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a  b  s  t  r  a  c  t

Introduction  and  objectives:  Tocilizumab  is an  interleukin-6  receptor-blocking  agent  proposed  for  the
treatment  of  severe  COVID-19;  however,  limited  data  are  available  on their  efficacy.  The  aim  of this  study
was  to assess  the  effect  of  tocilizumab  on the  outcomes  of  patients  with  COVID-19  pneumonia  by  using
propensity-score-matching  (PSM)  analysis.
Methods:  A  retrospective  observational  analysis  of  hospitalized  COVID-19  adult  patients  admitted  to  the
Vall d’Hebron  Hospital  was performed  between  March  and  April  2020.  We  used  the  logistic  regression
to  analyze  the  effect  of tocilizumab  on mortality,  as  main  outcome,  and  PSM  analysis  to  further  validate
their  effect.  Secondary  outcomes  were  length-of-stay  (LOS)  and  intensive-care-unit  (ICU) stay.  Same
outcomes  were  also  assessed  for  early  tocilizumab  administration,  within  72  h after  admission.  Patients
were  selected  by  matching  their  individual  propensity  for receiving  therapy  with  tocilizumab,  conditional
on  their  demographic  and  clinical  variables.
Results:  A total  of  544  COVID-19  patients  were  included,  197  (36.2%)  were  treated  with  tocilizumab  of
whom  147  were  treated  within  the first 72  h after  admission;  and  347  were  included  in the  control  group.
After  PSM  analyses,  the  results  showed  no  association  between  tocilizumab  use and  overall  mortality
(OR  =  1.03, 95%CI:  0.63–1.68).  However,  shorter  ICU-stay  in  the tocilizumab  group  was  found  compared
to  the control  group  (Coefficient  −4.27 95%CI: −6.63  to −1.92). Similar  results  were found  in the  early
tocilizumab  cohort.
Conclusions:  The  administration  of  tocilizumab  in  patients  with  moderate  to severe  COVID-19  did  not
reduce  the  risk  of  mortality  in our  cohort  of patients,  regardless  of  the  time  of  administration.

© 2021  Elsevier  España,  S.L.U.  All  rights  reserved.

Efecto  de  tocilizumab  frente  a  cuidado  estándar  en  pacientes  adultos
hospitalizados  con  neumonía  COVID-19  moderada-grave
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r  e  s  u  m  e  n

Introducción  y  objetivos:  El  tocilizumab  es un  agente  bloqueador  del  receptor  de  la  interleucina  6  prop-
uesto  para  el tratamiento  de  la  COVID-19  grave;  sin  embargo,  se dispone  de datos  limitados  sobre  su
eficacia.  El  objetivo  de  este  estudio  fue evaluar  el  efecto  de  tocilizumab  en  los  resultados  de  los pacientes
con  neumonía  por  COVID-19  mediante  un  análisis  de  emparejamiento  por  propensity-score-matching
(PSM,  «puntuación  de propensión»).
Neumonía
Estudio observacional Métodos:  Se  realizó  un  análisis  observacional  retrospectivo  de  los pacientes  adultos  con  COVID-19  ingre-
sados  en  el  Hospital  Vall d’Hebron  entre  marzo  y  abril  de  2020.  Se  utilizó  la regresión  logística  para
analizar  el efecto  de  tocilizumab  en  la  mortalidad,  como  resultado  principal,  y  el análisis  PSM  para  val-
idar aún  más  su efecto.  Los  resultados  secundarios  fueron  la  duración  de  la  estancia  y la  estancia  en  la
unidad  de  cuidados  intensivos  (UCI).  También  se evaluaron  los mismos  resultados  para  la administración
temprana  de  tocilizumab,  dentro  de  las  72  h posteriores  al ingreso.  Los  pacientes  se seleccionaron  medi-
ante  el  emparejamiento  de  su propensión  individual  a recibir  tratamiento  con  tocilizumab,  condicionado
a  sus  variables  demográficas  y  clínicas.
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Resultados:  Se  incluyeron  544  pacientes  de COVID-19,  197  (36,2%)  fueron  tratados  con  tocilizumab,  de  los
cuales  147  fueron  tratados  dentro  de  las  primeras  72  h  tras  el ingreso;  y 347  fueron  incluidos  en  el  grupo
control.  Tras  los  análisis  PSM,  los  resultados  no mostraron  ninguna  asociación  entre  el uso  de  tocilizumab
y la mortalidad  global  (OR  =  1,03;  IC  del  95%:  0,63-1,68).  Sin  embargo,  se encontró  una  menor  estancia  en
la  UCI  en el grupo  de  tocilizumab  en  comparación  con  el grupo  de  control  (coeficiente  −4,27;  IC  del 95%:
−6,63 −  −1,92). Se  encontraron  resultados  similares  en  la  cohorte  de  tocilizumab  temprano.
Conclusiones:  La administración  de  tocilizumab  en pacientes  con  COVID-19  moderada  a  grave  no redujo
el  riesgo  de  mortalidad  en  nuestra  cohorte  de pacientes,  independientemente  del momento  de  la  admin-
istración.
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Introduction

