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ABSTRACT

Introduction: SARS-CoV-2 pneumonia is often
associated with hyper-inflammation. The cyto-
kine-storm-like is one of the targets of current

therapies for coronavirus disease 2019 (COVID-
19). High Interleukin-6 (IL6) blood levels have
been identified in severe COVID-19 disease, but
there are still uncertainties regarding the actual
role of anti-IL6 antagonists in COVID-19 man-
agement. Our hypothesis was that the use of
sarilumab plus corticosteroids at an early stage
of the hyper-inflammatory syndrome would be
beneficial and prevent progression to acute
respiratory distress syndrome (ARDS).
Methods: We randomly assigned (in a 1:1 ratio)
COVID-19 pneumonia hospitalized patients
under standard oxygen therapy and laboratory
evidence of hyper-inflammation to receive sar-
ilumab plus usual care (experimental group) or
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usual care alone (control group). Corticos-
teroids were given to all patients at a 1 mg/
kg/day of methylprednisolone for at least
3 days. The primary outcome was the propor-
tion of patients progressing to severe respiratory
failure (defined as a score in the Brescia-
COVID19 scale C 3) up to day 15.
Results: A total of 201 patients underwent
randomization: 99 patients in the sarilumab
group and 102 patients in the control group.
The rate of patients progressing to severe respi-
ratory failure (Brescia-COVID scale score C 3) up
to day 15 was 16.16% in the Sarilumab group
versus 15.69% in the control group (RR 1.03;
95% CI 0.48–2.20). No relevant safety issues
were identified.
Conclusions: In hospitalized patients with
Covid-19 pneumonia, who were under standard
oxygen therapy and who presented analytical
inflammatory parameters, an early therapeutic
intervention with sarilumab plus standard of
care (including corticosteroids) was not shown
to be more effective than current standard of
care alone. The study was registered at EudraCT
with number: 2020-002037-15.

Keywords: Corticosteroids; COVID19; IL6-
inhibitors; Randomized clinical trial; Sarilumab

Key Summary Points

Why carry out this trial?

The so-called ‘‘cytokine storm’’ caused by
SARS-CoV-2 in some patients is one of the
targets of the current therapies for
COVID-19.

In a randomized, placebo-controlled trial,
we hypothesized that the early use of anti-
Interleukin-6 (IL6) plus corticosteroids
would prevent progression to severe
respiratory failure (defined as Brescia-
COVID scale score C 3) in patients with
COVID19 pneumonia and laboratory
evidence of hyper-inflammation.

The role of sarilumab in the treatment of
COVID19 remains partially uncertain due
to limited published evidence with this
medicinal product.

What was learned from the trial?

Contrary to recently publications in the
field, our study failed to demonstrate the
benefit of adding the IL6 antagonist
sarilumab to a standard background
medication that includes corticosteroids
in patients with COVID-19 pneumonia.
These results support the need to further
investigate and to properly identify the
right timing and correct identification of
patients with COVID-19 pneumonia that
can benefit from IL6 antagonists.

INTRODUCTION

The life-threatening respiratory failure in
COVID-19 patients seems to be driven by the
inflammatory response to SARS-CoV-2, rather
than by direct viral damage [1]. It may seem
counterintuitive to treat a viral infection with
anti-inflammatory drugs; however, during the
second week of disease, when clinical deterio-
ration occurs, viral load has usually fallen
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significantly [2]. This suggests that damage at
that point is produced by the hyper-inflamma-
tion and not by the pathogen itself. SARS-CoV-2
replication in epithelial and endothelial cells
leads to the production of type I interferon and
an influx of neutrophils and macrophages,
which in turn produce pro-inflammatory
cytokines [3]. In some patients with COVID-19,
a pathologic immune cell hyper-activation is
triggered by SARS-CoV-2. This so-called ‘‘cy-
tokine storm’’ is one of the targets of the current
therapies for COVID-19 [4].

