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ARTICLE INFO ABSTRACT
Arﬁc{e history: Introduction: Tocilizumab (TCZ) is an interleukin-6 receptor antagonist, which has been used for the
Received 17 August 2020 treatment of severe SARS-CoV-2 pneumonia (SSP), which aims to ameliorate the cytokine release

Received in revised form 15 October 2020

syndrome (CRS) induced acute respiratory distress syndrome (ARDS). However, there are no consistent
Accepted 21 October 2020

data about who might benefit most from it.
Methods: We administered TCZ on a compassionate-use basis to patients with SSP who were hospitalized
Kkeywords: (excluding intensive care and intubated cases) and who required oxygen support to have a saturation

zg\ljisd‘igv‘z >93%. The primary endpoint was intubation or death after 24 h of its administration. Patients received at
Tocilizumab least one dose of 400 mg intravenous TCZ from March 8, 2020 to April 20, 2020.
Pheumonia Results: A total of 207 patients were studied and 186 analyzed. The mean age was 65 years and 68% were male

Treatment patients. A coexisting condition was present in 68% of cases. Prognostic factors of death were older age, higher IL-6,
p-dimer and high-sensitivity C-reactive protein (HSCRP), lower total lymphocytes, and severe disease that requires
additional oxygen support. The primary endpoint (intubation or death) was significantly worst (37% vs 13%,
p < 0-001) in those receiving the drug when the oxygen support was high (FiO2 >0.5%).
Conclusions: TCZ is well tolerated in patients with SSP, but it has a limited effect on the evolution of cases
with high oxygen support needs.
© 2020 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

Introduction

Since December 2019, the SARS-CoV-2 pandemic has affected

more than 12.5 million people worldwide and more than 560,000

- fatalities have been recorded (Anon, 2020a) at the time of writing.
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treatments, including drugs with antiviral activity, such as
remdesivir, lopinavir/ritonavir, interferon beta, hydroxychloro-
quine, and/or anti-inflammatory drugs, such as corticosteroids,
azithromycin, and low molecular weight heparin amongst
others (Cao et al., 2020; John et al., 2020; Colson et al., 2020;
Arabi et al., 2018).

Pathological postmortem samples of lung and bone marrow of
these patients show diffuse alveolar damage with alveolar edema,
hyaline membranes, and microvascular thrombosis along with
extensive hemophagocytosis in the bone marrow (Prieto-Pérez
et al, 2020). Laboratory data show high levels of ferritin,
interleukin-6, C-reactive protein, LDH, and D dimer, all indicative
of a cytokine release syndrome (CRS)-induced acute respiratory
distress syndrome (Guan et al., 2020; Chen et al., 2020; Li et al.,
2020; Rodriguez-Morales et al., 2020) derived from the viral
infection.

It is believed that the severity of SARS-CoV-2 pneumonia
depends not only on the viral load in lung tissue but mainly on the
inflammatory response of the host. Interleukin-6 is a key factor for
the activation of the cis- and trans-signaling pathways leading to
the CRS (Moore and June, 2020; Teijaro, 2017). Tocilizumab (TCZ) is
an interleukin-6 receptor antagonist, which has been used for the
treatment of rheumatoid arthritis (Navarro et al., 2014) and for the
treatment of chimeric antigen receptor (CAR) T cell-induced CRS in
cancer patients (Channappanavar and Perlman, 2017; Tanaka et al.,
2016; Yildizhan and Kaynar, 2018). Information about its use for
SARS-CoV-2 pneumonia is limited (Xu et al., 2020; Di Giambene-
detto et al., 2020; Luo et al., 2020; Guaraldi et al., 2020), and the
results of randomized clinical trials are still pending (Anon, 2020b;
Anon, 2020c).

We present a cohort of 207 patients treated with TCZ at a single
institution during the COVID-19 outbreak in Madrid with the aim
to identify, which clinical or laboratory factors might influence the
evolution of SSP in this group of patients and to evaluate the
tolerance of this drug in this clinical entity.

