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Background: The use of IL-6 blockers in COVID-19 hospitalized patients has been

associated with a reduction in mortality compared to standard care. However, many

uncertainties remain pertaining to optimal intervention time, administration schedule, and

predictors of response. To date, data on the use of subcutaneous sarilumab is limited

and no randomized trial results are available.

Methods: Open label randomized controlled trial at a single center in Spain. We included

adult patients admitted with microbiology documented COVID-19 infection, imaging

confirmed pneumonia, fever and/or laboratory evidence of inflammatory phenotype,

and no need for invasive ventilation. Participants were randomly assigned to receive

sarilumab, a single 400mg dose in two 200mg subcutaneous injections, added to

standard care or standard care, in a 2:1 proportion. Primary endpoints included 30-day

mortality, mean change in clinical status at day 7 scored in a 7-category ordinal scale

ranging from death (category 1) to discharge (category 7), and duration of hospitalization.

The primary efficacy analysis was conducted on the intention-to-treat population.

Results: A total of 30 patients underwent randomization: 20 to sarilumab and 10 to

standard care. Most patients were male (20/30, 67%) with a median (interquartile range)

age of 61.5 years (56–72). At day 30, 2/20 (10%) patients died in the sarilumab arm vs.

none (0/10) in standard care (Log HR 15.11, SE 22.64; p= 0.54). At day 7, no significant

differences were observed in the median change in clinical status (2 [0–3]) vs. 3 [0–3],

p = 0.32). Median time to discharge (days) was similar (7 [6–11] vs. 6 [4–12]; HR 0.65,
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SE 0.26; p = 0.27). No significant differences were detected in the rate of progression

to invasive and noninvasive mechanical ventilation.

Conclusions and Relevance: Our pragmatic pilot study has failed to demonstrate

the benefit of adding subcutaneous sarilumab to standard care for mortality by 30 days,

functional status at day 7, or hospital stay. Findings herein do not exclude a potential

effect of sarilumab in severe COVID-19 but adequately powered blinded randomized

phase III trials are warranted to assess the impact of the subcutaneous route and a more

selected target population.

Trial Registration: www.ClinicalTrials.gov, Identifier: NCT04357808.

Keywords: COVID-19, sarilumab, subcutaneous route, IL-6, IL-6 receptor inhibitors, IL-6 blockade, randomized

controlled trial, subcutaneous

INTRODUCTION

Approaching the second year after WHO declared COVID-
19 as a pandemic, many uncertainties persisted about the
disease course, prognosis, and treatment. Vaccination has
emerged as the real hope for the global threat, but global herd
immunity will take months or even years to be reached (1).
Therefore, thousands of patients will still require supportive and
pharmacological treatment.

During the early days of the pandemic, the rapid spread of
the SARS-CoV-2 coronavirus posed unprecedented challenges
for health services to properly manage COVID-19 severe and
critical manifestations affecting a wide population in a short
period of time. Given the ineffective antiviral therapy on
hospitalized patients (2), huge efforts were directed to abrogate
the hyperinflammatory status that complicates the clinical course
and eventually leads to death (3). Off-label use of plenty of
immunomodulatory drugs emerged, targeting cytokines involved
in COVID-19 acute respiratory distress syndrome (ARDS),
where high IL-6 levels have a prominent role (4). Tocilizumab
(TCZ), an IL-6 receptor (R) inhibitor, was the first anti-cytokine
agent tested in the pandemic (5–7), based on the pathogenic
role of IL-6 as a driver of hyperinflammation (4, 8) and high
IL-6 levels as predictors of poor outcomes (9–11). Consistent
with those results, an observational study conducted in our
hospital during the first outbreak in Spain demonstrated that
early IL-6 blockade with TCZ was associated with improvement
of oxygenation and reduced the death rate in patients with IL-
6>30 pg/ml, as this was the best predictor of invasive mechanical
ventilation (IMV) (12). In those early days, intravenous IL-6R
inhibitors began to be tested in several trials; however, no data
on subcutaneous formulations were available.

Sarilumab (SAR) is a human monoclonal antibody that binds
membrane-bound and soluble IL-6 receptors to inhibit IL-6
signaling, licensed in a subcutaneous route administration for the
treatment of Rheumatoid Arthritis (13). At a moment where the
health system was overrun, especially emergency and intensive
care unit (ICU) facilities, with real concern about TCZ shortages,
we conceived that subcutaneous administration of SAR could
facilitate the administration of an IL-6 inhibitor in all settings,
including wards and overloaded emergency rooms. Additionally,

the safety and maximum pharmacodynamic effects of a single
200mg dose of subcutaneous SAR are known through the results
of two open randomized controlled trials (RCT) (14). Data were
similar to those obtained with single doses of 4 and 8 mg/kg
intravenous TCZ, with a longer effect of TCZ in the second week.
Our hypothesis was that the use of 2 subcutaneous SAR injections
and early intervention (window of opportunity) could prevent
higher oxygenation requirements through non-invasive (NI) and
invasive mechanical ventilation (IMV) and reduce death rate.
Thus, we proposed an open pilot pragmatic RCT to evaluate the
efficacy and safety of a single 400mg subcutaneous dose of SAR,
in patients with moderate to early severe COVID-19, compared
to standard care (SC).