Some familiar drugs have been repurposed
for COVID-19 treatment. Tocilizumab is a
monoclonal antibody that binds to the inter-
leukin-6 (IL6) receptor. IL6 seems to play a
central role in the COVID-19 cytokine storm
and the pathogenesis of acute respiratory dis-
tress syndrome (ARDS) [5]. Elevated levels of
blood IL6 have been identified as a risk factor
for severe COVID-19 disease. Tocilizumab is
approved for the treatment of cytokine-release
syndrome associated with chimeric antigen
receptor T cell therapy both in the USA and in
the Europe. Preliminary experiences with toci-
lizumab [6] at the beginning of the pandemic
showed promising results that have been
recently validated in different clinical trials
[7, 8] and metanalysis [9].

Sarilumab is a recombinant human
immunoglobulin 1 monoclonal antibody that,
like tocilizumab, binds specifically to both sol-
uble and membrane-bound IL6 alfa-receptors
and inhibits IL6-mediated signaling. It is
approved for the treatment of moderate to sev-
ere rheumatoid arthritis. Compared to tocilizu-
mab, it has a 20-fold greater affinity for its target
and a longer half-life.

Currently, the WHO recommends treatment
with IL-6 inhibitors (tocilizumab or sarilumab)
for patients with severe or critical COVID-19
infection [10]. A recent clinical trial showed
that tocilizumab and sarilumab are similarly
effective at improving survival in patients with
severe COVID-19 receiving organ support [11].
Nevertheless, some institutions, such as the
National Institutes of Health, recommend sar-
ilumab only when tocilizumab is not available
or not feasible to use [12]. The role of sarilumab
in the treatment of COVID19 partially remains

uncertain and is not as well established as
tocilizumab.

In spite of that, several uncertainties regard-
ing the actual role of anti-IL6 antagonists in
COVID-19 management still remain [13], and
include the optimal timing according to the
onset of symptoms and to the degree of
inflammation, the effects both beneficial and
deleterious when administered together with
steroids, and potential differences in efficacy
among different IL6 antagonists.

The aim of the present study [14] is to eval-
uate if an early therapeutic intervention with
sarilumab plus standard of care (SOC) may be
more effective than current SOC alone, which
includes weight-adjusted corticosteroids (CS),
in preventing progression to respiratory failure
(BRESCIA-COVID C 3) in SARS-CoV-2-infected
patients with pneumonia. We also intend to
provide data to support the safety of the use of
sarilumab in this indication.

Our hypothesis was that the use of IL6
antagonists at an early stage during the hyper-
inflammatory syndrome would be beneficial
and may avoid progression to ARDS. In accor-
dance to the national guidelines for SOC, we
included the use of CS [15] as part of the SOC in
the treatment of COVID-19 pneumonia, which
will also allow us to address whether anti-IL6
administered concomitantly with CS may
potentiate the anti-inflammatory response and
lead to better disease outcomes.

METHODS

Trial Design

Our clinical trial was a national, multicenter,
randomized, open label, controlled clinical
study, conducted at eight Spanish tertiary hos-
pitals. The trial was approved by the Spanish
Regulatory Authority (Spanish Agency of
Medicines and Medical Devices) and by the
Research Ethics Committee at Hospital Univer-
sitario Puerta de Hierro-Majadahonda (registry
number 77/20). The study was conducted in
accordance with Good Clinical Practice guide-
lines and the Declaration of Helsinki. The
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investigators designed the trial, collected the
data, and performed the analysis.

The study was registered at EudraCT with
number: 2020-002037-15. Full details of the
trial protocol have been published in advance
[14], and can be found at the Supplementary
Material.

