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levels of supplemental oxygen) or critical disease (high levels of oxygen supplementation). Patients received
sirukumab 5 mg/kg or placebo single dose IV on Day 1 plus standard of care. The primary endpoint was time
to sustained clinical improvement up to Day 28 based on an ordinal scale. Secondary endpoints included
clinical improvement, all-cause mortality, and safety. Following an interim analysis, the protocol was
amended to only recruit patients with critical COVID-19.
Findings: From May 2020 to March 2021, 209 patients were randomised; 112 had critical disease (72 sir-
ukumab, 40 placebo) at baseline. Median time to sustained clinical improvement in critical patients was 17
and 23 days in the sirukumab and placebo groups (HR, 1-1; 95% CI, 0-66-1-88; p > 0-05). At Day 28, 59-4%
versus 55-0% of patients achieved clinical improvement with sirukumab versus placebo and rates of all-
cause mortality were 24-6% versus 30-0%, respectively. Rates of grade >3 adverse events were comparable
between the sirukumab and placebo groups (25-9% vs 32-9%; all patients).
Interpretation: In critical COVID-19 patients who received sirukumab, there was no statistically significant
difference in time to sustained clinical improvement versus placebo despite objective sequestration of
circulating IL-6, questioning IL-6 as a key therapeutic target in COVID-19.

© 2024 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Respiratory failure is a leading cause of mortality from coronavirus
disease 2019 (COVID-19)."! As early as May 2020, the antiviral, remdesivir,
demonstrated a reduced time to clinical recovery in the pivotal ACTT-1
randomised controlled trial and is currently recommended for patients
with non critical COVID-19 (i.e., those who do not require invasive
ventilation).>* Systemic inflammation is associated with worse clinical
outcomes in patients hospitalised for COVID-19.%"° Thus, corticosteroids
such as dexamethasone were tested early in the pandemic and found to
be effective in reducing mortality in patients receiving supplemental
oxygen or invasive mechanical ventilation.” Despite the effectiveness of
such therapies in decreasing mortality,® there remained an unmet need
for further immunomodulation of the dysregulated host response in
COVID-19 pneumonia with hypoxaemia. Guidelines for the management
of COVID-19 with hypoxaemia rapidly incorporated therapies that re-
duce inflammation, including corticosteroids and immunomodulatory
agents”® and have been continuously updated based on available clinical
evidence to incorporate other immunomodulatory agents and selective,
tiered anticoagulation strategies, such as the use of heparin.

Clinical observations suggest that upregulation of interleukin-6 (IL-6)
is associated with COVID-19 disease severity, and early data led to the
hypothesis that blockade of the IL-6 pathway would benefit COVID-19
patients.'°~®> Multiple clinical studies have assessed the efficacy of IL-6
receptor antagonists, such as the anti-IL-6-receptor monoclonal anti-
bodies (mAbs) tocilizumab and sarilumab in COVID-19 patients.”>~'> At
the individual trial level, results have been mixed, although several
meta-analyses of patients hospitalised for COVID-19 suggest that ad-
ministration of IL-6 pathway antagonists was associated with a small,
but significant, reduction in mortality."®"'® One meta-analysis of 10,930
patients reported a significantly lower 28-day all-cause mortality (odds
ratio, 0-86; 95% confidence interval [CI], 0-79-0.95),'° which is reflected
in guidelines; sarilumab and tocilizumab are recommended by the
World Health Organization (WHO) and the National Institutes of Health
(NIH) for the treatment of COVID-19.”° Tocilizumab has been approved
in the United States and by the European Medicines Agency (EMA) for
the treatment of hospitalised adults with COVID-19."9?° Clinical trial
evidence shows the benefit of other immunomodulators (e.g., the JAK/
STAT inhibitor baricitinib) in critical COVID-19, therefore supporting the
contribution of cytokine dysregulation to disease pathogenesis.'®*!
However, previous randomised controlled studies have not specifically
examined the IL-6 hypothesis that asks whether elevated IL-6 is a direct,
therapeutically modifiable target to mitigate clinical risk in patients with
critical COVID-19. Sirukumab offers the unique ability to assess circu-
lating IL-6 levels upstream of the IL-6 receptor.

Sirukumab is a mAb that binds IL-6 with high affinity and neutralises
IL-6 by preventing its association with the IL-6 receptor,* acting one
step upstream from the anti-IL-6-receptor mAbs. This allows the direct

assessment of free (unbound) IL-6 levels upon IL-6 signalling modula-
tion, a key unmet need in understanding the role of IL-6 in COVID-19
pathogenesis. This trial, which enrolled patients between May 2020 and
March 2021, evaluated the efficacy and safety of sirukumab in hospita-
lised adult patients with severe (requiring oxygen supplementation) or
critical (requiring high levels of oxygen supplementation) COVID-19.

