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Abstract
The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus 2, keeps spreading
globally. Evidence suggests that a subgroup of patients with severe symptomatology might have cytokine storms, which increases
mortality. The use of interleukin-6 (IL-6) inhibitors may help in controlling the pathological immune response to the virus. Tocilizumab, a
monoclonal antibody against IL-6, stands as an optional treatment for COVID-19patients presenting this inflammatory hyper-response.
We conducted a retrospective, observational, cohort study including 50 patients affected by COVID-19 with severe pneumonia

and poor prognosis criteria, who have also undergone standard treatment; 36 of these patients additionally received tocilizumab in an
early stage. The need for intensive care unit (ICU) admission, mortality, recovery of respiratory function, and improvement of
biochemical and hematological parameters were compared between cohorts.
Most patients weremen, non-smokers and themost frequently reported comorbidities were hypertension and diabetes. Recurrent

symptoms were fever, cough, and dyspnoea. 54.8% of patients from the tocilizumab group needed intubation, while in the control
group 85.7% needed it. Treatment with tocilizumab significatively increased IL-6 levels, (554.45; CI 95% 186.69, 1032.93; P< .05)
while C-reactive protein mean levels were reduced (–108.19; CI 95% –140.15, –75.33; P< .05), but no significant difference was
found between cohorts. In comparison with the controls, tocilizumab reduced mortality (25.0% vs 42.9%, P= .021) and the number
of ICU admissions (63.9% vs 100.0%, P= .021). 44.1% of patients treated with tocilizumab showed favorable radiological evolution,
when compared with 15.4% of patients from the control group.
Tocilizumab may improve clinical symptoms and mitigate deterioration observed in severe COVID-19 patients, and could be

considered as an effective therapeutic option in subjects experiencing a significant inflammatory response to the disease.

Abbreviations: COVID-19 = coronavirus disease 2019, CoVs = coronaviruses, ICU = intensive care unit, IL-6 = interleukin 6,
SARS = severe acute respiratory syndrome, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, TCZ = tocilizumab.
Editor: Pravesh Kumar Bundhun.

All authors contributed equally.

Funding has been obtained through the Andalusian Public Foundation for Biosanitary Research in Eastern Andalusia - Alejandro Otero (FIBAO).

FMP has assisted in conferences and participated as a speaker for Roche, Astra Zeneca, Incyte, and Celgene. MIST reports personal fees from Boehringer Ingelheim
International Gmbh.

All other authors declare no competing interests.

The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.

Medical Oncology, Complejo Hospitalario de Jaen, Jaen, Spain.
∗
Correspondence: Pedro Sánchez-Rovira, Medical Oncology, Complejo Hospitalario de Jaen, Jaen, Spain (e-mail: oncopsr@yahoo.es).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is permissible to
download, share, remix, transform, and buildup the work provided it is properly cited. The work cannot be used commercially without permission from the journal.

How to cite this article: Sánchez-Rovira P, Pérez-Chica G, Ortega-Granados AL, Aguilar-García J, Díaz-Beltrán L, Gálvez-Montosa F, García-Verdejo F, Luque-Caro N,
Quero-Blanco C, Fernández-Navarro M, Rodríguez-Sánchez A, Ruiz-Bailén M, Yaguez-Mateos L, Marín-Pozo JF, Sierra-Torres MI, Lacárcel-Bautista C, Duro-Ruiz GJ,
Duro-Fernández MÁ, García-Alegría J, Herrero-Rodríguez C. Early use of tocilizumab in patients with severe pneumonia secondary to severe acute respiratory
syndrome coronavirus 2 infection and poor prognostic criteria: Impact on mortality rate and intensive care unit admission. Medicine 2021;100:29(e26533).

Received: 26 December 2020 / Received in final form: 2 June 2021 / Accepted: 15 June 2021

http://dx.doi.org/10.1097/MD.0000000000026533

1

mailto:oncopsr@yahoo.es
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1097/MD.0000000000026533


Sánchez-Rovira et al. Medicine (2021) 100:29 Medicine
Keywords: coronavirus disease 2019, cytokines, intensive care unit admission, interleukin 6, mortality, pneumonia, poor
prognosis, severe acute respiratory syndrome coronavirus 2, tocilizumab
1. Introduction
Coronaviruses (CoVs) have co-evolved with their hosts, includ-
ing human beings, for thousands of years. Until 2003, only 2
human CoVs were known to cause mild illness, like the common
cold. However, outbreaks of severe acute respiratory syndrome
(SARS) and the Middle East respiratory syndrome (MERS) have
changed the perception of how destructive and critical a CoV
infection can be.[1,2]

