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ABSTRACT

Background: We aimed to determine the
impact of tocilizumab use on severe COVID-19
(coronavirus disease 19) pneumonia mortality.
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Methods: We performed a multicentre retro-
spective cohort study in 18 tertiary hospitals in
Spain from March to April 2020. Consecutive
patients admitted with severe COVID-19 treated
with tocilizumab were compared to patients not
treated with tocilizumab, adjusting by inverse
probability of the treatment weights (IPTW).
Tocilizumab’s effect in patients receiving ster-
oids during the 48 h following inclusion was
analysed.

Results: During the study period, 506 patients
with severe COVID-19 fulfilled the inclusion
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criteria. Among them, 268 were treated with
tocilizumab and 238 patients were not. Median
time to tocilizumab treatment from onset of
symptoms was 11days [interquartile range
(IQR) 8-14]. Global mortality was 23.7%. Mor-
tality was lower in patients treated with tocili-
zumab than in controls: 16.8% versus 31.5%,
hazard ratio (HR) 0.514 [95% confidence inter-
val (95% CI) 0.355-0.744], p < 0.001; weighted
HR 0.741 (95% CI 0.619-0.887), p =0.001.
Tocilizumab treatment reduced mortality by
14.7% relative to no tocilizumab treatment
[relative risk reduction (RRR) 46.7%]. We cal-
culated a number necessary to treat of 7. Among
patients treated with steroids, mortality was
lower in those treated with tocilizumab than in
those treated with steroids alone [10.9% versus
40.2%, HR 0.511 (95% CI 0.352-0.741),
p=0.036; weighted HR 0.6 (95% CI
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0.449-0.804),
p =0.094).
Conclusions: These results show that survival
of patients with severe COVID-19 is higher in
those treated with tocilizumab than in those
not treated and that tocilizumab’s effect adds to
that of steroids administered to non-intubated
patients with COVID-19 during the first 48 h of
presenting with respiratory failure despite oxy-
gen therapy. Randomised controlled studies are
needed to confirm these results.

Trial registration: European Union electronic
Register of Post-Authorization Studies (EU PAS
Register) identifier, EUPAS34415

p < 0.001] (interaction

Keywords: COVID-19; Mortality; SARS-CoV-2;
Steroids; Tocilizumab

C. Hernandez-Carballo

Internal Medicine Department, Hospital
Universitario Nuestra Seiora Candelaria, Tenerife,
Spain

M. J. Pedrosa-Martinez
Clinical Pharmacology Department, Hospital
Universitario Puerto Real, Cadiz, Spain

C. Rodriguez-Jiménez
Clinical Pharmacology Department, Hospital
Universitario de Canarias, Tenerife, Spain

C. Rodriguez-Jiménez

Departamento de Medicina Fisica y Farmacologia,
Facultad de Medicina, Universidad de La Laguna
(ULL), Tenerife, Spain

G. Prada-Ramallal

Epidemiology, Statistics and Research Methodology
Unit, Institute for Health Research Foundation
(FIDIS), Santiago de Compostela, Spain

L. Cabrera-Garcia
Clinical Pharmacology Department, Hospital
Universitario Clinico San Carlos, Madrid, Spain

J. A. Aguilar-Garcia
Internal Medicine Department, Hospital Costa del
Sol Marbella, Mélaga, Spain

R. Sanjuan-Jimenez
UICEC IBIMA, Plataforma SCReN, Malaga, Spain

A\ Adis



Infect Dis Ther

Over-exuberant cytokine release occurred
in some patients infected by SARS-CoV-2.
Treatment strategies aimed to break down
this hyper-inflammatory response were
considered.

This study describes the experience with a
series of consecutive COVID-19 patients
treated with TCZ in 18 tertiary hospitals in
Spain and compares the outcomes of this
cohort with those observed in a similar
cohort of SARS-CoV-2 infected patients
who did not receive tocilizumab.

Tocilizumab treatment reduced mortality
by 14.7% relative to no tocilizumab
treatment (RRR 46. 7%). Tocilizumab with
steroid-48 h treatment reduced mortality
by 29.1% relative to no tocilizumab
treatment (RRR 72.8%).

