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Summary
Background In COVACTA, a randomised, placebo-controlled trial in patients hospitalised with coronavirus disease-
19 (COVID-19), tocilizumab did not improve 28-day mortality, but shortened hospital and intensive care unit stay.
Longer-term effects of tocilizumab in patients with COVID-19 are unknown. Therefore, the efficacy and safety of
tocilizumab in COVID-19 beyond day 28 and its impact on Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) clearance and antibody response in COVACTA were investigated.

Methods Adults in Europe and North America hospitalised with COVID-19 (N = 452) between April 3, 2020 and
May 28, 2020 were randomly assigned (2:1) to double-blind intravenous tocilizumab or placebo and assessed for effi-
cacy and safety through day 60. Assessments included mortality, time to hospital discharge, SARS-CoV-2 viral load
in nasopharyngeal swab and serum samples, and neutralising anti-SARS-CoV-2 antibodies in serum. ClinicalTrials.
gov registration: NCT04320615.

Findings By day 60, 24¢5% (72/294) of patients in the tocilizumab arm and 25¢0% (36/144) in the placebo arm died
(weighted difference −0¢5% [95% CI −9¢1 to 8¢0]), and 67¢0% (197/294) in the tocilizumab arm and 63¢9% (92/
144) in the placebo arm were discharged from the hospital. Serious infections occurred in 24¢1% (71/295) of patients
in the tocilizumab arm and 29¢4% (42/143) in the placebo arm. Median time to negative reverse transcriptase−quan-
titative polymerase chain reaction result in nasopharyngeal/oropharyngeal samples was 15¢0 days (95% CI 14¢0 to
21¢0) in the tocilizumab arm and 21¢0 days (95% CI 14¢0 to 28¢0) in the placebo arm. All tested patients had positive
test results for neutralising anti−SARS-CoV-2 antibodies at day 60.

Interpretation There was no mortality benefit with tocilizumab through day 60. Tocilizumab did not impair viral clear-
ance or host immune response, and no new safety signals were observed. Future investigations may explore potential bio-
markers to optimize patient selection for tocilizumab treatment and combination therapy with other treatments.

Funding F. Hoffmann-La Roche Ltd and the US Department of Health and Human Services, Office of the Assistant
Secretary for Preparedness and Response, Biomedical Advanced Research and Development Authority, under OT
number HHSO100201800036C.

Copyright � 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

We searched PubMed from 1 January 2020, through 23
September 2021, using the term “tocilizumab AND COVID-
19” limited to randomised controlled trials. Among all trials,
a survival benefit was demonstrated in two platform trials,
REMAP-CAP and RECOVERY. A published meta-analysis
of data from 19 clinical trials of tocilizumab in patients
hospitalised with COVID-19, including REMAP-CAP and
RECOVERY, reported an absolute mortality risk of 22% for
tocilizumab (n= 4299) compared with an assumed mortal-
ity risk of 25% for usual care or placebo (n= 3749), which
corresponded to a summary odds ratio of 0.83 (95% CI,
0.74 to 0.92). No randomised controlled trials have reported
the effect of tocilizumab on viral load or on the develop-
ment of anti−Severe Acute Respiratory Syndrome Corona-
virus 2 (SARS-CoV-2) antibodies.

Added value of this study

This study provides clinically important data about the
efficacy and safety of tocilizumab in patients

hospitalised with COVID-19 pneumonia past the 28 days
of observation reported in previous trials and evaluates
the efficacy of tocilizumab across subgroups of patients
defined by baseline inflammatory markers, SARS-CoV-2
viral load, standard-of-care medications, and patient
characteristics. Additional analysis of the effect of tocili-
zumab on viral clearance and host immune response
that was not investigated in the REMAP-CAP and
RECOVERY trials demonstrates that treatment with toci-
lizumab did not delay SARS-CoV-2 viral clearance or
affect the development of neutralising antibodies.

Implications of all the available evidence

The evidence to date suggests that treatment with
tocilizumab provides some benefits beyond standard
care. Future investigations are needed to confirm
appropriate patient selection and to evaluate out-
comes when tocilizumab is used in combination
with other treatments. Tocilizumab treatment
appears to be safe and does not delay viral clear-
ance or affect the development of anti−SARS-CoV-2
antibodies.
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Introduction
Two large, randomised, controlled platform trials,
RECOVERY and REMAP-CAP, demonstrated survival
benefit with tocilizumab, an interleukin-6 (IL-6) recep-
tor blocker, compared with standard care alone at day
28.1,2 This was confirmed in a meta-analysis that
included data from 19 clinical trials of tocilizumab in
patients hospitalised with coronavirus disease-19
(COVID-19).3 Randomised controlled trials of tocilizu-
mab in COVID-19 have provided heterogeneous results,
possibly because of differences in patient selection, tim-
ing of treatment, sample sizes, and rapidly evolving
standard care.4−6

Potential impacts of IL-6 blockade on Severe Acute
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)
viral clearance and neutralising anti−SARS-CoV-2 anti-
body development are important considerations in
assessing the overall benefits and risks of tocilizumab
in the treatment of COVID-19.7 SARS-CoV-2 viral load
is correlated with elevated IL-6 levels and poor disease
outcomes.8−11 However, data are needed from rando-
mised controlled trials to determine whether tocilizu-
mab impacts viral clearance or affects the humoural
immune response.