A novel coronavirus disease (COVID-19), caused by infection
with severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was identified in Wuhan, China, in December 2019. It
rapidly spread across continents and has become a world-wide
public health challenge.[3] On January 30, 2020, WHO’s
International Health Regulations Emergency Committee trig-
gered its highest global emergency alert by declaring COVID-19 a
Public Health Emergency of International Concern. At the time,
there were fewer than 100 cases and no deaths outside China. On
March 11, 2020, WHO recognized it as a global pandemic.
In Spain, as of December 15, 2020, there had been a reported
total of 1,762,212 confirmed cases of COVID-19 and 48,401
deaths.[4]

Morbidity and mortality associated with COVID-19 are
highest in the elderly and among people with comorbidities,
which brings a huge burden to healthcare facilities.[5,6] According
to a systematic review and meta-analysis, approximately 20% of
COVID-19 patients with comorbidities required intensive care
unit (ICU) admission and >13% of hospitalized patients had
fatal outcomes,[6] with the mortality in critically ill patients
reaching as high as 61.5%.[7] Thus, finding therapeutic
approaches that could reduce the number of deaths is now of
great importance. Like other viral respiratory pathogens, in most
cases COVID-19 develops with a rapid progression of fever,
cough, and dyspnoea, with leukopenia and the quick progress to
acute respiratory distress syndrome (ARDS) being its key defining
factors.[6]

From what we know so far, SARS-CoV-2 is seemingly less
pathogenic but more transmissible than SARS-CoV and MERS-
CoV. Most patients with COVID-19 remain asymptomatic or
develop mild symptoms, which might contribute to its rapid
transmission around the world,[1] but around 15% to 20% of
those affected developed severe respiratory distress syndrome or
septic shock.[5] These patients often need oxygen therapy and
even assisted ventilation in the ICU. This novel virus spreads
mainly through respiratory droplets and close contact. As the
disease progresses, a number of complications tend to develop,
especially in critically ill patients. Although there is no definitive
data yet, advances are being made in the study of this disease, and
data, both clinical and radiological, is gradually becoming
available to identify patients of particular severity. The
pathological findings obtained showed representative character-
istics of ARDS and the involvement of multiple organs.[2]

As research moves forward, more data on the physiopatho-
genesis of COVID-19 is increasingly coming to light. Thus, we
know of the existence of a first viral and respiratory phase, and of
a second stage that is characterized by an inflammatory hyper-
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response, which is responsible for the poor evolution of patients
in many cases. In fact, severe cases of COVID-19 are caused by an
inter-inflammatory response that can lead to multiple organ
failure and, in many cases, death.[8]

In this regard, cytokine stormsmediated by the overproduction
of pro-inflammatory cytokines have been observed in a large
population of critically ill patients infected with COVID-19.[3,5]

On a physiological and pathological level, cytokine release
syndrome (CRS) is related to the activation of large numbers of
immune cells and the massive release of inflammation mediators.
Patients who suffer from CRS progress quickly to cardiovascular
collapse, multiple organ dysfunction, and death.[9] Therefore,
early identification, treatment, and prevention of cytokine storms
are of crucial importance for the prognosis of these patients.
Among the excessive cytokines produced by activated macro-

phages, interleukin-6 (IL-6) is known as one of the key cytokines.
Elevated levels of IL-6 in patients with COVID-19 were reported
in several studies and were also correlated with a worse prognosis
of the condition,[10–13] which means it could be used as a
predictive biomarker of disease severity.[14] A large retrospective
cohort study found that IL-6 levels correlated with mortality in
patients with COVID-19.[15] Biologically, IL-6 is essential for the
generation of T helper 17 (Th17) cells in the dendritic interaction
between T cells,[16] therefore, excess of IL-6may explain the over-
activated Th17 cells observed in patients with COVID-19.[17]

Taking all this into account, IL-6 may be an effective target for
COVID-19 induced CRS. This clinical data could permit early
action after the viral phase, helping to adopt measures aimed at
controlling the cytokine storm in those patients in whom it is
expected, and, thus, being able to prevent or control the
unfavorable evolution of the disease.
Blocking the function of IL-6 with a monoclonal antibody

against its receptor, for example, by using tocilizumab (TCZ),
would help prevent the damaging inflammatory response in some
cases of SARS-CoV-2 induced pneumonia.[5] This can prove to be
useful in the initial treatment of patients with a risk of cytokine
storms,[18] as it would block the IL-6 signal transduction pathway
and could become a reliable alternative for the treatment of severe
patients.[3,9,18–24]

