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Sarilumab in adults hospitalised with moderate-to-severe
COVID-19 pneumonia (CORIMUNO-SARI-1): An open-label
randomised controlled trial

The CORIMUNO-19 Collaborative group*

Summary

Background Patients with COVID-19 pneumonia can have increased inflammation and elevated cytokines, including
interleukin (IL)-6, which might be deleterious. Thus, sarilumab, a high-affinity anti-IL-6 receptor antibody, might
improve the outcome of patients with moderate-to-severe COVID-19 pneumonia.

Methods We did a multicentric, open-label, Bayesian randomised, adaptive, phase 2/3 clinical trial, nested within the
CORIMUNO-19 cohort, to test a superiority hypothesis. Patients 18 years or older hospitalised with COVID-19 in
six French centres, requiring at least 3L/min of oxygen but without ventilation assistance and a WHO Clinical
Progression Scale [CPS] score of5 were enrolled. Patients were randomly assigned (1:1) via a web-based system,
according to a randomisation list stratified on centre and with blocks randomly selected among 2 and 4, to receive
usual care plus 400 mg of sarilumab intravenously on day 1 and on day 3 if clinically indicated (sarilumab group) or
usual care alone (usual care group). Primary outcomes were the proportion of patients with WHO-CPS scores greater
than 5 on the 10-point scale on day 4 and survival without invasive or non-invasive ventilation at day 14. This completed
trial is closed to new participants and is registered with ClinicalTrials.gov, NCT04324073.

Findings 165 patients were recruited from March 27 to April 6, 2020, and 148 patients were randomised (68 patients to
the sarilumab group and 80 to the usual care group) and followed up for 90 days. Median age was 61-7 years
[IQR 53-0-71-1] in the sarilumab group and 62-8 years [56-0-71-7] in the usual care group. In the sarilumab group
49 (72%) of 68 were men and in the usual care group 59 (78%) of 76 were men. Four patients in the usual care group
withdrew consent and were not analysed. 18 (26%) of 68 patients in the sarilumab group had a WHO-CPS score
greater than 5 at day 4 versus 20 (26%) of 76 in the usual care group (median posterior absolute risk difference 0-2%;
90% credible interval [CrI] -11-7 to 12-2), with a posterior probability of absolute risk difference greater than 0 of
48-9%. At day 14, 25 (37%) patients in the sarilumab and 26 (34%) patients in the usual care group needed ventilation
or died, (median posterior hazard ratio [HR] 1-10; 90% CrI 0-69-1-74) with a posterior probability HR greater than 1
of 37-4%. Serious adverse events occurred in 27 (40%) patients in the sarilumab group and 28 (37%) patients in the
usual care group (p=0-73).

Interpretation Sarilumab treatment did not improve early outcomes in patients with moderate-to-severe COVID-19
pneumonia. Further studies are warranted to evaluate the effect of sarilumab on long-term survival.

Funding Assistance publique—Hbpitaux de Paris.
Copyright © 2021 Published by Elsevier Ltd. All rights reserved.

Introduction specific pathogenic effect of SARS-CoV-2, this deleterious

COVID-19 is a respiratory disease caused by the corona-
virus SARS-CoV-2, that has already caused more than
4 million deaths globally.* Most people with COVID-19
have only mild or uncomplicated symptoms. Still,
approximately 10% to 15% have moderate or severe disease
that requires hospitalisation and oxygen support, and 3%
to 5% require admission to an intensive care unit (ICU)
mainly for ventilation assistance.** In severe cases,
COVID-19 can be complicated by acute respiratory distress
syndrome. Older age, male sex, and co-morbid diseases
are risk factors for death.**

Patients with COVID-19 pneumonia present with
non-specific inflammatory responses, including oedema
and inflammatory cell infiltration in the lungs. Besides the

excessive and non-effective host immune response plays
an important role during the disease course. It is, at least
in part, related to a hyperinflammatory status associated
with the production of a number of proinflammatory
cytokines and chemokines, including interleukin (IL)-6.°
Supporting evidence of the deleterious role of hyper-
inflammation in moderate-to-severe pneumonia, the
RECOVERY collaborative group showed that dex-
amethasone 6 mg per day for 10 days decreased the 28-day
mortality of patients receiving mechanical ventilation or
oxygen.” This treatment has been considered the standard
of care in these subsets of patients since July, 2020.