METHODS

Design
SARCOVID is an investigator-initiated open-label phase II RCT,
conducted from April 13 (first patient enrolment) to December
4 (last patient’s last visit), 2020, at Hospital Universitario La
Princesa (HUP) during the first and second outbreak in Madrid,
Spain. This design was a counterproposal from the Spanish
Agency for Medicines and Health products (AEMPS) to our
urgent proposal of an exploratory propensity score-matched
observational study. The trial was approved by the AEMPS and
the Research Ethics Committee of the HUP on April 9, 2020
(Reference number 4078) and was conducted in accordance
with the principles of the Declaration of Helsinki and the
GoodClinical Practice guidelines of the International Conference
on Harmonization.

The timeline of recruitment is illustrated in
Supplementary Figure 1. Enrolment abruptly dropped
following the decrease of COVID-19 incidence in Madrid. A
formal amendment was submitted to the HUP Ethics Committee
on May 7, 2020, for the inclusion of a positive serologic test
(IgM/IgA by ELISA) as diagnostic confirmation of COVID-19
infection in the absence of a positive reverse-transcriptase–PCR
(RT-PCR) assay for SARS-CoV2 in a respiratory tract specimen.
After concomitant approval of the AEMPS, trial recruitment
remained open until completion. A full version of the protocol
and amendment, which includes the statistical plan, has been
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published elsewhere (15). This study followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guideline
(See Supplementary Material).

Study Population
Patients ≥18 and <80 years attending the emergency room
of HUP in need for hospitalization or those in hospital
wards were eligible if they had confirmed pneumonia on
chest imaging and a documented diagnosis of COVID-19 by
RT-PCR assay or, in its absence, case definition of COVID-
19 pneumonia as per local protocol and a positive IgM/IgA
serologic ELISA test. For recruitment, at least 2 of the following
additional criteria needed to be fulfilled: Fever ≥ 37.8◦C; IL-
6 in serum ≥ 25 pg/mL or PCR > 5mg / dL; lymphocytes
<600/mm3; ferritin > 300 µg /L doubling in 24 h; ferritin >

600 µg /L in the first determination; and LDH > 250 or D-
dimer > 1mg / L. Exclusion criteria included requirements
of IMV at inclusion; AST / ALT values more than 5-folds
the upper normal limit; absolute neutrophil count <500/
mm3; absolute platelet count <50,000/ mm3; superimposed
infection by pathogens other than COVID-19; complicated
diverticulitis or intestinal perforation; immunosuppressive anti-
rejection therapy; pregnancy or lactation; previous treatment
with TCZ or SAR; contraindication to SAR or excipients; and
comorbidities that can likely lead to an unfavorable result.

Randomization and Treatments
A total of 30 patients were randomly allocated in a 2:1 ratio to the
intervention group, SAR (400mg single dose in 2 subcutaneous
injections 200mg each in pre-filled syringe) plus SC, or current
SC. Central telephone randomization was performed by the
Clinical Research and Clinical Trials Unit (CRCTU) at the
HUP using the program www.randomization.com with a 2:1
proportion and 5 blocks of 6 subjects. After checking that
all entry criteria were met, the CRCTU communicated the
assigned treatment to the recruiting investigator, who reported
the correct allocation in the electronic clinical record (ECR).
Patients in both arms received drugs, including corticosteroids,
or full supportive care according to the best SC updated in the
local protocol for COVID-19. Patients in the SC were given
the option to receive intravenous TCZ after randomization if
they worsened at the investigator’s discretion, as this agent had
become the SC in our center when the protocol was designed
(12). Other immunomodulators or investigational drugs in trials
were prohibited.

Outcomes
The primary endpoints were mortality by 30 days, mean change
in functional status at day 7 on a 7-category ordinal scale
as recommended by the WHO R&D Blueprint Group (16)
(1. death; 2. hospitalized, requiring ECMO, IMV, or both; 3.
hospitalized, requiring high-flow oxygen therapy, NIMV, or both;
4. hospitalized, requiring supplementary oxygen; 5. hospitalized,
not requiring supplementary oxygen but in need of ongoing
medical care; 6. hospitalized, not requiring ongoing medical
care; and 7. not hospitalized), and time to discharge from
randomization. Secondary outcomes included time to become

afebrile during 48 h without antipyretics, mean change in 7-
category ordinal scale at day 14, time to NIMV and IMV, time
to oxygen supply independence, and adverse events (AE). As no
events occurred in SC, the outcomes time to NIMV and IMV
were changed to progression to NIMV and IMV.

As this trial has been included in a recent prospective meta-
analysis of IL-6 inhibitors in hospitalized COVID-19 patients
(17), mortality by 90 days and serious infections by 90 days were
also assessed, although these outcomes were not included in the
original protocol.

Procedures
This trial was intended to be carried out pragmatically according
to the usual clinical practice in Spain during the first pandemic
wave, avoiding any additional workload in treating physicians
who assessed each patient several times a day. The study
calendar and procedures are detailed in the protocol. Briefly,
vital signs, targeted physical examination, supplementary oxygen
requirements, and resting oxygen saturation were recorded daily
and registered at admission and subsequent study visits at days
0, 1, 2, 5, 7, and 14 after randomization, and at discharge day.
Efficacy assessments included an evaluation of clinical status by
a 7-category ordinal scale at days 0 (randomization), 7, and 14
(through a phone call if the patient had been discharged).