The coronavirus disease 2019 (Covid-19) pandemic was
announced by the WHO  Europe Regional Committee in March.1

Since then, millions of confirmed cases have been identified
throughout the whole world (more than 1.9 million in Spain),
causing substantial morbidity and mortality from the severe acute
respiratory syndrome induced by the coronavirus-2 (SARS-CoV-2).

Tocilizumab, a monoclonal humanized antibody which selec-
tively targets the interleukin-6 (IL-6) receptor, is currently
approved for the treatment of rheumatoid arthritis, juvenile idio-
pathic arthritis, and giant cells arteritis. Due to its capacity for
blocking the IL-6 receptor, it has become one of the therapeutic
options for the management of the cytokine release syndrome. Ini-
tially, it was successfully used in several small series of SARS-CoV-2
patients, showing some benefit in laboratory parameters as well as
in clinical prognostic.2–7

Recent published data from randomized control trials (RCTs)
might suggest a potential role for tocilizumab in COVID-19; but
they also revealed doubts about its efficacy regarding a reduction
in mortality.8–10 However, the results from the largest observa-
tional studies associated the use of tocilizumab with lower risk of
death among COVID-19 patients.11,12 Given the controversy, a ret-
rospective observational study was performed in order to analyze
the clinical impact on mortality due to SARS-CoV-2 in our hospi-
tal, comparing outcomes of patients treated with tocilizumab with
those not treated.

Methods

Patients

A retrospective observational analysis was performed of elec-
tronic medical records of hospitalized COVID-19 patients admitted
to the Vall d’Hebron Barcelona Campus Hospital (VHBCH)̧  a ref-
erence public tertiary care hospital. Consecutive adults aged
≥18 years admitted with X-ray-confirmed pneumonia caused by
laboratory-confirmed COVID-19 infection were suitable for the
study. Data concerning medical history, demographic, comor-
bidities, laboratory findings and treatments during hospital stay,
admissions and outcomes were extracted from electronic medi-
cal, pharmacy and nursing records. Patients with tocilizumab were
identified from the pharmacy records of all patients to whom
tocilizumab was  dispensed. All patients discharged (deceased or
alive) between March 2020 and April 2020 after hospital admis-
sions in VHBCH for COVID-19 were included. Due to the high rate of
hospitalization during this period, patients were either discharged
or moved to other hospitals or nursing home facilities. Therefore,

all the discharge status known, i.e., either during hospitalization
in VHBCH or the subsequent hospitalization after being moved,
were included. The observation period ended at final discharge.
The research protocol was authorized by the Ethics Committee of
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he Hospital, without the need of informed consent from patients
ue to the retrospective nature of the study.

