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Tixagevimab-cilgavimab for treatment of patients
hospitalised with COVID-19: a randomised, double-blind,
phase 3 trial

ACTIV-3-Therapeutics for Inpatients with COVID-19 (TICO) Study Group*

Summary

Background Tixagevimab—cilgavimab is a neutralising monoclonal antibody combination hypothesised to improve
outcomes for patients hospitalised with COVID-19. We aimed to compare tixagevimab—cilgavimab versus placebo, in
patients receiving remdesivir and other standard care.

Methods In a randomised, double-blind, phase 3, placebo-controlled trial, adults with symptoms for up to 12 days
and hospitalised for COVID-19 at 81 sites in the USA, Europe, Uganda, and Singapore were randomly assigned ina 1:1
ratio to receive intravenous tixagevimab 300 mg-cilgavimab 300 mg or placebo, in addition to remdesivir and other
standard care. Patients were excluded if they had acute organ failure including receipt of invasive mechanical
ventilation, extracorporeal membrane oxygenation, vasopressor therapy, mechanical circulatory support, or new
renal replacement therapy. The study drug was prepared by an unmasked pharmacist; study participants, site study
staff, investigators, and clinical providers were masked to study assignment. The primary outcome was time to
sustained recovery up to day 90, defined as 14 consecutive days at home after hospital discharge, with co-primary
analyses for the full cohort and for participants who were neutralising antibody-negative at baseline. Efficacy and
safety analyses were done in the modified intention-to-treat population, defined as participants who received a
complete or partial infusion of tixagevimab-cilgavimab or placebo. This study is registered with ClinicalTrials.gov,
NCT04501978 and the participant follow-up is ongoing.

Findings From Feb 10 to Sept 30, 2021, 1455 patients were randomly assigned and 1417 in the primary modified
intention-to-treat population were infused with tixagevimab—cilgavimab (n=710) or placebo (n=707). The estimated
cumulative incidence of sustained recovery was 89% for tixagevimab-cilgavimab and 86% for placebo group
participants at day 90 in the full cohort (recovery rate ratio [RRR] 1-08 [95% CI 0-97-1-20]; p=0-21). Results were
similar in the seronegative subgroup (RRR 1-14 [0-97-1-34]; p=0-13). Mortality was lower in the tixagevimab-
cilgavimab group (61 [9%)]) versus placebo group (86 [12%]; hazard ratio [HR] 0-70 [95% CI 0-50-0-97]; p=0-032).
The composite safety outcome occurred in 178 (25%) tixagevimab—cilgavimab and 212 (30%) placebo group
participants (HR 0-83 [0-68-1-01]; p=0-059). Serious adverse events occurred in 34 (5%) participants in the
tixagevimab—cilgavimab group and 38 (5%) in the placebo group.

Interpretation Among patients hospitalised with COVID-19 receiving remdesivir and other standard care,
tixagevimab—cilgavimab did not improve the primary outcome of time to sustained recovery but was safe and mortality
was lower.

Funding US National Institutes of Health (NIH) and Operation Warp Speed.

Copyright © 2022 Elsevier Ltd. All rights reserved.

Introduction
Neutralising monoclonal antibodies targeting SARS-CoV-2
are effective for treatment of early COVID-19 among
outpatients with risk factors for progression to severe
illness,* as well as for primary prevention* and post-
exposure prophylaxis.** Hospitalised patients might also
benefit from neutralising monoclonal antibodies, although
previous results have varied by agent and serostatus.”
Monoclonal antibody effectiveness is threatened, however,
by the emergence of new SARS-CoV-2 variants."*"
Tixagevimab—cilgavimab (AZD7442 [Evusheld], con-
sisting of AZD8895 and AZD1061; AstraZeneca) is a
combination of two Fc-modified human monoclonal

antibodies derived from B cells from two individuals
who had recovered from SARS-CoV-2 infection. These
antibodies recognise non-overlapping sites on the
receptor binding domain of the SARS-CoV-2 spike
glycoprotein.”” The Fc-modifications extend half-life and
reduce FcR and Clq complement binding to minimise
the theoretical risk of antibody-dependent enhancement
of disease.” "

The  ACTIV-3-TICO  (Accelerating  COVID-19
Therapeutic Interventions and Vaccines-Therapeutics for
Inpatients with COVID-19) platform protocol evaluates
promising antiviral therapies among patients hospitalised
with COVID-19, for whom outcomes, including mortality,
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Research in context

Evidence before this study

Mortality is common among patients hospitalised with
COVID-19, despite improvements in standard care (including
remdesivir, dexamethasone, other immune modulators, and
anticoagulants). Neutralising monoclonal antibodies selectively
bind to SARS-CoV-2 spike protein, suppress viral replication in
vitro and in animal models, and prevent clinical progression
and hospitalisation when given early to high-risk outpatients
with COVID-19. Treatment of hospitalised, seronegative
individuals with the monoclonal antibody combination
casirivimab-imdevimab significantly reduced mortality in the
RECOVERY trial. However, SARS-CoV-2 omicron variants are
fully resistant to this combination monoclonal antibody and
show reduced susceptibility to others. Tixagevimab—cilgavimab,
a combination of two monoclonal antibodies with an
approximately 90-day half-life, prevented symptomatic
SARS-CoV-2 infection when given as pre-exposure prophylaxis,
reduced hospitalisations by more than 50% when given during
early COVID-19 in participants who are not hospitalised, and
maintained antiviral activity against omicron variants. This is
the first phase 3 study evaluating the efficacy of tixagevimab-
cilgavimab in patients who are hospitalised.