COVACTA was a randomised, double-blind, placebo-
controlled trial of tocilizumab in hospitalised patients
with COVID-19. The primary outcome of COVACTA
(clinical status assessed on a 7-category ordinal scale at
day 28) was not significantly different between tocilizu-
mab and placebo.12 Although there was no difference in
mortality between tocilizumab and placebo at day 28 in
COVACTA, potential benefits in time to discharge/
ready for discharge and duration of intensive care unit
(ICU) stay were identified.12 Here, we report on the
efficacy and safety of tocilizumab through day 60 in
COVACTA and describe the effects of tocilizumab on
SARS-CoV-2 load and neutralising antibody titres. To
our knowledge, this is the first report of the longer-term
efficacy and safety of IL-6 inhibition in COVID-19 and
the first report of virology and serology data from a
large, randomised, placebo-controlled trial.
Methods

Study design and patients
COVACTA (ClinicalTrials.gov, NCT04320615) was a
global, randomised, double-blind, placebo-controlled,
phase 3 trial of tocilizumab compared with placebo in
patients hospitalised with severe COVID-19 pneumo-
nia. The study design and full enrolment criteria have
been published.12 Briefly, adults who had SARS-CoV-2
infection based on local polymerase chain reaction
(PCR) testing and were hospitalised because of COVID-
19 pneumonia—with blood oxygen saturation of ≤93%
or partial pressure of oxygen/fraction of inspired oxygen
of <300 mmHg—were eligible.
www.thelancet.com Vol 47 Month May, 2022
Informed consent was obtained for all enrolled
patients. The study was conducted in accordance with
the International Council for Harmonisation E6 guide-
line for good clinical practice and the Declaration of
Helsinki or local regulations, whichever afforded greater
patient protection. The protocol (supplement 1) was
reviewed and approved by the institutional review board
or the ethics committee at each site.
Randomisation and masking
Patients were randomly assigned in a 2:1 ratio to receive
intravenous tocilizumab 8 mg/kg (maximum 800 mg)
or placebo plus local standard care (could have included
antiviral therapy or corticosteroids in addition to sup-
portive care) using an interactive voice or web-based
response system and permuted-block randomisation. A
second dose of tocilizumab or placebo could be given
within 8 to 24 h after the first dose if clinical signs and
symptoms did not improve. Randomisation was strati-
fied by region (North America, Europe) and mechanical
ventilation status (yes, no). The study sponsor, site per-
sonnel, and patients were masked to treatment assign-
ment and pharmacokinetic and pharmacodynamic
measures during the study.
Clinical outcome measures
Day 60 efficacy and safety outcomes and time to clinical
improvement to day 28 (secondary outcome not previ-
ously published) are reported here.

Clinical status was assessed on a 7-category ordinal
scale (1, discharged/ready for discharge; 2, non−ICU
hospital ward/ready for hospital ward, not requiring
supplemental oxygen; 3, non−ICU hospital ward/ready
for hospital ward, requiring supplemental oxygen; 4,
ICU or non−ICU hospital ward, requiring noninvasive
ventilation or high-flow oxygen; 5, ICU, requiring intu-
bation and mechanical ventilation; 6, ICU, requiring
extracorporeal membrane oxygenation or mechanical
ventilation and additional organ support; 7, death).
‘Ready for discharge’ was defined as normal body tem-
perature and respiratory rate and stable oxygen satura-
tion on ambient air or ≤2 L supplemental oxygen. Time
to clinical improvement up to day 28 was defined as
time from initial study treatment to a National Early
Warning Score 2 (NEWS2) of ≤2 maintained for 24 h.
Incidences of safety events were summarised through
day 60.
Laboratory outcome measures
IL-6 was measured by qualified immunoassay
(Quantikine� ELISA, R&D Systems at Quest Pharma-
ceutical Services), and C-reactive protein (CRP) was
measured using a validated in vitro diagnostic method
(Roche Cobas�, Roche Diagnostics at PPD�) at central
laboratories. Ferritin was measured using standard
3
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laboratory methods available at local hospital laborato-
ries. Virology and neutralising antibody assays were per-
formed by Viroclinics Biosciences‒DDL Diagnostic
Laboratory (Rotterdam, Netherlands). SARS-CoV-2 viral
load (RNA copies/mL) was measured by N1-gene quanti-
tative reverse transcriptase PCR (RT-qPCR) in nasopha-
ryngeal/oropharyngeal swabs and serum samples as
described,13 with adjusted probe dyes and PCR program
and a limit of quantification (LOQ) of 0.12 copies/mL.
Change from baseline in viral load was assessed over
time as a safety objective. Time to negative PCR result
was assessed. Anti−SARS-CoV-2 neutralising antibody
titres were measured by plaque reduction neutralisation
test (PRNT80)14 in serum samples at baseline, day 28,
and day 60. Given that tocilizumab treatment for auto-
immune diseases is associated with neutropenia,
thrombocytopenia, and elevated levels of liver
enzymes,15 relevant laboratory results were monitored
locally through day 60.
Statistical analysis
Efficacy was assessed in the modified intention-to-treat
(mITT) population, defined as all randomly assigned
patients who received any amount of study medication
grouped according to treatment assigned at randomisa-
tion. Time to clinical improvement to day 28 was
assessed using a log-rank test and a Cox proportional
hazards model stratified by region and mechanical ven-
tilation status at randomisation, and Kaplan-Meier plots
were produced. Clinical improvement criteria were met
if a patient had at least two assessments within a 24 h
(§2¢5 h) period with no NEWS2 score >2 or if they had
a score ≤2 and were then discharged within 26¢5 h with
no score >2 before discharge. The NEWS2 score was
not calculated if one of the components was missing at
a particular time point. Hazard ratios for the post hoc
subgroup analyses of time to death were estimated
using the Cox proportional hazards model (unstrati-
fied). Subgroups for the time to death analyses were
based on demographics, disease characteristics and viral
load, standard of care medications, comorbidities, and
inflammatory markers at baseline. Difference in the
duration of supplemental oxygen was assessed using
the van Elteren test stratified by region and mechanical
ventilation status at randomisation, and cumulative dis-
tribution plots were produced. Patients who died by day
28 were assigned a duration of supplemental oxygen of
28 days. Mortality at day 60 was summarised (prespeci-
fied) and analysed (post hoc) using the Cochran-Mantel-
Haenszel test stratified by region and mechanical venti-
lation status at randomisation. A conditional logistic
regression analysis modeling the probability of death at
day 60 was conducted as an additional sensitivity analy-
sis. The proportions of patients who required supple-
mental oxygen at or after discharge were summarised.
Time to death through day 60 was analysed post hoc.
No multiplicity adjustments were made for p values or
95% CIs.