Methods
Patients

From March 8 to April 19, 2020, a total of 207 patients with SSP
admitted to the Fundacién Jiménez Diaz University Hospital in
Madrid received TCZ. SSP was defined as the presence of unilateral
or bilateral lung infiltrates with basal oxygen saturation below 94%
in patients with confirmed positive COVID-19 RT-PCR (Viasure®
SARS-CoV-2 Real Time PCR detection kit) in nasopharyngeal or
throat swabs or in the absence of microbiological confirmation, the
existence of clinical (fever, cough, dyspnea, fatigue, etc.), radiolog-
ical (lung infiltrates), epidemiological (close contact with docu-
mented patients), and laboratory data (lymphopenia, high levels of
ferritin, high sensitivity C reactive protein (HSCRP), LDH, interleu-
kin-6, and p-dimer) suggestive of COVID-19 infection.

Our standard treatment for SSP included lopinavir/ritonavir
[200 mg/50 mg for 7 days] (if the disease started fewer than 7 days
before admission), hydroxychloroquine [400 mg bid 1 day and 200
mg bid 4 days], doxycycline [100 mg bid for 7 days] or azithromycin
[500 mg od for 5 days], low molecular weight heparin [Enoxaparin
20-40 mg od], cyclosporine [from 1.5 mg/kg/day], n-acetylcysteine
[600 mg iv bid], pulse corticosteroids [methylprednisolone 250 mg
ivod for 3 days] and, in some cases, interferon beta 1-b [0.25 mg/48
h subcutaneously for 14 days]. This treatment protocol was
approved by the Drug Commission of the Fundacién Jiménez Diaz
University Hospital. The decision to use this combination of drugs
despite not having the results of randomized clinical trials was
based on the initial WHO and Spanish Ministry of Health
recommendations plus the pathophysiological perception that
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intensive immunomodulation was required to ameliorate the
disease severity.

TCZ was recommended as a rescue treatment for patients not
improving after the initial three days of intensive therapy,
including pulse steroids and low-dose cyclosporine (see above)
and requiring a FiO2 greater than 0.35% to achieve an oxygen
saturation above 93%. A single dose of TCZ [400 mg if weight <75
kg and 600 mg if >75 kg] was given intravenously. Seventeen
patients with very severe disease (median FiO2 1% and IQR:0-4—-1)
received one or two more consecutive doses if the drug was readily
available. Twenty-nine patients received TCZ with Fi02 <0.35%,
despite our protocol recommendation, because of their physician’s
decision. Ten patients received TCZ when they required high flow
oxygen support (FiO2 >1) and were not included in the analysis as
they were being attended at the intensive care respiratory unit, just
before intubation at the intensive care unit. None of the patients
included in the study were at the intensive care unit at the time of
TCZ administration and none had any concomitant known acute or
previous infection or contraindication for its use at the time of TCZ
administration (less than 50 x 10° platelets or less than 500
neutrophils per L, ALT or AST 5-fold elevations, or decreased renal
function).

Study assessments

Data on patient’s oxygen support at admission, before, and after
TCZ administration were recorded according to the standard
clinical practice. Laboratory values before TCZ administration,
including absolute lymphocyte counts, serum ferritin, interleukin-
6, high-sensitive C reactive protein, p-Dimer, serum creatinine, ALT,
AST, LDH, and lipid profile were available for most cases.
Laboratory data after TCZ administration were obtained later than
2-5 days, and were not available in all cases. The primary endpoint
was the need for intubation or death. Eleven patients who required
intubation or died within 24 h after TCZ administration were not
included in the analysis (4 died and 7 were intubated) because we
believed that there was not enough time to evaluate the effect of
the drug, as most of them were in an extremely severe condition at
the time of TCZ administration and these patients will be evaluated
in another study of critical cases attended in intensive care.

Program oversight

All patients signed an informed consent for the compassionate
use of TCZ before its administration. This study was approved by
the Medical Ethics Committee of the Fundacién Jiménez Diaz
University Hospital. All data were collected by the investigators
who performed the statistical analysis.

