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Abstract

Background: Coronavirus disease 2019 (COVID-19) has killed over 2.5 million people worldwide, but effective care
and therapy have yet to be discovered. We conducted this analysis to better understand tocilizumab treatment for
COVID-19 patients.

Main text: We searched major databases for manuscripts reporting the effects of tocilizumab on COVID-19 patients.
A total of 25 publications were analyzed with Revman 5.3 and R for the meta-analysis. Significant better clinical out-
comes were found in the tocilizumab treatment group when compared to the standard care group [odds ratio (OR)
=0.70, 95% confidential interval (0): 0.54-0.90, P=0.007]. Tocilizumab treatment showed a stronger correlation

with good prognosis among COVID-19 patients that needed mechanical ventilation (OR=0.59, 95% Cl/, 0.37-0.93,
P=0.02). Among stratified analyses, reduction of overall mortality correlates with tocilizumab treatment in patients
less than 65 years old (OR=0.68, 95% CI: 0.60-0.77, P<0.00001), and with intensive care unit patients (OR=0.62, 95%
(Cl:0.55-0.70, P<0.00001). Pooled estimates of hazard ratio showed that tocilizumab treatment predicts better overall
survival in COVID-19 patients (HR=0.45, 95% Cl: 0.24-0.84, P=0.01), especially in severe cases (HR=0.58, 95% C/
0.49-0.68, P <0.00001).

Conclusions: Our study shows that tocilizumab treatment is associated with a lower risk of mortality and mechani-
cal ventilation requirement among COVID-19 patients. Tocilizumab may have substantial effectiveness in reducing

mortality among COVID-19 patients, especially among critical cases. This systematic review provides an up-to-date
evidence of potential therapeutic role of tocilizumab in COVID-19 management.
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Background

The outbreak of coronavirus disease 2019 (COVID-19)
has spread rapidly worldwide and became a global pan-
demic. [1]. As of April 29, 2021, more than 149 million
confirmed cases of COVID-19 have been reported to the
World Health Organization (WHO), including more than
3.1 million deaths. [2].
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COVID-19 can cause symptoms ranging from mild to
very severe, most of COVID-19 patients present mild
infection and can recover within weeks. Those who show
clinical features of pneumonia, respiratory failure, acute
respiratory distress syndrome (ARDS), hypercoagula-
bility or septic shock, require hospitalization for man-
agement [3]. Although the pathogenesis of COVID-19
remains unclear, an accumulating body of evidence sug-
gests that hyperinflammation with overproduction of
pro-inflammatory cytokines is frequently observed in
severe COVID-19 patients and presumably contribute to
a poor prognosis [4, 5]. Elevated serum cytokines, includ-
ing interleukin-6 (IL-6), IL-10, tumor necrosis factor-a
(TNF-a) and interferon-y, may cause fatal ARDS and
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coagulation disorders in COVID-19 patients [6]. In par-
ticular, serum interleukin-6 elevation is strongly associ-
ated with COVID-19 severity and mortality [7]. Thus,
the inhibition of IL-6 is hypothesized to be a promising
therapeutic strategy to interfere with COVID-19-induced
cytokine storm and thereby alter the course of disease
progression.

Tocilizumab, a recombinant humanized anti-IL-6
receptor monoclonal antibody, has been approved for
uses in patients with rheumatologic disorders and chi-
meric antigen receptor T cell-induced cytokine release
syndrome. Recent publications revealed clinical benefits
of tocilizumab treatment in COVID-19 patients [8, 9].
The role of IL-6 inhibition in reducing COVID-19 sever-
ity and mortality, however, remains controversial because
several large-scale, multi-center observations and rand-
omized clinical trials show minimal benefits [10, 11]. It
is necessary to systematically evaluate and update the
effects of IL-6 inhibition among COVID-19 patients as
new data are generated. Previous meta-analysis inves-
tigating tocilizumab were published before a few large,
randomized control trials [12, 13]. We included all eligi-
ble publications up to this point, investigating the impact
of tocilizumab on reducing mortality and intubation in
COVID-19 patients.