Methods
Study design

This was a phase 2, randomised, double-blind, placebo-con-
trolled trial (ClinicalTrials.gov identifier: NCT04380961). The study
was conducted at 13 centres in the United States. Ethics approval
was obtained at each study site.

Patients

Patients were US-based hospitalised adults aged >18 to < 85 years
with laboratory-confirmed SARS-CoV-2 infection (as determined by
real-time polymerase chain reaction [PCR] at any time before ran-
domisation) and severe or critical disease. Patients were enrolled
between May 2020 and March 2021; patients who received in-
vestigational or emergency-use authorised vaccines against SARS-
CoV-2 were excluded. Severe disease was defined as requiring a low
level of supplemental oxygen administration by nasal cannula,
simple face mask, or other similar oxygen delivery device (i.e., above
the pre-COVID-19 baseline oxygen requirement, if any, by the pa-
tient). Critical disease was defined as requiring high levels of oxygen
supplementation to sustain a blood oxygen saturation of >93%
provided by either nonrebreather mask or high-flow nasal cannula
(with fraction of inspired oxygen of 50% or higher), use of non-
invasive ventilation or invasive mechanical ventilation (IMV), and/or
veno-venous extracorporeal membrane oxygenation (ECMO).

Randomisation and masking

Central randomisation was implemented using a computer-gen-
erated randomisation schedule prepared before the study by or
under the supervision of the sponsor. The participants, study-site
personnel, and investigators were blinded to treatment allocation
throughout the study, except for the designated pharmacist(s) or
independent qualified staff member(s) with primary responsibility
for study drug preparation.

Patients were randomised 2:1 to receive sirukumab 5 mg/kg
intravenous (IV) single-dose infusion on Day 1 plus standard-of-care
(SOC) treatment or placebo single dose on Day 1 plus SOC. SOC was
determined by investigators based on evolving local practice and
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consisted of supportive care and included antithrombotic agents,
remdesivir or other direct antivirals as available, and high-frequency
use of glucocorticoids. Participation in a single arm study or com-
passionate use study was allowed only if it was conducted with one
of the antiviral drugs with demonstrated in vitro effect against SARS-
CoV-2. Patients were excluded if they were on IMV for >24 h at the
time of screening, met local or global criteria to not receive me-
chanical ventilation, had designated themselves as do not resuscitate
per a living will, or received an investigational intervention or used
an invasive investigational medical device within 30 days before the
planned first dose of study intervention. Randomisation was strati-
fied by age (<65 and 265 years) and by IMV (yes/no) at the time of
randomisation.

A Data Monitoring Committee (DMC) was established to actively
monitor interim data, to review ongoing safety, and to make re-
commendations about early study closure or change to the conduct
of the study. The committee consisted of sponsor personnel not di-
rectly involved in the conduct of the study with expertise in clinical
study conduct and included at least one expert in infectious diseases,
one statistician, a safety expert, and three external experts.
Following efficacy signals observed at an interim analysis by the
DMC when 61 patients had reached Day 28, the clinical protocol was
amended to continue recruitment of patients with critical COVID-19
only, until approximately 111 patients with critical COVID-19 were
enrolled. The study was conducted per the Declarations of Helsinki
and Good Clinical Practice guidelines. All patients or legally accep-
table representatives provided written informed consent.

Endpoints

The primary endpoint was time to sustained clinical improve-
ment up to Day 28; improvement was to be sustained until Day 28,
discharge, or discontinuation (whichever was first). As the trial was
initiated early in the pandemic prior to relatively uniform coales-
cence around the WHO ordinal score, clinical improvement was
defined as an improvement of at least two categories relative to
baseline on a trial-specific 6-point ordinal clinical recovery scale
(0S): 1-not hospitalised; 2-hospitalised, not requiring supplemental
oxygen (mild disease); 3-hospitalised, requiring low-flow supple-
mental oxygen (severe disease); 4-hospitalised, on noninvasive
pressure ventilation, non rebreather mask, or high-flow oxygen de-
vices (critical disease); 5-hospitalised, on IMV or ECMO (critical
disease); 6-death. Key secondary endpoints included clinical im-
provement at Day 28 and all-cause mortality at Day 28. Other sec-
ondary endpoints included additional clinical efficacy and safety
parameters; exploratory endpoints included parameters in virology,
biomarkers (e.g., free IL-6 and C-reactive protein [CRP]), pharmaco-
kinetics (PK), and immunogenicity.

Assessments

Efficacy was assessed daily via the 6-point OS up to Day 28,
hospital discharge, or study discontinuation (whichever came first).
Patients discharged before Day 28 received a follow-up phone call on
Day 28. Additional follow-up was conducted by phone at Weeks 8,
12, and 16. Safety evaluations were conducted throughout the study,
from obtaining confirmed consent until the last study-related ac-
tivity. Safety evaluations included monitoring of adverse events
(AEs), serious AEs, and clinical laboratory parameters. AEs of special
interest included serious infection, hypersensitivity, haematologic
events, and liver enzymes.

