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A B S T R A C T

Aim: This study aimed to evaluate the safety and efficacy profile of low-dose tocilizumab (TCZ), to prevent
disease progression, subcutaneously administered to patients with moderate COVID-19 pneumonia and
hyperinflammation.
Methods: Clinical characteristics and outcomes were retrospectively analysed of patients – with laboratory-
confirmed bilateral COVID-19 pneumonia, hyperinflammation (C-reactive protein (CRP) �20 mg/dL), no
hypoxaemia (oxygen saturation >90%), and no contraindications toTCZ – whowere treated with subcutaneous
TCZ (324 mg) administered within 48 h from hospitalization on top of standard of care (SOC). They were
comparedwithmatchedcontrols treated withSOConlybeforeTCZwasavailable attheinstitution. Clinical data
were available for all patients until death or until day 35 for those discharged from hospital.
Findings: Ten consecutive patients (six males, median age 55 years) treated with TCZ on top of SOC, and ten
patients (six males, median age56 years) treated with SOC onlywere included. TCZ was well-tolerated with
no clinically relevant adverse events. TCZ was associated with a reduction in CRP at day 1 (–50%, IQR –28 to
–80) and day 3 (–89%, IQR –79 to –96; p = 0.005 for within-group), whereas there was no significant change
in CRP values in the SOC group(p < 0.001 for between-group comparisons at bothtime points). TCZ resulted
in a parallel improvement in oxygenation,as assessed bythe ratioof partial pressure of oxygen to fraction of
inspired oxygen (P/F) ratio, which increased at day 1 (+11%, IQR +6 to +16; p = 0.005 for within-group and
p = 0.006 for between-group comparisons), and day 3 (+23%, IQR +16 to +34; p = 0.005 for within-group and
p = 0.003 for between-group comparisons). None of the TCZ-treated patients had disease progression,
defined as requirement of oxygen therapy or mechanical ventilation, whereas progression occurred in five
(50%) patients among the SOC group.
Conclusions: Low-dose subcutaneous TCZ may be a safe and promising therapeutic option administered on top
ofSOCtopreventdiseaseprogressioninhospitalisedpatientswithmoderateCOVID-19andhyperinflammation.
©2020TheAuthors.PublishedbyElsevierLtdonbehalfof InternationalSocietyfor InfectiousDiseases.This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Many patients with coronavirus disease 2019 (COVID-19)
present with pulmonary infiltrates and rapidly progress to severe
disease characterised by refractory hypoxaemia requiring
mechanical ventilation (Potere et al., 2020a). Elevated levels of
C-reactive protein (CRP) and interleukin-6 (IL-6), reflecting an
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hyperinflammatory response, identify patients with progression to
refractory hypoxaemia (Wu et al., 2020).

Subcutaneous tocilizumab (TCZ), a humanised anti-IL-6 recep-
tor antibody, is approved for the treatment of rheumatoid arthritis,
giant-cell arteritis and cytokine storm related to cancer therapeu-
tics. Recent reports have suggested that high-dose intravenous TCZ
(8 mg/kg) may be an effective treatment for severe-to-critical
COVID-19 patients, due to its ability to rapidly reduce fever and
pro-inflammatory markers and improve oxygenation (Xu et al.,
2020; Toniati et al., 2020; Sciascia et al., 2020; Campochiaro et al.,
2020). It is unknown whether TCZ can be subcutaneously
administered to prevent progression to severe disease in patients
with moderate COVID-19 pneumonia and hyperinflammation.