Statistical analysis

All patients who received at least one dose of TCZ between
March 8, 2020 and April 20, 2020 were included in the study.
Distribution normality was assessed using the Kolmogorov-
Smirnov test. Normally distributed data were presented as mean
(SD), nonnormally distributed data as median (IQR), and categori-
cal variables as frequency (%). Differences between groups were
analyzed using the Chi-square test for categorical data or one-way
ANOVA for continuous data. Kaplan-Meier’s curves were used for
survival studies. Results are reported as point estimates and 95
percent confidence intervals. The analysis was conducted with
SPSS software version 24.0.
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Evolution of patients according to oxygen support before Tocilizumab
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Figure 1. Kaplan-Meier’s curves for primary endpoint (need of invasive ventilation
or death) in patients treated with tocilizumab. The blue line represents the group of
patients who received tocilizumab when their oxygen support needs was low (Fi0O2
<0.5) and the green line represents the group of patients with higher oxygen
support needs (FiO2 >0.5) at the time of tocilizumab administration.

Results
Patients

In total, 207 hospitalized patients received at least one dose of
400 mg or 600 mg iv TCZ between March 8, 2020 and April 20,
2020, of whom 21 were excluded from the analysis because they
required high oxygen flow before TCZ administration (10 cases) or
were intubated or died within the first 24 h after TCZ administra-
tion (11 cases) leaving 186 patients for the analysis. Overall, 169
(91%) patients received one dose, 16 patients two doses, and 1
patient three doses.

Baseline characteristics of the patients

The main clinical characteristics of patients are summarized in
Table 1. The mean age of patients was 65 years and 68% were male
patients. In all, 68% of patients had a coexisting condition, high
blood pressure being the most prevalent (51%). At the time of TCZ
administration, 114 (61%) patients required Fi0O2 >0.5% and 72
(39%) required FiO2 <0.5%. The main laboratory values before TCZ
administration showed a marked elevation of ferritin, interleukin-
6 and C-reactive protein, p-dimer, and a low absolute lymphocyte
count.

Almost all patients (168 patients, 90-3%) had received
antiretroviral drugs (lopinavir/ritonavir) for a median duration
of 3 days (IQR:1-5). Hydroxychloroquine or chloroquine sulphate
had been administered to 97-8% of cases; cyclosporine to 89-2%,
interferon beta-1b to 9-7%, and LMWH to 96-2%. Pulse methyl-
prednisolone had been given to 95-7% of cases at a dose of 250 mg/
day for one to three days before TCZ. Antimicrobial agents, either
doxycycline or azithromycin, were given to all patients for a
minimum duration of 5 days.

During a follow-up period of 15 days, 51 patients achieved the
primary endpoint (intubation or death), 19 patients needed
intubation (of whom 4 died), and 36 died (32 of whom were
not intubated). The primary endpoint (intubation or death) was
significantly different in the group receiving TCZ when the oxygen
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Table 1
Clinical characteristics of patients with severe SARS-CoV-2 pneumonia treated with
tocilizumab.

Characteristics N = 186
Mean age (SD)-yr 65 (114)
Age category-no. (%)
<50 yr 17 (9-1)
50 to <70 yr 97 (52-1)
>70 yr 72 (38:7)
Male sex-no. (%) 126 (67-7)
Ethnicity-no. (%)
- Caucasian 177 (95-2)
- Latin American 9(4-8)
- Other 0 (0)
Coexisting conditions—no. (%)
- None 59 (31-7)
- Hypertension 94 (50-5)
- Diabetes 39 (21)
- Obesity 57 (30:6)
- Vasculopathy 29 (15-6)
- Chronic obstructive lung disease 13 (7)
- Chronic renal failure (GFR < 30 ml/min) 6(3-2)
- Immunosuppression 20 (10-8)
Median duration of symptoms prior to tocilizumab 11 (8-13)
therapy
(IQR) - days
Median duration of hospital admission prior to 3(1-5)
tocilizumab

therapy (IQR) - days

support was higher (Fi0O2 >0.5 %) than those with FiO2 <0.5% (37%
vs 13% and p < 0-001) (Figure 1, Table 2).

Changes in laboratory data 2-5 days after TCZ administration
are shown in Table 3. A statistically significant decrease in the
median serum ferritin and the median HSCRP was observed.
Interleukin-6 and p-dimer median serum levels increased, and the
median absolute lymphocyte count remained stable.