Methods and materials

Literature search

This meta-analysis was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
nalysis (PRISMA) guidelines (Additional file 1: Table S1).
Two authors (QW, HL) independently searched Eng-
lish publications in PubMed, PMC, Scopus, Google
Scholar, and Web of Science. The first active search was
performed on December 27, 2020, while the last was
performed on March 20, 2020. We used the following
keywords and the combinations in the query: “novel cor-
onavirus” or “COVID-19” or “SARS-CoV-2” and “tocili-
zumab” or “IL-6 blockade” or “IL-6 receptor antagonist”.
We retrieved all the references in all manuscripts for
future analysis.

Selection criteria

Manuscripts were selected if they were (1) English, peer-
reviewed journal articles, (2) studies reporting tocili-
zumab treatment in COVID-19 patients, (3) studies
assigning COVID-19 patients to severity classes, (4) only
studying adult patients, (5) patients’ mortality data was
available in the paper. Only the most recent study was
included if the same investigator published multiple stud-
ies using the same dataset.
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Quality assessment

Three authors (QW, HL and RGW) assessed the entry
manuscripts according to the principles adapted from
Xu et al. [14]. The following items were evaluated in the
assessment: the clarity of study objectives; whether or
not there was a clearly stated study period (start date
and end date); the description clarity of the patient
selection criteria; whether the study was international
or national; the stated tocilizumab treatment method
and dose; whether the baseline equivalence groups were
clearly considered; the definition of the primary outcome
(overall mortality or mechanical ventilation require-
ment) prior to the study; if the follow-up period was long
enough (# months); whether a clear hazard ratio (HR)
with 95% confidence intervals (95% CI) was stated; and
the limitations of each study were considered. We ranked
the selected papers according to the quality items used in
each study (score range 0-10). Quality assessment was
not used as exclusion criteria.

Data extraction

We extracted the following information from each
included study in this meta-analysis: first author, study
period, country, study countries, study type (retrospec-
tive or prospective), total number of patients, sex ratio
in each group, age in each group, tocilizumab treat-
ment, clinical outcomes (overall mortality and mechani-
cal ventilation requirement), tocilizumab group positive
and negative outcome numbers, control group positive
and negative outcomes, and HR corresponding 95% CI if
available.

Statistical analysis

Revman 5.3 (The Nordic Cochrane Centre, Copenha-
gen, Denmark) and R programming language (http://
www.R-project.org/) were used to analyze the data. Dur-
ing the full-paper screening process, Cohen’s kappa sta-
tistic was used to evaluate the inter-reviewer agreement.
Subgroup analyses were also used to study how study
areas, patient’s median age, patient’s severity, study size,
and male percentage in the groups would affect tocili-
zumab treatment outcomes. The publication biases were
assessed through Begg’s funnel plot in Revman 5.3 and
Egger’s test in R. Sensitivity analysis was conducted in R
to find potential outliers by omitting one study at a time
(also called the “one-study removed” model). Statisti-
cal heterogeneity between studies was determined by
Cochran’s Q test and Higgins I square where P<0.1 or
I?>50% was considered as high heterogeneity and a ran-
dom-effect model was used to combine the data; other-
wise, a fixed-effect model was used. A two-sided P value
less than 0.05 was considered statistically significant.
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Publications in the initial literature search from PubMed, PMC,
Scopus, Google Scholar and Web of Science (n = 1083)

Records excluded for
duplications (n = 132)

‘ Screening for titles and abstracts (n = 951)

Records excluded for

‘ Full-text screening (n = 72)

Records excluded for
> unrelated topics (n = 879)

insufficient data (n = 47)

‘ Included in this meta-analysis (n = 25)

Fig. 1 Flow-diagram of this meta-analysis

Results

Literature search

Our literature search flow chart is shown as Fig. 1. We
had a total of 1083 publications in the initial literature
search. After removing duplicate records, 951 were
screened for more details. After scanning the titles and
abstracts, 72 were included in the full-text screening.
After reviewing the included papers carefully, 47 publi-
cations were excluded for insufficient data, leaving 25
publications for this meta-analysis. Cohen’s kappa for
inter-reviewer agreement was 0.78 for title and abstract
screening and 0.81 for full-text screening. The quality
of the 25 included publications was fair with an average
quality score of 7.72 and a median score of 8 (range 5-10,
Additional file 2: Table S2).