At the beginning of the epidemic in France in
March, 2020, when no standard of care was yet defined,
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Research in context

Evidence before the study

Since the beginning of the COVID-19 pandemic, no definitive
standard of care for mild-to-moderate pneumonia as a result of
COVID-19 (WHO clinical progression scale score of 5) has clearly
emerged. Patients with COVID-19 pneumonia have an excess of
inflammation and elevated cytokines, including interleukin
(IL)-6. We searched PubMed from inception to June 30, 2021,
for clinical trials published in English evaluating the effect of
sarilumab, a monoclonal anti-IL-6 receptor antibody in patients
with laboratory-confirmed COVID-19 using the search terms
(“COVID-19"[All Fields] OR “2019-nCoV"[All Fields]) OR
“SARS-CoV-2"[All Fields]) AND (“sarilumab”[All Fields] (filters:
Clinical Trial, Randomized Controlled Trial). We identified only
open studies and one randomised clinical trial that compared
sarilumab with usual care in patients with COVID-19.

We designed one of the first randomised clinical trials to assess
whether sarilumab could improve the outcome of patients
hospitalised with moderate-to-severe COVID-19 pneumonia.

Added value of this study
In this open label randomised clinical trial that included
148 patients with moderate-to-severe COVID-19 pneumonia,

we set up the publicly supported CORIMUNO-19
platform dedicated to doing cohort embedded, open-
label, randomised clinical trials of immune-modulatory
drugs in patients hospitalised with moderate or severe
COVID-19. Sarilumab is an anti-IL-6 receptor antibody
that has an affinity to the IL-6 receptor a chain that is
20 times greater than that of tocilizumab. We aimed to
assess the ability of sarilumab to improve the outcome of
patients hospitalised with moderate-to-severe COVID-19
pneumonia.

Methods

Study design

In this multicentre, adaptive, open-label study we enrolled
patients with COVID-19 from six French hospitals to a
series of randomised controlled trials testing different
therapeutic regimens (CORIMUNO-19 cohort). Patients
with  moderate-to-severe =~ pneumonia  (non-ICU
[CORIMUNO-SARI-1]) and patients with critical
pneumonia (ICU [CORIMUNO-SARI-2]) were enrolled
in independent clinical trials. An institutional review
board-approved amendment to the protocol on
April 6, 2020 (appendix p 135), clarified the definition of
these two populations. Here we report the results
of CORIMUNO-SARI-1, on patients with moderate-to-
severe COVID-19 pneumonia; CORIMUNO-SARI-2 will
be reported separately.

The CORIMUNO-19 cohort and all embedded trials (ie,
trials using data collected in the CORIMUNO-19 cohort)
were approved by the Comité de Protection des Personnes
Ile-de-France VI ethics committee and the French
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there was no significant difference in the proportion of
patients that required non-invasive or mechanical ventilation
that died at day 14 between the patients receiving sarilumab
(37%) and those receiving usual care (34%). Survival up to day
90 was not improved by sarilumab: 85% with sarilumab
versus 79% with usual care (adjusted HR 0-70, 95% Cl
0-31-1-58), possibly due to lack of power. These results on
long-term survival are in line with a recent meta-analysis of
all randomised controlled trials of IL-6 receptor nhibitors
done in patients with moderate-to-severe COVID-19
pneumonia.

Implications of all the available evidence

The primary endpoint of our study was not reached; however,
the non-significant effect in favour of better survival with
sarilumab at day 90 supports the need for further studies for
assessing the efficacy of sarilumab in patients with COVID-19
and moderate-to-severe pneumonia.

national agency of medicine and health products (ANSM).
Legal issues and trial procedures are presented in detail
in the appendix (p 12). Written informed consent was
obtained from all patients to enter the CORIMUNO-19
cohort, and longitudinal data (including clinical status,
biological data, and outcomes) were recorded as part of
their participation in the cohort. Patients who consented
were made aware that several trials might occur via the
cohort and that they would probably be offered to
participate in some of them. A specific additional written
consent was obtained from eligible patients who were
randomly selected to be offered sarilumab and agreed to
receive this treatment. Eligible patients assigned to
receive usual care were not notified about the trial, but
their CORIMUNO-19 cohort data were available for
analysis. The trial is registered with clinicaltrials.gov
(NCT04324073) and the full trial protocol is in the
appendix (p 22). This trial was reported according to
CONSORT guidelines for adaptive randomised trials.”

Participants

Hospitalised patients 18 years or older were eligible for
the CORIMUNO-19 cohort if they had confirmed
SARS CoV-2 infection (positive on RT-PCR or typical
chest CT scan) with mild-to-moderate, severe, or critical
pneumonia (receiving >3L/min of oxygen and having a
WHO Clinical Progression Scale [CPS] score =5;
WHO-CPS is a 10-point ordinal scale described in the
appendix [p 12-13]). Patients from the CORIMUNO-19
cohort were eligible for the CORIMUNO-SARI-1 trial if
they had moderate-to-severe pneumonia with a WHO
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CPS score of 5, receiving at least 3L/min of oxygen, but
without ventilation assistance that included high-flow
oxygen, non-invasive ventilation, or mechanical
ventilation. Pregnant women were excluded from the
study. Other exclusion criteria are detailed in the
appendix (p 12).