Added value of this study
In this phase 3 trial, we evaluated a single intravenous dose of
tixagevimab-cilgavimab, in addition to remdesivir and other

remain poor” The first three monoclonal antibody
products studied were halted at the early futility analyses
on the basis of a seven-category ordinal scale for
pulmonary function, as described previously.*** Here we
report the results of the ACTIV-3-TICO trial comparing
tixagevimab—cilgavimab versus placebo, in patients
receiving remdesivir and other standard care.

Methods

Study design

The TICO platform protocol outlines the testing of
multiple candidate antiviral therapies via a phase 3 multi-
arm, multistage, double-blind, randomised controlled
trial design at 81 sites in the USA, Europe, Uganda, and
Singapore (see appendix p 30).” The protocol was
approved by a governing institutional review board for
each enrolling site. Written informed consent for trial
participation was obtained from each enrolled patient or
a legally authorised representative, as applicable.”

Study participants

Adult, hospitalised patients were eligible if they had
confirmed SARS-CoV-2 infection and symptoms for up
to 12 days. Patients were excluded if they had acute organ
failure including receipt of invasive mechanical
ventilation, extracorporeal membrane oxygenation,
vasopressor therapy, mechanical circulatory support, or

www.thelancet.com/respiratory Vol 10 October 2022

standard care. Tixagevimab-cilgavimab did not improve the
primary endpoint of sustained patient recovery, but it was safe
and led to a clinically relevant reduction in mortality.

The mortality signal was numerically larger in patients
requiring high-flow oxygen or non-invasive mechanical
ventilation at study entry and in patients infected with the
delta SARS-CoV-2 variant. In contrast to some previous
monoclonal antibody studies, there were no differences in any
of the efficacy or safety study outcomes by baseline
endogenous neutralising antibody serostatus.

Implications of all the available evidence

Assingle intravenous dose of tixagevimab-cilgavimab might
provide additional clinical benefits to current standard care in
patients hospitalised with COVID-19. Benefits might actually be
greatest in patients with more advanced respiratory failure.
The mortality reduction observed in this study belong to a
secondary endpoint and thus requires additional validation.

As baseline serostatus was not associated with efficacy or safety
outcomes, antibody testing might not be required to
administer this treatment.

new renal replacement therapy. At the beginning of the
trial (Feb 10, 2021), patients on high-flow nasal oxygen or
non-invasive ventilation were excluded. On July 19, 2021,
after 743 (51%) of 1455 patients were enrolled, eligibility
was expanded at the recommendation of the US Food
and Drug Administration and data and safety monitoring
board (DSMB) to include these patients. A full list of
eligibility criteria and rationale for change during the
trial is provided in the appendix (pp 17, 18).

Randomisation and masking

Participants were enrolled by study investigators or a
designee. Hospitalised adults with COVID-19 were
randomly assigned in a 1:1 ratio to either tixagevimab
300 mg—cilgavimab 300 mg or placebo. Randomisation
was done via an interactive web-based application with a
computer-generated random sequence and was stratified
by study site pharmacy. Study drug was prepared by an
unmasked pharmacist on site; study participants, site
study staff, investigators, and clinical providers were
masked to trial group assignment. Masking was further
assured by placing a coloured sleeve over the infusion
bags used for tixagevimab—cilgavimab and placebo.

Procedures
Tixagevimab and cilgavimab were derived from
convalescent B cells from two COVID-19 survivors.®
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| 1455 partipants enrolled |

v

| 732 assigned to tixagevimab-cilgavimab |

22 not infused

| 710 in modified intention-to-treat analysis

v

695 with day 5 ordinal outcome
693 with recovery status known at day 90
688 with vital status known at day 90

v

| 723 assigned to placebo |

| 707 in modified intention-to-treat analysis

v

689 with day 5 ordinal outcome
691 with recovery status known at day 90
686 with vital status known at day 90

A

Figure 1: Trial profile

Tixagevimab-cilgavimab Placebo group

group (n=710) (n=707)
Age, years 55 (44-66) 55 (44-66)
Sex
Female 299 (42%) 295 (42%)
Male 411 (58%) 412 (58%)
Race or ethnicity
Non-Hispanic White 360 (51%) 344 (49%)
Non-Hispanic Black 177 (25%) 175 (25%)
Hispanic 119 (17%) 135 (19%)
Asian 34 (5%) 24 (3%)
Other 20 (3%) 29 (4%)
Body-mass index in kg/m?
30-39:9 281 (40%) 268 (38%)
2400 102 (14%) 106 (15%)
Co-existing chronic illness*
Any 415 (58%) 445 (63%)
Hypertension treated with medication 292 (41%) 300 (42%)
Diabetes treated with medication 183 (26%) 187 (26%)
Asthma 68 (10%) 70 (10%)
Renal impairment 63 (9%) 70 (10%)
Chronic obstructive pulmonary disease 44 (6%) 42 (6%)
Immunocompromisedt 57 (8%) 71 (10%)
SARS-CoV-2 vaccination statust
Fully vaccinated 103 (15%) 101 (14%)
Partially vaccinated 82 (12%) 90 (13%)
Not vaccinated 525 (74%) 516 (73%)
Days since symptom onset 8 (6-10) 8 (6-10)
Medication use before randomisation
Remdesivir 447 (63%) 450 (64%)
Corticosteroid 518 (73%) 517 (73%)
Immunomodulator§ 64 (9%) 50 (7%)
Antirejection medication 24 (3%) 32 (5%)
Therapeutic dose anticoagulationq 58 (8%) 66 (9%)
Prophylactic or intermediate dose anticoagulation 467 (66%) 470 (66%)