Mortality is improved when tocilizumab is
used concomitantly or shortly followed by
steroids (first 48 h). These results
contribute to the body of evidence
supporting the use of tocilizumab in SARS-
CoV-2 infection.

Randomised controlled studies are needed
to confirm these results and establish the
potential place of tocilizumab in the
treatment of COVID-19.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13228859.

INTRODUCTION

In the past few decades, newly evolved coron-
aviruses have posed a global threat to public
health.

The most recent one, SARS-CoV-2 coron-
avirus, has produced a pandemic infecting more
than 10 million people and causing more than
500,000 deaths worldwide, challenging not
only healthcare systems but also the culture and
economy of the population [1].

SARS-CoV-2 causes COVID-19 (coronavirus
disease 19), which in most cases is an asymp-
tomatic or mildly symptomatic condition that
resolves without therapy or with minor sup-
portive treatment. In some cases, SARS-CoV-2
can cause pneumonia, which in 20% may be
moderate in severity. However, a subgroup of
patients with COVID-19 pneumonia develops
rapidly progressing respiratory failure that may
necessitate mechanical ventilation and support
in an intensive care unit (ICU) and/or result in
multi-organ and systemic manifestations in
terms of sepsis, septic shock, and multiple organ
dysfunction syndromes [2].

Available evidence suggests that a hyper-in-
flammatory syndrome (HIS) that resembles
secondary hemophagocytic lymphohistiocyto-
sis (SHLH) may have a pathogenic role [3, 4].
This is consistent with the general knowledge
about coronavirus (CoV) infections, where the
immune response has been shown to play an
essential role in controlling and eliminating
CoV infections, and maladjusted immune
responses may result in immunopathology and
impaired pulmonary gas exchange [5].

At the time of conducting the study, treat-
ment was mainly symptomatic, with oxygen
therapy representing the major treatment
intervention for patients with severe infection.
Several antiviral treatments have been used
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such as lopinavir/ritonavir, chloroquine,
hydroxychloroquine, remdesivir, and alpha-in-
terferon. No vaccine is currently available.
Based on the observation that acute, life-
threatening respiratory injury associated with
an over-exuberant cytokine release occurred in
some patients infected by SARS-CoV-2, treat-
ment strategies aiming to break down this
hyper-inflammatory response were considered.
Elevated levels of blood interleukin-6 (IL-6)
have been identified as a one of the risk factors
associated with severe COVID-19 [5].

In this context, tocilizumab, a humanized
IgG1 monoclonal antibody targeting the IL-6
receptor, was postulated as a suitable treatment
option [6]. Preliminary experiences with tocili-
zumab showed promising results with
improvements seen in clinical symptoms, oxy-
genation status, and inflammatory laboratory
parameters [7]. This limited evidence together
with a strong mechanistic rationale, plus cur-
rent knowledge on the role of anti-IL6 inhibi-
tors in the treatment of cytokine release
syndromes, supported the progressively exten-
ded use of tocilizumab in clinical practice.
Simultaneously numerous clinical studies,
including clinical trials, were initiated world-
wide with the aim to assess the potential effi-
cacy of tocilizumab in preventing the fatal
consequences of acute respiratory and multi-
organ failure associated with acute respiratory
syndrome due to severe COVID-19.

At the time of launching our study (3 March
2020), many uncertainties existed about the
actual benefits and risks of tocilizumab in the
treatment of SARS-CoV-2 pneumonia. To
increase knowledge on the actual role of tocili-
zumab in SARS-CoV-2 pneumonia, we con-
ducted a retrospective multicentre cohort study.
Our study aimed to describe our experience
with a series of consecutive COVID-19 patients
treated with tocilizumab in 18 tertiary hospitals
in Spain and compare the outcomes of this
cohort with those observed in a similar cohort
of SARS-CoV-2 infected patients who did not
receive tocilizumab to identify patients who
will most benefit from its use.

METHODS

Design, Study Period, and Subjects

This was a retrospective, observational cohort
study performed in 18 tertiary Spanish hospitals
including patients with severe COVID-19.

