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Abstract
Purpose  Tocilizumab, a monoclonal IL-6 receptor blocker, is an effective agent for severe-to-critical cases of COVID-19; 
however, its target patients for the optimum use need to be detailed. We performed a systematic review and meta-analysis 
to define its effect among severely ill but non-intubated cases with COVID-19.
Methods  We searched PubMed, Scopus, Web of Science, MEDLINE, Cochrane Central Register of Controlled Trials 
(CENTRAL), Medrxiv, and Biorxiv until February 13, 2022, for non-intubated cases, and included randomized-controlled 
trials (RCT) based on bias assessment. The primary outcomes were the requirement of invasive mechanical ventilation and 
mortality. Random effect and fixed-effect models were used. The heterogeneity was measured using the χ2 and I2 statistics, 
with χ2 p ≤ 0.05 and I2 ≥ 50% indicating the presence of significant heterogeneity. We registered the study to the International 
Prospective Register of Systematic Reviews (PROSPERO) with the registration number CRD42021232575.
Results  Among 261 articles, 11 RCTs were included. The pooled analysis of the 11 RCTs demonstrated that the rate of 
mortality was significantly lower in the tocilizumab group than in the control group (20.0% and 24.2%, OR: 0.84, 95% CI 
0.73–0.96, and heterogeneity I2 = 0%. p = 0.82.). The mechanical ventilation rate was lower in the tocilizumab group than 
the control group (27% vs 35.2%, OR: 0.76, 95% CI 0.67–0.86, and heterogeneity I2 = 6%. p = 0.39).
Conclusion  Among non-intubated severe COVID-19 cases, tocilizumab reduces the risk of invasive mechanical ventilation 
and mortality compared to standard-of-care treatment.
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Introduction

Novel Coronavirus disease (COVID-19) is a severe respira-
tory system infection caused by SARS CoV-2 [1, 2]. The 
majority of the cases are mild and moderate and recover 
without any specific treatment. However, 5–10% of the cases 
require hospitalization and may progress to severe COVID-
19 [3, 4]. The morbidity and mortality are mainly caused by 
hyperinflammation among the patients, who have high-risk 
factors.

Immunomodulatory treatment including tocilizumab, 
an IL-6 receptor blocker, was defined as an effective meas-
ure in different studies. However, the appropriate timing of 
administration of tocilizumab has not been clearly defined 
yet. There are a wide range of administration time of toci-
lizumab from moderate to critical cases in different stud-
ies including randomized control trials (RCTs) and cohort 
studies [5–11]. It was shown that cytokine levels increase 
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sharply 10 days after the onset of symptoms in COVID-19 
[12]. Accordingly, IL-6 blockers might be more effective if 
given soon after hypoxia and before the need for invasive 
mechanical ventilation. This is an earlier timing than many 
studies, and compatible with our clinical practice. Therefore, 
we performed a meta-analysis including severe cases rather 
than critical cases to describe the appropriate time of tocili-
zumab use in COVID-19.

Materials and methods

This is a systematic review and meta-analysis which was 
registered at the International Prospective Register of Sys-
tematic Reviews (PROSPERO) with a registration number 
CRD42021232575. We used the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 
guidelines [13]. We searched PubMed, Scopus, Web of Sci-
ence, MEDLINE, Cochrane Central Register of Controlled 
Trials (CENTRAL), Medrxiv, and Biorxiv between January 
01, 2020, and February 13, 2022. “COVID-19, tocilizumab” 
and “SARS CoV-2, tocilizumab” keyword combinations 
were used in defined databases.

Inclusion criteria

1.	 Adult patients with COVID-19;
2.	 Studies that compare tocilizumab to control groups 

which consist of patients receiving standard-of-care 
(SOC) treatment or placebo;

3.	 Only randomized-controlled trials;
4.	 Studies that include only non-intubated cases

A severe case was defined as a case who has hypoxia 
(oxygen saturation < 90% in room air) or has a respiratory 
rate of > 30 breaths/min or signs of severe respiratory dis-
tress [14]. However, depending on the design of the stud-
ies, there were some minor differences in the definition of 
the “severe case”. Early severe was defined as oxygen sup-
plementation with a nasal cannula or simple mask, while 
progressive severe was defined as oxygen supplementation 
with high-flow or non-invasive ventilation. The outcomes 
were mortality and the requirement for invasive mechanical 
ventilation. Review articles, case studies, case series, letters, 
and studies without control groups were excluded. The RCTs 
that included the intubated cases were excluded.

Data extraction

Based on the PRISMA Checklist, papers were retrieved from 
different data sources. After duplicate files were removed, 
the information, including the type of study, country, base-
line characteristics such as age and gender, the total number 

of cases, the severity of the infection (severe or critical) in 
case of receiving tocilizumab, number of cases who received 
tocilizumab, number of cases who received standard-of-care 
or no treatment, and outcome measures, were extracted from 
relevant studies.

Quality assessment

Quality assessment and scoring of included studies were per-
formed based on the study design, intervention type, study 
population, stage of the disease, and outcome measures. 
Risk-of-bias assessment was carried out using the Revised 
Cochrane risk-of-bias tool for randomized trials (RoB 2) 
[15]. RoB 2 consists of the following six components: risk 
of bias arising from the randomization process, bias due to 
deviations from the intended interventions, bias due to miss-
ing outcome data, bias in the measurement of the outcome, 
and bias in the selection of the reported result. Four review-
ers independently evaluated the risk of bias, and disagree-
ments were solved by another reviewer.