Randomisation and masking

Participants were randomly assigned in a 1:1 ratio to
receive usual care plus sarilumab (sarilumab group) or
usual care alone (usual care group) via a web-based secure
centralised system. An independent statistician provided
a computer-generated randomisation list stratified by
centre and blocked with random block size (randomly
selected among 2 and 4); the block size was unknown to
the investigators and statisticians analysing the data.

Procedures

Sarilumab was administered intravenously at a fixed dose
of 400 mg on day 1. Administration of an additional fixed
dose of 400 mg intravenously on day 3 was recommended
if oxygen requirement had not decreased by more
than 50%, but the decision was left to the treating
physician. Usual care (antibiotic agents, antiviral agents,
corticosteroids, vasopressor support, anticoagulants) was
provided at the discretion of the clinicians. Because of the
emergency nature of the trial and feasibility issues, no
placebo of sarilumab was prepared. Data quality

165 patients assessed for eligibility

17 excluded
2 did not meet eligibility criteria
15 unknown

v

| 148 randomly assigned |

v

|
v

68 assigned to the sarilumab group

| | 80 assigned to the usual care group |

A 4

67 received first injection of sarilumab on day 1
1did not received any injection of sarilumab due

to patient refusal

35 received second injection of sarilumab on day 3

4 withdrew consent*®

v

v

0 lost to follow-up at day 28

| | 0 lost to follow-up at day 28 |

v

v

68 analysed for primary outcomes

| | 76 analysed for primary outcomes |

Figure 1: Trial profile
*According to French and European regulations, it is possible to analyse data from patients who withdraw consent
until the date of consent withdrawal, except if they ask their personal data to be erased, which was the case here.

€26

monitoring included both remote and on-site monitoring
by dedicated staff independent of the site investigators,
with source data verification done for all patients recruited
at every site for all crucial data points. Analyses were done
by the study statisticians who were blinded to the actual
randomisation groups, and investigators were not made
aware of results presented to the data and safety
monitoring board (DSMB).

Outcomes

The two primary outcomes of the CORIMUNO-SARI-1
trial were the proportion of patients dead or needing
non-invasive ventilation or mechanical ventilation on
day 4 (patients with a WHO-CPS score of >5) to be
analysed as a binary outcome and survival with no need
for non-invasive ventilation (including high-flow oxygen)
or mechanical ventilation at day 14, to be analysed as a
time-to-event outcome. Both outcomes were consistent
with the core outcome set proposed by WHO.”
Prespecified secondary outcomes were clinical status
assessed with the WHO-CPS at day 7 and day 14, overall
survival, time to discharge, time to oxygen supply
independence, and safety. We also measured biological
factors such as C-reactive protein concentration.

Statistical analysis

The sample size was initially set at 120 patients
(60 per group), with Bayesian interim analyses after every
60 patients (30 per group), and a provision to increase the
sample size to 180 patients (90 patients, or 30 additional
patients, per group) in case of promising but not
conclusive results on the first 120 patients. The definition
of promising was left to the discretion of the DSMB. For
logistical reasons, analyses for all CORIMUNO-19 trials
running in parallel were presented weekly to the DSMB.
The study statisticians were in charge of the interim and
final analyses, because given the short time to plan and
launch the trial, the complexity of methods, the tight
timelines (interim analyses were carried out every week
on the latest data available), there was no possibility for
us to have independent statisticians. However, trial
statisticians were blinded to the true groups (that were
labelled A and B in the data, blinding being done by a
data manager of the clinical trials unit, a different unit)
when doing the interim analyses. Blinded reports were
not shared with the trial investigators, who remained
blinded to all results during the trial conduct.

Events rate in the usual care group was estimated to
be 0-50, based on opinions of physicians in the scientific
committee as there was no available data at that time.
The treatment effect was expressed in terms of absolute
risk difference for the day 4 outcome and hazard ratio
(HR) for the day 14 outcome. According to the protocol, a
posterior probability greater than 0-99 at the interim
analysis or greater than 0-95 at the final analysis
indicated efficacy. We also computed the posterior
probability of absolute risk difference as less than —5-5%
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and HR as less than 0-85 (denoting moderate or greater
effect). A futility boundary was set at a posterior
probability of moderate or greater effect of less than
20% at the interim analysis. The protocol made explicit
that those decision rules were not binding. We computed
that the trial would have frequentist power of 97-2% to
detect a decrease in event rate from 0-50 to 0-20, and
73-9% to detect a decrease in event rate from 0-50 to 0- 30.