The study population were adult patients
(> 18 years) with COVID-19, confirmed by PCR
on nasopharyngeal swab, who were consecu-
tively admitted to the participating hospitals
between 3 March and 20 April 2020.

Patients were included consecutively
according to the date of admission to hospital
until the planned sample size was met in a
competitive manner. Eighteen centres con-
tributed data to both cohorts (Online Appendix
Table 1). Eligible patients were hospitalised
patients outside the intensive care units (ICU)
with documented pneumonia (by either imag-
ing and/or the presence of rales/crackles on
physical examination) with severe respiratory
failure. Severe respiratory failure was defined by
presence of a Brescia-COVID Scale score of 2 (i.e.
patients on oxygen therapy plus one of the
following criteria: (1) the patient had dyspnoea
or staccato speech at rest or after minimum
activity; (2) respiratory rate > 22 with > 6 1/min
O,; (3) significant worsening of the chest x-ray)
or an score of 3 (i.e. the patient required high-
flow nasal ventilation, continuous positive air-
way pressure (CPAP), or non-invasive ventila-
tion (NIV) because of rapid deterioration of
respiratory exchanges without immediate pos-
sibility of invasive ventilation (Fig. 1) [8]; and at
least one of these parameters: IL6 > 40 pg/ml,
or increasing lactate dehydrogenase (LDH) or
LDH > twice the wupper limit of normal,
increasing C reactive protein (CRP), p-dimer
(DD) > 1500 ng/ml, lymphocytes < 1200/pl, or
ferritin > 500 ng/ml. We excluded patients <
18 years old and those who died within 24 h
after admission to hospital or after developing
inclusion criteria. Of these, patients who
received tocilizumab therapy according to clin-
ical practice were assigned to the tocilizumab
cohort, whilst patients who did not were
assigned to the control cohort.
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Brescia-COVID respiratory severity scale

0 Ambient air

1 Oxygen therapy

swallowing, coughing)

c) Pa02<65mmHg with >6L/minute 02

2 Oxygen therapy plus 1 of the following criteria:
a) The patient has dyspnoea or STACCATO SPEECH (inability to count rapidly to 20 after taking a
deep breath) at rest or after minimum activity (sitting down on bed, standing up, speaking,

b) Respiratory rate > 22 with >6L/minute 02

d) Significant worsening of chest x-ray (increased compactness and extension of infiltrate)

The patient requires high-frequency nasal ventilation (HFNC), CPAP or NIV

The patient is intubated for CPAP or pressure support

The patient is under controlled mechanical ventilation; PaO2/FiO2 >150 mmHg

The patient is under controlled mechanical ventilation; PaO2/FiO2 <150 mmHg

Nojun|isdw

infusion of neuromuscular blockers

The patient is under controlled mechanical ventilation; PaO2/Fi0O2 <150 mmHg and intravenous

following:
a) Prone position
b) ECMO

8 The patient is under controlled mechanical ventilation; PaO2/Fi02 <150 mmHg and one of the

Fig. 1 Brescia-COVID respiratory severity scale

Data Collection

Epidemiological, clinical, pharmacological,
laboratory, and radiological data were extracted
from medical records using a standardised data
collection form. The patients were followed
according to clinical practice. Data were col-
lected from days 1, 3, 7, 15, and 28 post-inclu-
sion. Adverse events possibly or probably
related to tocilizumab treatment were collected
for treated patients. All data were included by a
primary reviewer and subsequently checked by
two senior physicians.

Laboratory Procedures

Routine blood examinations included a com-
plete blood count, coagulation profile, serum
biochemical tests (including LDH), CRP, DD, IL-
6, and serum ferritin. Chest radiographs or
computed tomography (CT) scans were also
done for all inpatients.

Definition of the Outcome

The primary outcome of the study was in-hos-
pital mortality. The outcome of patients treated
with tocilizumab was compared to that of those
who did not receive tocilizumab. In patients
from the non-treated cohort, baseline day (day
0) was defined as the first day that the patient
fulfilled the inclusion criteria established in the
protocol. In patients from the tocilizumab
cohort, baseline day was considered the day of
initiation of treatment with tocilizumab.