(Table 1 continues on next page)
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They are both YTE (M257Y, S259T, T261E) modified
isoforms to extend their halflife and therapeutic
treatment window.”* Additionally, their Fc regions have
three amino acid substitutions (L234F, L235E, P331S)
that reduce binding to human Fc receptors and Clq to
minimise the theoretical risk of Fc- or complement-
mediated antibody-dependent enhanced disease.”

Adults hospitalised with COVID-19 were randomly
assigned in a 1:1 ratio to either tixagevimab 300 mg-
cilgavimab 300 mg, administered as a single intravenous
infusion over a 30-min period, or placebo (appendix p 16).

Presence of anti-spike SARS-CoV-2 neutralising
plasma antibody at baseline was centrally measured by
batch on cryopreserved plasma by means of the
GenScript SARS-CoV-2 Surrogate Virus Neutralization
Test (GenScript, Piscataway, NJ, USA) with 30% binding
inhibition to define positivity per manufacturer specif-
ications. Additional plasma antibody (BioRad Platelia,
Hercules, CA, USA; Quanterix Simoa, Billerica, MA,
USA) and antigen (Quanterix Simoa) assays are detailed
in the appendix (pp 22, 23).

Remdesivir was provided to all study participants unless
contraindicated. Receipt of exogenous SARS-CoV-2 anti-
bodies (eg, other monoclonal antibody products, convales-
cent plasma, or hyperimmune globulin) was prohibited.
Corticosteroids were encouraged for participants with
hypoxaemia. Other medications were permitted as part of
locally determined standard of care. National Institutes of
Health (NIH) treatment guidelines were encouraged but
not required by the protocol.”

Outcomes

The primary outcome was time from randomisation to
sustained clinical recovery up to day 90, defined as return
to home for 14 consecutive days (with home defined as
the participant’s residence type before hospitalisation or a
location that provided similar or less intensive medical
care). This outcome captures patient-centred, clinically
important events after hospital discharge, given that
hospital discharge might occur quickly particularly during
pandemic conditions and the omission of post-discharge
events might underestimate disease burden. Key secon-
dary efficacy outcomes included all-cause mortality up to
day 90 and a composite of sustained recovery and
mortality up to day 90. Other secondary outcomes are
seven-category pulmonary ordinal outcome scale, a seven-
category pulmonary-plus ordinal outcome scale, time to
discharge from the index hospitalization, a composite
safety outcomes through days 5, 28 and 90, reactions
associated with the infusion of the study treatments
(appendix pp 26-29).

The main safety outcome was a composite of death,
serious adverse events, incident organ failure, and serious
co-infections up to day 90. A local site investigator graded
all adverse events for severity using the toxicity table of the
Division of AIDS from the National Institute of Allergy
and Infectious Diseases, version 2.1. Adverse events were
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categorised according to codes in the Medical Dictionary for
Regulatory Activities (MedDRA), version 23.1 and grouped
by system organ class; definitions, timing, and additional
outcomes are described in the appendix (pp 26-29).

Statistical analysis

The study was initially planned to provide 90% power to
detect a recovery rate ratio (RRR) of 1-25 (25% improved
rate of sustained recovery in the tixagevimab—cilgavimab
group compared with placebo) at the 0-05 (two-sided)
level of significance. This required 843 primary events
(ie, participants who achieved sustained recovery), which
was estimated to be achieved with 1000 participants.
Motivated by the results of other trials™ suggesting that
participants without endogenous SARS-CoV-2 antibodies
at baseline (seronegative) might benefit from neutralising
monoclonal antibody treatment, whereas seropositive
participants might not benefit and might even be
harmed, the study was amended on Aug 19, 2021, to
provide 90% power to detect an RRR of 1-20 overall and
of 1-28 among seronegative participants. On the basis of
intermediate pooled data, this was estimated to be
achieved with 1228 primary events wherein 56% would
be seronegative and contribute 545 events.

The primary analysis tested hypotheses for the primary
outcome in the full cohort and the seronegative subgroup
simultaneously as co-primary. Holm’s method* was used
to control family-wise type 1 error at 0-05 by first testing
the hypothesis with the lower p value at the 0-025
(two-sided) level of significance and then if significant, the
hypothesis with the higher p value at0- 05. Power estimates
were updated on the basis of the final enrolment and
analysis plan (appendix p 23). There was no adjustment for
multiple comparisons of secondary outcomes.

The primary analysis was modified intention-to-treat,
restricted to participants who received a complete or
partial infusion of tixagevimab-—cilgavimab or placebo.
Because treatment assignment was blinded, the reasons
for not receiving an infusion were independent from the
treatment assignment. For the primary outcome of
sustained recovery, participants who were alive but had
not had sustained recovery were censored at the last date
on which the endpoint status was ascertained.
Participants who withdrew consent were censored at the
date of withdrawal. We compared treatment groups for
time to sustained recovery using a Fine-Gray model
(accounting for the competing risk of death), stratified by
study site pharmacy and country (7 strata total).*” We
compared death and composite safety outcomes up to
day 90 using stratified Cox proportional hazards models
and a composite of sustained recovery and mortality
using the win-ratio method (appendix p 24).”