Post hoc sensitivity analyses were conducted for time
to clinical improvement to day 28, mortality at day 60,
and duration of supplemental oxygen to day 28 that
were adjusted for age and corticosteroid use at baseline
in addition to the stratification factors of region and
mechanical ventilation status at randomization included
in the original stratified analysis.

Safety (including virology, serology, and laboratory
data) was assessed in the safety-evaluable population,
which was defined as all randomly assigned patients
who received any study medication grouped according
to the treatment first received rather than the treatment
assigned. Time to first negative PCR result from naso-
pharyngeal/oropharyngeal swabs (prespecified) and
serum samples (post hoc) was assessed using a Cox pro-
portional hazards model stratified by region and
mechanical ventilation at randomisation in the sub-
group of patients with positive test results at baseline,
and Kaplan-Meier plots were produced. The area under
the curve (AUC) of SARS-CoV-2 viral load was calcu-
lated post hoc using the trapezoidal method adjusted by
the date and time of the last available assessment for
each patient. For AUC calculations and summaries of
viral load over time, values from samples with viral
loads below the LOQ were imputed to the LOQ minus
0¢001 (0¢119 copies/mL), and negative samples were
imputed to LOQ divided by 2 (0¢06 copies/mL). Anti
−SARS-CoV-2 neutralising antibody titers were sum-
marised post hoc.
Role of the funding source
The study was funded by F. Hoffmann-La Roche Ltd
(the sponsor) and, in part, by federal funds received
from the US Department of Health and Human Serv-
ices, Office of the Assistant Secretary for Preparedness
and Response, Biomedical Advanced Research and
Development Authority, under OT number
HHSO100201800036C. The sponsor was involved in
the design and conduct of the study, analysis and inter-
pretation of the data, review and critical revision of the
manuscript, and decision to submit the paper for publi-
cation. All authors had full access to all the data reports
and final responsibility to submit the manuscript for
publication.
Results
Overall, 452 patients were enrolled at 62 centres across
nine countries in Europe and North America between 3
April 2020 and 28 May 2020. Of these, 438 received
study treatment and were included in the mITT popula-
tion. Patient demographics and disease characteristics
at baseline were generally well balanced between the
treatment groups (Supplementary Table S1).12 Among
www.thelancet.com Vol 47 Month May, 2022



Figure 1. COVACTA trial profile. *Three patients were rescreened and subsequently randomly assigned. yPatient was randomly
assigned again and later received study treatment. Abbreviations: IRB, Institutional Review Board; SOC, standard of care.
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all randomly assigned patients, 190 (63¢1%) in the tocili-
zumab arm and 96 (63¢6%) in the placebo arm com-
pleted the study to day 60; death was the most common
reason for discontinuation (Figure 1). The total number
of patients discharged from hospital to day 60 in the
mITT population was 197 (67¢0%) in the tocilizumab
arm and 92 (63¢9%) in the placebo arm (Table 1).
Patients
discharged,
n (%)

Tocilizumab N = 294 Placebo N = 144

Weekly Cumulative Weekly Cumulative

Day 7 55 (18¢7) 55 (18¢7) 19 (13¢2) 19 (13¢2)
Day 14 58 (19¢7) 113 (38¢4) 24 (16¢7) 43 (29¢9)
Day 21 28 (9¢5) 141 (48¢0) 16 (11¢1) 59 (41¢0)
Day 28 16 (5¢4) 157 (53¢4) 7 (4¢9) 66 (45¢8)
Day 35 9 (3¢1) 166 (56¢5) 7 (4¢9) 73 (50¢7)
Day 45 15 (5¢1) 181 (61¢6) 13 (9¢0) 86 (59¢7)
Day 60 16 (5¢4) 197 (67¢0) 6 (4¢2) 92 (63¢9)

Table 1: Summary of patients discharged over time (modified
intention-to-treat population).
Only first discharge is shown. Patients who were readmitted to hospital

within 12 h were not counted as discharged.
Day 60 outcomes
Through day 60, 36 of 197 patients (18¢3%) in the tocili-
zumab arm and 24 of 92 patients (26¢1%) in the pla-
cebo arm required supplemental oxygen at or after the
time of hospital discharge.