Patients hospitalized for <48 h or those with no need of oxygen
herapy for >36 h were excluded. Patients who received another
nti-IL-6 receptor antibody, such as sarilumab, were also excluded.
o reduce indication bias, all patients included in the study should
eet criteria for tocilizumab therapy in accordance with the Span-

sh Agency of Medicines and Medical Devices (AEMPS) during
he study period for the treatment of COVID-19 infection.13 Thus,
atients included in the tocilizumab group should meet these
riteria before tocilizumab administration, meanwhile patients
ncluded in the control group (without tocilizumab therapy) should

eet these criteria within the first 72 h after admission. The
EMPS tocilizumab administration criteria were: severe pneumo-
ia caused by COVID-19, and presence of one of the following

aboratory parameters: IL-6 >40 �L/L, D-dimer >1500 mcg/mL or if
atient exhibited persistently rising D-dimer parameter. Patients
ith liver enzymes 5 times over the upper limit of normality

r concomitant severe bacterial infection were not eligible for
ocilizumab treatment. The final decision to use tocilizumab was
t the discretion of the treating clinician.

All patients admitted in VHBCH with confirmed COVID-19
nfection were treated with a standard pharmacological proto-
ol, including antiviral drugs (lopinavir plus ritonavir twice a
ay), hydroxychloroquine 400 mg/day and antibiotic prophylaxis
azithromycin and ceftriaxone). Tocilizumab was initially admin-
stered at a dosage of 8 mg/kg (max 800 mg) by two  consecutive
dministrations 12 h apart. Nevertheless, due to medication short-
ges, new indications for dose of tocilizumab were set by the
EMPS. Thus, patients during the study period received either
00 mg  (400 mg  for weight <75 kg) followed by a second dose of
00 mg  12 h apart, or a unique dose of 600 mg (400 mg for weight
75 kg). Every patient was  fully informed about the off-label charac-
er of the treatment with tocilizumab in COVID-19. Signed or verbal
onsent was obtained from all patients before using tocilizumab. If
he patient was  incapable of executing permission, informed con-
ent was  given by the closest relative. Since corticoids given orally
r parenterally showed benefit in COVID-19 patients, administra-
ion of systemic corticoids was  also recorded, despite their limited
nd controversial use during the first wave of the pandemic.14

utcomes

The primary endpoint for this analysis was  all-cause mortality.
eath was assessed either as occurring during hospitalization or
uring the stay at a nursing home. Secondary outcomes included in-
ospital mortality, mortality of patients admitted to intensive care
nit (ICU), and length of hospital stay (in-hospital LOS), LOS at any

ealthcare facilities, including nursing homes (total LOS) and inten-
ive care unit (ICU) stay. LOS was calculated from day of admission
o the day of discharge alive. Secondary analysis was  performed
ith patients who received tocilizumab within the first 72 h after
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admission to analyze whether early administration of tocilizumab
could affect mortality or LOS of patients with COVID-19 pneumonia.

Statistical analysis

This study was designed to investigate the effect of tocilizumab
administration on the outcomes of these patients, using the
propensity score–matching (PSM) method to eliminate the influ-
ence of other confounding factors. To minimize indication bias,
patients to be included in each analysis were selected by matching
their individual propensity for receiving therapy with tocilizumab
(versus not receiving), conditional on their demographic and clin-
ical variables. The following variables were fitted to a logistic
regression model to derive their propensity score (PS): age, sex,
chronic-obstructive-pulmonary-disease (COPD) or asthma, obe-
sity, hypertension, diabetes, cancer or haematology malignancy,
and a ratio of arterial oxygen saturation measured by pulse oxime-
try to fraction of inspired oxygen (SpO2/FiO2-R). The variable
SpO2/FiO2-R was the worst SpO2/FiO2-R within the 24 h prior to
tocilizumab administration. Meanwhile, the SpO2/FiO2-R in the
control group was the worst SpO2/FiO2-R within the first 72 h after
admission, regardless of fluctuations.

Overall survival was estimated by using multiple logistic regres-
sion model. PS driven analysis (inverse-probability-of-treatment
weighting – IPTW) and PSM were performed to account for
confounding by indication bias in the logistic regression model
analysis. Multivariable logistic regression was carried out with
tocilizumab use as a binary outcome to obtain the predicted prob-
ability of tocilizumab use, which was taken as PS. In IPTW, for the
group with tocilizumab therapy, the weight was  equal to 1/PS,
while for the control group, the weight was equal to 1/(1-PS).
Patients were matched on the basis of PS using nearest-neighbour
matching without replacement, a calliper value was  set as less
than 10% of the standard deviation of PSs and a variable match-
ing ratio of 1:2. Adequacy matching for no major imbalance of
each baseline covariate was assessed by comparing distributions
of PS, where a difference of less than 0.20 was  considered an
acceptable balance. Since some patients received several doses of
tocilizumab, logistic regression was identically carried out with
tocilizumab as lineal variable to assess the effect of multiple doses
on the outcomes studied. Baseline characteristics and outcomes of
patients who received tocilizumab and those who  did not were
compared using Students’ t test, Mann–Whitney test for continu-
ous variables, and chi-square test or Fisher exact test for categorical
variables. Statistical analyses were performed using Stata version
14 (Stata Corp., TX, USA) and statistical significance was  set as
p < 0.05.