Serum samples were used to evaluate sirukumab PK, free IL-6
and CRP levels, and immunogenicity (presence of anti-sirukumab
antibodies). PK and immunogenicity were evaluated in all pa-
tients who received sirukumab. Values less than the lower limit
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of quantitation (LLOQ) were imputed as LLOQ/2; values greater
than the upper limit of quantitation (ULOQ) were imputed
as ULOQ.

SARS-CoV-2 viral RNA copy number was measured by quantita-
tive reverse-transcriptase PCR (qRT-PCR) in samples obtained from
nasopharyngeal swabs. The LLOQ value for the viral copy number
assay on nasopharyngeal swabs was 1018 copies/mL. Measurements
below the LLOQ were imputed as 1 copy/mL if the viral RNA was
undetectable or as LLOQ/2 if the viral RNA was detectable but not
quantifiable. SARS-CoV-2 viral genome sequence analysis was per-
formed using next generation sequencing following the ARTIC pri-
mers/protocol on the Illumina (San Diego, CA) platform to evaluate
the presence of genetic variations. Genetic variations were defined
as codon changes from the SARS-CoV-2 Wuhan-Hul reference se-
quence.”® Sequence results are presented only for the spike protein.
The SARS-CoV-2 variants analysed were B.1.526, B.1.525, P.2, B.1.1.7,
P.1, B.1.351, B.1.427, B.1.429, B.1.617, B.1.617.1, B.1.617.2, and B.1.617.3.

Statistical analysis

Per the amended protocol, the study aimed to enrol approxi-
mately 111 patients with confirmed critical COVID-19 at a 2:1 ran-
domisation ratio to sirukumab plus SOC or placebo plus SOC. It was
assumed that for the survivors in the control arm, the log-trans-
formed time to sustained clinical improvement (days) followed a
normal distribution with mean of log 28 and standard deviation of
0.9. Power calculations assumed sirukumab would reduce the
median time to sustained clinical improvement from 28 to 16-8 days
(40% reduction) in the surviving patients and was assumed to have
the same standard deviation of 0-9. The control arm mortality rate
was assumed to be 40% up to Day 28; sirukumab was assumed to
reduce the mortality with an absolute difference of 20% (from 40% to
20%; 50% relative reduction). Based on these assumptions, at least
111 patients with confirmed critical COVID-19 were required to have
at least 80% power to demonstrate a difference in time to sustained
clinical improvement between both treatment arms per log-rank
test at a two-sided significance level of 5%.

Descriptive statistics by treatment group were provided for the
different analysis sets. The All Patients Analysis Set included all
patients who were randomised and treated in the study; it was used
for the efficacy and safety analysis. The Critical Patients Analysis Set
consisted of all participants in the All Patients Analysis Set with
confirmed critical COVID-19, defined as a score of 4 or 5 on the OS at
baseline.

A hierarchical testing strategy was planned for the primary and
key secondary endpoints. Statistical tests were stratified by age (< 65
and 265 years) and use of IMV (yes/no). The primary endpoint was
tested for superiority using a stratified log-rank test at the two-sided
5% significance level. The hazard ratio (HR) of sustained clinical
improvement for sirukumab plus SOC versus placebo plus SOC from
baseline until Day 28 was considered the population-level summary
measure of the treatment effect. Participants who discontinued be-
fore Day 28 were included with their last observed score.
Participants who discontinued the trial before Day 28 with an OS
score >1 were considered as death.

The effects of covariates were examined on the time to sustained
clinical improvement in a Cox proportional hazards model, and on
clinical improvement and all-cause mortality at Day 28 in logistic
regression models. The models were adjusted for the stratification
factors (age and mechanical ventilation), treatment, and an addi-
tional single covariate (seX, race, ethnicity, baseline OS, remdesivir
use at baseline, glucocorticoid use at baseline, and number of co-
morbidities). Safety and exploratory endpoints were analysed using
descriptive statistics.
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Table 1
Baseline demographic and disease characteristics.”
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Critical Patients

All Patients

Sirukumab + SOC

Placebo + SOC (n = 40)

Sirukumab + SOC

Placebo + SOC (N = 70)

(n=72) (N =139)

Age n=72 n =40 n =139 n=70
Median (range), years 60-0 (27-84) 58-0 (31-82) 58-0 (18-84) 58-0 (31-82)
265 years, n (%) 28 (389) 12 (30-0) 45 (32-4) 22 (31-4)