We used Bayesian monitoring and analysis of the trial
based on the co-primary outcomes. A first interim
analysis was done after enrolment of 83 patients (43 had
reached 4 days of follow-up; appendix p 16), leading to
the recommendation to continue the trial, and then data
were presented again to the DSMB after all patients had
been randomised (98 analysed for the day 4 outcome),
leading to a recommendation to stop accrual without
increasing the sample size further. Posterior probabilities
of absolute risk difference less than 0 and HR less than
1 were computed at each analysis, analytically for the
absolute risk difference and using Markov chain Monte
Carlo methods for the HR. For the day 4 outcome, we
used a {3 prior distribution with parameters 1 and 1 for
the proportion in each group. For the day 14 outcome, we
used a Gaussian prior distribution with mean 0 and
variance 106 for the log HR. Sensitivity analyses using
a range of prior distribution were then done
(appendix p 14-15). The treatment effect was summarised
by the posterior median and equal tail credible intervals.
A subgroup analysis according to antiviral drug use at
baseline was prespecified in the protocol. Analyses
according to the use of corticosteroids and particularly
dexamethasone were added post-hoc considering recent
publications.”" Secondary outcomes were analysed in a
frequentist framework, except the analysis of the
WHO-CPS scores as an ordinal variable. Details of the
statistical analyses are in the appendix (p 14-15).

Analyses were done on an intention-to-treat basis with
no correction for multiplicity for prespecified secondary
outcomes. Thus, these results are exploratory and
reported as point estimates and 95% ClIs. Statistical
analyses were done using SAS version 9.4 (SAS Institute)
and R version 3.6.1.

Role of the funding source

The funder had no role in the study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

From March 27 to April 6, 2020, 165 patients were
assessed for eligibility in six French university hospitals
and 148 patients were randomly assigned (68 patients to
the sarilumab group and 80 patients to the usual care
group), and the DSMB did not advise further increasing
the sample size. Of the 80 patients assigned to the usual
care group, four (5%) withdrew consent and were not
analysed. Of the 68 patients assigned to the sarilumab
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Sarilumab (N=68)

Usual care (N=76)

Age, years 617 (53-0-71-1)
Sex
Male 49 (72%)
Female 19 (28%)
Weight, kg 81.5(72:0-96-0)
BMI, kg/m? 27:7 (25:1-29-8; n=50)
BMI =30 kg/m?* 14/65 (22%)
WHO-CPS score of 5 68 (100%)

379 (37:1-387)

28.0 (24-0-32:0; n=65)
5.0 (4-0-7-0)

940 (92:0-96.0)

10-0 (7-0-13-0; n=66)

Temperature (°C)

Respiratory rate, breaths per min
Oxygen flow, L/min

Sp0,, %

Time from symptoms onset to
randomisation, days

Coexisting conditions

Chronic cardiac disease 17/67 (25%)

Diabetes 22 (32%)

Chronic kidney disease (stage 1to 3) or 10/67 (15%)

dialysis

Asthma 3/67 (4%)

Chronic pulmonary disease 6/67 (9%)

(not asthma)

Active malignant neoplasm 3/67 (4%)
Smoking status

Never smoker 46/61 (75%)

Current smoker 6/61 (10%)

Former smoker 9/61 (15%)

Laboratory values
CRP, mg/L
D-Dimer, pg/L

160 (98-207; n=67)
1265 (765-2030; n=52)
55 (42-7:0; n=64)
0-9 (0-7-1-2; n=65)
0-2 (0-1-03; n=64)
129 (11.7-13-6; n=67)
236 (182-291; n=67)
40-0 (28-0-60-0; n=67)
590 (40-0-79-0; n=66)
32:0 (28:0-35-0; n=42)
820 (65:5-117-0; n=68)

Neutrophil count, G/L
Lymphocyte count, G/L
Lymphocytes to neutrophils ratio
Haemoglobin, g/dL

Platelet count, g/L

ALT or SGPT, IU/L

AST or SGOT, IU/L

Albumin, g/L

Creatinine, pmol/L

62:8 (56-0-71-7)

59 (78%)

17 (22%)

85.0 (74-0-93-0; n=66)

287 (24-1-31-2; n=55)

17171 (24%)

80 (100%)

377 (37-1-38:5)

26-0 (22-0-33-0; n=74)
60 (4-0-9-0)

95-0 (93-0-96-0)