Laboratory testing was performed locally according to clinical
practice at established study visits when the patient continued to
be at the hospital. IL-6 serum levels were determined at baseline,
day 5, and on patients still admitted at day 14. Serum IL-6 was
quantified in duplicate with the Human IL-6 Quantikine high-
sensitivity ELISA from R&D Systems Europe Ltd (Abingdon,
United Kingdom), following the manufacturer’s instructions.

On day 30 after randomization and days 10–15 after discharge,
the patient appraisal was performed through a phone call by
a member of the research team. Screening for tuberculosis,
Hepatitis B Virus, and HIV was also done on day 0, and
safety and concomitant medication assessments were performed
daily until discharge. Although not included in the protocol, a
review of the ECR, including microbiological isolations and drug
prescriptions, both in hospital and primary care settings, was
done to assess mortality and infections by 90 days. Patients with
no recorded data for this timeframe were interviewed through a
phone call by the principal investigator.

All patient data were anonymized and recorded into a
local database.

Data Quality Monitoring
Data quality on-site monitoring was performed by a dedicated
staff of the CRCTU at the HUP, independent of the investigators’
team, with 100% source data verification for all critical data
points. All severe AE (SAE) was reviewed and evaluated by a
qualified pharmacovigilance expert of the CRCTU, independent
of the investigators’ team.

Statistical Analysis
A formal calculation of the sample size was not performed, since
the study was designed as a pragmatic proof of concept study
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with a drug that had not been previously evaluated in COVID-
19. Regulatory authorities (AEMPS) estimated that 30 patients
(20 SAR: 10 control) might be sufficient for an initial evaluation
of the study objectives.

Qualitative variables were described using a calculation of the
proportions and due to the low number of patients in the SC
group, the two-sided Fisher’s exact test was used to compare
categorical variables. Quantitative variables were represented
as median and IQR and, considering the sample size, Mann–
Whitney U test was used to analyze significant differences.
Statistical significance was considered if p < 0.05.

The primary efficacy analysis was conducted on the intention-
to-treat (ITT) population. To estimate the intervention effect
size, hazard ratio (HR) was estimated when it was feasible. In
these cases, follow-up was censored to 30 days, which was the
longest duration of hospitalization since randomization. For the
total length of hospital stay, follow-up was censored to 33 days.
For HR estimation, dead patients were assigned 30- or 33-day
follow-ups, respectively.

As three patients received TCZ in the SC group, sensitivity
analyses for primary and secondary outcomes were performed
excluding those patients.

To provide a more accurate assessment of our results,
avoiding biases, we performed a multivariable linear regression
using generalized linear models (glm command of Stata) with
the primary outcome change in clinical status on the 7-
category ordinal scale at day 7 as the dependent variable,
and several independent variables that could be confounding
factors (age, gender, baseline category in the ordinal scale, time
from symptoms onset, comorbidities, cumulative glucocorticoid
use . . . among others). Since there were 30 cases, we first
tested the independent variables one by one, and then with
those with a better performance we fitted the best model
with 3 independent variables, namely, gender, cumulative
glucocorticoid dose between baseline and day 7, and the
allocated treatments.

Statistical analyses were performed using Stata 14.0 for
Windows (Stata Corp LP, College Station, TX, United States).

FIGURE 1 | Flow chart of the study.
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RESULTS

Patients
Between April 13 and October 30, 2020, 30 of 65 screened
patients underwent 2:1 randomization: 20 to SAR (400mg single
dose, subcutaneous) + SC and 10 to SC. The last patient’s
last visit was on December 4, 2020. All patients received the
allocated intervention and completed the follow-up, except 1
in the SC arm, who was discharged alive on day 13, with no
response to the study’s post-discharge appointment (Figure 1).
Of the 10 patients assigned to SC, 3 received late TCZ after
randomization and were included in the ITT analysis on the
arm they were originally allocated. The median age was 61.5
years (IQR 56–72), 67% were men (Table 1). All randomized

patients had finally a documented diagnosis of COVID-19

by RT-PCR assay. Most clinical, demographic, and laboratory

baseline data (Tables 1, 2, respectively) were similar across

treatment groups. However, a higher proportion of men, fever,

and extended radiological pattern at admission was recorded

in the SAR arm, along with a shorter duration from symptom
onset to randomization. All patients receiving high flow oxygen
therapy or NIMV at randomization were allocated to SAR
while all patients under SC had low flow supplementary oxygen
requirements. Conversely, 4/20 (20%) in the SAR arm had no
supplementary oxygen requirements.