Definition of the Exposure

Exposure to tocilizumab was defined as the use
of intravenous tocilizumab at any time during
the hospital admission. The decision to pre-
scribe tocilizumab was at the discretion of the
treating physician.

Details of tocilizumab use (including the
timing of initiation, dosing, and number of
doses) were recorded. Likewise, the choice of
COVID-19 treatments other than tocilizumab
was at the discretion of the treating physician,
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although based on national and local recom-
mendations for COVID-19 management.

For the main analysis, we generated a vari-
able with the following mutually exclusive cat-
egories: “non-use of tocilizumab drug” (control
cohort) and “use of tocilizumab drug” (treat-
ment cohort). Subsequently, for the treatment
cohort, we disaggregated the latter into two
different subgroups: the ’'with concomitant
glucocorticoids or corticoids (steroids)’ and 'no
concomitant steroids’ groups. Concomitant use
of steroids was defined as initial use within the
first 48 h after tocilizumab administration
(steroid-48 h).

Statistical Analysis

Categorical variables are described with fre-
quencies and percentages and continuous vari-
ables with mean (standard deviation, SD) and
median [interquartile range (IQR): 25th-75th
percentiles], and the survival function is
described using the Kaplan-Meier function.

We used standardised differences, defined as
differences between groups divided by pooled
standard deviation to assess heterogeneity
between both cohorts for baseline covariates.
The inverse probability of the treatment weights
(IPTW) approach [9] was used to create a
pseudo-population in which the two groups
were balanced across baseline covariates. The
stabilised weights were calculated using
propensity scores (PS) [10] obtained from a
logistic regression model aimed to minimise the
between arms standardised differences [11]. The
baseline covariates included in the final model
were gender, age, hypertension, neurological
exploration, diabetes mellitus, WHO ordinal
scale, time from symptoms, confirmed infec-
tion, lymphocytes, neutrophils, platelets, pro-
thrombin activation, temperature, LDH, and
baseline medication use of angiotensin con-
verting enzyme (ACEs) inhibitors, lopinavir-ri-
tonavir, hydroxychloroquine, corticosteroids,
interferon, non-steroidal anti-inflammatory
drugs, moxifloxacin, remdesivir, and azi-
thromycin. Covariate balance was assessed
using the standardised differences with the goal
to achieve values < 0.10 using the IPTW to

define insignificant differences in potential
confounders, which was achieved by most, but
not by all, baseline covariates. However, for
some authors < 0.20 might also be accept-
able [12, 13] and only IL-6 remained unbal-
anced (STD =0.42) with no possible PS
correction given the high number of missing
data (~ 51%).

Since there were missing data for some key
covariates needed for the PS calculations, the
following variables (all with < 10% missing
data) were imputed using the EM algorithm,
which relies on the flexible and reasonable
missing at random assumption: WHO ordinal
scale, time from symptoms, lymphocytes, neu-
trophils, platelets, haemoglobin, CRP, DD,
temperature, LDH, and prothrombin activation.

Baseline categorical data were compared
using the chi-square test and continuous vari-
ables using ANOVA with rank-transformed data
for raw and IPTW adjusted analyses. Raw and
[PTW-adjusted regression models were used to
estimates risks [hazard ratio (HR) with 95%CI
(95%CI)] for time-to-event variables.

In all statistical analyses, we applied a two-
sided type I error of 5%. SPSS v.25 (IBM Corp.,
Armonk, NY) and SAS v9.4 (Cary, NC, USA)
software was used.

Ethics

The study was approved by the Spanish Regu-
latory Authority (Spanish Agency of Medicines
and Medical Devices, AEMPS) and by the
Research Ethics Committee (REC) at Hospital
Universitario Puerta de Hierro-Majadahonda
(FIB-TOC-2020-01), and a waiver for informed
consent was granted. The study protocol was
submitted to the local RECs at each study site
and in line with Spanish legislation; some pro-
vided their own additional approval while oth-
ers did not need to undergo the full review and
approval process, i.e. they recognised the initial
REC approval. The study complied with the
provisions in European Union (EU) and Spanish
legislation on data protection and the Declara-
tion of Helsinki 2013.
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Table 1 continued