Statistical analysis

Data were summarized across treatment arms using the odds 
ratio (OR). Random effect and fixed-effect models were 
used. Statistical significance was set as p ≤ 0.05. The hetero-
geneity was measured using the χ2 and I2 statistics, with χ2 
p ≤ 0.05 and I2 ≥ 50% indicating the presence of significant 
heterogeneity. The results were displayed using Forest plots. 
Funnel plots were used to visually evaluate publication bias, 
while Egger’s regression test and Begg’s test were used to 
statistically evaluate publication bias. Statistical analysis was 
performed using R.

Results

Assessment of the studies

After the removal of duplications, 261 articles were identi-
fied from PubMed (n = 22), Scopus (n = 53), Web of Science 
(n = 29), and Cochrane Library (n = 114). Twenty articles 
remained after the title and abstract screening. A total of 11 
RCTs [7–11, 16–21] were included after the full texts of 20 
articles were reviewed (Fig. 1).

The features of the studies

We included 11 RCTs, two of them were multi-center 
global studies, and the other trials were conducted in 
France, Italy, USA, United Arab Emirates, India, China, 
and UK. In total, 5472 patients were included of which 
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2864 were assigned to the tocilizumab group and 2608 
were assigned to the control group (Table 1).

Quality assessment

The risk of bias was detected as low among all 11 included 
RCTs.

Outcomes of the tocilizumab

Mortality

In the pooled analysis of the 11 RCTs, the rate of mortal-
ity was 20.0% in the tocilizumab group and 24.2% in the 
control group (OR, 0.84; 95% CI 0.73–0.96, p = 0.009). 
In the test for heterogeneity, I2 = 0%, and the p value was 
detected as 0.82 (Fig. 2).

Invasive mechanical ventilation

The pooled analysis of the 11 RCTs revealed that the inva-
sive mechanical ventilation rate was 27.0% in the tocili-
zumab group and 35.2% in the control group (OR, 0.76; 
95% CI 0.67–0.86, p < 0.001). In the heterogeneity test, 
I2 = 6% and p = 0.39 (Fig. 3).

The use of concomitant drugs

Based on the different nature of the studies, the use of con-
comitant drugs such as remdesivir and glucocorticoids that 
might affect the primary outcomes was evaluated (Table 1). 
The only effective antiviral was remdesivir in four studies. 
The use of remdesivir was detected as similar between the 
case and control groups. The use of corticosteroids was 
described as being similar in ten studies. Anakinra was used 
in only one study.

Discussion

Through this systematic review and meta-analysis, we 
described the effectiveness of using tocilizumab in severe 
COVID-19 patients before receiving invasive mechanical 
ventilation. Our meta-analysis included only severe COVID-
19 cases and showed that tocilizumab decreased the mor-
tality (OR, 0.84; 95% CI 0.73–0.96, p = 0.009, and for the 
heterogeneity I2 = 0%. p = 0.82, Fig. 2) and decreased the 
need for invasive mechanical ventilation (OR, 0.76; 95% 
CI 0.67–0.86, p < 0.001 and for the heterogeneity I2 = 6%. 
p = 0.39, Fig. 3). In our meta-analysis, no significant hetero-
geneity was detected (I2 = 0%. p = 0.82, Fig. 2 and I2 = 6%. 
p = 0.39, Fig.  3), and therefore, included studies were 
accepted as convenient for the meta-analysis. In terms of 
clinical impact, tocilizumab use decreased the mortality and 
the need for mechanical ventilation among non-intubated 
severe COVID-19 cases.

These findings were consistent with our clinical practice. 
Our results will be useful in the appropriate use of tocili-
zumab in clinical practice. Previously, the studies with a 
small sample size [7, 8] could not detect the effectiveness 
of tocilizumab until the report of the RECOVERY trial [11] 
which had > 3500 cases. However, the RECOVERY trial and 
other RCTs [8, 10, 11, 22] included moderate, severe, and 
critical cases, and, therefore, could not help us to point out 
the appropriate timing of the use of tocilizumab in clinical 
practice. We included the severe patients and excluded the 
patients who received tocilizumab after intubation. It was 
shown that inflammation markers including IL-6 increase 
sharply at about the 10th day of onset of symptoms [12]. 
Although REMAP-CAP [22] showed that tocilizumab is 
effective in critical cases, the development of hypoxia soon 
after the sharp increase in IL-6 on the 10th day makes us 
think that IL-6 inhibitors might be effective at this stage.

Concomitant drug use, such as glucocorticoids and 
remdesivir, may also influence the effectiveness of toci-
lizumab. After the RECOVERY trial’s early results were 
reported in June 2020, glucocorticoids have been used 
among patients with hypoxia [22]. It was not possible to 
extract the ratio of glucocorticoid use among tocilizumab 
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Fig. 1   Flow diagram for selection of the studies (PRISMA). From: 
Page et al. [13]. For more information, visit: http://​www.​prisma-​state​
ment.​org/
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and control group arms in severe cases. Thus, we could not 
do a pooled analysis of steroid use; however, the frequency 
of steroid use was similar among tocilizumab and control 
groups in RCTs. The indications of glucocorticoid use 
should be clear as it might have an effect on the outcomes, 
doses, and duration of administration of tocilizumab.

The strongest and unique point of our systematic review 
and meta-analysis is including RCTs composed of non-
intubated severe cases, but not critical cases. The major 
limitation of the previous similar meta-analyses was the 
inclusion of both critical and non-critical cases [23–26]. 
Country-level differences, different time intervals among 
studies, and different inclusion criteria are the most impor-
tant limitations of our pooled analysis. We evaluated the 
time of onset of tocilizumab among studies as stated in 
Table 1. However, the primary outcomes for different tim-
ing of tocilizumab (early versus progressive severe stage) 
were not available. The pooling of double-blinded and 
open-label studies was another limitation.

In conclusion, tocilizumab reduces the risk of invasive 
mechanical ventilation and mortality when started in severe 
and non-intubated patients, before they become critically ill.
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