Results

A total of 1480 COVID-19 patients were admitted to and dis-
charged from VHBCH from March 2020 to April 2020, of whom
544 were included in this analysis, after exclusion of patients hos-
pitalized for < 48 h (n = 109), for no need of oxygen therapy > 36 h
(n = 584), being included in a clinical trial with sarilumab (n = 2) or
other exclusion reasons (Fig. 1). Among the included individuals,
347 patients (73.8%) were included in the control group, 197 (36.2%)
were treated with tocilizumab (148 patients received a single dose,
47 patients received 2 and 2 patients 3 doses of tocilizumab), of
whom 147 were treated within the first 72 h after admission. Char-
acteristics of COVID-positive patients included in the study are

listed in Table 1.

In unmatched analysis, patients treated with tocilizumab
showed higher in-hospital and overall mortality (25.4 vs. 14.7%,
risk ratio [RR] 1.73, 95% confidence interval [95% CI]: 1.22–2.45;

s
i
k
c

303
Medicina Clínica 158 (2022) 301–307

nd 25.9 vs. 15.6%, RR 1.48, 95% CI: 0.99–2.20, respectively, Table 2).
n addition, differences in in-hospital LOS and total LOS were also
ound between tocilizumab and control group (13.2 vs. 10.0 days,

 < 0.01; and 14.7 vs. 11.1 days, respectively, Table 2). A total of
1 patients were admitted to ICU during the study period. Over-
ll mortality in these patients was  21.98%, no differences were
ound in mortality between the groups assessed (28.21% vs. 17.31%,
R 0.61 [95% CI: 0.28–1.33]). The ICU-stay was longer in non-
ocilizumab patients compared to tocilizumab group (11.8 vs. 5.8
ays, respectively; Table 2). The subgroup analysis of only patients
ho  received tocilizumab within the first 72 h after admission

evealed similar results (Table 2).
The tocilizumab and control group were well matched after

he PS, as described in supplementary figures (S1, S2) and Table 3
y comparing distributions of propensity score and standardized
ean differences, respectively. After both PS analyses, the results

howed no association between tocilizumab use and in-hospital
nd overall mortality (OR = 1.02, 95% CI: 0.62–1.68; and OR = 1.03,
5% CI: 0.63–1.68, after PSM analyses, respectively; Table 4). Similar
esults were found among the cohort with patients who received
ocilizumab within the first 72 h (Table 4). Identically, after PS
nalysis, no difference in overall mortality was noted between
ocilizumab and control group regarding the number of doses
dministered (OR = 1.00, 95% CI: 0.69–1.43).

After matching, the results showed a tendency towards the
ssociation between tocilizumab use and longer hospital-LOS and
otal-LOS in the survivors (Table 4). Besides, shorter ICU-LOS in the
ocilizumab group was  found compared to the control group (Coef-
cient −5.11 95% CI: −7.71 to −2.52 in IPTW, Coefficient −4.27 95%
I: −6.63 to −1.92 in PSM). Identical to the results for the entire
ohort, after IPTW and PSM, no association was  found between
arly administration of tocilizumab and LOS (Table 4).