IPTW analysis

Raw analysis

Standardised

Control group

(v

Tocilizumab
group (N

Standardised

Control group p value

(N

Tocilizumab
group (N

= 235) difference (%)

= 254)

difference (%)

= 238)

268)

Tocilizumab treatment, 7 (%)

538.8 (110.1)
827.9 (366.1)

532.4 (109.5)
789.2 (354.8)

Initial tocilizumab dose (mg)

Cumulative tocilizumab dose

(mg)

— 02

10.12 (5.42)

1041 (4.71)

66.7

< 0.0001

8.43 (4.67)

11.73 (5.20)

Time from onset of symptoms

to DO, mean (SD)

RESULTS

During the study period, 506 consecutive
patients with COVID-19, respiratory insuffi-
ciency, and increased inflammatory parameters
were included. Among them, 268 were treated
with tocilizumab and 238 patients were not.
Twenty-four patients who died in the first 24 h
after developing inclusion criteria were
excluded.

Baseline Clinical Characteristics

Characteristics of both cohorts are shown in
Table 1. Median time to tocilizumab from the
onset of symptoms was 11 days (IQR 8-14 days).

Among 268 patients treated with tocilizu-
mab, 22 (8.2%) received 3 doses, 92 (34.3%)
received 2 doses, and the remaining 154
(57.4%) received only one dose. Median initial
tocilizumab dose was 600 mg (IQR 400-600).
Median time from first dose to second dose was
1 day (IQR 1-1) and from first dose to third dose
was 2 days (IQR 1-3). Median cumulative dose
of tocilizumab was 600 mg (IQR 600-1000).

A PS was developed to estimate each
patient’s probability of receiving tocilizumab
given their baseline characteristics and reduce
selection bias. Characteristics of the treatment
and control cohort after adjustment by IPTW
are shown in Table 1.

In-Hospital Mortality of Patients Treated
with Tocilizumab Compared to Patients
Not Treated with Tocilizamab

Global hospital mortality was 23.7%. Charac-
teristics of survivors and non-survivors are
shown in Online Appendix Table 2.

Mortality was lower in patients treated with
tocilizumab than in controls [16.8% versus
31.5%, HR 0.514 (95% CI 0.355-0.744),
p <0.001] (Table 2). Tocilizumab treatment
reduced mortality by 14.7% relative to no toci-
lizumab treatment (RRR 46.7%). We calculated
a number needed to treat of 7. Differences in
mortality persisted after applying the PS adjus-
ted for tocilizumab treatment [weighted HR
0.741 (95% CI 0.619-0.887), p =0.001]
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Table 2 Association between tocilizumab treatment and mortality in patients with SARS-COV-2 infection, according to

tocilizumab and steroid-48 h exposure

All Number of events Ratio IPTW ratio
Tocilizumab, No tocilizumab, HR (95% CI) p value  wHR (95% CI) p value
N = 268 N =238

Deaths 45 (16.8%) 75 (31.5%) 0.514 (0.355-0.744) < 0.001 0.741 (0.619-0.887) 0.001

Steroid-48 h N = 119 N =87

Deaths 13 (10.9%) 35 (40.2%) 0.511 (0.352-0.741) < 0.001 0.600 (0.449-0.804) 0.006

No steroid- N = 149 N =151

48 h
Deaths 32 (21.5%) 40 (26.5%) 0713 (0447-1.137) 0345 0.830 (0.650-1.048) 0.115

HR hazard ratio, IPTW inverse probability of treatment weighting, wHR weighted hazard ratio, steroid-48 b treated with

steroids in the 48 h following inclusion

*Weighted hazard ratios and 95% confidence intervals were obtained by inverse probability treatment weighting

(Table 2). Figure 2 demonstrates differences in
the probability for survival for patients with
SARS-CoV2 infection, according to tocilizumab
treatment (log-rank p < 0.001).

Tocilizumab Effect in Subgroups
According to Baseline Characteristics

The effect of tocilizumab treatment on mortal-
ity in different subsets of patients was consis-
tent with a protective effect. Figure 3 shows
different effects of tocilizumab according to
different values of variables that displayed sig-
nificant interaction. Patients > 65 years old with
lymphocyte counts < 1000 cells/ul, hyperten-
sion, and cardiovascular disease seem to benefit
the most from tocilizumab treatment.

