
Abstract  

The effective treatment modalities for severe coronavirus dis-

ease 2019 (COVID-19) are needed. As the primary cause of mortal-

ity is a hyperinflammatory state, the interleukin-6 antagonist 

tocilizumab has been used in multiple clinical studies. We conduct-

ed this systematic review and meta-analysis to estimate the effec-

tiveness of tocilizumab in reduction of mortality due to COVID-

19. A systematic search of the PubMed and Embase databases was

performed to extract randomized controlled trials (RCTs) regarding

the use of tocilizumab therapy for COVID-19. An overall pooled

mortality analysis was performed, and odds ratios were reported.

Cochrane risk of bias assessment tool was used to assess the risk of

bias. Heterogeneity was assessed using the I2 statistic. Nine RCTs,

including 6489 patients, were selected for meta-analysis. Seven tri-

als reported 28-day mortality, and one trial each reported 21-day

and 30-day mortality. There were 846 deaths among 3358 partici-

pants in the tocilizumab group while 943 deaths among 3131

patients randomized to the control group (random-effects odds ratio

0.87, 95% confidence interval 0.73-1.03, p=0.11). There was some

heterogeneity among the trials as the I2 value was 15%, with a p-

value of 0.31. There was a reduction in the need for ICU admission

in the tocilizumab group. A higher risk of secondary infections was

noted in the tocilizumab group (fixed-effects odds ratio 0.72, 95%

confidence interval 0.55-0.95, p=0.02). This meta-analysis of RCTs

demonstrated that the use of tocilizumab was not associated with a

reduction in all-cause mortality in patients with COVID-19 and had

higher odds of secondary infections.

Introduction 

Coronavirus disease 2019 (COVID-19) has affected the world 

over the last year and has led to a significant burden on healthcare 

systems globally [1]. The disease varies in severity from mild infec-

tion to critical illness and is associated with high mortality in 

patients requiring hospitalization and intensive care unit (ICU) 

admission. Since the beginning of the pandemic, clinicians and sci-

entists have been looking for treatment options for the illness. Many 

classes of drugs are being repurposed to treat COVID-19 [2,3]. To 

date, the most beneficial agent for preventing mortality from the 

disease has been steroids. Awake proning has also been shown to be 

a promising modality [4,5]. It has now been well understood that 

virus-induced inflammation is the key driver of lung injury and 

probably contributes significantly to disease-related mortality. Due 

to this, the drugs which inhibit the inflammatory pathways are being 

tried for use in severe COVID-19. Interleukin-6 (IL-6) levels have 

been seen consistently elevated in COVID-19; however, the levels 

are much lower than the levels seen in many other inflammatory 

and infectious diseases. The IL-6 inhibitor tocilizumab has been in 

clinical use in immunological disorders for many years. It is one of 

the several agents being tried for COVID-19. Initially, multiple case 

reports and case series had shown the benefits of tocilizumab ther-

apy for COVID-19 [6]. However, since then, many randomized 

clinical trials have been published, and the majority have not shown 

any significant mortality benefit with the use of tocilizumab. 
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Other anti-IL-6 therapies, sarilumab and situximab, have also 

been used for COVID-19 and have shown similar results [7,8]. One 

primary concern with the use of these immunosuppressive agents 

has been the risk of secondary infections. The largest trial available 

regarding the use of tocilizumab in COVID-19 is the RECOVERY 

(Randomized Evaluation of COVID-19 Therapy) trial which 

demonstrated a mortality benefit using tocilizumab therapy [9]. 

However, results from other trials have been variable [10-12]. 

Multiple meta-analyses regarding tocilizumab use in COVID-19, 

including retrospective studies, have been done [13,14]. However, 

due to continuously emerging evidence, the actual benefit of this 

agent in reducing mortality or any other outcomes remains unclear.  

Hence, we conducted this systematic review and meta-analysis to 

analyze the current evidence for the efficacy of tocilizumab therapy 

in reducing mortality in patients with COVID-19.  

Methods 

This systematic review was reported according to the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement [15].  