A total of 140 patients (25.7%) received systemic corticoids,
ean dose and mean length of treatment were 417.95 mg

f methylprednisolone/day and 4.28 days, respectively. Among
atients receiving corticoids, 15 patients started corticoids within
he first 2 days of admission, and 125 patients (89.3%) received
orticoids within the last 5 days of admission. Use of corticoids
as  associated with a higher risk of mortality (44.3 vs. 10.6%, RR

.32, 95% CI: 2.57–4.30). After matching, no difference in corticoids
se were found between groups. Identically, no modification of
ocilizumab effect was found after adding corticoids use on the
utcomes assessed, such as overall mortality (OR 0.96; 95% CI:
.57–1.61).

iscussion

In this real-life setting of our cohort study, patients with pneu-
onia caused by COVID-19 treated with tocilizumab had the same

isk of death compared with those not treated with tocilizumab.
he same results were found in the subgroup of patients with
OVID-19 treated tocilizumab within the first 72 h after admission.

n addition, no differences were found regarding the LOS of patients
reated or not treated with tocilizumab, regardless of the time of
dministration. However, patients admitted to ICU and treated with
ocilizumab showed lower stay in ICU compared with those not
reated with tocilizumab.

The effects of tocilizumab against IL-6 receptor have been pos-
ulated to play a potential role in COVID-19.15,16 Nevertheless,
ontrary to other observational studies that have been reported
etter results with tocilizumab compared to standard of care, our

tudy did not find a benefit with tocilizumab in reducing mortal-
ty or LOS.6,11,12 The two  largest observational studies, which to our
nowledge are up to date at the time of writing, have exposed asso-
iation between tocilizumab administration and lower mortality
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Total 544  pa tients

Tociliz umab  n = 19 7 Controls n  = 34 7

Tocilizumab n = 147

50 late administration 
of tocili zumab (> 72 h)

219 Not meeting criteria for 

tocili zumab administration

2 CT with Saril umab

584 not requiring oxyge n

therapy 

> 36h (4 tocilizu mab)

1480 patients

Tocilizu mab n = 20 9

109 Admission < 48  h

Toc ili zumab n =  5 (died)

Con trol n  = 10 4 (died 20)

1371  patients

Tocilizu mab n  = 20 4

2 P regnancy (1 toc ili zumab)

20 hospitalized f or other

reasons  (2 toc ili zumab)

1349 patients

Tocilizu mab n  = 20 1

763 patients

Tocilizu mab n  = 19 7

Fig. 1. Study flowchart.
Abbreviations: n, number; CT, Clinical Trial
1480 COVID-19 patients were admitted of whom 544 were included in the study, after exclusion of patients hospitalized for <48 h (n = 109), admitted for other medical
reasons and incidentally found positive for COVID-19 pneumonia (n = 20), pregnancy (n = 2), for being included in a clinical trial with sarilumab (n = 2), for no need of oxygen
therapy  >36 h (n = 584), and not meeting criteria for tocilizumab administration (n = 219).

Table 1
Characteristics of cohort patients at cohort entry.

Demographics & comorbilities Total (n = 544) Tocilizumab Control (n = 347) p Value*

All (n = 197) Early (n = 147)

Age (years; ± SD) 62.1 ± 13.8 61.0 ± 13.5 60.0 ± 13.5 62.7 ± 13.9 0.18 0.05
Male  sex 341 (62.7) 132 (67.0) 95 (64.6) 209 (60.2) 0.12 0.36
Obesity 197 (36.2) 88 (44.7) 66 (44.9) 109 (31.4) 0.002 <0.01
Asthma/COPD 91 (16.7) 38 (19.3) 26 (17.7) 53 (15.3) 0.23 0.50
Cancer/Haematology malignancy 57 (10.5) 19 (9.6) 12 (8.2) 38 (11.0) 0.63 0.35
Hypertension 239 (43.9) 84 (42.6) 63 (42.9) 155 (44.7) 0.65 0.71
Diabetes 137 (25.2) 43 (21.8) 30 (20.4) 94 (27.1) 0.18 0.12
Transplantation/VIH 28 (5.2) 17 (8.6) 8 (5.4) 11 (3.2) 0.006 0.23
Chronic renal disease 42 (7.7) 20 (10.2) 11 (7.5) 22 (6.3) 0.11 0.64
SpO2/FiO2 ratio (±SD) 256.1 ± 100.2 209.6 ± 94.5 206.3 ± 94.5 282.5 ± 93.7 <0.001 <0.001
Interleukin-6 �L/L (±SD) 166.6 ± 644.1 (n = 509) 151.2 ± 282.7 (n = 187) 160.3 ± 258.0 (n = 145) 175.5 ± 781.1 (n = 322) 0.68 0.82
D-dimer mcg/Ml (±SD) 491.0 ± 1575.2 (n = 369) 439.0 ± 508.4 (n = 138) 436.8 ± 444.5 (n = 103) 522.5 ± 1952.7 (n = 231) 0.62 0.66