In the mITT population, 72 of 294 patients (24¢5%)
in the tocilizumab arm and 36 of 144 patients (25¢0%)
in the placebo arm died by day 60 (weighted difference
−0¢5% [95% CI −9¢1 to 8¢0]; Cochran-Mantel-Haenszel
p = 0¢90 in post hoc analysis). Per a post hoc analysis of
time to death by day 60 among subgroups based on
baseline demographics, clinical status, viral load, stan-
dard-of-care medications, comorbidities, or inflamma-
tory markers (IL-6, ferritin, CRP), all 95% CIs
contained the value of 1 except for Black or African
www.thelancet.com Vol 47 Month May, 2022
American patients (Figure 2a−d). However, data inter-
pretation in all subgroups is limited because of small
patient numbers. At baseline, 71 patients (24¢1%) in the
tocilizumab arm and 42 patients (29¢2%) in the placebo
arm were receiving antiviral treatments (19 [6¢5%] and
6 [4¢2%], respectively, were receiving remdesivir;
5



Figure 2. Summary forest plots showing the hazard ratio of time to death by day 60 associated with (a) demographics, (b) baseline
disease characteristics and concomitant medications, (c) comorbidities, and (d) biomarkers (mITT population). Hazard ratios were
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Supplementary Table S2) and 56 (19¢0%) and 41
(28¢5%), respectively, were receiving systemic corticoste-
roids. In patients receiving baseline antiviral therapy,
the hazard ratio (HR) was 1¢36 (95% CI 0¢64 to 2¢88),
and in patients receiving baseline corticosteroids, the
HR was 0¢81 (95% CI 0¢39 to 1¢67) (Figure 2b).

By day 60, 240 of 295 patients (81¢4%) in the tocili-
zumab arm and 118 of 143 patients (82¢5%) in the pla-
cebo arm experienced ≥1 adverse event and 116 patients
(39¢3%) in the tocilizumab arm and 64 patients
(44¢8%) in the placebo arm experienced ≥1 serious
adverse event (Table 2). No events led to withdrawal
from the study other than those that resulted in death.
The most common serious adverse events were infec-
tions; excluding preferred terms COVID-19 and
COVID-19 pneumonia, the most common serious infec-
tions were septic shock (tocilizumab, 7 [2¢4%]; placebo,
7 [4¢9%]), pneumonia (tocilizumab, 7 [2¢4%]; placebo, 4
[2¢8%]), bacterial pneumonia (tocilizumab, 6 [2¢0%];
placebo, 2 [1¢4%]), and sepsis (tocilizumab, 3 [1¢0%]; pla-
cebo, 4 [2¢8%]). Eight serious infections (excluding
COVID-19 and COVID-19 pneumonia) occurred after
day 28, four (1¢4%) in the tocilizumab arm and four
(2¢8%) in the placebo arm. In the safety population, 72
patients (24¢4%) in the tocilizumab arm and 36 patients
(25¢2%) in the placebo arm died by day 60.
Additional day 28 efficacy outcomes
Criteria for clinical improvement (NEWS2 ≤2 for 24 h)
were met in 103 patients (35¢0%) in the tocilizumab
arm and 41 patients (28¢5%) in the placebo arm by day
28. Median time to clinical improvement was not evalu-
able in either treatment arm (log-rank p = 0¢044; Cox
proportional hazards ratio 1¢45 [95% CI 1¢01 to 2¢08])
(Supplementary Figure S1a). The median (95% CI)
duration of supplemental oxygen through day 28 was
26¢5 days (19¢0 to 28¢0) in the tocilizumab arm and
28¢0 days (26¢0 to 28¢0) in the placebo arm, with a dif-
stimated using Cox proportional hazards model (unstratified). A hazard ratio of <1 favoured tocilizumab over placebo. Patients
ho did not die were censored at study completion or early withdrawal. (b) Baseline ordinal scale refers to clinical status assessed
n a 7-category ordinal scale (1, discharged/ready for discharge; 2, non−ICU hospital ward/ready for hospital ward, not requiring
pplemental oxygen; 3, non−ICU hospital ward/ready for hospital ward, requiring supplemental oxygen; 4, ICU or non−ICU hospi-
l ward, requiring noninvasive ventilation or high-flow oxygen; 5, ICU, requiring intubation and mechanical ventilation; 6, ICU,
quiring extracorporeal membrane oxygenation or mechanical ventilation and additional organ support; 7, death). *Ordinal scale 6
cluded one patient who was initially in ordinal scale 6 on day 1 but died (ordinal scale 7) on day 1. Baseline steroid or antiviral use
as defined as between day −7 and day 1. Steroid treatments included corticosteroids except those reported as topical, inhalant
r dermatological. Antiviral treatments included lopinavir/ritonavir, remdesivir, lopinavir, ritonavir, chloroquine, hydroxychloro-
uine, or hydroxychloroquine sulphate. (c) Any comorbidities include patients with ≥1 comorbidity of obesity, diabetes, cardiovas-
ular impairment, hepatic impairment, hypertension, or chronic lung disease. (d) Baseline nasopharyngeal/oropharyngeal swab or
rum viral load was defined as a patient’s most recent assessment before the first dose of study medication. If no assessment was
vailable with a time before the first dose of study medication, the assessment labelled as ‘day 1 predose’ assessment was treated
s baseline. Baseline IL-6, ferritin, and CRP levels were determined by a patient’s most recent pretreatment assessment. Patients
hose baseline CRP or ferritin values were above the upper limit of the assay were assigned to the highest category. Patients whose
aseline IL-6 or viral load values were below the limit of quantification or were negative (viral load only) were assigned to the lowest
ategory. Abbreviations: CRP, C-reactive protein; ICU, intensive care unit; IL-6, interleukin-6; mITT, modified intention-to-treat; NE,
ot evaluable.
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ference of −1¢5 days (−9¢0 to 0¢5) (van Elteren
p = 0¢048). The cumulative distribution of the duration
of supplemental oxygen to day 28 is shown in Supple-
mentary Figure S1b.
Virology and serology outcomes