Patients

Patients were eligible for enrollment if they
were at least 18 years of age and hospitalized
due to COVID-19 confirmed by positive RT-PCR
or antigen test, presented pneumonia defined
by the radiographic evidence of pulmonary
infiltrates by imaging, or rales/crackles on
examination, and required standard oxygen
supplement due to SpO2 B 94% on room air.
Time from symptom onset to inclusion must be
at least 7 days and patients must present eleva-
tion of IL-6[40 pg/mL, or d-dimer[1.0 mcg/
ml, or at least two of the following analytical
inflammatory parameters: elevated C-reactive
protein (CRP), lactate dehydrogenase (LDH),
serum ferritin, or lymphopenia. Patients were
excluded if they had high oxygen requirements
(including face mask with reservoir bag, non-
invasive mechanical ventilation or high flow
nasal cannula, or mechanical ventilation), had
been on treatment with CS for more than 1 day,
were admitted to the intensive care unit (ICU),
pregnant or lactating, had allergy or hypersen-
sitivity to sarilumab or CS, had received
immunosuppressive monoclonal antibody
therapy within the past 5 months, presented
AST/ALT values[10 9 ULN, neutropenia
(\0.5 9 109/L), severe thrombocytopenia
(\50 9 109/L), sepsis caused by an alternative
pathogen, diverticulitis with risk of perforation,
or ongoing infectious dermatitis. The full list of
entry criteria is provided in the protocol (Sup-
plementary Material).

Randomization and Treatment

After signing informed consent, participants
were randomly assigned in a 1:1 ratio to receive
either sarilumab plus SOC (experimental group)
or SOC (control group).

Randomization codes were produced by
means of the RERAND system integrated within
the eCRF system based on Oracle, stratified by
center and using blocks multiple of 2 elements.
The randomization schedule was managed
through the eCRF in a concealed manner.

CS were given to all patients at a 1 mg/
kg/day of methylprednisolone for at least 3 days
as part of the SOC background medication.
Sarilumab was administered intravenously (IV)
at a single dose of 200 mg for patients\75 kg
body weight, or 400 mg for patients weigh-
ing C 75 kg. SOC also included antibiotic
agents, antiviral agents, steroid boluses, vaso-
pressor support, and anticoagulants that were
provided at the discretion of the investigators.

Patients in the control group progressing to
Brescia-COVID C 2 plus inflammatory parame-
ters were given the option to be rescued with
sarilumab at the same weight-adjusted doses.
Patients randomly assigned to sarilumab ther-
apy at baseline progressing to Brescia-
COVID C 2 were rescued according to local
clinical practice protocols.

Efficacy was evaluated at day 15, and
patients were followed for a total of 28 days.
Patients who were discharged before day 28 had
their efficacy/safety follow-up visits conducted
by phone call at days 15 and 28.

Outcomes

The primary outcome was the proportion of
patients progressing to severe respiratory failure
(Brescia-COVID C 3, defined by the need of
high frequency nasal ventilation, CPAP or non-
invasive ventilation or mechanical ventilation)
[16], admission to the ICU, or death. The first
version of the protocol proposed as the primary
outcome the proportion of patients progressing
to Brescia-COVID C 2, but this was amended
immediately after the start of the trial to include
a more objective definition of respiratory pro-
gression. Secondary outcomes were: the pro-
portion of patients progressing to respiratory
failure (Brescia-COVID C 2); Brescia-COVID C 3,
admission to the ICU or death by day 28; time
to progression to severe respiratory failure (de-
fined as Brescia-COVID C 2); time to reduction
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of supplemental oxygen requirements; time to
non-invasive or invasive ventilation; clinical
status assessed with the WHO-CPS at days 15
and 28; overall survival; rate of hospital dis-
charge; mortality rate; and adverse events.

The incidence and severity of adverse events
were evaluated. These events were categorized
according to the National Cancer Institute
Common Terminology Criteria for Adverse
Events, version 5.0.

Statistical Analysis

We estimated that the assignment of 200
patients with a 1:1 randomization would pro-
vide an 80.00% power to detect differences in
the contrast of the null hypothesis H0: p1 = p2
by means of a bilateral chi-square test for two
independent samples, taking into account that
the level of significance is 5.00%, and assuming
that the proportion of treatment failure in the
control group would be 17% and 5% in the
experimental group.

The primary analysis follows the intention-
to-treat principle and includes all randomized
patients. The primary and secondary endpoints
were planned to be estimated using the exact
chi-square test and a log-binomial regression

model including center as a covariate. Survival
function was estimated by the Kaplan–Meier
method, group comparisons done by log-rank
test and the hazard ratios by the Cox model.
Missing data due to patients lost to follow up
were imputed using the last observation carried
forward method. Analysis was performed using
SAS� v.9.4 scientific software.