Data are presented as n (%) unless otherwise noted. SD: standard deviation
* p Value obtained comparing Tocilizumab group (all/early) with Control group.
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Table  2
Mean outcomes differences before matching.

All cohort outcomes Total (n = 544) Tocilizumab (n = 197) Control (n = 347) p Value

In hospital mortality 101 (18.6) 50 (25.4) 51 (14.7) 0.002
Overall mortality 105 (19.3) 51 (25.9) 54 (15.6) 0.003
Overall stay (days) 12.3 ± 9.5 14.7 ± 9.4 11.1 ± 9.4 0.008
In  hospital stay (days) 11.1 ± 6.4 13.2 ± 5.8 10.0 ± 6.6 0.001
ICU  stay (days) 8.4 ± 6.3 5.8 ± 4.3 11.8 ± 7.0 <0.001
Mortality (ICU patients) 20 (22.0) 9 (17.3) 11 (28.2) 0.214

Early  administration outcomes Total (n = 494) Tocilizumab (n = 147) Control (n = 347) p Value

In hospital mortality 83 (16.8) 32 (21.8) 51 (14.7) 0.056
Overall mortality 87 (17.6) 33 (22.5) 54 (15.6) 0.067
Overall  stay (days) 11.7 ± 9.0 13.5 ± 12.0 11.0 ± 9.3 0.012
In  hospital stay (days) 10.6 ± 6.2 12.2 ± 4.8 10.0 ± 6.6 0.002
ICU  stay (days) 8.7 ± 6.6 5.7 ± 4.5 11.8 ± 7.0 <0.001

7 (1
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i
t
I
l
w
t
c
d
o
t
s
r

p
t
f
t
i
s
h
b
t
b
r
s
n
t
s
A
u
w
r
t
p

l
O
p
w
o
d
a
b
l

Mortality (ICU patients) 18 (22.5) 

Data are presented as n (%) unless continuous variables (days) presented as mean ±

after multivariable adjustment.11,12 Guaraldi et al. studied a cohort
of COVID-19 patients similar to our cohort; assessing the effect of
tocilizumab regardless of the time of administration.11 However,
its end point was a composite outcome (invasive mechanical ven-
tilation or death) and patients admitted to ICU were not included.
In the STOP-COVID tocilizumab study of 3924 critically ill patients
with COVID-19 admitted to ICUs, patients that were treated with
tocilizumab within the first 2 days of ICU admission showed lower
risk of death compared with those not treated with tocilizumab
within the first 2 days of ICU admission.12 The observational studies
above mentioned varied dosing (single or double), and subpopula-
tions studied (moderate or critically ill patients). However, there
was a lack of availability of inflammation biomarkers present in
both studies. This point might be an important limitation due to
the potential role of tocilizumab against the physiological inflam-
matory response to the virus. Therefore, all these differences in
the observational studies might have been influenced in their
study design, sample size and the results obtained. In contrast,
all patients included in our cohort met  the criteria for administra-
tion of tocilizumab, based on inflammation biomarkers; obtaining
balanced groups.

Results in our study with early tocilizumab administration
showed to be identical to those with the whole cohort, regardless
of the time of administration. The RECOVERY study demonstrated
that dexamethasone given for 10 days reduced 28-day mortal-
ity compared to usual care.14 Nevertheless, there was  no benefit
in patients who were randomized when they were not receiving
oxygen (mortality 17% vs. 13%). These results may  lead to think
that immunomodulatory drugs, such as corticoids or tocilizumab,
might have better outcomes depending on the time of their clin-
ical conditions rather than depending on the time of admission.
Notably, recent RCTs have failed to show reduction in mortality in
COVID-19 patients treated with tocilizumab.10,17,18 Besides, pre-
liminary results from two multicenter RCTs have been released,
COVACTA and EMPACTA studies, showing both no decrease in mor-
tality among COVID-19 patients treated with tocilizumab.8,9 Our
results are in line with those from the RCTs, showing no ben-
efit in mortality in COVID-19 patients treated with tocilizumab,
regardless of the time of administration, the number of doses of
tocilizumab, or the subgroup of critically ill-patients admitted to
ICU. However, our results regarding ICU patients might be also
in line with other observational studies and preliminary results
from RCTs. While our study showed shorter ICU stay in patients
treated with tocilizumab, other observational studies and RCT