As for the clinical criteria of poor prognosis, there is already a
certain criteria that allows us to identify those serious patients
who are most likely to need admission to ICUs. Since admission
to ICU implies a high rate of mortality,[25] there is a major
necessity to design treatment strategies or guidelines that favor a
reduction in the percentage of hospitalized patients requiring to
be treated in the ICU.
While current data regarding the effect of TCZ on the

inflammatory activity of COVID-19 patients is very preliminary,
it shows an improvement in clinical symptoms and a limitation of
patients’ deterioration,[3] and therefore warrants further studies
in order to confirm its effectiveness.
In this context, the present study aims to determine the efficacy

of TCZ as an early treatment of severe SARS-CoV-2-driven
pneumonia in patients with poor prognosis, after the viral
replication phase and prior to their admission to an ICU.



Table 1

Patients characteristics at baseline.

Tocilizumab (n=36) Control (n=14)

Age years (range) 60·9±10·4 (36–84) 65·2±10·2 (47–78)
Gender
Male 31/36 (86·1%) 13/14 (92·9%)
Female 5/36 (13·9%) 1/14 (7·1%)
Number of smokers or ex-smokers 10/36 (27·8%) 6/14 (42·9%)

Chronic pathologies
Hypertension 15/36 (41·7%) 10/14 (71·4%)
Diabetes 12/36 (33·3%) 6/14 (42·9%)
Coronary artery disease 2/36 (5·6%) 3/14 (21·4%)
Atrial fibrillation 2/36 (5·6%) 2/14 (14·3%)
Malignancy 5/36 (13·9%) 0/14 (0·0%)
COPD 2/36 (5·6%) 1/14 (7·1%)
Asthma 2/36 (5·6%) 1/14 (7·1%)

Symptoms
Fever 32/36 (88·9%) 13/13 (100·0%)
Cough 30/36 (83·3%) 11/13 (84·6%)
Dyspnea 22/36 (61·1%) 10/13 (76·9%)
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2. Methods

2.1. Study design

This is a multicentre, retrospective, observational, cohort study.
One of the cohorts is made up of patients affected by COVID-19
with severe pneumonia and poor prognosis criteria who were
treated using standard treatment (hydroxychloroquine, anti-
virals, and antibiotherapy). The other group included patients
affected by COVID-19 with severe pneumonia and poor
prognosis criteria, treated with standard treatment and in which
the drug TCZ had also been used at an early stage. Information
on participant’s sociodemographic characteristics, risk factors,
laboratory parameters, medication use, interventions, and
clinical outcome was retrospectively assessed from clinical
records. Difference in rates for ICU admission, death, recovery
of respiratory function, and improvement of biochemical and
hematological parameters are considered as study outcomes. The
follow-up time of the subjects is from their admission to the
hospital until the patients are discharged or they pass away.
Arthromyalgia 14/36 (38·9%) 4/13 (30·8%)
Expectoration 5/36 (13·9%) 2/13 (15·4%)

CURB-65
0 8/36 (22·2%) 0/13 (0·0%)
1 12/36 (33·3%) 3/13 (23·1%)
2 12/36 (33·3%) 6/13 (46·2%)
3 4/36 (11·1%) 3/13 (23·1%)
4 0/36 (0·0%) 1/13 (7·7%)
Bilateral pneumonia 35/36 (97·2%) 14/14 (100·0%)

COPD= chronic obstructive pulmonary disease.
2.2. Patients

Adult patients from theUniversityHospital of Jaén (Spain) and the
Hospital Costa del Sol in Marbella (Málaga, Spain), diagnosed
with COVID-19, with an oxygen saturation inferior to 92%,
baseline process identifiedas a risk factor, and/orwhomet at least 3
analytical criteria for poor prognosis (abnormal levels of C-
reactive protein, ferritin, D-dimer, IL-6, lymphocytes, and
procalcitonin), were included in the study. Patients were not
having respiratory distress or multiorganic failure by the time of
admission to the hospital. Data from 36 COVID-19 patients
treated with TCZ were analyzed. Data from 14 COVID-19
patients that did not receive TCZ was used as a control. For
diagnosis, specimenswere obtained via throat swabs under aseptic
conditions and tested with the real-time reverse transcriptase
polymerase chain reaction (RT-PCR) assay. The admission date of
these patients was from March 8, 2020 to April 16, 2020.
This study is subjected to the requirements of the Declaration

of Helsinki[26] and the Spanish law on protection of patients’
rights.[27]

The study was classified as EPA-OD by the Spanish Agency of
Medicines and Medical Devices (AEMPS) on May 8, 2020 and
was approved by the Ethics Committee for Research with
medicinal products of the province of Jaén on May 18, 2020.
2.3. Treatment with tocilizumab