SARS-CoV-2 viral load in nasopharyngeal swab samples. Tag-

gedPAlthough all randomly assigned patients except one had a
positive test result for SARS-CoV-2 based on local RT-PCR
at screening, 351 of 391 patients (89¢8%) with baseline
assessments had positive RT-qPCR central laboratory
results for SARS-CoV-2 based on nasopharyngeal/oropha-
ryngeal samples (240/268 patients [89¢6%] in the tocili-
zumab arm and 111/123 patients [90¢2%] in the placebo
arm). Median viral loads were 7¢17 copies/mL (range 0¢1 to
94,385¢3) in the tocilizumab arm and 9¢89 copies/mL
(range 0¢1 to 58,450¢4) in the placebo arm, decreasing to
0¢24 copies/mL (range 0¢1 to 31,584¢9) and 0¢62 copies/
mL (range 0¢1 to 109,940¢6), respectively, by day 7
(Figure 3a). Median AUC by day 28 was 4¢07 copies/
mL¢hour (95% CI 2¢09 to 7¢41) in the tocilizumab arm
and 4¢61 copies/mL¢hour (95% CI 1¢68 to 11¢04) in the
placebo arm.

Among patients with a positive RT-qPCR result at
baseline, the median time to negative RT-qPCR was
15¢0 days (95% CI 14¢0 to 21¢0) in the tocilizumab arm
and 21¢0 days (95% CI 14¢0 to 28¢0) in the placebo arm.
The HR for time to negative RT-qPCR with tocilizumab
vs. placebo was 1¢13 (95% CI 0¢83 to 1¢53) (Figure 3b). By
day 28, 139/240 patients (57¢9%) in the tocilizumab
arm and 67/111 patients (60¢4%) in the placebo arm
had achieved RT-qPCR negativity. However, the overall
median viral load at baseline was numerically lower in
the tocilizumab arm than in the placebo arm. In a post
hoc analysis adjusted for baseline viral load and time
from symptom onset among patients in the safety popu-
lation who had a positive baseline RT-qPCR result, the
7



Tocilizumab N = 295 Placebo N = 143

Adverse events, n 949 433
Patients with ≥1 adverse event, n (%) 240 (81¢4) 118 (82¢5)
Percentage difference (95% CI) �1¢2 (�8¢4, 7¢0)

Serious adverse events, n 192 122
Patients with ≥1 serious adverse event, n (%)* 116 (39¢3) 64 (44¢8)
Percentage difference (95% CI) �5¢4 (�15¢2, 4¢3)

Deaths, n (%)y 72 (24¢4) 36 (25¢2)
Percentage difference (95% CI) �0¢8 (�9¢7, 7¢5)

Patients with ≥1 adverse event of special interest, n (%), percentage difference (95% CI)
Infections 127 (43¢1) 63 (44¢1)

�1¢0 (�10¢9, 8¢7)
Serious infectionsz 71 (24¢1) 42 (29¢4)

�5¢3 (�14¢4, 3¢3)
Opportunistic infectionsx 1 (0¢3) 3 (2¢1)

�1¢8 (�5¢7, 0¢3)
Bleeding events 47 (15¢9) 18 (12¢6)

3¢3 (�4¢1, 9¢8)
Serious bleeding events 13 (4¢4) 5 (3¢5)

0¢9 (�3¢9, 4¢5)
Hypersensitivity{ 19 (6¢4) 4 (2¢8)

3¢6 (�1¢1, 7¢5)
Anaphylactic reaction according to Sampson’s criteria 0 1 (0¢7)

−
Hepatic events 7 (2¢4) 3 (2¢1)

0¢3 (�3¢8, 3¢1)
Malignancies 1 (0¢3) 0

−
Medically confirmed malignancies 1 (0¢3) 0

−
Stroke 3 (1¢0) 4 (2¢8)

�1¢8 (�6¢0, 0¢8)
Myocardial infarction 4 (1¢4) 2 (1¢4)

