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Sarilumab administration in patients with severe COVID-19:
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Abstract. Almost 2 years have passed since the World Health
Organization declared a pandemic state for severe acute respi-
ratory syndrome coronavirus 2 infection. The pathogenesis of
coronavirus disease 2019 (COVID-19) consists of an initial
viral phase responsible for early symptoms followed by an
inflammatory phase, which is cytokine-mediated, responsible
for late-onset symptoms, culminating in acute respiratory
distress syndrome. Considering that IL-6 plays a key-role in
the development and maintenance of inflammation, drugs
targeting both IL-6 and IL-6 receptors have been evaluated.
The present study reports the cases of four hospitalized patients
with severe respiratory COVID-19 treated with a single dose
of sarilumab, a monoclonal anti-IL-6 antibody, along with
standard of care medications and oxygen therapy. A few days
following sarilumab administration, the clinical and biochem-
ical conditions began to improve, until the discontinuation of
O, therapy and discharge. The present study demonstrates that
sarilumab may represent a promising drug that may be used
to treat the hyperinflammatory phase; however, further trials
are required to determine whether it should be used combina-
tion with other drugs or alone, and to better understand the
pharmacokinetics and related side-effects.
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Introduction

Almost two years have passed since the World Health
Organization (WHO) declared the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) outbreak a global
pandemic (1). The infection rate became markedly stable and
some authors, considering the interactions between corona-
virus disease 2019 (COVID-19) and other non-communicable
diseases, refer to this situation as a ‘syndemic’ (2,3).

Up to January 31, 2022,>380 million cases of SARS-CoV-2
infection were reported and over five million individuals
succumbed to the disease worldwide. To date, a total of
11 million cases have been reported in Italy, 147,000 of which
have notsurvived (4).Itis now clear that an uncontrolled systemic
inflammation represents a critical element in the progression of
COVID-19 to acute respiratory distress syndrome (ARDS) (5).
This non-specific and deleterious inflammatory response
appears to lead to alveolar damage due to inflammatory cell
infiltration, pulmonary edema and endothelial impairment
along with microvascular thrombosis, playing a key role in the
development of severe COVID-19 (6,7).

Of note, dexamethasone treatment has been shown to be
associated with improved outcomes in patients with severe
COVID-19 (8). The IL-6 cascade has already been proposed
as a potential target for immunomodulatory therapy to
moderate systemic hyper-inflammation during SARS-CoV-2
infection (9,10).

Scientific literature and international guidelines (11,12)
suggest the use of tocilizumab, a recombinant monoclonal
antibody, in addition to standard of care treatment, due to
its ability to lower the risk of respiratory deterioration, thus
reducing the mortality rate. In the case that tocilizumab is not
available, sarilumab, a human monoclonal antibody targeting
IL-6 soluble receptors, which is already approved for the
treatment of rheumatoid arthritis, represents a valid alterna-
tive for IL-6 blockade (13). Considering that IL-6 has multiple
pathways with varying effects, both positive and negative
on inflammation and homeostatic control, it is arduous for
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clinicians to determine the correct therapeutic window for the
administration of anti-IL-6 drugs (13).

The present study describes cases of 4 patients with severe
pulmonary forms of COVID-19, requiring high-flow nasal
oxygenation along with dexamethasone administration, who
were successfully discharged following sarilumab adminis-
tration.

Case report

Case 1. Upon admission to the ARNAS Garibaldi Hospital,
Catania, Italy, the patient was feverish (temperature, 38.5°C),
blood pressure (BP) was 125/60 mmHg, heart rate (HR) was
62 bpm, and oxygen saturation was 91% in room air. He was
administered O, therapy with a Venturi mask (VM) at 12 I/min
(fraction of inspired oxygen (FiO,, 60%). Blood tests revealed
elevated inflammatory marker levels (Table I) and a thoracic
CT scan revealed bilateral interstitial pneumonia (Fig. 1).
Treatment with prophylactic enoxaparin, dexamethasone and
piperacillin/tazobactam was commenced.

On the 4th day, due to the worsening of oxygen saturation,
an arterial blood analysis was performed, revealing partial
pressure of oxygen (Pa0O,) levels of 62.3 mmHg, partial pres-
sure of carbon dioxide (PCO,) levels of 30.2 mmHg, pH 7.39
and a PaO,/FiO, ratio of 103.