Sex, n (%) n=72 n =40 n =139 n=70
Male 56 (77-8) 25 (62-5) 98 (70-5) 45 (64-3)

Race, n (%) n=70 n=37 n =130 n=65
American Indian or Alaska Native 1(1-4) 0 1(0-8) 0
Asian 3(43) 2 (54) 7 (5-4) 3(46)
Black or African American 9(12:9) 8 (21-6) 18 (13-8) 11 (16:9)
White 57 (81-4) 27 (73-0) 104 (80-0) 51 (78-5)

Ethnicity, n (%) n=72 n =40 n=139 n=70
Hispanic or Latino 32 (44-4) 21 (52-5) 64 (46-0) 36 (514)

Body mass index, kg/m? n=71 n=39 n=138 n =69
Median (range) 32:3 (19-0-69-2) 33-1 (22-8-54-8) 31-8 (19-0-69-2) 31-7 (20-5-54-8)

Days from onset of first symptoms n=72 n =40 n =139 n=70

to randomisation
Mean (SD) 9-85 (4-77) 9-18 (5-14) 9-81 (4-88) 8-96 (4-37)
Median (range) 90 (1-21) 85 (1-25) 9.0 (1-26) 9.0 (1-25)

Chest imaging (x-ray, CT scan, echo, or NMR scan),” n (%) n =69 n=39 n=135 n =69
Normal 1(1-4) 0 2(15) 0
Abnormal 68 (98-6) 39 (100) 133 (98:5) 69 (100)

Unilateral findings 1(1-5) 1(2:6) 5(38) 3(43)
Bilateral findings" 65 (95-6) 38 (974) 125 (94-0) 66 (95-7)

Ordinal scale at randomisation, n (%) n=72 n =40 n=139 n=70
2: Hospitalised, not requiring supplemental oxygen 0(0) 0(0) 1(0-7) 2 (29)

3: Hospitalised, requiring low flow supplemental oxygen 0(0) 0(0) 66 (47-5) 28 (40-0)

4: Hospitalised, on noninvasive pressure ventilation or 60 (83-3) 32 (80-0) 60 (43-2) 32 (457)
high-flow oxygen devices

5: Hospitalised, on IMV or ECMO 12 (16:7) 8 (20:0) 12 (86) 8 (11-4)

IMV, n (%) 10 (13-9) 6 (15-0) 10 (7-2) 6 (8:6)

Concomitant medications of interest for COVID-19, n (%)

COVID-19 direct antiviral 53 (73-6) 31 (77-5) 113 (81:3) 60 (85-7)
Remdesivir and glucocorticoids 53 (73-6) 30 (75-0) 109 (78-4) 57 (81-4)
Glucocorticoids for systemic use 69 (95-8) 39 (97-5) 131 (94-2) 67 (957)
Antibacterials for systemic use 45 (62-5) 26 (65-0) 63 (45-3) 37 (52-9)
Antimycotics for systemic use 9 (12:5) 6 (15-0) 9 (6-5) 6 (86)
Antithrombotic agents (excluding antiplatelets) 72 (100) 39 (97-5) 137 (98-6) 67 (95-7)
COVID-19 vaccine 2(2-8) 0 4(2:9) 2 (29)
Convalescent plasma 4 (5-6) 3(7-5) 6 (4-3) 4 (5-7)
IL-6 receptor inhibitor 0 0 0 1(14)°
Baseline CRP (mg/L), geometric mean (GSE) 1099 (1-14) 112-3 (1-13) 889 (1-11) 964 (1-12)
Baseline IL-6 (ng/L), geometric mean (GSE) 533 (1-13) 4.73 (1-21) 4.04 (1-09) 3-81(1-15)

COVID, coronavirus disease; CRP, C-reactive protein; CT, computed tomography; echo, echocardiogram; ECMO, extracorporeal membrane oxygenation; GSE, geometric standard
error; IL-6, interleukin-6; IMV, invasive mechanical ventilation; NMR, nuclear magnetic resonance; SD, standard deviation; SOC, standard of care.

2 Results are based on nonmissing data.
b

c
d

€ Concomitant anti-IL-6 receptor was considered a protocol deviation.

Role of funding source

The funder of the study (Janssen Global Services, LLC) was in-
volved in the study design, data collection, data analysis, and data
interpretation, and provided support to a medical writer for writing
and editing support.