Eligibility criteria 

We included randomized controlled trials involving adults with 

COVID-19 wherein tocilizumab was compared with placebo or 

standard of care. All single-arm studies, non-randomized prospec-

tive and retrospective studies were excluded. The trials reporting 

mortality at day 28-30 were included in the meta-analysis.   

Search strategy and initial review 

Two investigators (SM and TKB) performed a systematic search 

of the two databases PubMed and EMBASE, to identify the original, 

peer-reviewed, full-length, human subject articles describing the use 

of tocilizumab to treat COVID-19. The following database-specific 

Boolean search strategy was used. Free text search terms were: 

(COVID OR coronavirus disease) AND (“tocilizumab” OR “IL-6 

antagonist” OR “interleukin-6 antagonist”).  

The study protocol was registered and made available on the 

PROSPERO database (CRD42021258091) on June 1st, 2021. All 

retrieved articles were imported into reference management soft-

ware. Following the removal of duplicate citations, the initial screen-

ing of the studies was performed by title and abstract. For all rele-

vant articles, full texts were downloaded for review. The reference 

lists of the extracted articles were also reviewed to look for potential 

studies. The finally selected studies were independently screened by 

two authors (SM and TKB). We included only original articles 

describing the results of a randomized controlled trial regarding 

tocilizumab in COVID-19 and reporting mortality outcomes.  

Data abstraction 

Following careful review of the selected articles, the data were 

extracted on the data extraction form. The following information 

was retrieved after a thorough review of the full text: i) author, ii) 

year, iii) number of patients in drug and control group, iv) study 

country, v) inclusion criteria, vi) dose of tocilizumab used, vii) 

oxygenation status at randomization, viii) proportion of patients on 

mechanical ventilation, ix) C-reactive protein levels, x) IL-6 lev-

els, xi) mortality in each group xii) primary outcome of the trial, 

xiii) mortality in ICU patients, xiv) need for ICU admission and

xv) occurrence of secondary infections in each group. The system-

atic review methodology is shown in Figure 1.

The primary outcome analyzed was the day 28-30 mortality 

between the two groups. We also performed a subgroup analysis to 

assess the mortality difference between patients admitted to ICU at 

baseline. The other outcome assessed during the review was the 

need for ICU admission among patients not admitted to ICU at 

enrollment. Safety outcomes included the incidence of secondary 

infections in each group.   

Risk of bias assessment 

We used the Cochrane Risk of Bias Assessment tool to assess 

the risk of bias in each trial (reported as low risk, high risk or 

unclear risk). The following criteria were used to assess the risk of 

bias: The generation of randomization sequence and allocation 

concealment, blinding, and completeness of the data and reporting 

of outcomes. Two authors (SM and TKB) completed these inde-

pendently, and disagreements were resolved by mutual discussion.  

Statistical analysis 

Statistical analyses were performed using the STATA statistical 

analysis software (StataCorp. 2017, Release 15. StataCorp LLC., 

College Station, TX, USA), and forest plots were generated using 

Revman 5.0. The primary analysis was done by the inverse-vari-

ance method with a random-effects model reporting the odds ratio 

for overall mortality. For trials reporting mortality in patients 

admitted to ICU, a similar analysis to assess mortality was per-

formed. Fixed-effects model analysis was also done.  

The impact of heterogeneity on the pooled estimates of the out-

come was assessed using the I2 statistic, and p values were gener-

ated using the Cochran Q statistic. Publication bias was assessed 

by funnel plot and Egger’s test (statistically significant publication 

bias if p<0.1). The meta-regression was done according to baseline 

CRP levels. 

Results 

The initial literature search yielded 1543 articles, and 1073 

results were obtained after duplicate removal, from which 11 pub-

lished randomized controlled trials were selected. One article 

found was a follow-up data of the included RCT, and one article by 

Zhao et al. did not report mortality outcome [16,17]. So, finally,

nine articles were included for detailed review and meta-analysis. 

One article reported day 21 mortality rather than day 28-30, and it 

was used for meta-analysis [18]. The flow diagram depicting the 

identification of eligible trials for the meta-analysis is shown in 

Figure 1. The included studies were conducted in the United States 

of America, the United Kingdom, Brazil, India and multiple 
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European countries, including France and Italy [9-12,18-22]. The 

basic details of the included trials are summarized in Table 1. 