Oxygen ventilation with a high flow nasal cannula
(HFNGC; Optiflow™ Nasal High Flow Therapy delivered by
AIRVO™ 2; Fisher & Paykel Healthcare), 60 1/min, FiO, 60%
was administered, and on the same day, the patient was admin-
istered a single dose of sarilumab at 400 mg intravenously.
Furthermore, levofloxacin 500 mg/day was empirically added
to extend the antibiotic coverage.

Within 24 h from sarilumab administration, his clinical
condition ameliorated, and arterial blood analysis improved
(PaO,/FiO, ratio of 140). The levels of serum inflamma-
tory markers decreased [C-reactive protein (CRP) levels,
0.44 mg/dl]. HFNC ventilation was continued for a further
7 days (8 days overall), and the patient was gradually weaned
off of O, therapy following a further 5 days.

Case 2. Upon admission (to the same hospital as mentioned
above), the patient was afebrile, BP was 135/60 mmHg, HR
was 110 bpm, and oxygen saturation was 96% with a nasal
cannula (NC) 31/min. Blood tests revealed high inflammatory
marker levels (Table I). A thoracic CT scan revealed bilateral
interstitial pneumonia (Fig. 2). Treatment with dexamethasone
and piperacillin/tazobactam was commenced.

Despite pharmacologic treatment and O, supplementation,
his respiratory functions continued to deteriorate. Blood gas
analysis with the VM at 12 1/min, Fi0, 60%, revealed PaO,
at 59 mmHg, PCO, at 39 mmHg, pH 7.47 and a PaO,/FiO,
ratio of 98. HFNC ventilation (60 I/min, Fi0, 60%) was
commenced on the 4th day from admission, and sarilumab
at 400 mg intravenously was administered within 24 h.

Within 48 h from the sarilumab administration, his clinical
condition, laboratory tests (CRP levels 1.32 mg/dl), and blood
gas analysis (PaO,/FiO2, 121) improved. HFNC treatment
was steadily reduced; this was switched to a VM at 9 days
following HFNC initiation, and the patient was also gradually
weaned off this as well.

Case 3. Upon admission (to the same hospital as mentioned
above), the patient was feverish (temperature, 39.5°C), BP
was 150/75 mmHg, HR was 100 bpm, the oxygen saturation
rate was 95% with a VM at 8 1/min and a FiO, of 35%. Blood
tests revealed elevated inflammatory marker levels along
with neutrophilic leukocytosis (Table I). A chest CT scan
revealed bilateral interstitial pneumonia (Fig. 3). Enoxaparin
6,000 U/day, dexamethasone 6 mg/day and piperacillin/tazo-
bactam 4.5 g/three times/day were administered.

On the 3rd day, arterial blood analysis revealed a PaO, of
49 mmHg, PCO, of 28.5 mmHg, pH 7.45 and a PaO,/FiO, ratio
of 139. HFNC was commenced at 60 1/min, and a FiO, of 60%
was arranged. The following day, sarilumab was administered
intravenously at a single dose of 400 mg.

Within 48 h, arterial blood analysis revealed progressive
amelioration in the patient's condition (PaO,/FiO, was 122).
Although serum inflammatory marker levels began to decrease
(CRP levels, 0.29 mg/dl), blood tests revealed leukopenia with
neutropenia, reaching a nadir 9 days following sarilumab infu-
sion (2,000/mmc, 12.1% neutrophils). Neutropenia resolved
within 7 days without treatment. HFNC ventilation was
terminated within 11 days. Subsequently, a VM was used for a
further 5 days, and this was gradually reduced over this period
of time.

Case 4. Upon admission (to the same hospital as mentioned
above), the patient was feverish (temperature, 39.5°C), BP
was 145/55 mmHg, HR was 100 bpm, oxygen saturation
was 97% with a VM at 6 1/min and FiO, of 31%. Blood tests
revealed high inflammatory marker levels along with high
D-dimer levels and hypertransaminasemia (Table I). A chest
CT scan revealed bilateral interstitial pneumonia (Fig. 4).
The patient was commenced on treatment with enoxaparin
6,000 U/day, dexamethasone 6 mg/day and piperacillin/tazo-
bactam 4.5 g/three times/day.