Thirty-six patients died despite TCZ treatment. The main
demographical, clinical, and laboratory data of patients who died
and survived are shown in Table 4. Patients who died were older
(75-8 years versus 62-5 years and p < 0-001), had any coexisting
condition (89% vs 63% and p = 0-003), specifically high blood
pressure (69% vs 46% and p = 0-12); had a higher mean interleukin-
6 before and after treatment (389 vs 116, p = 0.017, and 1168 vs 311,
p < 0-001, respectively), a higher mean HSCRP after treatment
(3-5 vs 2:0 and p < 0-009), a lower absolute lymphocyte count
before and after treatment (633 vs 803, p = 0.052, and 527 vs 860,
p = 0-001, respectively), and a higher median p-dimer before and
after treatment (8288 vs 2,045, p = 0.027, and 7832 vs 3190,
p = 0-027, respectively). The global survival rate of those who
received TCZ was 81% (150 patients), and it was 94% for those who
received it when their oxygen support was with a Fi0O2 <0.5%, and
72% when it was >0.5% (p = 0.000).

Safety

A total of 11 (5-9%) patients had serious adverse reactions
related to TCZ reported by their treating physicians, including
increased hepatic enzymes (5 cases) or bilirubin (3 cases),
increased creatinine (3 cases), hyperkalemia (1 case), and
headache (1 case). Secondary acquired infections after TCZ
administration were documented in 13 cases (6-3%), including
fungal (Candida spp., 7 cases and Aspergillus spp., 2 cases) and
bacterial (Pseudomonas aeruginosa 2 cases, Klebsiella pneumoniae 2
cases, and Enterococcus spp. 2 cases).
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Table 2
Clinical characteristics of patients with early (FiO2 <0.5) and late (Fi02 >0.5)
tocilizumab treatment.
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Table 3
Clinical, laboratory, imaging data, and outcomes of patients with severe SARS-CoV-
2 pneumonia treated with tocilizumab.

Characteristics Characteristics
Early (n = 72) Late (n = 114) p Before After p
Mean age (SD)-yr 64 (11) 66 (12) =0-139 Oxygen-support category-no.(%) 7 days after
Male sex-no. (%) 49 (68) 77 (68) =0-942 tocilizumab
- Fi02-0.21% (Ambient air) 2(11) 38 (20-4)
Ethnicity-no. (%) - Fi02-0.24% 3(16) 8 (4-3)
- Caucasian 68 (94) 109 (96) =0-717 - Fi02-0.28% 6(3-2) 23 (12-3)
- Latin American 4 (6) 5(4) =0-717 - Fi02-0.35% 36 (19-4) 22 (11-8)
Coexisting conditions-no. =0-307 - Fi02-0.4% 23 (12-3) 14 (7-5)
(%) - Fi02-0.6% 21 (11-3) 6(3-2)
- None 26 (36) 33 (29) - Fi02-1% 95 (51-1) 24 (12-9)
- Hypertension 34 (47) 60 (53) =0-472 - Intubated/dead 51 (27-4)
- Diabetes 10 (14) 29 (25) =0-059
- Obesity 15 (21) 42 (37) =0-021 Median laboratory values (IQR)
- Vasculopathy 16 (22) 13 (11) =0-048 - Serum ferritin-pg/liter 1211 1139 =0-003
- Chronic obstructive lung 7 (10) 6 (5) =0-245 (716—-2,105) (673-1,880)
disease - High-sensitivity C-reactive protein- 8-9 14 (0-6-3) <0-001
- Chronic renal failure 4 (6) 2(2) =0-153 mg/dl (3-4-18.9)
(GFR <30 ml/min) - Interleukin-6-pg/mL 42 149 <0-001
- Immunosuppression 9 (13) 11 (10) =0-541 (8-4-100) (52-519)
Mean duration of 10-7 (5) 117 (6) =0-237 - D-dimer-mgj/liter 821 1197 <0-001
symptoms prior to (498-1,510) (737-2,240)
tocilizumab therapy - Absolute lymphocytes-per mm? 700 700
(SD)-days (500-900) (500-1,000)
Mean duration of hospital 3-8 (3) 3:3(3) =0-298
admission prior to Clinical evolution-no. (%)
tocilizumab therapy - Endpoint (intubation or death) 51 (27-4)
(SD)-days - Intubation 19 (10-2)
- Death 36 (19-4)
Concomitant treatment-no. (%) - Live hospital discharge 150 (80-6)
- Steroids 68 (94) 110 (97) =0-503 - Median days from 1st dose until 10 (7-15)
- Protease inhibitors 62 (86) 106 (93) =0-123 discharge
- Hydroxichloroquine 71 (99) 111 (97) =0-569 - Median days of hospitalization 14 (7-19)
- Cyclosporine 59 (82) 107 (94) =0-011
- Interferon beta 5(7) 13 (11) =0-316 Radiological evolution-no. (%)
- Heparin 68 (94) 111 (97) =0-307 - Improvement 71 (38)
- Antibiotics 72 (100) 114 (100) - Unchanged or deterioration 106 (57)
- Not available 9 (5)
Median laboratory values (SD) Tocilizumab-related serious adverse 11 (5-9)
- Serum ferritin-pg/liter 1842 (1850) 1466 (1443) =0-139 events-no. (%)
- High-sensitivity C-reac- 12 (11) 12 (10) =0-864 - Increase liver enzymes (AST, ALT) 5
tive protein-mg/dl - Increase bilirubin 3
- Interleukin-6-pg/mL 156 (329) 176 (624) =0-830 - Increase creatinine 3
- D-dimer-mg/liter 2278 (4709) 3864 (13,302) =0-345 - Headache 1
- Absolute lymphocytes— 862 (630) 712 (323) =0-034 - Hyperkalemia 1
per mm?> Acute infection after tocilizumab-no. (%) 13 (6-9)
- Fungal 9
Primary endpoint-no. (%) o Candida spp. 7
- Global 9 (13) 42 (37) <0-000 o Aspergillus spp. 2
- Invasive ventilation 5(7) 14 (12) =0-242 - Bacterial 6
- Death 4 (6) 32(28) <0-000 o Pseudomonas aeruginosa 2
o Kilebsiella pneumoniae 27
o Enterococcus spp. 27
2 Combined with other pathogens.
Discussion