This study presents a retrospective analysis of clinical
characteristics and outcomes of ten consecutive patients (six
males, median age 55 years) with laboratory-confirmed COVID-19
bilateral pneumonia, hyperinflammation (CRP � 20 mg/dL), no
hypoxaemia (oxygen saturation >90% on room air), and no
contraindications to TCZ (including bacterial or fungal infection,
neutropoenia or liver injury) who were treated with TCZ 324 mg,
administered subcutaneously in two simultaneous 162 mg
injections within 48 h of admission, on top of standard of care
(SOC) at Pescara General Hospital, Italy, between 28 March 28–21
April 2020. Patients signed informed consent for the off-label use
of TCZ. Ten hospitalised COVID-19 patients matching for sex, age
and the same treatment criteria, who received SOC in the same
institution between 7–27 March 2020, served as controls (Table 1).
Clinical data were available for all patients until death; for those
discharged from hospital, additional clinical information was
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Table 1
Clinical characteristics at baseline.

TCZ + SOC group
(n = 10)

SOC group
(n = 10)

Gender
Male 6 (60%) 6 (60%)
Female 4 (40%) 4 (40%)
Age 55 (54�60) 56 (49�60)
Smoker 2 (20%) 1 (10%)
Chronic underlying comorbidities
Arterial hypertension 4 (40%) 4 (40%)
Diabetes mellitus 2 (20%) 3 (30%)
Coronary heart disease 1 (10%) 0
Chronic kidney disease 1 (10%) 1 (10%)
Obesity 2 (20%) 0
Malignancy 1 (10%) 0
Signs and symptoms on admission
Fever 10 (100%) 10 (100%)
Cough 8 (80%) 6 (60%)
Dyspnoea 1 (10%) 1 (10%)
Fatigue or myalgia 4 (40%) 1 (10%)
Nausea, vomiting or diarrhoea 2 (20%) 0
Headache or confusion 1 (10%) 0
Symptoms onset to hospitalisation 5 (4–8) 5 (3–6)
Vital signs on admission
Systolic blood pressure, mmHg 135 (130�140) 120 (115�125)
Diastolic blood pressure, mmHg 80 (75�90) 75 (75�75)
Heart rate, beats per minute 87 (78�90) 86 (78�103)
Respiratory rate, breaths per minute 17 (15�18) 16 (15�20)
Oxygen saturation, % 96 (95�96) 96 (95�98)
Concomitant pharmacologic treatment during hospital
stay
Hydroxychloroquine 9 (90%) 10 (100%)
Darunavir/cobicistat 0 5 (50%)
Lopinavir/ritonavir 0 2 (20%)
Systemic corticosteroids 6 (60%) 5 (50%)
Oxygen therapy during hospital stay
None 10 (100%) 6 (60%)
Nasal cannula or mask 0 3 (30%)
Non-invasive mechanical ventilation 0 2 (20%)
Invasive mechanical ventilation 0 2 (20%)
obtained by phone contact at 35 days. Data were presented a
median and interquartile range (IQR). Within-group changes wer
compared using the Wilcoxon test for paired analysis, an
between-groups differences were analysed using the Mann
Whitney test for unpaired test.

Treatment with TCZwaswell-toleratedwithnoclinicallyrelevan
adverse events. In particular, none of the patients experience
neutropoenia (absolute neutrophil count <1000/mm3), bacteria
infections or liver injury (elevation in alanine aminotransferase 

times above normal value) (Supplementary Table 1). Treatment wit
TCZ was associated with a reduction in CRP at day 1 (–50%, IQR –28 t
–80) and day 3 (–89%, IQR –79 to –96; p = 0.005 for within-group
whereas there was no significant change in CRP values in the SO
group (p < 0.001 for between-group comparisons at both tim
points (Figure 1A). In parallel, treatment with TCZ resulted in a
improvement in oxygenation, as assessed by the ratio of partia
pressure of oxygen to fraction of inspired oxygen (P/F) ratio, whic
significantly increased at day 1 (+11%, IQR + 6 to +16; p = 0.005 fo
within-group and p = 0.006 for between-group comparisons), an
day 3 (+23%, IQR +16 to +34; p = 0.005 for within-group and p = 0.00
for between-group comparisons (Figure 1A).