Results
Patients

A total of 222 patients were screened for the study; 209 (94-1%)
were enrolled between May 2020 and March 2021. Of these, 139
patients were randomised to sirukumab plus SOC, and 70 were
randomised to placebo plus SOC and received one dose. Of the 209
randomised and treated patients, 112 (53-6%) had critical disease
(Critical Patients: 72 sirukumab plus SOC; 40 placebo plus SOC).
Fifty-three (47-3%) and 70 (33-5%) patients in the Critical Patients

Chest imaging: findings include verbatim, such as infiltrates, opacities, COVID, and pneumonia.
Abnormal also includes patients with no unilateral or bilateral specifications available.
When both unilateral and bilateral findings were detected, the patient was considered to have bilateral findings.

population and All Patients populations, respectively, prematurely
discontinued the study. Main reasons were death (32-1%) and loss to
follow-up (11-6%; Supplemental Table 1). No incorrect treatment was
reported; all patients were treated as randomised. Baseline demo-
graphic and disease characteristics were balanced between the sir-
ukumab and placebo groups for the Critical Patients and the All
Patients populations (Table 1).

Critical Patients

Overall, the majority of Critical Patients were male (72-3%), White
(78-5%), and obese (68-2%; Table 1). The population was ethnically
diverse; 47-3% of patients identified as Hispanic or Latino. The
median age was 59 years. At baseline, most patients were category 4
on the OS in the sirukumab group (83-3% [60/72]) and the placebo
group (80-0% [32/40]). Almost all patients received concomitant
medication for COVID-19; the most common medications were an-
tithrombotic agents (99-1%), glucocorticoids (96-4%), and direct an-
tiviral agents (75-0%). A minority of patients were on IMV at baseline
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Fig. 1. Time to sustained clinical improvement up to Day 28 in (A) Critical and (B) All Patients treated with sirukumab or placebo. CI, confidence interval; HR, hazard ratio; SOC,

standard of care.

(14-3%). The geometric mean CRP level at baseline was 109-9 mg/L
(geometric standard error [GSE] = 1-14 mg/L) in the sirukumab group
and 112-3 mg/L (GSE = 1-13 mg/L) in the placebo group. The geo-
metric mean IL-6 level at baseline was 5-33 ng/L (GSE = 1-13 ng/L)
and 4-73 ng/L (GSE = 1-21 ng/L) in the sirukumab and placebo
groups, respectively.

All Patients

The baseline demographic and disease characteristics for the All
Patients population were similar to those in the Critical Patients
population, except that OS category 2 or 3 patients were seen in the
All Patients population, in addition to the category 4 or 5 patients in
the Critical Patients population (Table 1). Most patients were clas-
sified as OS category 3 or 4: 47-5% and 40-0% of patients in the sir-
ukumab and placebo groups, respectively, had OS category 3 disease;
43.2% and 45-7% of patients in the sirukumab and placebo groups
had OS category 4 disease. A minority had OS category 5 disease
(8-:6% and 11-4% in the sirukumab and placebo groups, respectively).
CRP and IL-6 levels at baseline were slightly lower for All Patients
compared with Critical Patients. The geometric mean CRP level was

88-9 mg/L (GSE = 1-11 mg/L) in the sirukumab group and 96-4 mg/L
(GSE = 1-12 mg/L) in the placebo group. The geometric mean IL-6
level was 4-04 ng/L (GSE = 1-09 ng/L) and 3-81 ng/L (GSE = 1-15 ng/L)
in the sirukumab and placebo groups, respectively.

Efficacy

Results of the primary efficacy analysis are shown in Fig. 1. In
Critical Patients, the median time to sustained clinical improvement
was 17 days in the sirukumab group and 23 days in the placebo
group (HR, 1-1; 95% CI, 0-66-1-88); this difference was not statisti-
cally significant based on the log-rank test. Similarly, for All Patients,
the median time to sustained clinical improvement was 9 days in the
sirukumab group and 10 days in the placebo group (HR, 1-3; 95% CI,
0-89-1-76); the difference was also not statistically significant.

Key secondary efficacy analysis results are presented in Table 2.
For Critical Patients, clinical improvement at Day 28 was seen in
59.4% (41/69) and 55-0% (22/40) of patients in the sirukumab and
placebo groups, respectively. On this day, data were missing for three
patients in the sirukumab group and no patients in the placebo
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Table 2
Key secondary endpoints.
Critical Patients All Patients
Sirukumab +  Placebo + Sirukumab +  Placebo +
SOC (n=72)  SOC SOC SOC
(n=40) (N=139) (N=70)
Clinical improvement at Day 28
Observed values, n (%) n=69 n=40 n=136 n=70
Yes 41 (594) 22 (55-0) 106 (77-9) 49 (70-0)
No 28 (40-6) 18 (45-0) 30 (22-1) 21 (30-0)

Differences in
proportions,* %
A (90% CI)
p value 0-849
Risk ratio® (90% CI) 1-03 (0-78-1-36)
All-cause mortality up to Day 28

188 (-14-15 to 17-90) 66 (~4-06 to 17-37)
0-298

1-09 (0-94-1-27)

Observed values, n (%) n=69 n=40 n=136 n=70
Yes 17 (24-6) 12 (30-0) 18(13-2) 13 (18:6)
No 52 (75-4) 28 (70-0) 118 (86-8) 57 (81-4)

Differences in
proportions,” %
A (90% CI)
p value
Risk ratio” (90% CI)

-2.16 (~16-48 to 12-16)
0-806
0-93 (0-56-1-54)

-2.98 (-11.72 to 5.76)
0-570
0-84 (0-50-1-39)

Cl, confidence interval; CMH, Cochran-Mantel-Haenszel; IMV, invasive mechanical
ventilation; SOC, standard of care.