10-0 (8-0-13-0; n=75)

19 (25%)
22 (29%)
7 (9%)

8 (11%)
3 (4%)

1(1%)

55/71(77%)
1/71 (1%)
15/71 (21%)

155 (94-216; n=76)
1125 (740-1660; n=58)

58 (4.7-7:9; n=73)

0-8 (0-6-1-2; n=73)

0-1(0-1-0-2; n=73)
130 (11:9-14-3)

226 (182-295)

37:0 (25:0-59:0; n=71)
51.0 (39.-0-77.0; n=70)
334 (29:8-36:0; n=42)
73:0(59-0-935]

Ferritin, mg/L
LDH, IU/L
CPK (IU/L)

937 (517-2237; n=41)
469 (344-640; n=50)
173 (81-300; n=57)

1138 (561-2064; n=44)
444 (369-571; n=54)
172 (77-300; n=49)

Data are median (IQR), n (%), or n/N (%). All patients had either positive RT-PCR or typical chest CT scanALT=alanine
aminotransferase. AST=aspartate aminotransferase. BMI=body mass index. CPK=creatine phosphokinase. CPS=clinical
progression scale. CRP=C-reactive protein. LDH=lactate dehydrogenase. SGBT=serum glutamic-pyruvic transaminase.
SGOT=serum glutamic-oxaloacetic transaminase. *This variable was also recorded as a binary condition at screening,
which explains the lower number of missing values than when not using a binary condition.

Table 1: Baseline characteristics

group, one (1%) refused the treatment and 35 (51%)
received a second injection on day 3 (figure 1). The
median age was 61-7 years (IQR 53-0-71-1) in the
sarilumab group and 62-8 years (56-0-71-7) in the usual
care group. In the sarilumab group, 49 (72%) of 68 were
men and in the usual care group 59 (78%) of 76 were
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Sarilumab Usual care Treatment effect
(n=68) (n=76)
Coprimary outcomes
WHO-CPS score > 5 at day 4 18 (26%) 20 (26%)
Median posterior absolute risk - - 0-2% (90% Crl -11.7 to 12-2)
difference
Median posterior odds ratio - - 1-02 (90% Crl 0-54 to 1-94)
adjusted for age and centre
Posterior probability of any benefit - - 48-9%
Posterior probability of moderate - - 21-6%
or greater benefit than usual care*
Non-invasive ventilation, mechanical 25 (37%) 26 (34%)
ventilation, or death up to day 14
Median posterior hazard ratio - - 1-10 (90% Crl 0-69-1-74)
adjusted for age and centre.
Posterior probability of any benefit - - 37:4%
Posterior probability of moderate - - 18-6%
or greater benefit than usual care*
Secondary outcomes
Overall survival
Mortality at day 14 6 (9%) 8 (11%) 0-68 (95% Cl 0-23-2-03)f
Mortality at day 28 8 (12%) 14 (18%) 0-65 (95% Cl 0-27-1-59)1
Mortality at day 90 10 (15%) 16 (21%) 0-70 (95% C1 0-31-1.58)F
WHO-CPS score
Day 4 5(5-6) 5(5-6) 1.11(95% Crl 0-53-2-34)%
Day7 5(5-7;n=52)  5(5-6;n=66)  1.02 (95% Crl 0-49-2-08)%
Day 14 4(2-5n=63)  5(2-6;n=67) 079 (95% Crl 0-42-1-47)%
Day 2 to 14 (longitudinal analysis) - - 0-93 (95% Crl 0-26-3-38)%
Discharged at day 28 51(75%) 53 (70%) 1-19 (95% C1 0-81to 1-75)T
Independent from oxygen atday 28 50 (74%) 54 (71%) 1-06 (95% Cl 0-72 to 1.57)F
Data are n (%), n/N (%), or median (IQR) unless otherwise stated. Crl=credible interval (Bayesian analysis). CPS=Clinical
Progression Scale. *Moderate or greater benefit was defined as an absolute risk difference of less than -5-5% for the
day 4 outcome and a hazard ratio of less than 0-85 for the day 14 outcome. tHazard ratio adjusted for age and centre.
+Median posterior odds ratio in a proportional odds model adjusted for age and centre.
Table 2: Primary and secondary efficacy outcomes

men (table 1). During the trial, including anytime before
or after randomisation, remdesivir was administered to
no patients in the sarilumab group and one (7%) of
76 patients in the usual care group, glucocorticoids were
administered to 10 (15%) of 68 patients in the sarilumab
group and 19 (25%) in the usual care group, and
antibiotics (61 [90%] vs 59 [78%]) and anticoagulants
(63 [93%)] vs 67 [88%)]) were also administered. Additional
immunomodulators were administered to three (4%)
patients in the usual care group (tocilizumab [n=2] and
sarilumab [n=1]). The details of the treatments received
at the time of, and after, randomisation until day 14 are
summarised in the appendix (p 17).

