, increasing oxygen requirements,
and respiratory failure. The treatment effect for a similar
outcome also varied according neutralising antibody
status in the placebo-controlled trial of the monoclonal
antibody bamlanivimab in hospitalised patients.” Taken
together, the findings of this trial of hIVIG and of other
trials of passive immunotherapies suggest that such
therapies could be associated with harm in some
hospitalised patients and benefit in others.

Elucidating the mechanisms of any possible harm of
hIVIG in neutralising antibody-positive individuals will
require further study. One study of convalescent plasma
in hospitalised patients suggested certain antibody
compositions, specifically the presence of IgG against the
full transmembrane spike protein, could be associated
with adverse events.” Pre-existing antibodies to type I
interferons have been associated with risk of COVID-19
progression and it is also possible that passive transfer of
these antibodies could have adverse effects, although any
impact would be expected to be mitigated in the pooled
hIVIG product. Other theoretical possibilities include
development of antibody-dependent enhancement with
exaggerated viral infectivity and inflammation,**
formation of antibody complexes in patients with pre-
existing neutralising antibodies to SARS-CoV-2, or adverse
inflammatory effects via Fc-mediated antibody functions.*

These findings have limitations. Although the sample
size was sufficient to exclude an OR in favour of hIVIG
of 1-61 with 95% CI, the sample size might not have
allowed detection of a positive treatment effect smaller
than that specified. Similarly, the sample size provided
limited power to explore certain clinical and
immunological subgroups in whom benefit might be
apparent. Finally, although the timing of enrolment
makes it unlikely that participants were infected with
immune-evasive SARS-CoV-2 strains, the study is limited
by the lack of data on viral strains in participants.”

These results have implications beyond the hIVIG
products studied here. Convalescent plasma was used
widely early-on in the COVID-19 pandemic. Based on the

hypothesised antiviral effects of neutralising antibodies,
hIVIG would be expected to confer greater and more
consistent benefit: at the dose studied here, these hIVIG
products contain levels of neutralising antibodies that
are generally above those seen with high titre convalescent
plasma.” The overall lack of benefit, lack of any
differential treatment effect by hIVIG product potency,
and potential safety signal in neutralising antibody-
positive participants argue that convalescent plasma is
also unlikely to be providing benefit to hospitalised
patients and raise concerns about harms in certain
groups. A lesson for both COVID-19 and future
pandemics is that there is no evidence of efficacy for
convalescent plasma or hIVIG among hospitalised
patients.”

Finally, although there was no evidence of clinical
benefit in this hospitalised group when used with
standard of care that includes remdesivir, a potential role
for hIVIG might still be found in earlier disease stages of
COVID-19 or special populations. As with other passive
immunotherapies it is possible that a population treated
very early in the onset of disease might benefit, as might
groups with persistent failure to mount humoral
immune responses to infection.
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