The Randomized, Embedded, Multifactorial Adaptive 

Platform Trial for Community-Acquired Pneumonia (REMAP-

CAP) trial randomized patients to tocilizumab and Sarilumab; 

however, we included data only from patients who received 

tocilizumab [18]. The total number of patients randomized in the 

nine trials was 6489 (3358 to tocilizumab group and 3131 to place-

bo or standard of care). About 2253 among cases, while 2140 

among controls were males. All trials included patients on some 

respiratory support. Among cases, 499 were on IMV, while among 

controls, 483 were receiving invasive mechanical ventilation at 

enrollment. The risk of bias was low in four trials, while five trials 

had some concerns (Figure 2).  

Study outcomes 
 

The outcome measures from individual trials are summarized 

in Table 2. There were 846 deaths among 3358 participants ran-

domized to tocilizumab therapy (25.19%), while in the control 

group, 943 participants died among 3131 randomized (30.11%). 

Based on a random-effect meta-analysis, the summary odds ratio 

was 0.87 (95% confidence interval 0.73-1.03, p=0.11) for all-cause 

mortality comparing tocilizumab with placebo or standard of care 

(Figure 3). The summary OR using a fixed-effect model for meta-

analysis was 0.84 (95% CI, 0.75-0.94). The overall inverse vari-

ance-weighted fixed-effect risk ratio was 0.88 (95% CI, 0.82-0.96, 

p=0.002) for all-cause mortality among all randomized patients. 

                 Review

Figure 1. Flow diagram describing the process of systematic review and selection of relevant studies for meta-analysis.
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Three trials reported the mortality separately for patients who 

were admitted to ICU at enrollment [9,18,20]. The inverse vari-

ance-weighted random-effect odds ratio for mortality in this sub-

group was 0.84 (95% CI, 0.65-1.10, p<0.20) (Figure 4). Among 

patients who were not admitted to ICU at baseline, we assessed the 

need for ICU admission among these. Four trials reported this out-

come, and 51 out of 274 in the tocilizumab group and 60 out of 225 

in the control group required ICU admission [10,12,19,20]. The 

summary OR for this outcome was 0.57 (95% CI, 0.37-0.89), sug-

gesting a significant reduction in the need for ICU admission in the 

tocilizumab group (Figure 5). On meta-regression, there was no 

evidence of a relationship with baseline CRP (logOR versus base-

line CRP; p=0.41) (Supplementary Figure 1). The subgroup analy-

sis bases upon hyperinflammatory phenotype at admission was 

also performed but did not reveal any significant difference 

between the groups (Supplementary Figure 2). There was some 

degree of heterogeneity among the trials as the I2 value was 15%, 

with a p-value of 0.31. There was no evidence of publication bias 

on the visual inspection of the funnel plot as well as by Egger’s test 

(p=0.20) (Supplementary Figure 3). 

 

 

Safety assessment 
 

Among the nine included studies, one did not report the 

absolute number of secondary infections, and it was reported as not 

significantly different between the two groups [9]. In the other 

eight RCTs, 170 events occurred among 1338 patients randomized 

to tocilizumab (12.7%), and 121 events occurred among 1037 

patients randomized to standard of care or placebo (11.6%). The 

fixed-effect summary OR was 0.72 (95% CI, 0.55-0.95, p=0.02), 

and there was some inconsistency between the trial results (I2= 
33%, p=0.17 for heterogeneity; Figure 6). 

 

 

Discussion 
 

In this systematic review and meta-analysis of nine random-

ized controlled trials, including 6489 patients with COVID-19 

from various countries, we found that the administration of 

tocilizumab was not associated with a reduction in all-cause mor-

tality compared to placebo or standard of care. The effect was also 

not significant in patients who required ICU admission at baseline. 

However, drug use was associated with a lesser need for ICU 

admission but a higher risk of secondary infections.  