None of the patients treated with TCZ had diseas
progression, defined as requirement of oxygen therapy o
mechanical ventilation (Figure 1B). At day 14, eight patient
had been discharged and two were still in hospital withou
need for oxygen therapy. At day 35, all patients had bee
discharged without supplemental oxygen (Supplementar
Table 2). Among the SOC group, COVID-19 progressed in fiv
(50%) patients: three (30%) required supplemental oxyge
through nasal cannula or mask, and two (20%) needed non
invasive mechanical ventilation (NIV) first and invasiv
mechanical ventilation (IMV) afterwards, and one subsequent
ly died (Figure 1B). At day 14, five patients had been discharge
without supplemental oxygen and five were still in hospita
(three without supplemental oxygen, one requiring NIV an
one IMV). At day 35, eight patients were discharged withou
supplemental oxygen and two were still in hospital (on
without supplemental oxygen and one requiring IMV) (Sup
plementary Table 2).

These findings suggest that early IL-6 receptor blockade wit
TCZ may reduce the risk of progression to severe disease i
hospitalised patients with moderate COVID-19 pneumonia an
hyperinflammation. SARS-CoV viruses trigger an inflammasome
mediated response characterised by high levels of interleukin-1
(IL-1β) (Siu et al., 2019), and IL-1β blockade with anakinra o
canakinumab has been shown to be associated with mor
favourable outcomes (Cavalli et al., 2020; Ucciferri et al., 2020
Moreover, IL-1β derived from the inflammasome, as well as th
IL-1α isoform, released from dying alveolar epithelial cells induc
expression of IL-6, which plays a key role in lung injury an
refractory hypoxaemia. Intravenous IL-6 blockers are ofte
provided on a compassionate-use basis to severe-to-critica
COVID-19, with reported beneficial effects (Xu et al., 2020
Toniati et al., 2020; Sciascia et al., 2020; Campochiaro et al., 2020
and are currently under investigation in randomised controlle
trials. Recent studies have reported favourable outcomes wit
subcutaneous TCZ (324 mg) in patients with severe COVID-1
(Guaraldi et al., 2020; Potere et al., 2020b). However, man
patients with COVID-19 have moderate disease not requirin
supplemental oxygen. Hyperinflammation may promote diseas
progression, as indicated by higher levels of inflammator
biomarkers being associated with dire outcomes (Wu et al
2020). Notably, dexamethasone was recently reported to reduc
mortality in COVID-19 patients with respiratory failure, but not i
those not requiring supplemental oxygen (World Health Organi
zation, 2020).



Figure 1. A) Changes in C-reactive protein and P/F ratio.
Interval changes are shown in C-reactive protein (CRP) and partial pressure of oxygen to fraction of inspired oxygen (P/F), a measure of hypoxaemia, in the patients who
received tocilizumab on top of standard of care (SOC) (n = 10) as compared with patients who received standard of care only (SOC) (n = 10). Patients receiving tocilizumab had a
significant improvement in CRP and P/F at 1 and 3 days (p = 0.005 for within-group changes at each timepoint). No significant changes were seen in the patients receiving SOC
only (all p > 0.05). When compared with patients receiving SOC only, patients receiving tocilizumab on top of SOC had a significantly greater reduction in CRP and
improvement in P/F ratio (p < 0.001 for between-groups differences at each timepoint). B) Survival free of respiratory failure.
Patients receiving tocilizumab (TCZ) on top of standard of care (SOC) were significantly less likely to need oxygen therapy (by means of nasal cannula, non-invasive
mechanical ventilation or mechanical ventilation) than patients treated with SOC only matched for sex, age and severity of illness (Log-rank Mantel Cox Chi-square 6.367,
p = 0.012).
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This study had several limitations: primarily being the small
number of patients included, the non-random nature of the
comparisons, and the possible immortal time bias. It reported the
innovative use of early subcutaneous TCZ in hospitalised patients
with moderate COVID-19 who are at risk of progressive disease.
Despite being preliminary, the data appear reassuring in terms of
safety, and favourably compare with those of patients treated with
SOC at the current centre and other published cohorts (Potere et al.,
2020a).
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