4 From a CMH analysis for differences in proportions adjusted for age (<65 and 265
years) and use of IMV (yes/no). Patients who discontinued before Day 28 were in-
cluded in the CMH analysis with their last observed score.

> From a CMH analysis for differences in proportions adjusted for age (< 65 and >65
years) and use of IMV (yes/no). Patients who discontinued the study before Day 28
with a score >1 on the clinical recovery scale were considered dead.

group. For All Patients at Day 28, clinical improvement was seen in
77-9% (106/136) and 70-0% (49/70) of patients in the sirukumab and
placebo groups, respectively. For Critical Patients, all-cause mortality
at Day 28 was 24-6% (17/69) and 30-0% (12/40) in the sirukumab and
placebo groups, respectively (Supplemental Figure 1). For All Pa-
tients, all-cause mortality at Day 28 was 13-2% (18/136) and 18-6%
(13/70) in the sirukumab and placebo groups, respectively.

Results from the covariate analysis are shown in Supplemental
Table 2. Of all the covariates examined, only baseline OS (2-3 vs 4 vs
5) seemed to have an effect on time to sustained clinical improve-
ment, clinical improvement at Day 28, and all-cause mortality at Day
28 (primary and secondary endpoints). Sex, race, ethnicity, re-
mdesivir use at baseline, glucocorticoids use at baseline, and the
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number of comorbidities did not appear to have an effect on the
primary or key secondary endpoints.

Biomarkers

Baseline IL-6 levels are shown in Table 1. Treatment led to a
decrease to undetectable free IL-6 levels from baseline in most pa-
tients compared with placebo on study Days 14, 21, and 28 for both
the Critical Patient (Fig. 2A) and All Patient (Fig. 2B) populations.
Patients who received placebo showed reduction of CRP levels over
time (Days 3, 5, 7, 14, and 21 compared with baseline). CRP levels
were further reduced in Critical Patients (Fig. 3A) and All Patients
(Fig. 3B) who received sirukumab compared with placebo.

Virology

Viral RNA copy number over time for the Critical Patients and All
Patients groups is shown in Supplemental Figure 2. For the Critical
Patients, on Day 28 the mean change from baseline of the viral load
was -4-67 logyo copies/mL in the sirukumab group and -4-09 log;o
copies/mL in the placebo group. For all patients, on Day 28, the mean
change from baseline of the viral RNA copy number was -4-47 logq
copies/mL in the sirukumab group and -4-09 log;o copies/mL in the
placebo group.

For 79 and 43 patients in the sirukumab and placebo groups,
respectively, a viral sequence of the spike region of the SARS-CoV-2
virus could be obtained. Genetic variations were defined as amino
acid changes from the SARS-CoV-2 Wuhan-Hul reference se-
quence.””> Two of 79 patients in the sirukumab group (2-5%) were
found to have the B.1.429 (Epsilon) variant. In the placebo group, two
of the 43 (4-7%) patients were found to have the B.1.1.7 (Alpha)
variant and one (2-3%) patient had the B.1.429 variant.

Pharmacokinetics

PK analysis showed a steady decrease in the serum concentration
of sirukumab over time (Supplemental Figure 3A). There was no
apparent impact of baseline IL-6 level on sirukumab concentrations
(Supplemental Figure 3B). With respect to immunogenicity, no anti-
drug antibodies were detected; of the patients who received sir-
ukumab and had appropriate samples tested, none (0/96) demon-
strated antibodies to sirukumab.
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Fig. 2. Free IL-6 levels over time in (A) Critical and (B) All Patients treated with sirukumab or placebo. The dotted line represents the ULN (10 ng/L), and the solid line represents
LLOQ (4 ng/L). X represents the geometric mean; horizontal bars indicate the median. IL-6, interleukin-6; LLOQ, lower limit of quantitation; ULN, upper limit of normal.
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Fig. 3. CRP levels over time in (A) Critical and (B) All Patients treated with sirukumab or placebo. The dotted line represents the ULN (5 mg/L), and the solid line represents LLOQ
(0-2 mg/L). X represents the geometric mean; horizontal bars indicate the median. CRP, C-reactive protein; LLOQ, lower limit of quantitation; ULN, upper limit of normal.