found lower need of mechanical ventilation in patients treated
with tocilizumab.9,11,12 In that sense, it might have a dual ben-
efit, by reducing the need for intensive care, which is known to
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ncrease the risk of long-term complications, and also by limiting
he burden on ICUs, leading to an increase in the availability of
CU beds. In addition, results from an institutional cohort showed
ower mortality and less mechanical ventilation in patients treated

ith methylprednisolone and tocilizumab as rescue therapy.19 All
hese differences in results, study design and population treated
ould reflect possible presence of different sub-phenotypes with
ifferential response to immunomodulatory therapies. Therefore,
ur results regarding ICU patients showed a possible benefit with
ocilizumab in agreement with results from some observational
tudies and preliminary results from RCTs, might lead to assess the
ole tocilizumab in this subset of patients.9,11,12,20

Nevertheless, there are several limitations to this study. Patients
rimarily received one or two doses of tocilizumab, depending on
he time during the pandemic, availability of the drug and criteria
or the use of tocilizumab from AEMPS, as they varied according to
he situation during the pandemic. Other limitations of our study
nclude the retrospective design, as it may  have increased the risk
election bias. Notably, the crude mortality (before matching) was
igher in the tocilizumab group, suggesting a possible selection
ias towards more severe patients in the tocilizumab group (e.g.
ocilizumab group showed worse SpO2/FiO2-R than control group
efore matching). While propensity score matching was used and
esulted in well-matched arms, residual confounding by unmea-
ured variables cannot be excluded. Similarly, data collection did
ot include the duration of concomitantly administered medica-
ions, such as corticosteroids. However, the use of corticoids in our
tudy should be considered during the pandemic on March and
pril as low and their use might be related to critical clinical sit-
ations. In fact, the use of corticoids in our cohort was  associated
ith higher mortality; showing a possible trend to use them as a

escue therapy in worsening clinical situations. Finally, given that
he study was a single centre cohort, a limited external validity is
ossible.

On the other hand, our study also has strengths. It was a
arge study that included patients from a real-life hospital setting.
ur analysis used PSs and IPTW to create and analyze a com-
arison cohort similar to the one using tocilizumab, resulted in
ell-matched arms. Only patients who  met  these criteria, based

n clinical and inflammatory biomarkers, for the use tocilizumab
uring the pandemic were included in the cohort. Besides, our
nalysis excluded patients who  were still hospitalised before the
eginning of the pandemic in Spain to avoid bias regarding base-

ine conditions in the cohort. Similarly, patients admitted <48 h

ere excluded to avoid immortal time bias. Death within the
rst 48 h of admission might show mortality in very critical sit-
ations, therefore patients might have received tocilizumab trying
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Table  3
Patient characteristics according to initial presentation, before and after matching.

All cohort

Demographics & comorbilities Before Matching After Matching

Tocilizumab
(n = 197)

Control (n = 347) Standardized
difference (%)

Tocilizumab
(n = 195)

Control (n = 347) Standardized
difference (%)

p Value

Age (mean, years) 61.0 62.7 −12.2 61.0 62.7 −12.0 0.23
Male  sex 67.0 60.2 14.1 66.7 64.9 3.7 0.71
Obesity 44.7 31.4 27.5 44.1 44.6 −1.1 0.92
Asthma/COPD 19.3 15.3 10.6 19.0 17.9 2.7 0.78
Cancer/Haematology malignancy 9.6 11.0 −4.3 9.7 9.0 2.5 0.80
Hypertension 42.6 44.7 −4.1 42.5 45.3 −5.7 0.58
Diabetes 21.8 27.1 −12.2 22.1 29.1 16.6 0.12
Transplantation/VIH 8.6 3.2 23.3 8.2 5.9 9.8 0.38
Chronic renal disease 10.2 6.3 13.9 9.2 10.5 −4.7 0.42
SpO2/FiO2 ratio (mean) 209.6 282.5 −77.4 210.4 202.4 8.5 0.67