SARS-CoV-2 has infected more than 12.5 million people and
killed more than 560,000 and, as yet, there is a lack of effective
therapy for this novel disease (Fauci et al., 2020). Several antiviral
drugs, such as remdesivir-an RNA polymerase nucleotide analog-
and lopinavir/ritonavir-an HIV protease inhibitor-have been
tested either in a limited number of cases or in small clinical
trials showing some benefits (remdesivir) (John et al., 2020) or
none at all (lopinavir/ritonavir) (Cao et al., 2020). However, clinical
and pathological studies of SARS-CoV-2 disease indicate that a
systemic cytokine storm due to macrophage activation may be the
leading cause of death in the vast majority of patients, usually
occurring two to four weeks after primary infection (Channappa-
navar and Perlman, 2017; Mehta et al., 2020; Karakike and
Giamarellos-Bourboulis, 2019). Therefore, immunomodulatory
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drugs have been used empirically with the aim of regulating
and suppressing the inflammatory reaction that leads to multi-
organ failure and death (Moore and June, 2020; Teijaro, 2017), and,
in a recent trial, the use of dexamethasone has been effective for
those requiring invasive mechanical ventilation (Horby et al.,
2020).

At present, there are more than 50 trials under way with TCZ
(clinicaltrials.gov) that will give clear information on the efficacy of
this drug for severe Covid-19 disease. In the meantime, cohort
studies, as ours, and clinical reports, are the only source of available
information.

An initial report of 21 patients treated in China by Xu et al
showed clinical improvement in all cases without deaths or
adverse effects (Xu et al., 2020). However, compared to our series,
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Table 4
Comparison of the main characteristics of patients who died and survived after
tocilizumab treatment.