Median CRP levels were 9.28 (IQR 5.06–19.73) mg/dl without
significant differences between allocations at randomization

TABLE 1 | Baseline demographics and clinical characteristics of the study population.

n (%)

Total (n = 30) Sarilumab + SC (n = 20) SC (n = 10)

Median Age in years (IQR) 61.5 (56–72) 61.5 (50.5–72) 62 (58–71)

Male sex, n (%) 20 (67) 15 (75) 5 (50)

Race, ethnicity (%)

White 14 (47) 10 (50) 4 (40)

Asian 1 (3) 0 (0) 1 (10)

Hispanic or latino 15 (50) 10 (50) 5 (50)

Coexisting Disorders, n (%) 19 (63) 14 (70) 5(50)

Hypertension 13(43) 8 (40) 5 (50)

Diabetes Mellitus 5 (17) 3 (15) 2 (20)

Obesity 3 (10) 2 (10) 1 (10)

History of Malignancy 2 (7) 2 (10) 0 (0)

COPD 2 (7) 1 (5) 1 (10)

Stage III Chronic kidney disease 4 (13) 2 (10) 2 (20)

Coronary artery disease 3 (10) 3 (15) 0

Median days from symptom onset to randomization (IQR) 11 (8-16) 10.5 (8-12.5) 16 (12-23)

Median days from admission to randomization (IQR) 2 (1-4) 2 (1-4) 3 (1-6)

Median body temperature at randomization (IQR),
◦

C 37 (36.4-37.7) 37.1 (36.6-38.1) 36.5 (36.3-37.2)

Fever ≥37,5◦C, n (%) 10 (33) 9 (45) 1 (10)

Oxygen support at randomization (7-category ordinal scale) n (%)

5. No supplemental oxygen therapy 4 (13.3) 4 (20) 0 (0)

4. Supplemental low flow oxygen therapya 22 (73.3) 12 (60) 10 (100)

3. High-flow supplemental oxygen therapy or NIVb 4 (13.3) 4 (20) 0 (0)

Median PaO2/FiO2 mmHg (IQR) at randomization 318 (233-358) 298 (223-348) 341 (261-404)

Additional treatment during hospitalization

Hydroxychloroquine 6 (20) 4 (20) 2 (20)

Lopinavir/Ritonavir 5 (17) 4 (20) 1 (10)

Azithromycin 18 (60) 12 (60) 6 (60)

Interferon 0 (0) 0 (0) 0 (0)

Remdesivir at randomization 0 (0) 0 (0) 0 (0)

Corticosteroids at randomizationc 25 (83) 17 (85) 8 (80)

Methylprednisolone bolus 17 (57) 14 (70) 3 (30)

COPD, Chronic obstructive pulmonary disease; IQR, interquartile range; NIV, noninvasive ventilation; PaO2/Fi02, partial pressure of arterial oxygen/fraction of inspired oxygen; SC,

standard care.
aO2 flow ≤ 15 l/min e.g., by face mask, nasal cannula (NC).
bO2 flow >15 l/min, e.g., by face mask, ‘High Flow’ devices (e.g., HFNC), CPAP or NIV including BiPAP and other devices.
cCorticosteroids: ≥ 30mg Prednisone/d or equivalent; endovenous bolus of 6-Metilprednisolone 120–125 mg/d, except for 1 patient 80 mg/dl.
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TABLE 2 | Baseline laboratory and radiologic findings of the study population.

n (%)

Total (n = 30) Sarilumab + SC (n = 20) SC (n = 10)

Laboratory values (median, IQR)

White Blood Count (cells/mm3 ) 7,985 (5,160–11,140) 7,070 (4,975–12,310) 10,065 (6,750–10,460)

Lymphocyte Count (cells/mm3 ) 830 (680–1,130) 825 (680–1,070) 865 (680–1,580)

Neutrophil Count (cells/mm3 ) 5,910 (3,935–9,312) 6,215 (5,398–9,313) 5,850 (3,575–10,972)

Creatinine. mg/dL 0.80 (0.63–0.98) 0.83 (0.71–0.99) 0.65 (0.59–0.87)

Bilirubin. mg/dL 0.40 (0.32–0.52) 0.38 (0.32–0.53) 0.49 (0.34–0.52)

AST. U/L 33 (26-54) 40 (27-53) 32 (25-93)

ALT. U/L 46 (24-61) 48 (29-57) 28 (21-97)

GGT. U/L 56 (34-117) 41 (30-119) 71 (55–108)

LDH. U/L 297 (238–349) 317 (263–350) 263 (222–333)

Inflammatory markers

serum IL-6. pg/mL (n = 24) 12 (3–21.5) 13.3 (7.5–24) 3 (1–16.5)

IL-6 ≥ 30 pg/mL, n (%) 4/24 (17) 3/16 (19) 1/8 (13)

Ferritin. ng/mL (n = 29) 1,179 (735–1,511) 1,048 (664–1,511) 1,265 (735–1,532)

CRP. mg/dL 9.28 (5.06–19.73) 8.59 (4.17–18.1) 9.94 (6.19–19.73)

PCT. ng/mL (n = 13) 0.11 (0.08–0.18) 0.11 (0.09–0.18) 0.12 (0.07–0.18)

D-dimer (µg/mL) (n = 29) 0.49 (0.37–1.14) 0.49 (0.36–1.28) 0.51 (0.37–1.09)

Baseline thorax radiologic findings (x ray and/or CT scan) a

Alveolar pattern or ground glass opacities > 50% 14 (47) 11 (55) 3 (30)

AST, Aspartate amino-transferase; ALT, Alanine amino- transferase; CRP, C-reactive protein; GGT, Gamma-glutamyl transferase; IL-6, Interleukin-6; IQR, Interquartile range; LDH, Lactate

Dehydrogenase; PCT, Procalcitonin. SC, Standard care.
aAll radiologic exams were assessed and reported by radiologists with pneumological expertise.