RRR greater than 1 denotes superiority of tixagevimab—
cilgavimab compared with placebo on the cumulative
incidence of sustained recovery. Treatment comparisons
by means of Cox proportional hazards models are
presented such that hazard ratios (HRs) less than 1 (for

www.thelancet.com/respiratory Vol 10 October 2022

Tixagevimab-cilgavimab Placebo group

group (n=710) (n=707)

(Continued from previous page)
Pulmonary ordinal scale category||

Not receiving supplemental oxygen 174 (25%) 155 (22%)

Conventional supplemental oxygen <4 L/min 241 (34%) 270 (38%)

Conventional supplemental oxygen =4 L/min 216 (30%) 200 (28%)

High flow nasal cannula or non-invasive ventilation** 79 (11%) 82 (12%)
Delta varianttt 344/685 (50%) 343/662 (52%)
Genscript neutralising anti-spike antibody positivetf 380/687 (55%) 339/676 (50%)
BioRad anti-nucleocapsid antibody positive§§ 417/687 (61%) 444/677 (66%)
Quanterix anti-spike immunoglobulin G positiveq[q 357/681 (52%) 349/675 (52%)

Nucleocapsid antigen concentration|||| 1622 (299-4891)

645/687 (94%)

1675 (247-5287)

Positive (concentration =3 pg/mL) 642/676 (95%)

Data are median (IQR) or n (%). *Full list of co-existing chronic illness in the appendix (p 33). fimmunocompromised is
defined as receiving anti-rejection medications, biologic medications to treat autoimmune disease or cancer (excluding
interleukin[IL]-1, IL-6, janus kinase [JAK] inhibitors, and tumour necrosis factor [TNF] inhibitors), human
immunodeficiency virus, or other immunosuppressive condition. Fully vaccinated is primary vaccine series dose(s)
completed at least 14 days before the onset of symptoms; partial vaccinated is primary vaccine series dose(s) completed
within 14 days before onset of symptoms, or one dose received of a two-dose series; not vaccinated is first dose of
vaccine received after onset of symptoms or no known vaccine doses received (eight with unknown vaccination status:
two in the tixagevimab-cilgavimab group, six in the placebo group). Simmunomodulators. Overall, 58 participants
received a JAK inhibitor, 41 received a IL-6 inhibitor, one received a IL-1 inhibitor, and one received a TNF inhibitor

(see also appendix p 34). fTherapeutic anticoagulation was defined as receipt of therapeutic doses of heparin, warfarin,
oradirect acting oral anticoagulant. ||For participants on chronic supplemental oxygen therapy before COVID-19,
categorisation on the pulmonary ordinal scale was based on oxygen flow rates above the pre-COVID-19 oxygen flow
rate. **On July 19, 2021, enrolment expanded to include participants receiving high flow nasal cannula or non-invasive
ventilation. tTSARS-CoV-2 delta variant was established from a mid-turbinate swab at baseline based on RT-PCR
detection of the N-terminal domain of the delta spike. Of participants infected with the delta SARS-CoV-2 variant,

94% were enrolled July-September, 2021. $+GenScript cPass surrogate SARS-CoV-2 neutralisation assay (anti-spike);
positive was defined as 230% binding inhibition. §§BioRad Platelia anti-nucleocapsid assay (total antibody); positive
was defined as >1-0 sample:cutoff ratio. §1§{Quanterix Simoa anti-spike assay (immunoglobulin G); positive was defined
as 2770 ng/mL. ||||Quanterix Simoa nucleocapsid antigen; positive was defined as =3 pg/mL.

Table 1: Baseline characteristics of the primary cohort

death and safety outcomes) denote superiority of
tixagevimab—cilgavimab. Additional preplanned sub-
group and secondary analyses are described in the
appendix (pp 26-29). We did all statistical analyses using
SAS (version 9.4) and R (version 4.1). The trial was
overseen by an independent DSMB who evaluated
unmasked interim data for futility, efficacy, and safety.
This study is registered with ClinicalTrials.gov,
NCT04501978.

Role of the funding source

The Division of Clinical Research at the National Institute
of Allergy and Infectious Diseases funded this project.
Investigators from NIH were directly involved in all
aspects of this study, including study design, data
collection, data analysis, data interpretation, writing of
the report, and the decision to submit.

Results

From Feb 10 to Sept 30, 2021, we enrolled 1455 patients at
81 sites in the USA, Europe, Uganda, and Singapore. The
primary analysis population included 1417 patients
who received a complete or partial infusion of
tixagevimab—cilgavimab (n=710) or placebo (n=707;
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Tixagevimab- Placebo group Rate or hazard ratio*  pvalue
cilgavimab group (n=707) (95% CI)
(n=710)
Full cohort
Co-primary, sustained recovery up to day 90+ 617 (89%) 595 (86%) 1.08 (0-97-1-20) 0-21

Censored 34 (5%) 31 (4%)

Died before sustained recovery 59 (8%) 81 (11%) - -
Death up to day 90 61 (9%) 86 (12%) 070 (0-50-0-97) 0-032
Composite safety outcome up to day 90§ 178 (25%) 212 (30%) 0-83 (0-68-1-01) 0-059