This analysis included all published RCTs to date regarding 

tocilizumab usage for COVID-19. Due to the non-availability of 

individual patient data, subgroup analyses based upon age, gender, 

or timing of tocilizumab initiation were not performed. All these 

parameters may affect individual patient outcomes. The inclusion 

criteria of different trials varied, and some trials included more 

critical patients while others excluded them. Also, the baseline 

severity scores such as SOFA (Sequential Organ Failure 

Assessment) or APACHE (Acute Physiology and Chronic Health 

Evaluation) were not available for all studies. Due to this, it was 

not possible to further categorize the trial patients based upon dis-

ease severity (other than the ICU admission at recruitment). A pre-

viously published meta-analysis, which did not include any of the 

RCTs also demonstrated no definite benefit; however, a hint 

towards safety concerns was found from the studies which includ-

ed a control group [14]. 

The findings of this meta-analysis suggest that the use of 

tocilizumab is not associated with reduced mortality in COVID-

19; however, it should be noted that there is a higher risk of sec-

ondary infections, which is not the case with the use of steroids in 

severe COVID-19, where it has been seen that steroids reduce 

mortality without a higher risk of nosocomial infections but have 

concerns of hyperglycemia [23,24]. We did not analyze the com-

plete adverse effects of the therapy due to the non-availability of 

complete data; however, the issue of secondary infections remains 

a major concern with tocilizumab use. Another important issue 

while considering use of tocilizumab is the type of inflammation in 

patients with COVID-19. It has been shown in a retrospective 

study that among various subtypes of cytokine storm syndrome, 

the macrophage activation syndrome subtype has better response 
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Figure 2. The risk of bias assessment summary using Cochrane Risk 
of Bias Assessment tool. +, low risk of bias; -, high risk of bias.
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to tocilizumab as compared to cytokine release syndrome [25]. 

Due to non-availability of individual patient data, we could not 

perform such analysis to identify individuals who may respond 

better to tocilizumab therapy. After the analysis of this meta-analy-

sis, three more RCTs have been published regarding the use of 

tocilizumab in severe COVID-19. One trial randomly assigned 434 

patients to tocilizumab plus remdesivir and 215 to placebo plus 

remdesivir. Among these, 78 (18.2%) and 42 (19.7%) patients died 

by day 28 in tocilizumab and placebo groups, respectively 

(p=0.69) [26]. The study by Hamed et al. randomized 23 patients 

to steroids alone and 26 patients to steroids with tocilizumab and 

found no difference in mortality at day 45 (4.35% vs 7.65%, 

respectively) [27]. The third trial (COV-AID) randomized the 

patients to IL-1 as well as IL-6 inhibition as compared to placebo 

[28]. In this study, the mortality was not different between patients 

who received tocilizumab as compared to usual care [10/81 (12%) 

and 9/74 (12%), respectively]. This meta-analysis of randomized 

controlled trials has summarized all the published RCTs regarding 

the use of tocilizumab therapy in COVID-19. The trials included in 

the meta-analysis were conducted in different geographic areas and 

provide generalizable evidence. The protocol for the analysis was 

published publically on the PROSPERO database before initiation 

to avoid post-search bias.  

This meta-analysis has several limitations, as well. We included 

only the published peer-reviewed randomized controlled trials, and 

ongoing partially completed trials, as well as non-peer-reviewed 

preprint articles, were not included. We did not report and analyzed 

the use of additional therapies used in most trials in varying numbers 

of patients. Among these therapies, steroids may be the reason 

behind no benefit due to tocilizumab. We assessed the side-effect 

profile in the form of secondary infections only rather than all side-

effects of tocilizumab therapy in these patients. As all the trials 

included adults only, we cannot make any conclusions regarding the 

utility of tocilizumab therapy in children with severe COVID-19. 

One trial reported 21-day mortality, which was used for calculations, 

potentially leading to inconsistency and under-reporting as delayed 

deaths due to severe COVID-19 are well reported.  

 

 

Conclusions 
 

This meta-analysis of randomized controlled clinical trials of 

administration of tocilizumab compared to placebo or standard of 

care demonstrated a statistically non-significant reduction in mor-

tality, with higher odds of secondary infections.  

                 Review

Figure 3. The pooled analysis of all-cause mortality in each trial.

Figure 4. The pooled analysis for the all-cause mortality among patients admitted to ICU at enrollment.
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