(Table 2). Serum IL-6 levels were available in 24 patients at
randomization, with a median of 13.3 (IQR 7.5–24) pg/ml on 16
SAR patients and 3 (IQR 1–16.5) pg/ml on 8 SC subjects. Only
3/16 patients in the intervention arm and 1/8 in SC had high IL-6
levels (Table 2), according to the threshold (30 pg/ml) previously
established in our hospital population (12).

More than 80% of patients received glucocorticoids at
randomization (Table 1), with no significant differences between
arms in the median accumulated dose before randomization
(156mg [IQR 90–300] in SAR vs. 207mg [IQR 80–550] in SC,
p = 0.81) and after allocation (105mg [IQR 0–403] in SAR vs.
135mg [100–200] in SC, p= 0.80).

Primary Outcomes
No significant differences were seen in the median change [IQR]
in clinical status on the 7-category ordinal scale at day 7 between
SAR and SC (2 [0–3] vs. 3 [0–3], p = 0.32) (Table 3). The
proportion of patients in each category at this time point is shown
in Figure 2. Regarding 30-day mortality, 2/20 (10%) patients
died in the SAR arm while no events (0/10) were found in SC
(Table 3). Those results were identical for in-hospital mortality.
Two deaths occurred in patients with previous Grade III chronic
kidney disease (CKD) and NIMV at randomization. Median days
to discharge on SAR and SC were similar (HR= 0.65, SD= 0.26;
p= 0.27).

We performed a multivariate analysis to determine which
variables influenced the primary outcome “change in clinical
status at day 7” that ranges from death (0) to discharge (7).

Along with other confounding factors, age was not significantly
associated with this outcome in the bivariate analysis and finally,
the best multivariate model included 3 independent variables:
sex/gender, cumulative glucocorticoid dose between baseline and
day 7, and the allocated treatments. The results (Table 4) showed
that higher requirements of glucocorticoids after randomization
were significantly associated with a worse clinical evolution at
day 7, likely reflecting a confounding by indication bias, as those
patients that rapidly worsened were prescribed higher doses of
corticosteroids. In addition, the female gender showed a trend to
worse evolution. After adjustment by these variables, there were
no significant differences between SC and SC plus SAR.

Secondary Outcomes
No significant differences were observed between arms for any of
the secondary outcomes (Table 3). In SAR, 4/20 (20%) and 3/20
(15%) patients required NIMV and IMV, respectively, vs. none
in the SC. Notably, 2/3 of patients progressing to IMV were not
receiving corticosteroids at randomization day, although just one
of these 2 patients died. The median time to oxygen withdrawal
was similar between groups (Table 3).

Evolution of partial pressure of arterial oxygen/fraction
of inspired oxygen (PaO2/FiO2) throughout study visits
(Figure 3A) showed no significant differences between both
allocated interventions at days 1, 2, and 7 after randomization,
nor at discharge. Baseline high IL-6 levels (≥ 30 pg/ml) appeared
only in 3 patients allocated to SAR and 1 to SC. Along the
study visits, patients with low baseline IL-6 levels (< 30 pg/ml)
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TABLE 3 | Clinical outcomes in the intention-to-treat population.

Median (IQR)

Outcomes Sarilumab + SC (n = 20) SC (n = 10) Hazard ratio (SE) Log hazard ratio P-Value

(Log SE)

Primary outcomes

Median change in clinical status (7-category ordinal scale a) at day 7, 2 (0–3) 3 (0–3) 0.32

Mean change on clinical status at day 7, (SD) 1.45 (1.93) 2.1 (1.45) 0.36

30-day mortality, n (%) b 2 (10) 0 15.11 (22.64) 0.54

Duration of hospitalization, days from randomization c 7 (6-11) 6 (4-12) 0.65 (0.26) 0.27

Secondary outcomes

Median change in clinical status at day 14 3 (3) 4 (2-4) 0.36

Time to become afebrile for a minimum of 48 h, daysd 3 (3-6) 4 (4-8) 1.60 (0.97) 0.39

Progression to NIMV, n (%) 4 (20) 0 (0) 15.09 (22.52) 0.27

Progression to IMV, n (%) 3 (15) 0 (0) 15.10 (22.52) 0.5

Time to supplemental oxygen withdrawal, days from randomization 5.5 (3−13) 4.5 (2-12) 0.83 (0.37) 0.83

IMV, invasive mechanical ventilation; IQR, interquartile ranges; NIMV, Noninvasive mechanical ventilation; SD, standard deviation: SC, Standard care; SE, Standard error.
a Scale range: 1 = death to 7 = non hospitalized.
b One patient in the SC arm was lost to follow-up after discharge at day 13.
c Accounting for survival status by treating patients who died as having a 30-day hospital stay.
d Eleven patients in the SAR+SC arm and 5 in the SC arm were febrile at randomization.