On day 4, 18 (26%) of 68 patients in the sarilumab
group had a WHO-CPS score greater than 5 versus
20 (26%) of the 76 patients in the usual care group
(median posterior absolute risk difference 0-2%;
90% credible interval [CrI] -11-7 to 12-2; table 2;
appendix p 17). The posterior probability of absolute risk
difference less than 0 (sarilumab better than usual care)
was 48-9% (appendix p 19). On day 14, at least one event
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(non-invasive ventilation includinghigh-flow oxygen,
mechanical ventilation, or death) had occurred in
25 (37%) patients in the sarilumab group (cumulative
incidence of event 37%; 95% CI 24-47) and 26 (34%)
patients in the usual care group (cumulative incidence
34%; 95% CI 23-44; figure 2A; table 2; appendix p 17).
The posterior probability of any efficacy of sarilumab
(HR <1) was 37-4% (median posterior HR 1-10; 90% CrI
0-69-1-74), and of moderate or greater efficacy
than usual care (HR <0-85) was 18-6% (appendix p 18).
The number of patients with mechanical ventilation or
death at day 14 was 21 (31%) in the sarilumab group and
17 (22%) in the usual care group (figure 2B; appendix p 18).

The evolution of WHO-CPS scores during the 14-day
follow-up is shown in figure 3. The groups were similar
in their WHO-CPS score outcomes on days 4, 7, and 14
(table 2). At day 90, ten patients had died in the sarilumab
group (overall survival 85%; 95% CI 77-94) and 16 patients
had died in the usual care group (overall survival 79%;
95% CI 70-89; adjusted HR 0-70; 95% CI 0-31-1-58;
figure 2C; table 2; appendix p 18). The cumulative
incidence of patients who had been weaned from oxygen
at day 28 was 74% (95% CI 61-83) in the sarilumab group
and 71% (95% CI 59-80) in the usual care group (HR 1-06;
95% CI 0-72-1-57; table 2). The cumulative incidence of
discharge by day 28 was 75% (95% CI 63-84) in the
sarilumab group and 70% (95% CI 58-79) in the usual
care group (HR 1-19; 95% CI 0-81-1-75; table 2). The
decrease in C-reactive protein level and neutrophil count
was rapid in the sarilumab arm (appendix p 21). Post-hoc
analysis did not show any benefit of sarilumab in
subgroups of patients defined by C-reactive protein level
of more than 150 mg/L (appendix p 18).

A total of 37 (54%) patients in the sarilumab and 33 (43%)
patients in the usual care group had adverse events
(table 3). The number of adverse events in the sarilumab
group was 77 and in the usual care group was 58 (p=0-02
for the average number of events per patient). Serious
adverse events occurred in 27 (40%) patients in the
sarilumab group and 28 (37%) in the usual care
group (p=0-73). Bacterial sepsis was the most commonly
occurring serious adverse event, occurring in 12 patients in
the sarilumab group and seven patients in the usual care
group. Ten (15%) patients in the sarilumab died and 16
(21%) patients in the usual care group died, and causes of
death are indicated in table 3.

Discussion

In this trial, we did not find any effect  of  sarilumab
(400 mg administered intravenously on day 1, possibly
repeated on day 3) in patients with COVID-19 and
moderate-to-severe pneumonia for decreasing the
proportion of patients with a WHO-CPS score greater
than >5 at day 4, or for decreasing the proportion of
patinets with non-invasive ventilation including high-
flow oxygen, mechanical ventilation, or death on day 14.
Likewise, most of the secondary endpoints did not differ
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A Non-invasive or mechanical ventilation or death

0-84 MedianHR  1.10 — Sarilumab
90% Crl 0-69to1.74 —— Usual care
079 95%Crl 0-63t01:90

p (HR<1) 0374
p (HR<0-95)  0-308
054 p(HR<0-85) 0186
p(HR<0-8) 0134

0-6

0-4

034

02

Proportion with primary event

0-1

0 T T T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Day

Number at risk
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Figure 2: Occurrence of events during follow-up

Kaplan-Meier cumulative estimates of probability of the primary outcome,
death, or ventilation support (mechanical ventilation, high-flow oxygen,

or non-invasive ventilation; A) and death or mechanical ventilation (B), and
overall survival (C) in the sarilumab group as compared with the usual care
group. For the primary outcome (death or ventilation support) and death or
mechanical ventilation, data are analysed in a Bayesian framework, and median
posterior HRs and 90% Crls are presented, together with posterior probabilities
of achieving specified effects. Overall survival was analysed in a frequentist
framework, so these probabilities are not relevant. Crl=credible interval.
HR=hazard ratio.
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Figure 3: WHO clinical progression scale score during follow-up
WHO-CPS=WHO clinical progression scale.

between the sarilumab and the usual care groups.
Survival up to 90 days was not different between groups
(HR 0-70; 95% CI 0-31-1-58).