Effect of Tocilizumab in Patients
with Post-Baseline Steroid Treatment

One-hundred nineteen (44.4%) patients in the
tocilizumab arm and 87 (36.6%) in the control
arm were treated with steroids in the 48 h fol-
lowing inclusion (steroid-48). Among them
71.3% patients received steroids in pulses, and
28.7% mnon-pulsed steroids. Characteristics of
patients according to tocilizumab and steroid-
48 h exposure are shown in Online Appendix
Table 3.

An interaction was found between tocilizu-
mab and steroid-48 h wuse (interaction
p = 0.094). Among patients treated with steroid-
48 h, mortality was lower in those treated with
tocilizumab than in those treated with steroid-
48 h alone [10.9% vs. 40.2%, HR 0.511 (95% CI
0.352-0.741), p = 0.036; weighted HR 0.6 (95%
CI 0.449-0.804), p < 0.001] (Table 2).

Tocilizumab with steroid-48 h treatment
reduced mortality by 29.1% relative to no toci-
lizumab treatment (RRR 72.8%). We calculated
a number needed to treat of 4. Figure 4 shows
differences in probability of survival according
to steroid exposure in patients treated with
tocilizumab.

Adverse Events

Adverse events were monitored during the study
period in the tocilizumab group. Although up to
32.6% in the tocilizumab group compared to
30.3% in the control group had an increase in
SGOT/AST above the upper limit of normal,
there were no significant differences among the
study groups. A total of 11 (4.1%) patients in the
tocilizumab group had serious adverse reactions,
including hepatotoxicity with increased liver
enzymes (3 patients) or bilirubin (2 patients),
thrombocytopenia (1 patient), catheter-related
superficial thrombophlebitis (2 patients),
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Fig. 3 Forest plot of stratified analyses for mortality showing the weighted hazard ratio from IPTW analysis of tocilizumab

treatment

diarrhoea (1 patient), and headache and ocular
phosphenes (1 patient). Bacteraemia without a
source after tocilizumab administration was
documented in one patient (0.4%). Median fol-
low-up time was 12 days (7-18 days).

DISCUSSION

Our results show that survival of patients with
severe COVID-19 is significantly higher in
patients treated with tocilizumab than in those

I\ Adis



Infect Dis Ther

10 ——— —
09 Sy Tocilizumab and corticosteroid therapy
1
08 ,
T; ..............
& o0rFF 000 Recescesucenseeseny
& Yy e
3
:\_ 06 Tocilzumab therapy
<]
Z 05
2
8 04
o
e
& 03
02
0.1 Log-Rank p< 0.017
001
0 2 “ 6 8 10 14 16 18 20 22 24 26 28 30
Day
Patients at Risk
Days 0 2 4 6 8 12 14 16 18 20 22 24 26 28 30
Tocilizumab only 149 147 135 119 103 76 64 51 aa 37 28 26 19 13 11
Tocilizumab + Steroids-48 119 117 110 101 89 68 54 a4 33 32 26 25 22 19 14

Fig. 4 Probability of survival of patients with SARS-COV-2 infection treated with tocilizumab according to steroid-48 h

exposure. Descriptive raw analysis

not treated. In particular, mortality is reduced
when tocilizumab is used concomitantly or
shortly followed (first 48 h) by steroids. These
results come from a large cohort of 506 con-
secutive patients with COVID-19 pneumonia,
respiratory insufficiency, and increased inflam-
matory parameters recruited across 18 hospitals
from different regions in Spain. Of these, 268
were treated with tocilizumab whilst 238
patients were not. These results are considered
clinically relevant as they contribute to the
growing body of evidence supporting the use of
tocilizumab in SARS-CoV-2 infection.

Our data are consistent with previously
published series that report a reduction in the
risk of death in patients with severe COVID-19
treated with tocilizumab compared to standard
of care. Most of these are observational studies,
some of them comparing tocilizumab use with a
control group [14, 15, 16].