FIGURE 2 | Evolution of clinical status in COVID-19 patients from baseline to day 14 according to the 7-category ordinal scale. Data are shown as the percentage of

patients at each ordinal point in the sarilumab + standard care (SAR; n = 20) and standard care (SC; n = 10) groups, displayed as boxes with the different hues

ranging from black (1 = death) to white (7 = discharge) scale.
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tended to present non-significantly higher PaO2/FiO2 than their
counterparts (Figure 3B).

Regarding surrogate inflammatory markers and laboratory
parameters, no significant differences were observed between
arms at baseline nor throughout the study, except for significant
reductions of LDH levels after day 2 from randomization
(Figure 4, and data not shown) in patients allocated to SC. The

time plot decline of median CRP levels was consistent with
previously reported data for sarilumab after a single 200mg

subcutaneous injection (14) with a maximum decrease on day 7,

but we did not observe a steeper decrease with 400mg SAR on
days 1, 2, 4, and 5 after randomization compared to the control

group (Figure 4A, and data not shown).
To avoid a possible bias, we performed a sensitivity analysis

excluding the three patients that received late TCZ as SC.
Baseline characteristics of these populations are shown in

Supplementary Table 1, with no significant differences between

TABLE 4 | Variables associated with improvement in clinical status at day 7.

β Coefficient 95% Confidence interval p-value

Treatment

SC Reference - 0.156

SC + Sarilumab −0.89 −2.11 – 0.34

Gender

Male Reference - 0.085

Female −1.07 −2.30 – 0.15

Cumulative GC

dose (by g of

prednisone)a

−1.92 −3.27 to −0.58 0.005

SC, standard care; GC, glucocorticoids; g, gram.
aCumulative GC dose from randomization to day 7.

arms, except for a shorter disease duration to randomization

in the SAR arm (10.5 days [8–12.5]) vs. SC (18 [12–24], p =

0,013), and lower median body temperature at randomization
in SC (36.3 [36.2–37]) vs. SAR (37.1 [36.6–38.1] p = 0.056).

No significant differences were observed for primary and key

secondary outcomes between allocated interventions (Table 5),
confirming the results of the ITT analysis.

Safety outcomes are reported in Table 6. Five SAE

occurred in 4 patients allocated to SAR: 2 secondary
respiratory bacterial infections by Achromobacter xylosoxidans

and Staphylococcus aureus, 1 respiratory failure, and 2
fatal cases with failure of 2 organs (lung and kidney).

The rate of AE of special interest was similar in SAR
(50%) and SC (40%) (Table 6). Only one transient Grade

III neutropenia on the SAR arm was considered as

treatment related.

Other Outcomes
No additional deaths or serious infections were recorded by 90
days in any of the allocated arms.

DISCUSSION

This pragmatic open pilot RCT in hospitalized patients with
moderate-to-severe COVID-19 has failed to demonstrate the
benefit of adding subcutaneous SAR to the SC for preventing
high oxygen requirements, invasive ventilation, or death.
Additionally, serious adverse events also occurred in the
intervention arm, although no definite relationship with SAR
could be demonstrated.

Limited evidence based on case series (18–20) and
observational studies (21–23) suggested that SAR off-label
use was safe and might be beneficial in the treatment of
COVID-19 infection (24). However, a systematic review and

FIGURE 3 | Evolution of partial pressure of arterial oxygen/fraction of inspired oxygen (PaO2/FiO2) throughout study visits. Patients are grouped depending on

(A) allocated interventions: standard care (SC) or sarilumab (SAR) and (B) level of serum interleukin-6 (IL-6) at randomization (cut-off for high levels ≥ 30 pg/ml). Two

patients died and their last observed value was carried forward. IL-6 levels at randomization were available only in 24 patients; high IL-6 levels were observed in 3

patients from the SAR group and 1 patient from the SC group. Data are shown as interquartile ranges (p75 upper edge of the box, p25 lower edge, p50 midline) as

well as the p95 (line above box) and p5 (line below). Dots represent outliers. Statistical significance was determined with the Mann–Whitney U test.
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FIGURE 4 | Evolution of laboratory parameters throughout study visits. (A) C reactive Protein; (B) Total lymphocyte count; (C) Lactate dehydrogenase; (D) Ferritin;

(E) Creatinin. Patients from standard care (SC; white boxes) and sarilumab (SAR; gray boxes). Only values available at each time point is shown and results are

displayed as the interquartile range (p75 upper edge of the box, p25 lower edge, p50 midline) as well as the p95 (line above box) and p5 (line below). Dots represent

outliers.
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TABLE 5 | Clinical outcomes in the sensitivity analysis population.