Literature details

Overall, 10 201 patients from 25 different publications
were included in this study. Seven of the studies assessed
patients from the USA [10, 15-20], 13 of the stud-
ies assessed patients from west Europe [8, 21-32], two
assessed patients from multiple countries [33, 34], one
assessed patients from Brazil [35], and two studies were
from India [36, 37]. The main characteristics of the 25
included studies were summarized in Table 1.

Meta-analysis results

Tocilizumab’s overall effect on clinical outcomes

First, we performed analyses to evaluate tocilizumab’s
effect on overall mortality and mechanical ventilation
requirement. Our pooled analysis revealed a significant
difference between the tocilizumab group (715/3135,
22.8%) and control group (2387/7066, 33.8%) in the

random-effect model [Odds ratio (OR) =0.70, 95% con-
fidential interval (CI): 0.54-0.90, P=0.007, Fig. 2a], sug-
gesting efficacy of tocilizumab treatment for COVID-19.
We also analyzed the studies focused on mechanical ven-
tilation and tocilizumab treatment significantly reduced
the requirement for mechanical ventilation (OR=0.59,
95% CI: 0.37-0.93, P=0.02, Fig. 2b).

Subgroup analysis

We conducted various stratified analyses to identify
possible confounders in tocilizumab treatment studies.
First, we divided the manuscripts into different catego-
ries according to their traits including (1) study location:
USA vs west Europe; (2) age differences: reported mean/
median age older than 65 vs younger than 65; (3) disease
severity: ICU patients vs general patients; (4) study sizes:
patient group size of 150 or less vs 151 and more; (5) gen-
der imbalance: studies with 10% more males in the tocili-
zumab treatment group than the control group vs 10% or
less males.

In both USA and western Europe, tocilizumab treat-
ment significantly reduced mortality (OR=0.66, 95%
CI: 0.57-0.77, P<0.00001, Fig. 3a; and OR=0.44,
95% CI: 0.24—0.81, P=0.008, Fig. 3b), other regions
are too little studies to make a subgroup. Tocilizumab
treatment did not show efficacy among older sub-
populations (OR=0.34, 95% CI: 0.09-1.28, P=0.11,
Fig. 3c), but significantly benefited patients whose
mean/median age is less than 65 years old (OR=0.68,
95% CI: 0.60-0.71, P<0.00001, Fig. 3d). Because we
divided studies based on their reported median/mean
age, results are based on characteristics of the whole
group and not the individuals within. Our results
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Fig. 2 Forest plots displaying pooled odds ratios (ORs) for Tocilizumab treatment on different outcomes. a the pooled OR for Tocilizumab treatment
on all clinical outcomes; b the pooled OR for Tocilizumab treatment on mechanical ventilation requirement outcome. C: Confidence interval

also showed that tocilizumab treatment significantly
improved outcome among severe or ICU-admitted
COVID-19 patients (OR=0.62, 95% CI: 0.55-0.70,
P<0.00001, Fig. 3e), but had no effects on general
COVID-19 patients (OR=0.82, 95% CI: 0.40-1.67,
P=0.58, Fig. 3f). Interestingly, tocilizumab treatment