Serious adverse event 34 (5%) 38 (5%)

Death or serious adverse event 85 (12%) 112 (16%)

Death, serious adverse event, or organ failure 166 (23%) 200 (28%)

Anti-spike neutralising antibody negativeq[ n=307 n=337
Co-primary, sustained recovery up to day 90t 260 (85%) 277 (82%) 114 (0-97-1-34) 013

Censored 20 (7%) 20 (6%)

Died before sustained recovery 27 (9%) 40 (12%)

Death up to day 90 29 (9%) 45 (13%) 0-70 (0-44-112) 014

Composite safety outcome up to day 90§ 87 (28%) 116 (34%) 0-81(0-62-1-08) 0-15
Anti-spike neutralising antibody positiveq[ n=380 n=339

Sustained recovery up to day 90 340 (90%) 297 (88%) 1.00 (0-86-1-15) 0-95

Censored 12 (3%) 10 (3%)

Died before sustained recovery 28 (7%) 32(9%)

Death up to day 90 28 (7%) 32 (9%) 0-76 (0-46-1-27) 0-30
Composite safety outcome up to day 90§ 80 (21%) 80 (24%) 0-87 (0-64-1-19) 0-38

*Recovery rate ratio or hazard ratio, according to the methods and statistical analysis plan in the appendix (p 16). Recovery rate ratios of >1 for sustained recovery and hazard
ratios of <1 for death and safety endpoints favour tixagevimab-cilgavimab. tCo-primary outcomes analysed by Holm'’s method to control familywise type 1 error at 0-05,
according to the methods and statistical analysis plan in the appendix (p 16). #Based on the estimated cumulative incidence of sustained recovery, which was 78% for
tixagevimab~cilgavimab and 76% for placebo group participants at d ay 28 and 89% and 86%, respectively, at day 90 (figure 2. SComposite of death, serious adverse events,
incident organ failure, and serious co-infection. §INeutralising antibody status determined by GenScript cPass surrogate SARS-CoV-2 neutralisation assay (anti-spike);
positive was defined as 30% binding inhibition. Available for 1363 of 1417 participants in the full cohort.

Table 2: Main outcomes for primary cohort and by baseline neutralising antibody status

A B
1009 — Tixagavimab—cilgavimab 16 Hazard ratio 0-70 (95% Cl 0-50-0-97)
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Recovery rate ratio 1-08 (95% Cl 0-97-1-20)
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0 10 20 30 40 50 60 70 80 90
Time from randomisation (days)
Number at risk
Tixagevimab-cilgavimab 710 681 319 100 61 43 33 31 25 18
Placebo 707 670 330 91 53 40 26 21 15 15

0 10 20 30 40 50 60 70 80 90
Time from randomisation (days)
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Figure 2: Time to sustained recovery (A) and death (B) up to day 90 for the full cohort

RRR and HR calculated according to methods and statistical analysis plan in the appendix (p 20). RRR >1 for sustained recovery and HR <1 for death favour
tixagevimab-cilgavimab. By definition, sustained recovery can be achieved no earlier than 14 days after randomisation. The proportional hazards assumption was
met; on the basis of an interaction term with log time, 0-209 +/- 0-176 (p=0-24) for sustained recovery and 0-054 +/- 0-161 (p=0-74) for death. HR=hazard ratio.

RRR=recovery rate ratio.
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Time since randomisation (days)
Number at risk

Tixagevimab-cilgavimab 307 296 284 278 274 268 267 265
Placebo 337 324 311 300 297 295 290 288

265 265
285 283 339 322

A B
1007 — Tixagavimab-cilgavimab 1007
---- Placebo
80 80
S
g
5 60 60—
g
¢
S 404 40
€
S
20 20—
Recovery rate ratio 1-14 (95% Cl 0-97-1-34) Recovery rate ratio 1-00 (95% Cl 0-86-1-15)
0 T T T T T T T 1 0 T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Number at risk
Tixagevimab-cilgavimab 307 294 144 51 31 19 15 14 12 9 380 365 164 45 27 21 16 15 11 7
Placebo 337 323 174 53 35 26 18 16 12 12 339 321 143 33 17 13 7 4 2 2
C D
257 257
20 20
S
o
< 15 154
= |
1<
£
-
B 10— o 10—
=} - pmeeeeaaaad
g | RS [
>
o
5 57
Hazard ratio 0-70 (95% Cl 0-44-1-12) " Hazard ratio 0-76 (95% Cl 0-46-1-27)
0 T T T T T T ] 0 T T T T T T T T ]
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
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Figure 3: Time to sustained recovery and death up to day 90 by baseline serostatus

(A) Sustained recovery for seronegative cohort. (B) Sustained recovery for seropositive cohort. (C) Death for seronegative cohort. (D) Death for seropositive cohort.
RRR and HR calculated according to methods and statistical analysis plan in the appendix (p 23). RRR >1 for sustained recovery and HR <1 for death favour
tixagevimab-cilgavimab. By definition, sustained recovery can be achieved no earlier than 14 days after randomisation. HR=hazard ratio. RRR=recovery rate ratio.