Safety

Rates of AEs up to Day 28 (treatment phase) are shown in Table 3.
In the All Patients group up to Day 28, 21 AE was reported in 49-6%
(69/139) and 52-9% (37/70) of those treated with sirukumab and
placebo, respectively. Up to Day 28, 35 (25-2%) and 22 (31-4%) pa-
tients in the sirukumab and placebo groups, respectively, had serious
AEs. Up to Day 28, 23 (16-5%) and 12 (17-1%) of patients treated with
sirukumab and placebo, respectively, had infections (serious and
nonserious).

During the follow-up phase through Week 16, 16 of 118 (13-6%)
patients in the sirukumab group and seven of 57 (12-3%) patients in the
placebo group had one or more AEs (Supplemental Table 3). Seven
(5:9%) and three (5-3%) patients in the sirukumab and placebo groups,
respectively, had serious AEs, and no infections were reported.

Discussion

This phase 2 study examined the efficacy and safety of the IL-6
antibody sirukumab in patients with confirmed severe or critical
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Table 3
Summary of AEs during the treatment phase of the study (2:1; sirukumab:placebo).
All Patients
Sirukumab + SOC Placebo + SOC
(N=139) (N=70)
AE 69 (49-6) 37 (52:9)
AE related to study drug 16 (11-5) 5(7-1)
AE leading to death 20 (14-4) 14 (20-0)
Serious AE 35 (252) 22 (314)
Grade >3 AE 36 (25-9) 23 (32:9)
Grade 23 AE related to study drug 6 (4-3) 1(1-4)
AE of special interest® 28 (20-1) 13 (18:6)
AE of special interest” related to 12 (8-6) 3 (4-3)
study drug
Infections and infestations 23 (16-5) 12 (17-1)

Data are n (%). The treatment phase starts at the date/time of study drug adminis-
tration and ends at the Day 28 visit or phone call (or, if earlier, at the date of dis-
continuation or death).
AE, adverse event; SOC, standard of care.

2 Per investigators’ assessment. AEs of special interest included serious infections,
hypersensitivity, haematologic events, and liver enzymes.

COVID-19. The primary objective was not met: the difference in time
to sustained clinical improvement of at least two categories up to
Day 28 for sirukumab plus SOC compared with placebo plus SOC in
patients with critical COVID-19 was not statistically significant.
Overall, sirukumab was generally safe and well tolerated; the safety
findings were consistent with the known safety profile of sir-
ukumab.”*?°

Several meta-analyses have reported decreased mortality and
improved outcomes with IL-6 pathway inhibitors acting at the re-
ceptor level (e.g., anti-IL6-receptor mAbs) in critically ill patients
with COVID-19. However, it is important to note that the underlying
individual trials of these meta-analyses showed mixed results."” A
prospective observational cohort study of siltuximab, a different
anti-IL-6 mAb, suggested lower 30-day mortality in COVID-19 pa-
tients compared with propensity-score matched controls (HR, 0-46;
95% CI, 0.22-0-97).”° The RECOVERY study also showed lower mor-
tality in hospitalised patients who received tocilizumab plus SOC.'*
In the REMAP-CAP study, in-hospital mortality rates were 28% (98/
350) in the tocilizumab plus SOC group, 22% (10/45) in the sarilumab
plus SOC group, and 36% (142/397) in the SOC only group.'® Negative
results include those from the phase 3 REMDACTA trial, which found
no differences between tocilizumab and placebo for hospitalisation
or mortality at Day 28.%” A phase 2/3 trial of sarilumab showed no
significant differences between sarilumab and placebo for death in
hospitalised patients with COVID-19.'° Finally, in the CORIM-
UNO-SARI-1 trial, sarilumab demonstrated no benefit with respect
to reducing the need for ventilation or improving survival.”® Taken
together, our results combined with the results of meta-analyses
that consider the body of clinical findings, the totality of evidence
suggests a possible modest improvement in mortality for IL-6
pathway antagonist administration in selected patients hospitalised
for COVID-19. Our study was powered to test and detect only large
effect sizes. Nevertheless, our study provides unique, key insights
that are only assessable by modulation upstream of the IL-6 receptor,
as achieved here. Lack of a large effect size, despite prompt and
profound reduction of circulating IL-6 levels following sirukumab
administration, suggests that modulation of IL-6 pathway signalling
is not as pivotal of a therapeutic strategy as was initially hypothe-
sised.