Characteristics Died (n=36) Survived p
(n=150)
Mean age-yrs 75-9 62-5 <0-001
Sex - n® (%)
- Male 24 (67) 102 (68) =0-878
- Female 12 (33) 48 (32) =0-878
Any Comorbidity-n2 (%) 32(89) 95 (63) =0-003
High Blood Pressure-n2 (%) 25 (69) 69 (46) =0-012
Diabetes-n® (%) 10 (28) 29 (19) =0-264
Obesity-n® (%) 13 (36) 44 (29) =0-428
Vasculopathy-n? (%) 9 (25) 20 (13) =0-083
Chronic Obstructive Lung 4 (11) 9 (6) =0-280
Disease-n? (%)
Cr. Clearance <30 mil/min-n2 (%) 0(0) 6 (4) =0-223
Immunosuppression-n2 (%) 4 (11) 16 (11) =0-938
Laboratory Data pre- and post-tocilizumab
Serum ferritin-pg/liter pre 1557 1626 =0-806
Serum ferritin-pg/liter post 1366 1338 =0-898
High-sensitivity C-reactive 13-4 117 =0-378
protein-mg/dl pre
High-sensitivity C-reactive 35 2:0 =0-009
protein-mg/dl post
Interleukin-6-pg/mL pre 389 116 =0-017
Interleukin-6-pg/mL post 1168 311 <0-001
D-dimer-mg/liter pre 8288 2045 =0-002
D-dimer-mg/liter post 7832 3190 =0-027
Total lymphocytes—per mm? pre 633 803 =0-052
Total lymphocytes—per mm? post 527 860 =0-001
Oxygen support pre tocilizumab
FiO2 - <0.5% pre - n2 (%) 4 (5-6) 68 (94-4) <0-001
FiO2 - >0.5% pre - n° (%) 32(28) 82(72)  <0-001

their patients were a median of 7 years younger and also had a
lower proportion of concomitant diseases, factors that might
explain our higher fatality rate. In addition, the mean IL6 value of
the patients in Xu’s series is similar to that of our group of
survivors, but significantly lower than that of those who died in our
study. It is possible that the blockage of the IL6R by TCZ might
require higher doses in patients with higher serum IL6 levels. We
could not evaluate this issue in our series as only a small proportion
of our patients received two or more doses of TCZ.

A second cohort by Luo et al of 15 patients, 8 of them also
treated with steroids as most of our patients, showed a higher
mortality rate (3/15, 20%), particularly in those patients with
higher C reactive protein levels before TCZ administration (Luo
et al., 2020). Our data show similar results, demonstrating a worse
prognosis for those with higher CRP before and after TCZ
treatment. However, other biomarkers such as IL6 levels and total
lymphocyte count, and the amount of oxygen support needed are
also key factors for the prognosis of this infection.

One of the larger cohort studies published so far includes 179
subjects treated in different centers in Italy (Guaraldi et al., 2020)
and they used the same composite endpoint as ours, that is the
need for intubation or death. Of note, both cohorts studied are
similar in terms of age, comorbidities, and severity of the disease,
but not in the proportion of subjects treated with steroids, which is
much higher in ours. Despite this, the proportion of patients who
achieved the primary endpoint (intubation or death) is similar in
both series, 25.7% in Guaraldi’s and 27.4 in ours. The proportion of
new acute infections after TCZ was lower in our series (6.3%) as
compared to theirs (13%), even with the use of steroids and
cyclosporine in our group of patients. This might be related to a
different and prolonged use of antibiotics in our series or perhaps
to a lack of recorded information due to the retrospective nature of
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the study. Of note, we did not observe any herpesvirus reactivation.
In another large cohort study carried out in Italy (Mikulska et al.,
2020), with 196 subjects included, they observed an improvement
in the results in nonintubated patients, treated early, as in our
cohort, with TCZ, methylprednisolone or both. Several studies have
shown improvements in median hospital stay or in respiratory and
laboratory parameters (Moreno-Pérez et al., 2020; Sciascia et al.,
2020). Even in patients who required intensive care unit support
and mechanical ventilation, other authors have reported signifi-
cant benefits when TCZ was added to the treatment of patients
(Biran et al., 2020; Somers et al., 2020; Kewan et al., 2020). Despite
these findings in several studies, the first study designed by the
pharmaceutical company, the COVACTA trial, failed to meet its
primary endpoint (Furlow, 2020). However, the company had
recently announced (Anon, 2020d) the efficacy of TCZ, with a
reduction in the likelihood of needing mechanical ventilation in
hospitalized patients with COVID-19-associated pneumonia, in the
EMPACTA phase III clinical trial (Anon, 2020e). A detailed analysis
of these data would be required after its publication.