figure 1, appendix p 30). Baseline characteristics were
balanced between groups and the overall study group was
generally representative of patients hospitalised with
COVID-19 (table 1, appendix pp 32-37). The median
duration of symptoms at enrolment was 8 days (6-10),
1041 (73%) were unvaccinated, and 128 (9%) were
immunocompromised including 56 (4%) taking anti-
rejection medications. Common pre-randomisation medi-
cations administered included remdesivir (897 [63%]) and
corticosteroids (1035 [73%)]; table 1, appendix pp 34, 35).
Including those who initiated therapy after study infusion,
1315 (93%) participants received remdesivir. Anti-spike
neutralising antibodies were not detectable at baseline for
644 (47%) of 1363 participants (ie, they were seronegative),
whereas 1287 (94%) of 1363 had detectable plasma

www.thelancet.com/respiratory Vol 10 October 2022

SARS-CoV-2 nucleocapsid antigen concentrations. On the
basis of PCR data, 687 (51%) of 1347 were infected with the
delta SARS-CoV-2 variant, of which 648 (94%) were
enrolled July—September, 2021.

The estimated cumulative incidence of sustained
recovery was 78% for the tixagevimab—cilgavimab group
and 76% for the placebo group participants at day 28
and 89% and 86%, respectively, at day 90 for the full
cohort (RRR 1-08 [95% CI 0-97-1-20]; p=0-21; table 2,
figure 2). Results were similar in the seronegative
subgroup (RRR 1-14 [0-97-1-34]; p=0-13; table 2;
figure 3). Results were not materially different in a
sensitivity analysis that defined sustained recovery as
both being at home and no longer on new supplemental
oxygen for 14 consecutive days (data not shown).
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Day5
0%
i

Cumulative percentage

Percent in category
50% 75% 100% n 1 2 3 4 5 6 7
I L J

Tixagevimab-
cilgavimab

Placebo

Odds ratio 1-06 (95% Cl 0-88-1-29)

Day 14

Tixagevimab-
cilgavimab

Placebo

Odds ratio 1-16 (95% Cl 0-95-1-42)

Tixagevimab-
cilgavimab

Placebo

Odds ratio 128 (95% Cl 1-03-1-59)

Category

Il Can independently undertake usual activities with minimal or no symptoms

[ No supplemental oxygen; symptomatic and unable to independently undertake usual activities
[J Supplemental oxygen <4 L/min

[ Supplemental oxygen =4 L/min

[ Non-invasive ventilation or high-flow nasal cannula

[ Invasive ventilation, ECMO, mechanical circulatory support, or renal replacement therapy

Il Death

o
9
<
N
)

695 170 309 181 132 147 46 14

I 689 170 289 183 154144 42 19

658 409 283 138 40 33 62 35

663 379 300 122 48 32 56 63

653 574 213 69 28 06 47 63

651 530 221 78 22 12 37 100

Figure 4: Pulmonary ordinal scale at days 5, 14, and 28 for the full cohort
ECMO=extracorporeal membrane oxygenation. OR=odds ratio.
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Up to day 90, death occurred in 61 (9%) participants in
the tixagevimab-cilgavimab group compared with
86 (12%) in the placebo group in the full cohort (HR 0-70
[95% CI 0-50-0-97]; p=0-032; table 2; figure 2); estimates
were similar in the seronegative subgroup (29 [9%)] vs
45 [13%]; HR 0-70 [0-44-1-12]; p=0-14; table 2; figure 3).
In the composite analysis of sustained recovery and
death, tixagevimab—cilgavimab outcomes were not
significantly different from placebo (win ratio 1-08
[95% CI 0-92-1-27], p=0-33 for overall cohort; 1-16
[0-92-1-47], p=0-21 for the seronegative subgroup;
appendix p 40).

The proportion of participants across the pulmonary
ordinal scale categories was not statistically different
between treatment groups at day 5 (odds ratio [OR] 1-06
[95% CI 0-88-1.29]; p=0-52) and day 14 (OR 1.16
[0-95-1-42]; p=0-15), but favoured tixagevimab—cilgavimab
at day 28 (OR 1-28 [1-03-1-59]; p=0-024; figure 4).

Tixagevimab-cilgavimab was generally well tolerated
with low rates of treatment-emergent adverse events
(appendix pp 43-53). Infusion reactions were relatively
uncommon and similar in the tixagevimab—cilgavimab
(41[6%)]) and placebo (48 [7%)]) groups and were mostly of
grade 1 or 2 in severity (appendix pp 43, 44).

The main safety outcome (composite of death, serious
adverse events, incident organ failure, and serious

co-infection through day 90) occurred in 178 (25%)
participants in the tixagevimab-cilgavimab group and
212 (30%) in the placebo group (HR 0-83 [95% CI
0-68-1-01]; p=0-059; table 2, appendix pp 54-55).

Serious adverse events occurred in 34 (5%) participants
in the tixagevimab—cilgavimab group and 38 (5%) in the
placebo group (table 2, appendix pp 49-53). Most safety
events were classified as respiratory—thoracic—media-
stinal, gastrointestinal, nervous system, or general sys-
tem organ classification. A similar proportion of
participants in both groups experienced cardiovascular,
thromboembolic, and renal adverse events.