The use of TCZ for this type of patient was permitted by the
Spanish Agency of Medicines and Medical Devices (AEMPS) on
March 19, 2020, as an available treatment for the management of
respiratory infection caused by SARS-CoV-2. It was included in a
program for compassionate use, through the application of
Medication Management in Special Situations, with specific
indications.[28] Patients received a single dose of 400mg if they
weighed <75kg, or 600mg if they weighed ≥75kg.
2.4. Statistical analysis

Continuous measurements are presented as mean± standard
deviation, and categorical variables as count (%). t Tests were
used for comparison of quantitative variables between experi-
mental groups (with adjustment for variance difference), and
3

95% confidence intervals for a single group. Chi-square tests
were used for comparison of categorical variables between
experimental groups, and tests of binomial proportions in the
case of a single group. All P values are two-sided with a threshold
of <.05 for statistical significance. The software used for data
processing was Statistical Product and Service Solutions (SPSS)
IBM v25.0 (IBM Corp., Armonk, N.Y., USA).
3. Results

Overall, 50 patients with COVID-19 were included in this study
and distributed in 2 cohorts, the experimental group included 36
patients treated with tocilizumab, while the control group
consisted of 14 patients that did not receive this drug. The
characteristics of patients are summarized in Table 1. The
average age of the patients that received TCZ was 60.9±10.4,
and ranged from 36 to 84years. In the control group, the mean
age was 65.2±10.2, and included patients between 47 and 78
years old. Of the 36 patients whowere treated with TCZ, 31were
men (86.1%) and 5 women (13.9%), whereas in the control
group, 13weremen (92.9%) and 1was woman (7.1%) (Table 1).
The statistical analysis confirmed the homogeneity of the 2
cohorts of patients. From the first group, 10 patients (27.8%)
were smokers or ex-smokers, but most of them, 26 patients
(72.2%), had never smoked. Similarly, in the control group 8
patients (57.1%) had never smoked. Only one patient from the
TCZ group had no described comorbidities, and the most
commonly reported ones in both groups were hypertension
(41.7% vs 71.4%) and diabetes (33.3% vs 42.9%) (Table 1).
The most frequent symptom presented by patients from the

TCZ group was fever (32/36, 88.9%), followed by cough (30/36,
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83.3%), dyspnoea (22/36, 61.1%), arthromyalgia (14/36,
38.9%), and expectoration (5/36, 13.9%). Symptomatology in
the control group had a similar distribution (Table 1). Thirty four
(94.4%) patients from the TCZ cohort needed oxygen therapy or
respiratory support of some kind, while all the patients in the
control group required it. The average CURB-65 score was 1.33
in the patients that would be treated with TCZ and 2.15 for the
patients in the control group. Bilateral pneumonia was present in
all patients except for one in the TCZ group (Table 1).
Apart from TCZ, patients from both study cohorts would be

treated with antivirals, corticoids, prophylactic, and therapeutic
low-molecular-weight heparin, hydroxychloroquine, azithromy-
cin, and ceftriaxone. Additionally, one patient was treated with
remdesivir and another with anakinra. The use of corticoids in
COVID-19 patients has been associated with increased mortali-
ty[29] but that information was not available at the time and only
2 patients in each group were treated with them.
Nine patients (25.0%) of the TCZ group had normal levels of

oxygen saturation (≥95%) at the time of their hospital admission
(mean, 88.1±10.0), compared with the 2 patients (14.3%) of the
control group (mean, 86.7±6.9) (Table 2). Oxygen saturation
levels were recovered in most patients after hospitalization
(Fig. 1). On average, this recovery was maintained in patients
treated with TCZ, with 21 patients achieving normal levels and
only 2 with values under 90%. In the controls, this recovery was
not sustained, and the mean level of oxygen saturation was
reduced, with only 4 patients reaching normal levels before
discharge or exitus.
After admission, 26 patients treated with TCZ and 6 controls

were not receiving oxygen therapy. However, from the
experimental group, only 2 patients prior to treatment and 1
patient after receiving the TCZ treatment did not need any kind
of oxygen therapy or respiratory support. 54.8% patients from
the TCZ cohort required intubation, whereas in the control
group 85.7% required it (Table 2).
At admission, PaFi (PaO2/FiO2) levels were reduced in all

patients who had it registered. One recovered to normal levels
(≥300) during hospitalization and before starting the treatment
with TCZ. PaFi levels improved slightly during that time but, in
general, were reduced again after TCZ therapy (Fig. 1).
C-reactive protein (CRP) levels were above normal (<5mg/L)