RESULTS

Between 4 August 2020 and 23 March 2021, 201
patients underwent randomization (99 to the
experimental group and 102 to the control
group). Of them, 98 patients in the experi-
mental group and 101 patients in the control
group received the allocated intervention.
Overall, 12 patients did not complete the trial
(5,97%): 2 patients, 1 in each group, underwent
randomization but did not receive the allocated
intervention because they withdrew their con-
sent to participate in the study; 5 patients in
each group were lost to follow-up (8 after being
discharged and 2 after transfer to ICU in a dif-
ferent hospital) (Fig. 1).

Baseline demographic and disease charac-
teristics were evenly distributed across study
arms. Median age was 60 years and 70.15% were
men. Median time interval between symptoms
onset and randomization was 9 days, and 100%
of the patients were under standard oxygen
therapy (BRESCIA-COVID scale score 1) at the
time of randomization and received systemic CS
(methylprednisolone mg/kg/day or equivalent)
as part of the standard treatment for at least
3 days after being included in the study.
Patient’s baseline characteristics are described in
Table 1.

Primary Efficacy Outcome

The proportion of patients progressing to severe
respiratory failure (Brescia-COVID scale
score C 3) at any time from randomization up
to day 15 was 16.16% in the sarilumab plus SOC
group and 15.69% in the control SOC group (RR
1.03; 95% CI 0.48–2.20) (Table 2).

Fig. 1 Consort flow diagram
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Secondary Outcomes

The proportion of patients progressing to severe
respiratory failure (Brescia-COVID scale
score C 3) until day 28 was the same as the

proportions seen at day 15. The rate of patients
progressing to respiratory failure (Brescia-
COVID scale score C 2) at any time until day 15
was 42.42% in the sarilumab plus SOC group
compared to 39.22% in the control SOC group

Table 1 Baseline characteristics of the patients

Characteristic Control group
(n5 102)

Experimental group
(n5 99)

Age, mean ± SD, year) 59.85 ± 11.77 60.12 ± 11.54

Age, median (IQR),—year 60.0 (54.0, 66.0) 60.0 (52.0, 69.0)

Male sex, no. (%) 70 (68.63) 71 (71.72)

Body mass index mean ± SD 28.85 ± 4.82 28.86 ± 4.49

Median time (IQR) from symptom onset to randomization, days 10.0 (8.0, 12.0) 9.0 (8.0, 11.0)

Coexisting conditions, n (%)

Hypertension 40 (39.2) 42 (42.4)

Diabetes mellitus 14 (13.7) 19 (19.2)

Obesity 4 (3.9) 3 (3.0)

Dyslipidemia 12 (11.8) 6 (6.1)

Cardiovascular disorder 11 (10.8) 14 (14.1)

Chronic lung disease 9 (8.8) 10 (10.1)

Chronic kidney disease 3 (2.9) 3 (3.0)

Cancer 2 (2.0) 4 (4.0)

Bilateral pneumonia at Rx, n (%) 90 (88.24) 88 (88.89)

Median laboratory values (IQR) at baseline

Absolute lymphocyte count, 109/L 1 (0.70, 1.30) 0.99 (0.80, 1.30)

Absolute platelets count, 109/L 216.0 (160.0, 276.0) 222.0 (182.0, 279.0)

Absolute neutrophils count, 109/L 4.72 (3.30, 6.20) 4.64 (3.29, 7.20)

C-reactive protein level, mg/L 98.55 (48.05, 138.8) 95.25 (48.9, 142.8)

Ferritin level, ng/mL 908.5 (480.0, 1717.0) 680.5 (405.0, 1284.0)

d-dimer level, ug/L 650.0 (455.0, 1100.0) 668.3 (411.0, 930.0)

Lactate dehydrogenase level, ukat/L 5.41 (4.73, 6.83) 5.27 (4.73, 7.0)

Serum interleukin-6 level, pg/mL 13.25 (3.85, 43.35) 19.20 (6.00, 46.00)

Score on ordinal scale, n (%)

Hospitalized, requiring supplemental oxygen by mask or nasal prongs 102 (100) 99 (100)