The presence of anti-SARS-CoV-2 antibodies at baseline
measured by three assays (two anti-spike, one anti-
nucleocapsid) did not substantively modify the effect of
tixagevimab—cilgavimab on time to sustained recovery,
death, or the composite safety outcome (appendix
pp 45-48, 58-64). Since SARS-CoV-2 vaccination might
influence baseline serostatus, we did a post-hoc analysis
for unvaccinated participants only; results stratified by
baseline serostatus were similar (appendix pp 43, 66).
The treatment effect also did not vary substantially by
geographical region, SARS-CoV-2 vaccination status, or
immunocompromised state (appendix pp 54-62;
figure 5). For sustained recovery and deaths up to day 90,
point estimates of RRRs and HRs favoured earlier
treatment with tixagevimab—cilgavimab for those within
9 days of symptom onset, participants infected with the
delta variant, and those receiving high-flow nasal oxygen
or non-invasive ventilation at baseline (figure 5, appendix
pp 56-67).

Discussion

In this multinational phase 3 trial involving patients
hospitalised with COVID-19, treatment with a single
infusion of tixagevimab-cilgavimab, compared with
placebo, did not improve the primary outcome of time to
sustained recovery, but led to a 30% relative risk reduction
for mortality up to day 90. Absolute risk reduction was
3-6%. In contrast to earlier results with other monoclonal
antibody treatments that showed more favourable results
for seronegative than seropositive patients, results for
tixagevimab—cilgavimab did not differ by baseline
serostatus. There was also no evidence of harm either
overall or by baseline serostatus. Taken together, these
results suggest that tixagevimab—cilgavimab is safe and
might reduce mortality among patients hospitalised with
COVID-19. The reason for different results for sustained
recovery and mortality might be related to the relatively
high proportion of participants receiving no or low
(<4 L/min) supplemental oxygen (59%), who tended to
recover quickly with remdesivir and other standard care,
or might be due to chance.

Outcomes with tixagevimab—cilgavimab differ from
previous monoclonal antibodies in several ways.
Tixagevimab—cilgavimab is the first in the ACTIV-3
platform that the DSMB recommended to proceed to full
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Tixagevimab-cilgavimab  Placebo Recovery rate ratio (95% CI*) Interaction
p value
Patients  Events (%) Patients  Events (%)
Age* (years) 0-047
<50 255 239 (94%) 259 233(90%) —e— 1.01(0-86-1-20)
50-59 181 157 (87%) 171 157 (92%) —e—H 0-85 (0-69-1.05)
60-69 141 119 (84%) 159 126 (79%) ———i 134 (1:06-1.71)
70-79 99 78 (79%) 73 55 (75%) —t—e—i 114 (0-82-1-58)
=80 34 24 (71%) 45 24 (53%) —1———> 1-42(0-83-2:44)
Gender 0-69
Male 411 355 (86%) 412 344(83%) —lo—i 1.06 (0-92-1-22)
Female 299 262 (88%) 295 251 (85%) H-o—1 110 (0-94-1-30)
Race 0-29
Black 177 149 (84%) 175 150 (86%) — e —i 0-94 (0-76-1-16)
Hispanic 119 102 (86%) 135 112(83%) —te——i 105 (0-82-1-36)
White or other 414 366 (88%) 397 333 (84%) —eo— 1-15 (1-00-1-32)
Region 0-91
Africa 43 33(77%) 45 35 (78%) ——— 1.01(0-65-1-58)
Asia 13 12 (92%) 10 9(90%) 4——F—0——Pp 118 (0-49-2-83)
Europe 135 128 (95%) 130 118 (91%) I — 1.04 (0-82-131)
North America 519 444 (86%) 522 433 (83%) H-o—i 1.09 (0-97-1-24)
Days since symptom onset* 027
<5 146 124 (85%) 151 122(81%) e 1.20 (0-95-1:51)
6-8 243 215 (88%) 270 224(83%) —eo—i 117 (0-98-1-40)
=9 321 278 (87%) 286 249 (87%) —e—i 0-94 (0-80-1-10)
Baseline pulmonary category* 0-57
Not on supplementary O, 174 163 (94%) 155 143 (92%) —ro—i 1.08 (0-88-132)
Supplementary O,, flow rate <4 L/min 241 222 (92%) 270 246 (91%) b to—i 1.06 (0-90-1-25)
Supplementary O,, flow rate 24 L/min 216 177 (82%) 200 161 (81%) —lo——1 1.03(0-84-1.26)
HFNC or NIV 79 55 (70%) 82 45 (55%) — o—» 148 (1:01-218)
SARS-CoV-2 vaccination status 0-90
Fully vaccinated 103 85 (83%) 101 78 (77%) —teo— 110 (0-82-1-48)
Partially vaccinated 82 72 (88%) 90 78 (87%) [ — 114 (0-85-1-54)
Not vaccinated 525 460 (88%) 516 439 (85%) Heo—i 1.06 (0-94-1-20)
Immunosuppressed 0-39
Yes 57 43 (75%) 71 53 (75%) T 0-91(0-62-1-34)
No 653 574 (88%) 636 542 (85%) | o 1.09 (0-98-1-22)
Delta PCR result 021
Delta variant 344 288 (84%) 343 271 (79%) —eo—i 117 (1-00-1-37)
Not Delta variant 341 308 (90%) 319 284 (89%) —e—i 1.01(0-87-1-17)
*Recovery rate ratio from Fine-Gray model
The interaction p value for asterisked subgroups is for trend (across measured value)
0‘»5 O<I75 1 2I
+— —»
Favours placebo Favours active

Figure 5: Subgroup analysis for time to sustained recovery up to day 90 for the full cohort