at admission in 35 patients (mean, 148.8±103.7) from the TCZ
group and in all patients (mean, 241.3±116.0) from the control
group. CRP levels improved in both cohorts during hospitaliza-
tion, but only patients treated with TCZ (7/36, 19.4%) reached
normal rates (Table 2).
Lymphocytes count at the time of admission showed that 22

patients (22/36, 61.1%) had an abnormal value in the TCZ cohort
(mean, 1.05±0.49),with8patients (8/14,57.1%) fromthe control
group in the same situation (mean, 1.01±0.62). Lymphocytes
count decreased after TCZ treatment, as opposed to the increase
observed in control patients, with 10 (27.8%) and 8 (88.9%)
patients within the normal range, respectively (Table 2).
The median procalcitonin value at admission was 0.47±1.52

(n=28) in the TCZ group, with only 2 patients (7.1%) presenting
a normal level, and 0.73±0.82 (n=10) in the control group, with
none of those patients testing within the standard parameters
(Table 2). After treatment with TCZ, even though only 2 patients
had acceptable levels of procalcitonin, only 4 had levels higher
than 5ng/mL.
Pro-brain natriuretic peptide (Pro-BNP) levels were increased

in most patients at the time of admission and they did not show
4



Figure 1. Change in oxygen saturation, PaFi, CRP, and IL-6 after hospitalization and after tocilizumab treatment.
∗
P< .05. CRP=C-reactive protein, IL-6=

interleukin 6, PaFi= (PaO2/FiO2).
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any significant variation after TCZ treatment. However, 6
patients out of 18 (33.3%) reduced their Pro-BNP levels to within
the reference range.
High-sensitivity troponin values were stable for TCZ treated

patients, with 9, 15, and 16 patients within acceptable levels at
the admission, pre-treatment and post-treatment time points,
respectively. In comparison, the troponin mean level was
Figure 2. Percentages of mortality and ICU admissions. ICU= intensive care
unit.

∗
P= .021.
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increased in the control group at the last time point, but the
difference was not significant between cohorts, and 1, 5, and 4
patients had adequate values at the corresponding admission,
pretreatment and posttreatment time points.
In addition, all patients who were analyzed for IL-6 levels

presented increased values in both groups of patients (means,
222.9±689.5, n=19 in the TCZ group; 217.7±198.0, n=4 in
the control group). As expected, IL-6 levels went up significatively
in the cohort of patients treated with TCZ (554.45; CI 95%
186.69, 1032.93; P< .05) (Fig. 1) but not in the control group
(Table 2). However, no significant differences could be found
when both cohorts were compared.
Whereas all the patients (14/14) from the control group had to

be treated in the ICU, only 63.9% of patients (23/36) receiving
TCZ required admission (P= .021) (Fig. 2). At the time that the
data for this study was gathered, 22 (61.1%) patients who had
been treated with TCZ had been discharged, 2 (5.6%) were still
in ICU, and 9 (25.0%) patients had died. Comparatively, in the
control group, 3 (21.4%) patients had been released from the
hospital, 3 (21.4%) were still in ICU, and 6 (42.9%) had died.
Mortality difference between cohorts was statistically significant
(P= .021) (Fig. 2). For patients treated with TCZ, the median
duration of hospital stay was 21.61days and 15.80days in the
ICU. This is similar to the 24.89days of hospitalization and the
16.45days of ICU for the control group patients (Table 3).
44.1% of patients treated with TCZ showed a favorable

radiological evolution, in contrast to 15.4% of those from the
control group. Meanwhile, 61.5% of the control patients had an

http://www.md-journal.com


Table 3

Time in hospitalization and ICU.

Tocilizumab Control P value

Hospitalization days (range) 21.61±10.31 (3–47) (n=31) 24.89±13.70 (6–43) (n=9) P= .021
ICU days (range) 15.80±5.68 (5–39) (n=20) 16.45±12.04 (1–41) (n=11) P= .021

ICU= intensive care unit.
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adverse radiological outcome. This is similar to the patients that
received TCZ, of which 55.6% had this unpropitious result.
In the TCZ cohort, from the 11 patients that had serology

done, 11 were positive for IgM and 9 for IgG, whereas in the
control group, of the 6 subjects with serology, 5 were positive for
IgM and all 6 for IgG.
4. Discussion