Intention-to-treat population. All randomized patients are included

2740 Infect Dis Ther (2021) 10:2735–2748



(RR, 1.14; 95% CI 0.65–2.00). Mortality by day
28 was 2.02% in sarilumab plus SOC group and
1.96% in the control group (RR, 1.03; 95% CI
0.14–7.46). The proportion of patients admitted
at the ICU at any time from randomization
until day 28 was 7.07% in the sarilumab plus
SOC group versus 9.8% in the control group
(RR, 0.7; 95% CI 0.25–1.91) (Table 2). Figure 2

shows time to progression to invasive mechan-
ical ventilation or death.

The median time to hospital discharge over
the 28-day period was 7 days (95% CI 6–8) in
both treatment arms (hazard ratio, 0.903; 95%
CI 0.68–1.21) (Fig. 3).

Rescue treatment with any IL6 antagonists
(sarilumab or tocilizumab) or Interleukin 1 (IL1)
antagonists (anakinra) was received by 27
(26.47%) patients in the control group and 18
(18.18%) patients in the experimental group by
day 28 (eTable 4, Supplementary Material).

The results of the remaining secondary out-
comes are shown in Supplementary Material
(eTables 2, 3, eFigures 1, 2, 3, 4).

Subgroup Analyses

No statistically significant differences have been
seen in any of the planned subgroup analysis,
i.e. by CRP levels (\75 mg/L, 75–150 mg/
L,[150 mg/L), age (\70 vs. C 70 years old),
gender, sarilumab dose (200 mg vs. 400 mg)
(Fig. 4).

Table 2 Main and key secondary clinical outcomes in the intention-to-treat population

Outcome Control group
(n5 102)

Experimental group
(n5 99)

RR (95% CI) P value

Primary end point

Brescia C 3a at any moment until day 15, n (%) 16 (15.69%) 16 (16.16%) 1.03 (0.48–2.20) 0.8874

Secondary end points

Brescia C 3 at any moment until day 28, n (%) 16 (15.69%) 16 (16.16%) 1.03 (0.48–2.20) 0.8874

Overall events up to day 15

Brescia C 2, n (%) 40 (39.22) 42 (42.42) 1.14 (0.65–2.00) 0.6435

ICU, n (%) 10 (9.8) 7 (7.07) 0.70 (0.25–1.91) 0.4863

Death, n (%) 2 (1.96) 0 (0.0) 0.98 (0.95–1.01) 0.4976

Overall events up to day 28

Brescia C 2, n (%) 40 (39.22) 42 (42.42) 1.14 (0.65–2.00) 0.6435

ICU, n (%) 10 (9.8) 7 (7.07) 0.70 (0.25–1.91) 0.4863

Death, n (%) 2 (1.96) 2 (2.02) 1.03 (0.14–7.46) 1

a BRESCIA = 3: the patient requires high frequency nasal ventilation (HFNC), CPAP or NIV

Fig. 2 Progression to VMI or death patients
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Safety

Adverse events are shown in Table 3. No new
safety issues for sarilumab ? CS emerged. TEAEs
with CTCAE grade 3 or higher were reported by
4 (4.04%) patients in the experimental group
and 6 patients (5.88%) in the control group.
There were 9 treatment related TEAEs in the
experimental group and 4 in the control group.

No noticeable differences were found in the
incidence of any specific adverse event among
treatment groups.

DISCUSSION

Our open label, multicenter, randomized, con-
trolled trial included a population of patients

Fig. 3 Time to hospital discharge

Fig. 4 Forest plot BRESCIA C 3 by subgroups
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Table 3 Adverse events

Control treatment
(n5 102)

Experimental treatment
(n5 99)

n (%) n (%)

Overall 16 (15.7) 18 (18.2)

Blood and lymphatic system disorders 0 (0.0) 2 (2.0)

Gastrointestinal disorders 0 (0.0) 1 (1.0)

Hepatobiliary disorders 1 (1.0) 0 (0.0)

Acute cholecystitis 1 (1.0) 0 (0.0)

Infections and infestations 3 (2.9) 1 (1.0)