Continuous variables interaction p values are based on them being fitted as continuous rather than categorical. For baseline pulmonary category, participants were
eligible for enrolment in the HFNC or NIV group, only after July 19, 2021; this corresponds to a pandemic phase when the delta variant was predominant.
HFNC=high-flow nasal cannula. NIV=non-invasive ventilation. RRR=recovery rate ratio.

enrolment after early futility assessment and also the
first to ultimately suggest lower mortality. Whereas
two of the three agents previously studied were associated
with possible harm in patients who are seropositive,* as
was casirivimab-imdevimab in the RECOVERY trial but
not in a company sponsored trial,’* a safety signal was
not observed with tixagevimab-cilgavimab in this
subgroup, despite an approximately 90-day half-life that
is longer than previous monoclonal antibodies.” It is
unknown whether this different result is attributable to
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the specific epitopes targeted by tixagevimab-cilgavimab
or the Fc modifications that might reduce potential risk
of antibody dependent enhancement of disease,” versus
changes over time in patients (such as vaccination), viral
variants, or other epidemiological factors. More generally,
these discordant results suggest that potential harm in
patients who are seropositive is not a class-wide effect
among all monoclonal antibodies.

As with other antiviral therapies, treatment earlier in
the COVID-19 disease course might be more likely to be
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effective. Several monoclonal antibody treatments have
shown benefit in reducing progression of disease when
administered to outpatients in the first week of illness.”
In the present trial, almost all participants still had
detectable viral antigen concentrations at baseline
(median 8 days of symptoms), and nearly half did not
have endogenous neutralising antibodies, suggesting
that antivirals might remain an important component of
the treatment approach in patients who are hospitalised.
This result aligns with the first stage of the Adaptive
COVID-19 Treatment Trial,” in which treatment with the
antiviral remdesivir was beneficial in patients enrolled at
a median of 9 days, as well as with the RECOVERY trial,
in which casirivemab-imdevimab showed a mortality
reduction in patients who had been hospitalised who
were seronegative at a median of 7 days of symptoms.”
Additionally, tixagevimab-cilgavimab was evaluated
with concomitant remdesivir, in contrast to the
RECOVERY trial in which only approximately
25% of patients received remdesivir. Although there are
conflicting guidelines regarding its use for patients
hospitalised with COVID-19, concomitant remdesivir
treatment in this trial ensures that any observed benefits
of tixagevimab-cilgavimab are additive to this back-
ground antiviral therapy. In RECOVERY, 28-day
mortality was 20% compared with 10% in the current
study. The results from the present trial suggest that
monoclonal antibodies might provide clinical benefit in
patients irrespective of whether they are receiving a
direct-acting antiviral agent. As this benefit was not
apparent with the pulmonary ordinal scale at day 5 (used
for early futility assessment in all TICO trials), future
clinical trials in inpatients with COVID-19 might be best
served by assessing early futility by means of a later
timepoint, a different outcome, or both.

Strengths of this trial include a large, diverse patient
population enrolled at experienced sites on four
continents. Additionally, there was blinded admini-
stration of the investigational agent, detailed attention to
outcome ascertainment, and continuous review from
the DSMB. Although ACTIV-3/TICO is a multi-arm
platform, patients were randomly assigned to only
one investigational agent and contemporaneous
placebos were used, so the results are not influenced by
other investigational agents. Although underpowered
for subgroup analyses, there was no compelling evidence
of differences between tixagevimab-—cilgavimab and
placebo in either efficacy or safety by baseline serostatus,
region, comorbid conditions, including immuno-
compromised state, or by vaccination status, suggesting
that the results are broadly generalisable. The potential
for benefit in patients receiving high-flow nasal cannula
or mechanical ventilation merits further study.

Our trial has several limitations. First, enrolment
concluded before the emergence of the omicron variant,
so we do not have direct evidence for patients infected
with this or future variants. However, in vitro data suggest

that although the half maximal inhibitory concentration
(IC50) for tixagevimab-cilgavimab is higher against the
omicron (B.1.1.529 or BA.2) variant as compared with
previous variants,** clinical activity might be retained,
albeit higher doses might be required.*** Second, only a
minority of participants were fully vaccinated, making it
difficult to extrapolate our results to vaccinated or boosted
patients. Third, critically ill patients already requiring
mechanical ventilation, vasopressors, or new renal
replacement therapy were excluded. Reassuringly,
nominal differences for efficacy and safety favoured
tixagevimab—cilgavimab for participants receiving high-
flow nasal cannula or non-invasive ventilation at baseline.
Fourth, since almost all patients received remdesivir per
protocol, the benefit of tixagevimab—cilgavimab if used as
antiviral monotherapy is unknown. Broad adherence to
guideline-recommended treatment, including remdesivir
and corticosteroids, might reduce the potential for larger
effect sizes, and the study had limited power to detect a
modest treatment effect for sustained recovery. Yet, the
observed mortality benefit highlights the ongoing need
for further rescue interventions for patients hospitalised
with COVID-19.

A single infusion of tixagevimab—cilgavimab, added to
background therapy with remdesivir and other standard
care, did not reduce time to the primary outcome of
sustained recovery among patients hospitalised with
COVID-19. However, this combination monoclonal
antibody was safe and resulted in a 30% lower mortality
than standard care alone, suggesting that tixagevimab-
cilgavimab might be a useful treatment option for
patients hospitalised with COVID-19.
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