In this retrospective study, we evaluated the effect of tocilizumab,
an IL-6 blocker, in a cohort of 36 patients affected by COVID-19
presenting severe pneumonia and poor prognosis, and compared
their outcomes with a control group of 14 patients with the same
characteristics who did not receive this medication. Our findings
supported the effectiveness of TCZ in the prevention or treatment
of cytokine storms induced by COVID-19. In the majority of
cases, acute phase reactant levels were reduced, and the patients
were reaching a stable condition reflected by a later progressive
decrease of IL-6 after TCZ administration.
Similarly to what has been previously reported,[12] in our study

more men than women needed admission into the hospital due to
COVID-19. Furthermore, most of them had some chronic
underlying conditions, mainly cardiovascular diseases or diabe-
tes. Old age, obesity, and the presence of comorbidities might be
associated with increased morbidity. All patients included in the
study presented at least one of those characteristics.
As previously mentioned, COVID-19 is clinically manifested

by fever, cough, and dyspnea,[6] which were common among the
patients analyzed in this investigation. After the treatment with
TCZ, symptomatology improved in most patients and, in line
with what has been observed in similar retrospective studies,[3,30]

oxygen saturation increased and remained stable. In addition,
there was a consistent difference between the number of patients
discharged in the TCZ cohort in comparison with the control
group, and significatively, many of the subjects from the
experimental cohort (12/22) did not need an ICU admission,
as opposed to the control group. In fact, of the 11 patients
receiving tocilizumab who were not admitted to the ICU, only
one did not survive. Furthermore, a robust contrast in favor of
TCZ therapy can be observed between both cohorts in terms of
mortality (25.0% vs 42.9%, P= .021). Similar outcomes were
observed in another retrospective case-control study, where the
percentage of patients with TCZ that died and/or needed ICU
admission was lower than that of the standard group.[31] Since
only 2 patients from each group received corticoid treatment, it
does not seem to have influenced these outcomes. Improvement
of chest radiographic evidence was also more frequently seen in
patients that were treated with TCZ than those who were not.
Although elevated CRP levels were reduced significatively (–

108.19; CI 95% –140.15, –75.33; P< .05) (Fig. 1), similar to
what was observed in the Chinese retrospective study,[3] a
parallel reduction was also detected in control patients,
questioning if this change is really caused by the TCZ therapy.
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Interestingly, more patients (4/30, 13.3%) had high levels of
procalcitonin, which can be indicative of infection, after TCZ
treatment than before treatment (2/28, 7.1%). TCZ therapy did
not change the level of ferritin, even though it has been reported
that it can be reduced in patients with rheumatoid arthritis.[32]

However, the IL-6 level increase matches the elevated serum
levels found in rheumatoid arthritis patients that were treated
with TCZ, which is explained by the inhibition of IL-6 receptor
consumption of IL-6.[33] In the study from Xu et al[3] around
50% of those studied returned to a normal lymphocytes
percentage. The results presented here showed that only 10
patients (27.8%) had lymphocytes counts within an acceptable
range after TCZ administration and the median value decreased,
while this parameter was raised in the control group, indicating a
better recovery of the immunologic system in TCZ patients. The
median level of high-sensitivity troponin increased in the control
group, but it was stable in the TCZ cohort. Something similar
happened with the Pro-BNP levels.
In the current pandemic situation, this work provides some

insights that can help to decide the therapy of COVID-19 patients
and to design clinical trials to find better approaches for these
patients.
This study may have some limitations, some of which are

common to all retrospective, observational, cohort studies. The
number of cases reported may be small, and could lack the
statistical power to draw stronger conclusions. The relatively
small sample size/data sets for some laboratory parameters are
also a potential limitation and may hinder the interpretation of
certain data. Also, as study data are collected retrospectively from
clinical records, information bias is a possibility (as a result of
incorrect or inexact recording). It was a single observational
study, and a significant bias could have possibly existed.
However, although our results should be evaluated with caution,
we reported a good response in patients with TCZ, and,
therefore, the data in this study permits an early assessment of the
efficacy of TCZ in severe COVID-19 patients. Observation with a
sufficient number of COVID-19 patients and randomized
controlled trials are still needed to document the effectiveness
of TCZ.
In summary, tocilizumab improves clinical symptoms and

subdues deterioration observed in severe COVID-19 patients,
enhancing the survival rate. In addition, since it decreases the
need for ICU admissions, it may help reduce the workload in
hospitals during an emergency situation. Therefore, tocilizumab,
like other drugs that might also be useful against infection-
induced cytokine storms, could be considered as an effective
therapeutic option in severe COVID-19 patients who develop a
significant inflammatory response to the disease.
Author contributions

Conceptualization: Pedro Sanchez-Rovira.
Data curation: Leticia Díaz-Beltrán.