Early administration cohort

Demographics & comorbilities Tocilizumab
(n = 147)

Control (n = 347) Standardized
difference (%)

Tocilizumab
(n = 146)

Control (n = 347) Standardized
difference (%)

p Value

Age (mean, years) 60.0 62.7 −19.4 60.1 60.8 −4.7 0.69
Male  sex 64.6 60.2 9.1 64.4 63.0 2.8 0.81
Obesity 44.9 31.4 28.0 44.5 37.3 14.9 0.21
Asthma/COPD 17.7 15.3 6.5 17.8 18.5 −1.8 0.88
Cancer/Haematology malignancy 8.2 10.9 −9.5 8.2 8.6 −1.2 0.92
Hypertension 42.9 44.7 −3.6 42.5 45.5 −6.2 0.60
Diabetes 20.4 27.1 −15.7 20.5 21.2 −1.6 0.89
Transplantation/VIH 5.4 3.2 11.2 4.8 5.5 −3.4 0.79
Chronic renal disease 7.5 6.3 4.5 6.8 6.2 2.7 0.81
SpO2/FiO2 ratio (mean) 206.3 282.5 −81.4 206.5 198.4 8.6 0.48

Data are presented as % unless a unit is given (years and ratio).

Table 4
Adjusted clinical outcomes after PSM and IPTW.

OR (95% CI)

PSM IPTW

Mortality outcomes
In hospital mortality 1.02 (0.62–1.68) 0.97 (0.59–1.57)
Overall mortality 1.03 (0.63–1.68) 0.95 (0.59–1.54)

Early administration
In hospital mortality 0.86 (0.49–1.50) 0.77 (0.44–1.33)
Overall mortality 0.89 (0.51–1.53) 0.76 (0.44–1.32)

Coefficient (B) [95% CI]

PSM IPTW

LOS outcomes
Overall stay 1.46 [–0.54–3.46] 1.28 [–0.56–3.15]
In  hospital stay 1.19 [–0.10–2.49] 1.33 [–0.14–2.80]
ICU stay –4.27 [–6.63 to –1.92] –5.11 [–7.71 to –2.52]

Early administration
Overall stay 0.14 [–1.93–2.22] 0.03 [–1.82–1.88]
In  hospital stay –0.13 [–1.50–1.24] 0.14 [–1.32–1.60]
ICU stay –4.56 [–7.14 to –1.98] –5.23 [–7.87 to –2.59]

Data obtained using a multivariate logistic regression with tocilizumab as binary variable after PSM and IPTW analysis. Identically, linear variables, such as LOS, were analyzed

hing. 

c
i

C

using  multivariable linear regression.
Abbreviations: OR: Odds Ratio. CI: Confidence Interval. PSM: propensity score matc

to offer a rescue treatment or, in contrast, just palliative care due
to the poor clinical situation of the patient. Despite this exclusion
might increase the risk of selection bias, excluding also mortal-
ity within the first 48 h, we think that better balanced groups
were obtained excluding these patients. In addition, long follow-up
period was possible for all the patients included. Since prolonged

hospitalization and rehabilitation are common among patients hos-
pitalized with severe COVID-19, mortality until final discharge was
recorded, regardless of the last health institution that was  in charge
of the patient. Despite the inherent limitations of this study, this

s
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IPTW: inverse-probability-of-treatment weighting. LOS length of stay.

arefully retrospective study can provide insights into proper clin-
cal management.

onclusions

The administration of tocilizumab in patients with moderate to

evere COVID-19 did not reduce the risk of mortality, nor the LOS,
n our cohort of patients regardless of the time of administration of
ocilizumab. Further RCTs are needed to assess the potential role of
ocilizumab in subset populations such as ICU patients.
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