Since arterial blood analysis revealed PaO, of 57 mmHg,
PCO, of 31 mmHg, pH 7.5, and a PaO,/FiO, ratio of 93, along
with the deterioration of chest imaging, HFNC (60 1/min; FiO,
60%) was commenced. Sarilumab was administered intrave-
nously at 400 mg within 24 h after the initiation of HFNC.

Within 48 h, the patient's respiratory performances and
blood arterial analysis began to improve (PaO,/FiO, ratio
was 136). Inflammatory marker levels also began to decrease.
However, 7 days following the administration of sarilumab the
patient's laboratory tests revealed leukopenia with neutropenia
(2,700/mmc, 18.9% neutrophils). Neutropenia resolved within
7 days without treatment.

HFNC treatment was gradually reduced and switched to
VM first and then NC, until hospital discharge.

Discussion

To date, SARS-CoV-2 infection pathophysiology remains
mostly unclear, arguably as it is not attributable only to the
virus; in fact, both immune and inflammatory responses
appear to play a key role in disease development and duration,
particularly as regards its severe form.

In order to avoid disease progression, intervention can
take place during the first phase of infection (viral phase)
with certain antiviral drugs (remdesivir, molnupiravir,
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Figure 1. Thoracic CT scan of case 1. A, anterior; P, posterior; R, right; L, left.

Figure 2. Thoracic CT scan of case 2. A, anterior; P, posterior; R, right; L, left.

Figure 3. Thoracic CT scan of case 3. A, anterior; P, posterior; R, right; L, left.

nirmatrelvir/ritonavir) or monoclonal antibodies (sotrovimab),
administering these within the correct time lapse. However, the

It has been reported that COVID-19 causes cytokine
release syndrome (CRS), leading to a dysregulated immune

second phase (inflammatory phase) is more severe, and thus it
is difficult to treat due to its severity, complexity and lack of

standardized treatments (14).
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Figure 4. Thoracic CT scan of case 4. A, anterior; P, posterior; R, right; L, left.

response, culminating in ARDS, which is also determined by
the up- and downregulation of the expression of several genes
directly stimulated by SARS-CoV-2 infection (15).

CRS is considered an immune system overreaction response
developing in an unregulated manner, the same pathogenetic
mechanism which underlines autoimmune and hematological
diseases (16,17). As confirmation, drugs to treat this phase are
also administered against autoimmune disorders (16).

Various proinflammatory cytokines have been investi-
gated as the cause of CRS and, among these, IL-6 is one
of the most extensively studied due to its crucial role in
inflammatory pathways. IL-6 has been studied as both
an inflammatory/prognostic marker, since its levels are
associated with the inflammatory state and a therapeutic
target (13). Monoclonal antibodies targeting IL-6 and IL-6
receptors are recommended by Italian and American guide-
lines for the treatment of patients with severe and critical
COVID-19 (14).

Sarilumab, a humanized monoclonal antibody (IgGl
subtype), specifically binds both soluble and membrane-
attached IL-6 receptors (IL6-Ra); it inhibits IL6-mediated
pathways involving glycoprotein 130 (gp130) along with
STAT-3. Sarilumab has been investigated in a few studies, the
results of which are not conclusive (13). Della-Torre et al (18)
reported data from 28 patients with COVID-19 treated with
a single dose of sarilumab intravenously, and demonstrated a
decrease in recovery time; however, no statistically significant
differences in terms of mortality and overall improvement
between patients treated with standard of care were reported.

Gremese et al (19) studied 53 patients treated with sari-
lumab, almost all of which received a second infusion; 14 of
these patients were from the intensive care unit (ICU) and
exhibited an improvement in clinical conditions along with a
reduction in oxygen supplementation therapy; in addition, more
than half of the ICU patients exhibited clinical amelioration
following sarilumab administration. Although on a smaller
sample size, similar results were demonstrated in the study by
Benucci et al (20) on 8 patients treated with sarilumab.

To date, only a few randomized controlled trials (13) have
been published on sarilumab administration in patients with
COVID-19 and no specific meta-analyses have been performed
to date, at least to the best of our knowledge. In the study
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performed by the REMAP-CAP collaborative group (21),
48 patients were assigned to one dose of 400 mg sarilumab
intravenous administration; the results revealed that sarilumab
improved in-hospital survival compared with usual care.

A larger study, performed by Lescure et al (12) on 420
subjects, did not demonstrate the efficacy of sarilumab as
regards the outcomes and survival rates of patients hospital-
ized with severe COVID-19 and receiving supplemental
oxygen, despite an improved recovery time.