Sánchez-Rovira et al. Medicine (2021) 100:29 www.md-journal.com
Investigation: Pedro Sanchez-Rovira, Gerardo Pérez-Chica, Ana
Laura Ortega-Granados, Josefa Aguilar-García, Leticia Díaz-
Beltrán, Fernando Gálvez-Montosa, Francisco García-Ver-
dejo, Natalia Luque-Caro, Cristina Quero-Blanco, Mónica
Fernández-Navarro, Agustín Rodríguez-Sánchez, Manuel
Ruiz-Bailén, Luis Yaguez-mateos, Juan Francisco Marín-
Pozo, María Isabel Sierra-Torres, Celia Lacárcel-Bautista,
Gaspar Jes�us Duro-Ruiz, María Ángeles Duro-Fernández,
Javier García-Alegría, Carmen Herrero-Rodríguez.

Supervision: Pedro Sanchez-Rovira.
References

[1] Ye ZW, Yuan S, Yuen KS, Fung SY, Chan CP, Jin DY. Zoonotic origins
of human coronaviruses. Int J Biol Sci 2020;16:1686–97.

[2] Zhou M, Zhang X, Qu J. Coronavirus disease 2019 (COVID-19): a
clinical update. Front Med 2020;14:126–35.

[3] Xu X, Han M, Li T, et al. Effective treatment of severe COVID-19
patients with tocilizumab. ChinaXiv 2020;202003:v1.

[4] Health Alert and Emergency Coordination Centre, Ministry of Health.
Update no. 105. Coronavirus disease (COVID-19). Situation in Spain;
2020. Available at: https://www.mscbs.gob.es/profesionales/saludPubl
ica/ccayes/alertasActual/nCov-China/documentos/Actualizacion_105_
COVID-19.pdf. Accessed September 29, 2020.

[5] Monteleone G, Sarzi-Puttini PC, Ardizzone S. Preventing COVID-19-
induced pneumonia with anticytokine therapy. Lancet Rheumatol
2020;2:e255–6.

[6] Rodriguez-Morales AJ, Cardona-Ospina JA, Gutiérrez-Ocampo E, et al.
Clinical, laboratory and imaging features of COVID-19: A systematic
review and meta-analysis. Travel Med Infect Dis 2020;34:101623.

[7] Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill
patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-
centered, retrospective, observational study. Lancet Respir Med 2020;8:
P475–81.

[8] Shi Y, Wang Y, Shao C, et al. COVID-19 infection: the perspectives on
immune responses. Cell Death Differ 2020;27:1451–4.

[9] Liu B, Li M, Zhou Z, Guan X, Xiang Y. Can we use interleukin-6 (IL-6)
blockade for coronavirus disease 2019 (COVID-19)-induced cytokine
release syndrome (CRS) J Autoimmun 2020;111:102452.

[10] Fang Y, Zhang H, Xu Y, Xie J, Pang P, Ji W. CT manifestations of two
cases of 2019 novel coronavirus (2019-nCoV) pneumonia. Radiology
2020;295:208–9.

[11] Huang C, Wang Y, Li X, et al. Clinical features of patients infected
with 2019 novel coronavirus in Wuhan, China. Lancet 2020;395:
497–506.

[12] Chen N, Zhou M, Dong X, et al. Epidemiological and clinical
characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet 2020;395:507–13.

[13] Alzghari SK, Acuña VS. Supportive treatment with tocilizumab for
COVID-19: a systematic review. J Clin Virol 2020;127:104380.

[14] Gao Y, Li T, Han M, et al. Diagnostic utility of clinical laboratory data
determinations for patients with the severe COVID-19. J Med Virol
2020;92:791–6.

[15] Zhou F, Yu T, DuR, et al. Clinical course and risk factors for mortality of
adult inpatients with COVID-19 inWuhan, China: a retrospective cohort
study. Lancet 2020;395:1054–62.

[16] Tanaka T, Narazaki M, Kishimoto T. Immunotherapeutic implications
of IL-6 blockade for cytokine storm. Immunotherapy 2016;8:959–70.
7

[17] Xu Z, Shi L, Wang Y, et al. Pathological findings of COVID-19
associated with acute respiratory distress syndrome. Lancet Respir Med
2020;8:420–2.

[18] Luo P, Liu Y, Qiu L, Liu X, Liu D, Li J. Tocilizumab treatment in
COVID-19: a single center experience. J Med Virol 2020;92:814–8.

[19] Zhang C, Wu Z, Li JW, Zhao H, Wang GQ. The cytokine release
syndrome (CRS) of severe COVID-19 and Interleukin-6 receptor (IL-6R)
antagonist Tocilizumab may be the key to reduce the mortality. Int J
Antimicrob Agents 2020;55:105954.