The most significant result of our study, which should be
evaluated in well-designed clinical trials, is that TCZ administra-
tion in severe but not critical cases is associated with a good
prognosis, avoiding disease progression in 94% of cases, and only
6% requiring intubation due to progressive respiratory insufficien-
cy. In contrast, we have observed that when the drug is given in
more critical cases, with higher oxygen support needs, its value is
less clear, at least in this group of cases treated with a single dose of
TCZ and multiple drug combinations, including corticosteroids and
cyclosporine. It is possible that higher or repeated TCZ doses might
have added additional benefits. Mortality rates in hospitalized
patients with SSP vary widely but it is approximately 15.1%-28% in
Spanish, Italian, and Chinese studies (Fernandez Cruz et al., 2020;
Grasselli et al., 2020; Zhou et al., 2020), significantly higher than
that of our series of patients who received TCZ early in the course of
the disease, when FiO2 requirement was below 0.5%.

Surrogate markers of macrophage activation, such as serum
ferritin levels, interleukin-6 levels, and high sensitivity C reactive
protein, changed after TCZ therapy, which indicate a reduction of
the inflammatory process. As expected, the median interleukin-6
levels increased 48 h after TCZ, as have been shown in previous
reports (Luo et al., 2020; Guaraldi et al., 2020). Unfortunately, we
do not have further data of these markers, days or weeks after TCZ
treatment. As expected, elevated inflammatory markers are
associated with poor prognosis, despite TCZ use.

Most patients received only one dose of 400 mg TCZ, mainly
because of shortage of the drug during the peak of the epidemic.
Seventeen patients received two or more doses of the drug
showing similar outcomes than those who received a single dose.
These data suggest that even 400 mg of TCZ might be adequate for
the reduction of the acute inflammatory process in severe cases;
however, critical cases might require higher or repeated doses, an
issue that we could not evaluate in our cohort.

The safety and tolerance of TCZ were good in previous studies of
non SARS-CoV-2 patients (Fernandez Cruz et al., 2020; Burmester
etal., 2016). In our series, a small number of serious adverse events
were reported and attributed by physicians to the drug. The
acquisition of secondary nosocomial infections was detected in 13
patients (6-9%), most of them being lung or urinary tract infections
of fungal or bacterial etiology. However, all these cases had
previously received systemic corticosteroids, cyclosporine, and
antibiotics, and most of them were admitted in the intensive care
unit at the time the secondary infection was detected. These
infections are probably due to the combination of these treatments
and risk factors. This is notable because patients with rheumatoid
arthritis or those receiving CAR-T cell therapy for cancer who are
treated with long term use of TCZ are prone to infectious
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complications (Burmester et al., 2016; Gren et al., 2019; Le et al,,
2018; Maschmeyer et al., 2019), but this does not seem to be the
case with single or limited TCZ administration.

Our study has several limitations, basically due to the
retrospective collection of data and the absence of a control
group. First, the decision to administer TCZ was made by the
medical team responsible for each patient, despite our treatment
protocol. Therefore, the clinical status of patients and the timing of
drug administration after the onset of Covid-19 symptoms were
variable; initially it was indicated in extreme respiratory-
compromised patients and later it was prescribed much earlier,
with lower FiO2 support, allowing us to study its efficacy in this
situation. Secondly, the total amount of drug and number of doses
that patients received were not uniform, due, as previously
mentioned, to a shortage of the drug in the country during the peak
of the epidemic. Thirdly, most patients had received previous and/
or concomitant drugs, including systemic corticosteroids and
hydroxychloroquine, which have anti-inflammatory properties.
Therefore, we could not properly assess the impact of these drugs
on the overall response of patients treated with TCZ. Finally,
survival rates would also have been influenced by the UCI
committee decision whether a patient was eligible for intubation.
Only large randomized clinical trials will be able to determine the
impact of different immunomodulatory or anti-inflammatory
drugs administered simultaneously.

In summary, our data support the use of TCZ in SSP, in
combination with corticosteroids and other immunomodulatory
drugs such as cyclosporine. When the respiratory compromise is
still not very severe, the survival rate is 