The CORIMUNOI19 group performed an open-label,
randomized, controlled trial with 148 patients randomly
assigned to sarilumab or standard of care, with half of the
patients in the sarilumab group treated with a second dose (22).
That trial did not highlight any effect of sarilumab in patients
with moderate to severe COVID-19 in terms of mortality
rate nor on the decreasing proportion of patients requiring
non-invasive ventilation.

The cases reported in the present study developed severe
pulmonary disease due to SARS-CoV2 between 10 and 15 days
from infection, probably due to an excessive proinflamma-
tory response. All the patients described herein had multiple
risk factors for severe COVID-19 (an age >70 years, multiple
comorbidities and polypharmacy). The results of CT scans
revealed the presence of bilateral interstitial lung involvement
and arterial blood examination displayed gradual respiratory
parameters deterioration.

Among the patients in the present study, only one had
received two doses of the anti-SARS-CoV-2 vaccine. Each
patient received oxygen administration through HFNC,
achieving a better peripheral saturation along with blood gas
analysis amelioration (23,24). Furthermore, a single dose of
sarilumab was intravenously administered to each patient, in
accordance with Italian guidelines (AIFA) and IDSA guide-
lines (11,14).

Prior to the sarilumab administration, all the patients in
the present study were screened for latent or active infec-
tions such as hepatitis C virus, human immunodeficiency
virus and hepatitis B virus (25-31). Within 48-72 h following
anti-IL-6 treatment, the patients' respiratory conditions began
to improve, along with improved blood gas examination and
clinical parameters. CRP levels at a cut-off value of 75 mg/l
were used as a surrogate marker of systemic inflammation to
guide the sarilumab administration and to assess the patients'
conditions.

Antibiotic therapy was selected based on local bacterial
epidemiology, the patients' previous antibiotic treatments and
the thoracic CT scan results (31-34). Furthermore, standard of
care therapy (enoxaparin and dexamethasone) was adminis-
tered upon admission, following Italian guidelines.

Dexamethasone administration has been found to be
highly variable across studies on sarilumab therapy, in
contrast to trials on tocilizumab administration, in which the
anti-IL-6 drug has been almost always administered together
with corticosteroids. This difference may explain the diverse
results between tocilizumab and sarilumab in favor of the
former drug in previous studies; however, these data need to
be clarified in larger-scale trials (35).

Asregards the scientific literature on the adverse reactions
associated with the use of sarilumab, although with some
limitations (the absence of a control group, single-center
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setting, concomitant treatments), Gremese et al (19) did
not register severe adverse events or any secondary infec-
tions related to treatment with sarilumab. In the study by
Lescure et al (12), the occurrence of adverse events of
varying severity was similar between both the treatment
and the placebo group.

No severe adverse events were reported inthe REMAP-CAP
study (21), and the CORIMUNOI9 group (22) reported a few
cases of temporary neutropenia that is a common side-effect
of all IL-6 blockers. In the same study, a non-statistically
significant increase in the number of bacterial infections was
reported in the sarilumab group (12 patients) compared to the
control group (7 patients).

In the present study, 2 of the patients described developed
neutropenia following the sarilumab administration, which
resolved within a few days without sequelae. Although it is
limited, the authors' experience with sarilumab administration
is in accordance with the findings in the literature as regards
the percentage of recovery, time to oxygen weaning, safety of
sarilumab and time to discharge (12-15).

In August 2020, the authors published the results of a
small case series on tocilizumab administration in patients
on HFNC (23); that study yielded promising results that have
since then been confirmed by larger trials (35); larger random-
ized controlled trials together with meta-analyses are required
to determine the specific effects of sarilumab administration
in patients with COVID-19 and to determine whether other
contemporary therapies, such as dexamethasone, may lead to
improvements in outcomes.

In conclusion, the present study demonstrates that sari-
lumab is a safe drug with good clinical outcomes in patients
with COVID-19 and, hence, may be an alternative regimen for
the treatment of patients with SARS-CoV2 severe pulmonary
involvement. Further prospective and well-designed clinical
studies with larger sample sizes and long-term follow up are
warranted to assess the efficacy and the safety of this thera-
peutic approach to achieve improved outcomes of patients
with COVID-19.
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