[20] Di Giambenedetto S, Ciccullo A, Borghetti A, et al. Off-label use of
tocilizumab in patients with SARS-CoV-2 infection. J Med Virol
2020;92:1787–8.

[21] Fu B, Xu X, Wei H. Why tocilizumab could be an effective treatment for
severe COVID-19? J Transl Med 2020;18:164.

[22] Cellina M, Orsi M, Bombaci F, Sala M, Marino P, Oliva G. Favorable
changes of CT findings in a patient with COVID-19 pneumonia after
treatment with tocilizumab. Diagn Interv Imaging 2020;101:323–4.

[23] Michot JM, Albiges L, Chaput N, et al. Tocilizumab, an anti-IL6 receptor
antibody, to treat Covid-19-related respiratory failure: a case report. Ann
Oncol 2020;31:961–4.

[24] Bennardo F, Buffone C, Giudice A. New therapeutic opportunities for
COVID-19 patients with Tocilizumab: possible correlation of interleu-
kin-6 receptor inhibitors with osteonecrosis of the jaws. Oral Oncol
2020;106:104659.

[25] Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized
patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA 2020;323:1061–9.

[26] World Medical Association. WMA Declaration of Helsinki – Ethical
Principles for Medical Research Involving Human Subjects; 2018.
Available at: https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-human-sub
jects/. Accessed September 29, 2020.

[27] Official State Bulletin. Law 41/2002 of 14 November, Basic Regulation
of Patient Autonomy and Rights and Obligations in the Area of
Information and Clinical Documentation; 2002. Available at: https://
www.boe.es/buscar/doc.php?id=BOE-A-2002-22188. Accessed Septem-
ber 29 2020.

[28] Spanish Agency ofMedicines andMedical Devices (AEMPS),Ministry of
Health. Available treatments for the management of respiratory infection
by SARS-CoV-2; 2020. Available at: https://www.aemps.gob.es/
laAEMPS/docs/medicamentos-disponibles-SARS-CoV-2-16-4-2020.
pdf?x50414. Accessed September 29, 2020.

[29] Li Y,MengQ, RaoX, et al. Corticosteroid therapy in critically ill patients
with COVID-19: a multicenter, retrospective study. Crit Care 2020;
24:698.

[30] Toniati P, Piva S, Cattalini M, et al. Tocilizumab for the treatment of
severe COVID-19 pneumonia with hyperinflammatory syndrome and
acute respiratory failure: a single center study of 100 patients in Brescia,
Italy. Autoimmun Rev 2020;19:102568.

[31] Klopfenstein T, Zayet S, Lohse A, et al. Tocilizumab therapy reduced
intensive care unit admissions and/or mortality in COVID-19 patients.
Med Mal Infect 2020;50:397–400.

[32] Isaacs JD, Harari O, Kobold U, Lee JS, Bernasconi C. Effect of
tocilizumab on haematological markers implicates interleukin-6 signal-
ling in the anaemia of rheumatoid arthritis. Arthritis Res Ther 2013;15:
R204.

[33] Nishimoto N, Terao K, Mima T, Nakahara H, Takagi N, Kakehi T.
Mechanisms and pathologic significances in increase in serum interleu-
kin-6 (IL-6) and soluble IL-6 receptor after administration of an anti-IL-6
receptor antibody, tocilizumab, in patients with rheumatoid arthritis and
Castleman disease. Blood 2008;112:3959–64.

https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-China/documentos/Actualizacion_105_COVID-19.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-China/documentos/Actualizacion_105_COVID-19.pdf
https://www.mscbs.gob.es/profesionales/saludPublica/ccayes/alertasActual/nCov-China/documentos/Actualizacion_105_COVID-19.pdf
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.boe.es/buscar/doc.php?id=BOE-A-2002-22188
https://www.boe.es/buscar/doc.php?id=BOE-A-2002-22188
https://www.aemps.gob.es/laAEMPS/docs/medicamentos-disponibles-SARS-CoV-2-16-4-2020.pdf?x50414
https://www.aemps.gob.es/laAEMPS/docs/medicamentos-disponibles-SARS-CoV-2-16-4-2020.pdf?x50414
https://www.aemps.gob.es/laAEMPS/docs/medicamentos-disponibles-SARS-CoV-2-16-4-2020.pdf?x50414
http://www.md-journal.com

	Early use of tocilizumab in patients with severe pneumonia secondary to severe acute respiratory syndrome coronavirus 2 infection and poor prognostic criteria
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Patients
	2.3 Treatment with tocilizumab
	2.4 Statistical analysis

	3 Results
	4 Discussion
	Author contributions
	References