To date, only two published randomised controlled trials
of sarilumab in patients with COVID-19 have been
published. The first trial, from the REMAP-CAP collabora-
tive group, included a different subset of patients: critical
patients on non-invasive ventilation or mechanical
ventilation and having been in intensive care for less than
24 hours.* The REMAP-CAP study, which included
48 patients treated with 400 mg of intravenously admini-
stered sarilumab, showed a median adjusted odds ratios
for in-hospital survival of 2-01 (95% CrI 1-18—4-71) for
sarilumab as compared with usual care over 90 days.
Conversely, a second randomised controlled trial
sponsored by Regeneron, in which 304 (73%) of 416 patients
were on oxygen but not in ICU (WHO CPS score of 5), did
not show efficacy of sarilumab.” Nonetheless, in this latter
trial, as in our study, at day 29, there were numerical, non-
significant survival differences between patients with
critical disease receiving 400 mg of sarilumab (88%) and
patients  receiving placebo  (79%;  difference  of
8-9[95% CI —7-7 to 25-5]; p=0-25). Lastly, an open-label
cohort study that included 28 patients on non-invasive
ventilation treated with 400 mg of intravenously
administered sarilumab and 28 contemporary patients
treated with usual care in Italy showed improved survival
with sarilumab at 28 days, but this effect was non-
significant.*

Our CORIMUNO-TOCI-1 trial, which evaluated
tocilizumab in the same population and with the same
methodology as the present study, met its primary
endpoint.” In the CORIMUNO-TOCI-1 study, the
probability that tocilizumab reduced the risk of non-
invasive ventilation, mechanical ventilation, or death at
day 14 was 95% (HR 0-58; 90% CrI 0-33-1-00). The
survival at day 28 was not improved but, similar to the
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Sarilumab Usual care p value
(n=68) (n=76)
Adverse events

Patients with at least 37 (54%) 33 (43%) 0-24*

one adverse event*®

Patients with multiple 17 (25%) 11 (14%)

adverse events

Number of adverse 77 58

eventst

Incidence rate per 1000 14-6 (11.7-18-2)  10-3(8-0-13-4)
patient-day (95% Cl)

IRR (95% Cl) 141 (1-00-1.98) ref 0-048t
Serious adverse events

Patients with at least 27 (40%) 28 (37%) 0-73*

one serious adverse

event

Patients with multiple 10 (15%) 9 (12%)

serious adverse events

Number of serious 44 40

adverse events

Incidence rate per 1000 83 (6-2-11-2) 7-1(52-97)
patient-day (95% Cl)

IRR (95% CI) 116 (0-76-179) ref 0-471
ARDS 7

Bacterial sepsis 12

[y
[y

Hepatic cytolysis
Neutropenia
Lymphopenia
Anaemia
Thrombopenia
Pulmonary embolism
Other ischemic events
Haemorrhagic events
Sudden death
Multiple organ failure
Acute renal failure
Abdominal pain
Encephalitis
Pneumothorax
Asthenia
Hypernatremia
Deaths 1
ARDS

Bacterial sepsis

(15%) 16 (21%)

Haemorrhagic stroke

©O B B N O ©O ©O B B B B O O WWRL RELp O N U O
P BN W O R, PO O O R N B NUNONNOWN

Gastrointestinal
bleeding

Sudden death
Vasculitis of the limbs

1
0
Multiple organ failure 1
1

o O » O

Pulmonary embolism

IRR=incidence rate ratio. ARDS=acute respiratory distress syndrome. *Fisher’s
exact test. tPoisson model.

Table 3: Safety analysis. Averse events, serious adverse events and
causes of deaths

present trial, there was a non-statistical difference in
favour of better survival up to day 90 in patients treated
with tocilizumab (HR 0-65; 95% CI 0-25-1-67).