At the time of planning our study, results
from randomised controlled trials had not yet
been published. Recently, the results of the first
randomised, open label, controlled trial of

tocilizumab versus standard of care have been
published [17]. The study was prematurely
interrupted because of futility (and recruitment
difficulties) with one third of the initially
planned study population. As recognised by the
authors, this small open-label clinical trial still
leaves important questions unanswered on the
potential role of tocilizumab in the treatment of
COVID-19.

Recently, steroid treatment has shown pro-
mise as a life-saving therapy in patients with
COVID-19 [18, 19], and, indeed, dexametha-
sone has been granted EU regulatory approval
for the treatment of COVID-19 patients on
oxygen or mechanical ventilation, becoming
the standard of care in clinical practice. There-
fore, when analysing the effect of new treat-
ments, it is important to consider the combined
use of steroid therapy.

Prior studies do not report specifically on the
combined effect of tocilizumab and post-base-
line steroids, although in some of them steroids
have been used concomitantly with tocilizumab
in a considerable proportion of cases [17%
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standard of care (SoC) and 30% tocilizumab]
[14], close to 100% in some cases [20, 21].
Contrarily, in the only randomised clinical trial
concomitant use was not allowed wunless
patients were on chronic treatment. A single-
centre Italian study jointly analysed data
regarding the administration of both tocilizu-
mab and steroids, together or separately, and
suggested the need for evaluating combined use
of these therapies [22]. More recently, Narain
et al. published the results of a retrospective
cohort study and concluded that the combina-
tion of corticosteroids with tocilizumab showed
superior survival outcome compared with SoC
treatment and treatment with corticosteroids
alone or in combination with anakinra [23].
These results are consistent with our findings.

The timing of steroid administration in
relation to tocilizumab treatment might be
decisive. A small non-controlled Spanish cohort
study suggests that patients treated with prior or
concomitant steroid therapy had better survival
results than those with steroids added at a later
stage [20]. Another short observational single-
centre study shows an improvement in mortal-
ity in patients treated with tocilizumab when
salvage steroids are added in a median of
2.3 days [24]. In our study, tocilizumab adds to
steroid administered to non-intubated cases
with severe COVID-19 during the first 48 h of
presenting with respiratory failure despite oxy-
gen therapy (Brescia-COVID respiratory severity
scale 2 or worse).

The severity of the study population that
could most benefit from treatment remains to
be determined. Some authors suggest that the
administration of tocilizumab is more effective
in severe cases (PaO2/FiO2 < 150) [14], while
others report better results in cases with less
oxygen requirement [21].

In our study, tocilizumab showed an added
benefit to that of steroids in reducing mortality
of severe COVID-19. The major strength of this
study was its multicentric nature, with a large
number of patients included from different
regions in Spain. The study also included a
concurrent comparison with a non-treated
cohort. The IPTW to adjust for indication bias
adds to the strength of the results.

However, this is an observational study and,
as such, has the inherent limitations of this
kind of study. Indication bias for steroid treat-
ment was not adjusted for. It is possible that
steroid treatment was not evenly administered
across the study population. This could possibly
explain the high mortality in the subset of
patients who received steroid-48 h, but not
tocilizumab.

The short follow-up time prevented us from
detecting important adverse events such as
reactivation of latent infections in patients
treated with tocilizumab, particularly in those
treated with tocilizumab and steroids. Thus,
safety concerns might have been underesti-
mated. To overcome this problem, ongoing
registries have been put in place to identify
medium-term complications.

Although our cohort was limited to non-ICU
patients, tocilizumab’s effect on critical patients
who already require mechanical ventilation or
ICU admission deserves further investigation.
One recent article by Somers et al. [25] suggests
that tocilizumab in ICU patients is also benefi-
cial, although the risk of infection is high.

CONCLUSION

Our study results show that survival of patients
with severe COVID-19 is higher in patients that
received tocilizumab as part of the standard of
care than in those who did not. The benefits
appear higher when tocilizumab is given con-
comitantly with steroids, mostly when given
within the first 48 h of presenting with respira-
tory failure despite oxygen therapy. Neverthe-
less, relevant questions remain unanswered.
Large, randomised, controlled studies are nee-
ded to convincingly establish the efficacy and
safety of tocilizumab in the treatment of
COVID-19.
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