�0¢04 (�3¢7, 2¢3)
Gastrointestinal perforation 1 (0¢3) 2 (1¢4)

�1¢1 (�4¢6, 0¢8)
Laboratory abnormalities
Patients with non-missing baseline ALT assessment and ≥1 post baseline ALT assessment, n

ALT level ≥ grade 3, n (%)**
Grade 3
Grade 4

280
17 (6¢1)
13 (4¢6)
4 (1¢4)

140
6 (4¢3)
5 (3¢6)
1 (0¢7)

Neutrophil count > LLN at baseline, n
Neutrophil count ≥ grade 3, n (%)yy

Grade 3
Grade 4

245
12 (4¢9)
9 (3¢7)
3 (1¢2)

115
1 (0¢9)
1 (0¢9)
0

Platelet count >LLN at baseline, n
Platelet count ≥ grade 3, n (%)yy

Grade 3
Grade 4

258
10 (3¢9)
7 (2¢7)
3 (1¢2)

122
1 (0¢8)
1 (0¢8)
0

Concurrent elevation of ALT or AST level >3£ ULN and total bilirubin level >2£ ULN, n (%) 6 (2¢0) 7 (4¢9)

Table 2: Adverse events through day 60 (safety population).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; COVID-19, coronavirus disease-19; LLN, lower limit of normal; MedDRA,

Medical Dictionary for Regulatory Activities; ULN, upper limit of normal.

* Excluding infections, other serious adverse events by MedDRA system organ class that were reported in ≥5% of patients (in either treatment arm)

included respiratory, thoracic, and mediastinal disorders (tocilizumab, 23 patients [7¢8%]; placebo, 21 patients, [14¢7%]) and cardiac disorders (tocilizumab, 16

patients [5¢4%]; placebo, 9 patients [6¢3%]).
y The most common reason for death was COVID-19 pneumonia (36 of 72 deaths in the tocilizumab arm and 20 of 36 deaths in the placebo arm).
z Excluding COVID-19 and COVID-19 pneumonia, eight serious infections occurred after day 28, four (urinary tract infection, bacterial sepsis, bacteremia,

empyema) in the tocilizumab arm and four (septic shock, staphylococcal pneumonia, osteomyelitis, Pneumocystis jirovecii pneumonia) in the placebo arm.
x Candida sepsis in the tocilizumab arm and one event each of Candida sepsis, Pneumocystis jirovecii pneumonia, and respiratory moniliasis in the placebo arm.
{ Hypersensitivity reactions include all events that occurred during or within 24 h after the infusion of tocilizumab or placebo and that were assessed by the

investigator as not unrelated to the infused treatment regardless of whether they were clinically consistent with hypersensitivity.

** Percentages based on the number of patients with non-missing baseline assessment and ≥1 post baseline assessment.
yy Percentages based on the number of patients with levels >LLN for neutrophil and platelet counts at baseline.

The 95% CIs for the percentage differences were estimated using the Newcombe method.

No medically confirmed gastrointestinal perforation or demyelinating adverse events were reported.
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Figure 3. Viral load from (a) swab and (c) serum samples over time and time to first negative RT-qPCR result in (b) swab and (d)
serum samples in patients with positive test results at baseline (safety population). (a, b) Nasopharyngeal or oropharyngeal swab
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median time to negative RT-PCR result was the same as
in the original analysis and the Cox proportional hazard
ratio was 1¢05 (95% CI, 0¢77 to 1¢43).
SARS-CoV-2 viral load in serum samples. The median
RT-qPCR SARS-CoV-2 viral load was lower in serum
samples than in upper respiratory samples at corre-
sponding time points. At baseline, the proportion of
patients with a positive serum SARS-CoV-2 RT-qPCR
result among those who had a baseline assessment was
73¢3% (211/288) in the tocilizumab arm and 67¢1% (94/
140) in the placebo arm. By day 14, the proportion of
patients with a positive serum RT-qPCR result had
declined to 17¢2% (26/151) in the tocilizumab arm and
9¢2% (8/87) in the placebo arm. The median viral load
in serum samples was 0¢12 copies/mL in the tocilizu-
mab arm and 0¢16 copies/mL in the placebo arm at
baseline, and by day 7 and day 14 more than half the
patients in each arm had negative test results
(Figure 3c).