Bacteremia 1 (1.0) 0 (0.0)

Bacterial infection 1 (1.0) 0 (0.0)

Cytomegalovirus infection 1 (1.0) 0 (0.0)

Emphysematous cholecystitis 0 (0.0) 1 (1.0)

Injury, poisoning and procedural complications 1 (1.0) 0 (0.0)

Ulnar nerve injury 1 (1.0) 0 (0.0)

Investigations 3 (2.9) 7 (7.1)

Increased Alanine aminotransferase 3 (2.9) 7 (7.1)

Increased aminotransferase 2 (2.0) 5 (5.1)

Increased Gamma-glutamyltransferase 2 (2.0) 6 (6.1)

Metabolism and nutrition disorders 1 (1.0) 2 (2.0)

Musculoskeletal and connective tissue disorders 1 (1.0) 1 (1.0)

Nervous system disorders 1 (1.0) 0 (0.0)

Cerebrovascular accident 1 (1.0) 0 (0.0)

Psychiatric disorders 0 (0.0) 1 (1.0)

Substance-induced psychotic disorder 0 (0.0) 1 (1.0)

Renal and urinary disorders 0 (0.0) 1 (1.0)

Acute kidney injury 0 (0.0) 1 (1.0)

Respiratory, thoracic and mediastinal disorders 7 (6.9) 2 (2.0)

Skin and subcutaneous tissue disorders 0 (0.0) 1 (1.0)

Vascular disorders 1 (1.0) 1 (1.0)

Deep vein thrombosis 0 (0.0) 1 (1.0)

Thrombophlebitis 1 (1.0) 0 (0.0)
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admitted to hospital with confirmed COVID-19
pneumonia requiring standard oxygen supple-
ments accompanied by an early increase in
inflammatory parameters but not having pro-
gressed to clinical deterioration.

In this clinical setting, the early use of the
IL6 antagonist sarilumab added to the standard
background medication in the participant cen-
ters did not result in better clinical outcomes, as
measured by the proportion of patients pro-
gressing to either severe respiratory failure
(Brescia-COVID C 3), ICU admission, or death,
at days 15 or 28. Mortality at day 28 did not
show statistically significant differences. Con-
sistent lack of significant differences among
treatment groups were observed for the
remaining secondary endpoints analyzed,
including progression of respiratory failure (to
Brescia-COVID C 2), time to hospital discharge,
proportion of patients admitted at the ICU, or
death at days 15 or 28.

Our results are somewhat unexpected in
view of the mechanism of action of IL6 antag-
onists and the observed rapid increase in
cytokines that usually accompanies an increase
in inflammatory parameters and clinical dete-
rioration in patients with COVID-19 [5]. The
results are also unexpected in view of the pub-
lished favorable results observed with IL6
antagonists [8, 17]. The population of our study
included patients with COVID19 pneumonia,
which can explain this divergence in compar-
ison with other studies which included more
severe patients, such as the RECOVERY trial.
More recently, the results of a prospective meta-
analysis (PMA) aimed to estimate the efficacy of
all IL6 antagonists in the treatment of COVID19
pneumonia [9] have been published. It is worth
mentioning that interim results of the SARTRE
study as of the data cut-off date, 28 February
2021, with 28-day mortality results for a subset
of 140 patients who had completed 28 days of
follow up, were included. This PMA, which
included a total of 10,930 patients treated with
tocilizumab, sarilumab, or siltuximab, and pro-
vides a more robust body of evidence, con-
cluded that the administration of IL6
antagonists was associated with lower 28-day
all-cause mortality [9]. However, this PMA pro-
vides a more marked and precise association of

benefit for tocilizumab than for sarilumab,
which is attributed to the limited representation
of sarilumab studies which included a low use of
concomitant corticosteroids. Moreover, a
recently published clinical trial which included
420 severe and critical patients with COVID19
did not show efficacy of sarilumab [18].