Other potential reasons for our observations include that SOC/
supportive care had improved as positive studies were reported,
thereby reducing the impact of targeting the IL-6 pathway on out-
comes in patients with COVID-19. The initial positive observations of
clinical trials targeting the IL-6 pathway may no longer apply in
contemporaneous settings as the biology and treatment of COVID-19
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have evolved to include high use of corticosteroids for critical
COVID-19. For example, in the RECOVERY study, 82% of patients re-
ceived systemic corticosteroids in addition to tocilizumab.'* At the
time of the SISCO study, which enrolled patients from 7 March to 9
April 2020, best supportive care included antiviral therapy and hy-
droxychloroquine, with the latter subsequently understood to be
ineffective. Corticosteroids were not permitted until 27 March 2020,
and shortly after, subcutaneous prophylactic low molecular weight
heparin was also permitted.?® Although this trial was initiated early
in the pandemic, the peak enrolment occurred when nearly 100% of
patients received antivirals, corticosteroids, or anticoagulants, sug-
gesting that there is still IL-6-related inflammation despite use of
these three treatments. This finding is consistent with a Bayesian
reanalysis of randomised controlled trials of patients who received
corticosteroids and tocilizumab.*”

Uniquely, our trial allows insight into IL-6 modulation by al-
lowing direct measurement of free IL-6 not just at baseline, but in
response to the therapy, unlike anti-IL-6-receptor mAbs that do not
permit direct quantification of the extent of IL-6 blockade. Despite
prompt and nearly complete IL-6 sequestration, time to sustained
clinical improvement was not statistically different versus placebo.
That said, although our results were not statistically significant,
exploratory analysis of biomarker subgroups indicate that certain
patients may be more likely to benefit from sirukumab treatment
(manuscript submitted). Other studies have suggested that patients
with higher CRP or IL-6 levels might show a greater response to IL-6
pathway inhibition. For example, the COVIDSTORM study only in-
cluded patients with elevations in at least two inflammatory mar-
kers (IL-6 >11.8 ng/L [2 x ULN]; ferritin >300 mg/L in women or
>800 mg/L in men [2 x ULN]; D-dimer > 1.5 mg/L; or CRP >40 mg/
L).*° In patients who received tocilizumab in COVIDSTORM, a sig-
nificant reduction in median length of hospitalisation was observed
for patients who received tocilizumab versus SOC.>° Overall, CRP was
elevated in our COVID-19 patient population, which is largely in line
with previously published data, and decreased in response to
treatment.’°>! In the current study, baseline IL-6 levels were rela-
tively low and lower than initially anticipated, but are similar to
those reported in more recent studies in which corticosteroids were
also part of SOC (median baseline IL-6 was 8ng/L for no IL-6
blockade and 9 ng/L for IL-6 blockade compared with ~5 ng/L in this
study).>' The extent to which baseline levels of IL-6 influence re-
sponse to IL-6 pathway blockade in severe or critical COVID-19 pa-
tients remains to be determined. Decreases in free IL-6 and CRP in
patients with COVID-19 treated with sirukumab were expected and
are in line with the known effects of sirukumab in rheumatoid ar-
thritis.*”

This study has several strengths and limitations. Limitations in-
clude the relatively modest sample size, as the trial was powered to
detect large differences. Additional limitations include that most of
the enrolled patients were male, and the study population had low
racial diversity; approximately 80% of the enrolled patients were
White. However, close to half of the patients enrolled were of
Hispanic or Latino ethnicity. Furthermore, as this study was done
prior to the wide availability of vaccines, the clinical relevance of
sirukumab in the vaccinated or immune population is uncertain.
Finally, we did not examine relative contributions of IL-6 classical
(membrane-bound IL-6-receptor-mediated) and trans-signalling
(soluble IL-6-receptor-mediated) as both would be blocked by sir-
ukumab.?’

Strengths include that the study design evolved to adjust to ra-
pidly changing SOC guidelines for patients with critical or severe
COVID-19. For example, patients were permitted to participate in a
single-arm clinical trial with an antiviral drug with a demonstrated
in vitro effect against SARS-CoV-2.

Uniquely, our trial allows insight into IL-6 modulation by al-
lowing direct measurement of free circulating IL-6 not just at



R.L. Gottlieb, M. Clement, P. Cook et al.

baseline, but in response to the therapy, unlike anti-IL-6-receptor
mAbs, which do not permit direct quantification of the extent of IL-6
blockade. Despite prompt and nearly complete IL-6 sequestration,
clinical outcomes were not statistically different, questioning the
prevailing hypothesis that IL-6 signalling is a key pathophysiologic
and therapeutic pathway in COVID-19.

Conclusions

In this phase 2 study conducted in patients with critical COVID-
19, although the reduction in the rate of mortality was in line with
previous studies of IL-6 pathway inhibitors, the primary endpoint of
shorter time to sustained clinical improvement was not statistically
significant. Further studies examining sirukumab in patients with
COVID-19 are not planned. A significant burden of COVID-19 persists
in critically ill patients despite near complete sequestration of cir-
culating IL-6, questioning the IL-6 hypothesis as a selective ther-
apeutic target in critical COVID-19.
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