Among patients with a positive serum RT-qPCR
result at baseline, the median time to RT-qPCR negativ-
ity was 14¢0 days in both treatment arms (95% CI 8¢0 to
14¢0). The HR for time to RT-qPCR negativity in the
tocilizumab arm compared with the placebo arm was
1¢17 (95% CI 0¢82 to 1¢68) (Figure 3d). By day 17, 124 of
211 patients (58¢8%) in the tocilizumab arm and 60 of
94 patients (63¢8%) in the placebo arm had achieved
RT-qPCR negativity. In a post hoc analysis adjusted for
baseline viral load and time from symptom onset
among patients in the safety population who had a posi-
tive baseline RT-qPCR result, the median time to nega-
tive RT-PCR result was the same as in the original
analysis and the Cox proportional hazard ratio was 0¢97
(95% CI, 0¢66 to 1¢42). Among patients with a positive
serum RT-qPCR result at baseline who did not receive
systemic corticosteroids or remdesivir at baseline or at
any time during the study, the median time to negative
RT-qPCR result was 14¢0 days (95% CI 8¢0 to 14¢0;
n = 121) in the tocilizumab arm and 14¢0 days (95% CI,
7¢0 to 14¢0; n = 36) in the placebo arm (Cox proportional
hazards ratio 0¢81 [0¢46 to 1¢44]). Among these patients,
67 (55¢4%) in the tocilizumab arm and 22 (61¢1%) in the
placebo arm achieved RT-qPCR negativity by day 17.
samples. (a, c) Data shown are median (95% CI). Horizontal dashed
as below the LOQ were set to the LOQ value minus 0.001 (0.119 co
the LOQ value (0.06 copies/mL). Baseline is the last pretreatment as
first dose of study medication, the assessment labelled as ‘day 1 pr
lated post hoc using the trapezoidal method adjusted by the date
Data are shown as 1 minus the Kaplan-Meier estimator. Time to neg
study drug to time of negative RT-qPCR result in swab or serum sam
Patients who discontinued the study or were lost to follow-up befo
assessment. Patients who died were censored at day 28 (swab samp
stratified by region and mechanical ventilation at randomisation. A
LOQ, limit of quantification; RT, qPCR-reverse transcriptase−quan
Respiratory Syndrome Coronavirus 2.
Neutralising anti−SARS-CoV-2 antibodies in serum
samples. Regarding serology, 209 of 237 patients
(88¢2%) in the tocilizumab arm and 95 of 108 patients
(88¢0%) in the placebo arm had positive test results for
neutralising anti−SARS-CoV-2 antibodies at baseline,
with median PRNT80 titres of 85¢0 (8¢0 to 3973¢0) and
81¢0 (8¢0 to 1240¢0), respectively. At day 28, 100% of
tested patients in the tocilizumab arm and 98¢3% of
tested patients in the placebo arm had positive test
results for neutralising anti−SARS-CoV-2 antibodies.
At day 60, all tested patients had positive test results for
neutralising antibodies, and median PRNT80 titres had
increased to 108¢0 (21¢0 to 847¢0) in the tocilizumab
arm and to 189¢5 (20¢0 to 776¢0) in the placebo arm.
Discussion
COVACTA did not meet its primary endpoint of clinical
status assessed on an ordinal scale and did not show
improvement in mortality; however, initial results sug-
gested that tocilizumab may reduce the time to dis-
charge/ready for discharge and the duration of ICU stay
compared with standard care alone.12 The data pre-
sented here show potential benefits of tocilizumab in
time to clinical improvement and supplemental oxygen
use to day 28. Post hoc analysis of time to death to day
60 showed no difference between tocilizumab and pla-
cebo overall or by subgroups of baseline demographics,
clinical status, standard-of-care medications, comorbid-
ities, viral load, or inflammatory markers. The safety of
tocilizumab through day 60 was consistent with that
reported through day 28, with no new safety signals.
Tocilizumab did not negatively impact viral clearance in
the upper respiratory tract or serum or affect the
humoural immune response to SARS-CoV-2.

Because IL-6 is a driver of inflammation, it has been
postulated that IL-6 receptor inhibition may provide
benefit in severe, progressive disease when local and
systemic inflammation are the major drivers of disease
and before irreversible multiorgan failure occurs.7

Investigators have proposed using inflammatory
markers such as CRP, IL-6, and ferritin to select
patients most likely to benefit from treatment with IL-6
receptor inhibition, and other studies of tocilizumab in
line represents the LOQ of 0.12 copies/mL. Any values reported
pies/mL), and any values reported as negative were set to hal
sessment. If no assessment was available with a time before the
edose’ assessment was treated as baseline. The AUC was calcu-
and time of the last available assessment of each patient. (b, d
ative RT-qPCR result was defined as days from the first dose o
ples. Only patients with ≥1 virology assessment were included
re a virus negativity result were censored at their last virology
les) or day 17 (serum samples). Cox proportional hazards mode
bbreviations: AUC, area under the curve; CI, confidence interval
titative polymerase chain reaction; SARS-CoV-2, Severe Acute
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patients with COVID-19 include elevated levels of
inflammatory biomarkers as eligibility criteria. In an
exploratory analysis of the COVACTA trial, several bio-
markers of hyperinflammation, macrophage activation,
and dysregulated immune cells were prognostic for clin-
ical outcomes; however, only ferritin was predictive for
the effects of tocilizumab.16 The data presented here
show no statistically significant differences in time to
death through day 60 in subgroups based on tertiles of
serum CRP, IL-6, or ferritin levels or based on CRP
level lower or higher than 75 mg/L at baseline, which
was a criterion for enrolment in the RECOVERY tocili-
zumab cohort.2 It has been suggested that local inflam-
mation manifesting as rapidly worsening respiratory
dysfunction, rather than systemic inflammatory
markers such as CRP and IL-6 in peripheral blood,
might be a more useful indicator of which patients are
likely to benefit from IL-6 inhibition. Furthermore, pre-
specified analysis revealed the consistent efficacy of toci-
lizumab across subgroups of patients with different
serum CRP levels at baseline in the REMAP-CAP trial.1