Our study hypothesis was that the use of IL6
antagonists at an early stage during the hyper-
inflammatory syndrome would be beneficial
and may avoid progressing to ARDS. However, it
might well be that, at such an early stage, the
benefit of an anti-inflammatory intervention is
already addressed by the effect of CS, which
were administered to all patients in both study
arms, or that the present study might be
underpowered to properly assess the modest
benefit of sarilumab in addition to an effective
intervention [15]. The first study that demon-
strated the beneficial effect of tocilizumab [8] in
a population of COVID-19 included patients
with an overall more severe clinical status
(based on the need of mechanical ventilation
and the death rate). Other studies evaluating
IL6 antagonists with a small sample size failed
to demonstrate any benefit [19–22]. Existing
differences between sarilumab and other IL6
antagonists may also play a role in such differ-
ences [9], but this is more debatable after the
recent publication (preprint) of a clinical trial,
which shows that tocilizumab and sarilumab
are similarly effective at improving survival in
patients with severe COVID-19 [11].

Lastly, the use of rescue medication (IL6
antagonists or IL1 antagonists) upon progres-
sion of respiratory failure was allowed in our
study. A total of 27 (26.47%) patients received
rescue medication in the control group (mainly
sarilumab or tocilizumab) and 18 (18.18%)
patients in the experimental group (mainly
tocilizumab). It cannot be ruled out that the
higher use of rescue medication in the control
group might have contributed to dilute any
potential benefits of sarilumab. Nevertheless,
the results are still valid for the conclusion that
the early use of sarilumab does not improve the
clinical outcomes in our study population.

The main strength of our study is being the
first multicenter, randomized, controlled clini-
cal trial conducted with the IL6 antagonist
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sarilumab in patients with COVID19 pneumo-
nia and analytical inflammatory parameters,
who were under standard oxygen therapy. An
additional strength of our study is that the
study protocol required that all patients should
receive intravenous CS as part of the SOC
background medication. At the time of plan-
ning the study protocol, the efficacy of CS had
not yet been formally demonstrated, but it was
extensively used in many centers in Spain, and
it was not feasible to include a third treatment
arm without CS. The efficacy of CS in the
treatment of patients with COVID19 pneumo-
nia and requiring oxygen supplements is now
well established, so that our study can respond
to the question on whether the addition of the
IL6 antagonist sarilumab adds any benefits to an
already optimized SOC regimen in the studied
population.

Our study has some limitations. The sample
size is limited to 201 patients. The small size of
the trial might well explain the negative out-
comes observed in some of the published clini-
cal trials [9]. The estimate magnitude of the
effect of the drug on progression to severe res-
piratory failure (BRESCIA C 3) from which the
sample size was established was very high. At
the time of the study design, there was uncer-
tainty about the benefit of CS and, owing to
what is currently known, the study might have
been underpowered. The study was not blinded
due to practical difficulties in having access to
the placebo of sarilumab. We addressed this
limitation by amending the primary endpoint
to include a more stringent and objective defi-
nition of progression of respiratory failure, i.e.,
patients requiring high-flow nasal cannula.
Open-label follow up is also a limitation, but,
nevertheless, medical decisions to increase
oxygen support were taken by different physi-
cians on COVID-19 wards, many of them not
investigators of the trial and in all cases fol-
lowing requirements established at local proto-
cols. Despite the multicenter nature of the
study, enrolment was largely driven by a single
center. Recruiting and conducting an academic
clinical trial was an added burden to the clinical
investigators that in most of the centers could
not count on the support of specialized research
units, i.e., Clinical Pharmacology Research

Units, as happened to be the case in the top
recruiting center. Fluctuations in the pandemic
incidence over time posed additional difficulties
for a swift recruitment of patients.

CONCLUSIONS

Our clinical trial failed to demonstrate any
benefits of an early therapeutic intervention
with sarilumab when added to an optimized
SOC regimen that includes CS in the treatment
of hospitalized patients with COVID-19 pneu-
monia with inflammatory parameters, who
were under standard oxygen therapy. No new
safety issues were identified. (EudraCT Number:
2020-002037-15).
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Alberto Dı́az de Santiago, Yolanda Romero,
Jorge Calderón, Ilduara Pintos, Adrián Ferre
Beltrán, Gustavo Centeno Soto, José Campos,
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