Median (IQR)

Outcomes Sarilumab + SC (n = 20) SC (n = 7) Hazard ratio (SE) Log hazard ratio P Value

(Log SE)

Primary outcomes

Median change in clinical status (7-category ordinal scalea) at day 7, 2 (0–3) 3 (0–3) - - 0.36

Mean change in clinical status at day 7, (SD) 1.45 (1.93) 2.14 (1.46) - - 0.40

30-day mortality, n (%)b 2 (10) 0 - 15.01 (22.60) 0.54

Duration of hospitalization, days from randomizationc 7 (6–11) 5 (4-12) 0.54 (0.25) - 0.12

Secondary outcomes

Median change in clinical status at day 14 3 (2-3) 3 (3) - - 0.45

Time to become afebrile for a minimum of 48 h, daysd 3 (3-6) 15 (8-22) 5.27 (5.70) - 0.042

Progression to NIMV, n (%) 4 (20) 0 (0) - 16.30 (-) 0.27

Progression to IMV, n (%) 3 (15) 0 (0) - 15.01 (22.60) 0.5

Time to supplemental oxygen withdrawal, days from randomization 6 (4-15) 3 (2-8) 0.58 (0.28) - 0.091

IMV, invasive mechanical ventilation; IQR, interquartile ranges; NIMV, Noninvasive mechanical ventilation; ES, standard deviation; SC, Standard care; SE, Standard error.
aScale range: 1 = death to 7 = non hospitalized.
bOne patient in the SC arm was lost to follow-up after discharging alive at day 13.
cAccounting for survival status by treating patients who died as having a 30-day hospital stay.
dOnly 2 patients in the SC arm and 11 in the SAR+SC arm were febrile at randomization.

TABLE 6 | Safety outcomes.

N◦ (%)

Outcomes Sarilumab + SC (n = 20) SC (n = 10)

Any adverse event of special interest

Number of patients 10 (50) 4 (40)

Number of events, n 11 4

Neutropenia Grade IV 0 0

Increased liver enzymesa 5 (25) 3 (30)

Steroid-induced hyperglycemia 4 (20) 1 (10)

Invasive bacterial or fungal

infection

2 (10) 0

Serious adverse event

Number of patients 4 (20) 0 (0)

Number of events, nb 5 0

Secondary bacterial infectionc 2 (10) 0

One organ (lung) failure 1 (5) 0

Two organ (lung/kidney) failure 2 (10) 0

SC, Standard care.
a Increase in liver enzymes indicates an increase in serum levels of alanine and aspartate

aminotransferases more than three times the upper limit of normal.
bOne patient with respiratory and kidney failure under invasive mechanical ventilation also

presented a respiratory bacterial infection by Achromobacter xylosoxidans.
cRefers to the same infection episodes described as AEs of special interest.

meta-analysis that included five prospective studies exploring
outcomes in 389 patients who received SAR revealed that data
are insufficient to establish conclusions about efficacy (25).

One retrospective case series study explored SAR in
subcutaneous administration in severe and critical COVID-19
(18), suggesting a clinical benefit through early intervention
before high levels of surrogate hyperinflammatory markers such
as CRP or IL-6 become irresponsive. In the same way, an

early observational case–control study in Italy reported survival
advantage with the use of intravenous SAR when initiated in
severe hyper-inflamed COVID-19 patients with a PaO2/FiO2
≥ 100 mmHg, suggesting a potential therapeutic window of
opportunity (26).

Restricted to critically ill patients, a metanalysis conducted
by the international, adaptive platform trial REMAP-CAP has
revealed beneficial effects of TCZ and SAR in-hospital mortality
and prolonged organ support-free days in ICU (27). Those
results were not validated in the first SAR RCT published in
COVID-19, comparing intravenous SAR with SC in severe and
critical patients (28). Neither the primary endpoint of time to
improve clinical status 2 or more points on a 7-category ordinal
scale nor the survival rate at day 29 showed the superiority of
SAR over placebo, although a trend toward reduced mortality
was observed in critically ill patients. Similar results have been
reported in an early U.S. phase II/III trial, available in a non–peer-
review publication (29), but the authors suggest that on patients
with IMV, concomitant corticosteroids could increase the benefit
of SAR.

In this regard, a recent prospective meta-analysis involving
10,930 hospitalized patients in 27 randomized trials concluded
that the use of IL-6 antagonists, TCZ and SAR, was associated
with a reduction in 28-day all-cause mortality, compared with
SC or placebo, but this benefit was only found with concomitant
administration of corticosteroids (17). SAR, mostly in the
intravenous route, was assessed in nine trials, including the study
reported herein, allocating 2,073 patients to SAR and 753 patients
to usual care or placebo. Notably, the results were stronger
for TCZ and in non–IMV-treated participants, maybe as more
patients in the SAR group were under IMV and less number of
patients received corticosteroids at randomization, compared to
TCZ (17).

To date, no results from RCT are available supporting the use
of SAR in early stages such as moderate-to-severe COVID-19.

Frontiers in Medicine | www.frontiersin.org 10 February 2022 | Volume 9 | Article 819621

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


García-Vicuña et al. Subcutaneous Sarilumab in COVID-19

Among clinical trials planned or initiated in those stages,
only two are exploring SAR in subcutaneous administration
(NCT04359901, EudraCT: 2020-001531-27) and their results
are awaited.

Regarding our pilot study, we outline the limitations and
propose explanations for several issues behind our results.

First, a limited sample size, especially on the SC arm with no
events in key endpoints such as mortality at day 30 and the need
for IMV or SAE, complicated the estimation of the effect size of
the intervention.