Efficacy results from COVACTA should be inter-
preted in the context of other clinical trials of tocilizu-
mab in COVID-19. Some trials that included moderately
to severely ill patients did not demonstrate consistent
efficacy of tocilizumab above standard care.17−19 The
REMAP-CAP trial recruited critically ill patients within
24 h of initiation of organ support and demonstrated
that tocilizumab reduced the need for ongoing organ
support and conferred a survival benefit compared with
standard care.1 RECOVERY, a large, randomised, open-
label, platform trial in more than 4000 patients, showed
that treatment with tocilizumab significantly reduced
the risk of death by day 28 compared with standard care
in hospitalised patients with COVID-19, regardless of
the type of respiratory support. Meta-analyses have dem-
onstrated that tocilizumab reduced all-cause mortality
by day 28 compared with standard care alone.2,3,20 The
COVACTA population spanned a broad spectrum, from
patients requiring low-flow oxygen to patients requiring
mechanical ventilation and experiencing multiorgan
failure at enrolment. The heterogeneous population and
evolving background treatment (local standard care),
combined with insufficient sample size to detect a mor-
tality difference of the magnitude seen in RECOVERY,
may explain the inconsistent day 28 mortality findings
in COVACTA.5 Results of RECOVERY also suggest that
the largest benefit of tocilizumab may be in patients
receiving corticosteroids.2 In COVACTA, 22% of
patients were receiving systemic corticosteroids at base-
line; in REMAP-CAP and in RECOVERY, respectively,
93% received dexamethasone and 82% received
corticosteroids.1,2 The results of post hoc sensitivity anal-
yses adjusted for age and corticosteroid use at baseline
in addition to the stratification factors in the original
stratified analysis were generally consistent with the
original analyses (Supplementary Tables S3−S6).
www.thelancet.com Vol 47 Month May, 2022
SARS-CoV-2 viral load in the upper respiratory tract
peaks during the first week of infection,21 and neutral-
ising SARS-CoV-2 antibodies can accelerate the subse-
quent decline in viral load.22 Stronger immune
response and higher levels of neutralising SARS-CoV-2
antibodies are detected in patients with severe disease
than in those with mild disease,23 and viral load is
higher in severe COVID-19.10 In addition, SARS-CoV-2
RNA is detected in the sera of the most critically ill
patients.8 A prospective cohort study suggested that
delayed viral clearance was attributable to a higher
baseline viral load in 76 patients hospitalised with
COVID-19 treated with tocilizumab, but the specific
antibody response to SARS-CoV-2 was not impaired.24

Our study is the first, to our knowledge, to show in a
double-blind, placebo-controlled, randomised trial that
tocilizumab does not negatively impact viral clearance
or affect the humoural immune response to SARS-
CoV-2. These results may have implications for guid-
ing prevention and control strategies for infection. In
the tocilizumab and placebo arms of COVACTA, the
time to viral load negativity in upper respiratory tract
samples was comparable in patients who were SARS-
CoV-2 RT-qPCR‒positive at baseline. Similar results
were observed for serum viral load, confirming consis-
tent viral clearance between treatment arms. Further-
more, there was no difference observed between
tocilizumab and placebo in the development of postba-
seline neutralising anti−SARS-CoV-2 antibodies,
although neutralising anti−SARS-CoV-2 antibodies
were detected in most patients at baseline, likely
reflecting the overall late/severe stage of COVID-19 dis-
ease in the study population.

Limitations of this study include the heterogeneous
patient population and the small sample size compared
with other trials. The small sample size was a particular
limitation for subgroup analyses because it did not allow
the analyses to be stratified. Data interpretation is also
limited in the subgroup analyses because no multiplic-
ity adjustments were made for the 95% CIs. The pri-
mary endpoint was chosen in consultation with health
authorities because it integrates several outcomes that
are potentially important in the context of the pan-
demic. Subsequent studies, however, have focused on
different endpoints.1,2,25 The small sample size in this
study meant that it was not sufficiently powered to
detect a difference in mortality that was reported in
larger platform trials; this limits the interpretation of
mortality results and associated subgroup analyses. Fur-
thermore, there were no adjustments for multiplicity in
our study. Clinical improvement was assessed using the
strict NEWS2 criteria as a conservative approach to sup-
port other efficacy endpoints. Some patients were dis-
charged from the hospital without meeting these
criteria, which limited the number of patients with clini-
cal improvement: 41 patients (28¢5%) in the placebo
arm and 103 patients (35¢0%) in the tocilizumab arm
11
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met the NEWS2 criteria for clinical improvement. All
patients in this study except one tested positive for
SARS-CoV-2 at baseline according to local RT-PCR
tests; 351 of 391 patients (89¢8%) who had a baseline
nasopharyngeal or oropharyngeal swab sample had a
positive result in central testing. This small discordance
is unlikely to have affected the results of the study
because the proportion of patients who were negative
according to central testing was low and was balanced
across the treatment arms (12/123 patients [9¢8%] in the
placebo arm and 28/268 [10¢4%] in the tocilizumab arm).

In conclusion, there was no mortality benefit with
tocilizumab treatment observed by day 60 in COVA-
CTA. Compared with placebo, tocilizumab treatment
did not delay the clearance of SARS-CoV-2 or the devel-
opment of neutralising antibodies. Overall, the safety
profiles were balanced between the tocilizumab and pla-
cebo arms through day 60.
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