In July, 2021, a WHO meta-analysis of 27 randomised
clinical trials of anti-IL-6 receptor agents showed a
significant reduction of 28-day mortality (HR=0-86
[0-79-0-95]) and mechanical ventilation or death (0-77
[0-70-0-85]) in patients with COVID-19."” Interestingly,
in this meta-analysis, day-28 mortality was significantly
reduced with tocilizumab (HR=0-83 [0-74-0-92]) but not
with sarilumab (HR=1-08 [0-86-1-36]). Of note,
conversely to tocilizumab trials, most of the sarilumab
trials have been done without associated corticosteroids
as part of usual care. Thus, a synergistic effect between
corticosteroids and anti-IL-6 receptor antibodies, shown
in the WHO meta-analysis, might explain such
discrepancy. However, we cannot eliminate a subtle
difference of mechanism of action between both drugs.

The mechanism of action of sarilumab and tocilizumab
is identical with regard to neutralisation of soluble and
membrane IL-6 receptor and thus inhibition of the IL-6
pathway. However, the affinity of sarilumab to the IL-6
receptor alpha chain is 20-times higher than that of
tocilizumab.®” Likewise, the dissociation constant of
sarilumab for the target receptor is 12-8 pmol/L, which is
about 55 times lower than that of tocilizumab, consistent
with the higher binding affinity.® Meanwhile, the dose of
both drugs was roughly the same in the different trials.
Consequently, we can hypothesise that some trapping of
sarilumab in the blood might have occurred in some
patients (due to large increases in blood IL-6 receptor
concentrations in patients with COVID-19), thus
potentially leading to decreased penetration of sarilumab
in the lungs; the site of hyperinflammation. Although the
conclusion of this study, in contrast to our study with
tocilizumab, suggests a lack of efficacy of sarilumab, the
difference in effect of both IL-6 receptor inhibitors on
patients with COVID-19 remains questionable and was
not shown in the WHO meta-analysis if results were
analysed separately with or without corticosteroids.

Safety was the same in both groups. The number of
serious adverse events and the number of patients with
serious adverse events was identical. Of note, five cases
of neutropenia (a known side effect of anti-IL-6 receptor
antibodies) were observed with sarilumab. There was a
numerically non-statistically ~significant increased
number of bacterial infections in the sarilumab
group (12) compared to the usual care group (seven).

Strengths of this trial include the multi-centre design,
thorough monitoring to ensure data quality, a homo-
geneous target population of patients with moderate
pneumonia requiring at least 3L/min oxygen support, and
long-term survival analysis. The groups were well
balanced regarding Dbaseline characteristics and
cotreatments administered during the study. However,
this trial has several limitations. The sample size is small
and was planned to detect a very large effect of the drug.
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The trial was not blinded since it was logistically
impossible at the time of the onset of the pandemic to set
up a double-blind academic study quickly. There was an
imbalance in numbers between groups due to the fact that
we did two sarilumab trials (non-ICU [SARI-1], which is
presented here, and ICU [SARI-2], which will be reported
separately) that were operationally considered as two strata
of the same trial on the randomisation platform. Since at
the beginning of the pandemic patients on high-flow
oxygen (WHO-CPS 6) were very rapidly intubated, there
was an amendment on April 6, 2020, as indicated in the
appendix (p 135, stating that patients in WHO-CPS 6 be
moved from stratum 1 (non-ICU) to stratum 2 (ICU).
Another limitation is that usual care might have differed
across centres and over time, especially regarding
corticosteroid use. However, the short period of accrual
and the stratification of randomisation might have limited

the effect of non-standardisation. The unblinded nature of

the study might have also led to performance bias,
disadvantaging the patients in the sarilumab group:
three (4%) patients in the usual care group received an
anti-IL-6 receptor drug and 19 (25%) patients assigned to
the usual care group received corticosteroids, versus only
10 (15%) patients in the sarilumab group. However, the
number and percentage of patients receiving
corticosteroids was low and dexamethasone was rarely
used as the trial accrual stopped before the results of the
RECOVERY study were known. The very infrequent use
of dexamethasone in our study is another limitation
regarding the recent results from RECOVERY that show
the benefit of tocilizumab was restricted to the patients
taking it concomitantly with dexamethasone.” Lastly, this
trial targeted a specific segment of the COVID-19 patient
population (patients with a WHO-CPS score of 5 exactly
and requiring at least 3L/min oxygen without any
ventilation support, regardless of inflammatory status),
and thus our results are not generalisable to the whole
COVID-19 population.

In summary, this randomised clinical trial suggests
that sarilumab was not effective in reducing the need for
non-invasive ventilation, mechanical ventilation, or death
in patients with COVID-19 and moderate-to-severe
pneumonia. Larger randomised controlled trials with
longer follow-up, as well as meta-analyses, are needed for
determining the exact effects of sarilumab and other IL-6
receptor antagonists in different subsets of patients, and
whether combined therapy with dexamethasone might
further improve outcomes.
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