Second, assigned treatment groups were not well-balanced
with several data that point to higher baseline severity in SAR arm
patients. Patients on SAR were randomized earlier after disease
onset compared to SC participants, suggesting a more advanced
or poor prognostic disease leading to meeting the inclusion
criteria in a shorter time. A higher proportion was male, had a
fever, needed high-flow oxygen requirements including NIMV,
or presented larger radiological lung involvement compared to
SC patients. In this regard, SAR has been associated with faster
recovery than SC in a subset of patients showing minor lung
consolidation at baseline (23). The limited sample size prevented
us from performing stratified analysis and adjustments in the
multivariable models could not include all the baseline potential
confounding factors.

Third, unknown comorbidities led to randomize patients with
a low probability of survival. Two deaths occurred in two 72-
year-old patients with previous Grade III CKD and NIMV at
randomization. In addition, one of them suffered from a previous
chronic thromboembolic disease with right heart failure and
the other one from a serious sleep apnea hypopnea syndrome,
both discovered after randomization when further information
was gathered.

Fourth, the trial was not blinded and might have influenced
clinical decision-making. Likely, this can explain the introduction
of TCZ after randomization in some SC assigned patients to
prevent further deterioration, since in usual care clinicians were
used to indicate off-label TCZ following the AEMPs criteria, quite
similar to ours in the trial. Nonetheless, excluding those patients
from the SC arm in the sensitivity analysis did not alter the results
obtained in the ITT population.

Fifth, low baseline IL-6 levels in most SAR assigned patients
might have halted the potential beneficial effect of IL-6 blockade.
In our experience, besides prognostic information, IL-6 levels
>30 pg/ml can also predict the response to IL-6R blockade
(12). However, when the protocol was designed in March 2020,
we were not aware of its discriminative value for therapeutic
response. Thus, we did not include this threshold as a mandatory
inclusion criterion. In our previous study, no benefit of TCZ was
observed in severe or critical patients with low IL-6 levels (12),
and similar findings have been reported with a baseline CRP
cut-off of 15 mg/dL in patients requiring ICU support (30). On
the other hand, the complex biology of IL-6 and the potential
dysregulation of their activities in the context of SARS-CoV2
infection should be considered to understand the effect of IL-
6 blockade across different disease outcomes (31). The use of
IL-6 as a biomarker of disease severity does not identify IL-6
as a unique contributor to the distinct severe manifestations in

COVID-19. In a systematic review and meta-analysis of COVID-
19 studies, the estimated pooled mean for IL-6 concentrations
in patients with severe and critical COVID-19 was 36.7 pg/ml
(95% CI 21.6–62.3 pg/ml), far lower than those reported for IL-6
and other cytokines in patients with unrelated COVID-19 ARDS,
sepsis, and CAR T cell-induced cytokine released syndrome (32).
This distinct inflammatory profile prompted questioning the role
of a cytokine storm in COVID-19-induced organ dysfunction
and considering alternative models of organ failure (32).

Sixth, the limitations of using the initial ordinal scales for
primary outcomes, endorsed by theWHO early in the pandemic,
has been widely recognized (33). The question remains if a
threshold level of respiratory support can guide the appropriate
initiation of IL-6 inhibitors.

Seventh, the widespread use of glucocorticoids on both arms
(85% SAR vs. 80% SC patients) might have affected the results.
Corticosteroids were commonly used in our center from the
first outbreak but became the rule after the publication of
their beneficial effects in the RECOVERY trial (34) and the
WHO REACT metanalysis (35). However, after adjusting for a
cumulative dose of glucocorticoids at day 7 after randomization,
no significant differences were detected between treatment
groups in the primary outcome of change in clinical status
at day 7. Additionally, a cumulative dose of corticosteroids
before and after randomization was similar in both arms.
Concerning the simultaneous use with SAR, robust evidence
has been accumulated for a greater effect of IL-6R inhibitors
in concomitant use with corticosteroids (17, 27, 36). In fact,
in our study, 2 out of 3 patients progressing to IMV, early
recruited and allocated to SAR, were not receiving corticosteroids
at randomization day and were prescribed later, followed by one
patient survival.

Lately, some concerns have arisen about the subcutaneous
formulation and dosage in severe patients. In line with
pharmacodynamic data provided for intravenous SAR in severe
and critical COVID (28, 29), with a reported rebound of CRP
after declining for 7 days, a single 400mg dose of subcutaneous
sarilumab could have been sub-therapeutic. The similar time plot
decline of median CRP levels in both arms in our study does not
support the use of the subcutaneous route, at least with a single
400 mg dose.

CONCLUSION

In our study of hospitalized patients with moderate-to-
severe COVID who are not invasively ventilated at baseline,
subcutaneous sarilumab added to standard care showed no
additional benefit for preventing noninvasive and invasive
ventilation or death by 30 days, early improvement of clinical
status, or reducing hospital stay. Findings of this pilot study do
not exclude a potential effect of sarilumab in moderate-to-severe
COVID-19 and suggest that further blinded randomized phase
III trials should be adequately powered with primary endpoint
accuracy, testing higher or repeated doses, and selecting the
population based on high baseline IL-6 levels. Questions remain
open on subcutaneous administration and the appropriate
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time of intervention pending the results of more powered
ongoing RCT.
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