significantly improved outcomes in studies with 150
patients or less (OR=0.53, 95% CI: 0.32-0.88, P=10.01,
Fig. 3g), but not in larger studies (OR=0.76, 95% CI:
0.56-1.03, P=0.08, Fig. 3h). Tocilizumab treatment
did not correlate with improved clinical outcome in
male dominated studies (OR=0.85, 95% CI: 0.43—
1.71, P=0.65, Fig. 3i), but associates with improved
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Fig. 3 Subgroup analysis of pooled OR for Tocilizumab treatment on COVID-19 prognosis. a USA patients; b West Europe patients; ¢ patients with a
median age > 65; d patients with a median age <65; e ICU patients f general patients g total patient number less than 150 h total patient number
studies that had 10% more male in the treatment group than the control group j studies that has balance male percentage in
treatment and control group. C/ Confidence interval
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outcomes in gender-balanced studies (OR=0.63, 95%
CI: 0.50-0.79, P<0.0001, Fig. 3j), which suggests dif-
ferent responses to SARS-COV-2 between male and
female patients.
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Hazzard ratio on clinical outcomes

To further evaluate the prognostic effects of tocilizumab
treatment among COVID-19 patients, we extracted the
multivariate HRs and their 95% CI in these studies to
calculate a combined HR, demonstrating that patients
with a tocilizumab treatment had better outcomes than
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Fig. 4 Forest plots displaying pooled hazard ratios (HRs) for Tocilizumab treatment on different outcomes. a the pooled HR for Tocilizumab
treatment on all clinical outcomes; b the pooled HR for Tocilizumab treatment on mechanical ventilation requirement outcome; ¢ the pooled HR for
Tocilizumab treatment on overall mortality from ICU patients. C/ Confidence interval




Wei et al. Infect Dis Poverty (2021) 10:71

patients receiving standard care (HR=0.45, 95% CI
0.24-0.81, P=0.01, Fig. 4a). In terms of the secondary
outcome, tocilizumab was associated with a lower proba-
bility of requiring invasive ventilation (HR=0.51, 95% CI
0.44-0.59, P<0.00001, Fig. 4b). Among severe COVID-
19 patients, the administration of tocilizumab correlates
with a markedly better prognosis (HR=0.58, 95% CI
0.49-0.68, P<0.00001, Fig. 4c).

Meta-analysis quality control

Begg’s funnel test was used to estimate all the existing
publication bias of the literature in this meta-analysis. As
shown in Fig. 5a, the shape of the funnel plots of all out-
comes showed no evidence of asymmetry, with an Egg-
er’s test bias intercept at -0.41 (P=0.58). For the hazard
ratio analysis, Begg’s funnel test does not show asymme-
try (Fig. 5b), with an Egger’s test bias intercept of 0.4982
(P=0.6184). The observed tocilizumab treatment effects
on all outcomes (by OR) and prognosis (by HR) were not
significantly affected by removing any one of the stud-
ies included, as is shown in Fig. 5c, d. In summary, there
were no significant outliers in this meta-analysis.

Discussion

In 2020, the spreading of COVID-19 brought unprec-
edented healthcare and economy costs and substan-
tial morbidity globally. Major causes of deaths in severe
COVID-19 patients were ARDS and disseminated intra-
vascular coagulation, which result from uncontrolled
inflammatory processes after SARS-CoV-2 infection [3].
Interestingly, SARS-CoV-2 invades airway epithelial cells
without triggering the secretion of type I and III inter-
feron, the first line of defense to block early virus replica-
tion [38]. Instead, the infected airway epithelia produce
IL-6 and other pro-inflammatory cytokines, attracting
monocytes and cytotoxic T cells to the infection site to
recognize and to destroy the infected cells [39]. Then,
macrophages are summoned to engulf the apoptotic
cells through phagocytosis. In healthy responses, SARS-
CoV-2 infections are resolved through this process, the
level of inflammatory cytokines recedes, and patients
recover [40]. In severely affected COVID-19 patients,
however, excessive secretion of IL-6 and other pro-
inflammatory cytokines summon T cell aggregation and
cause T cell functional exhaustion with increased expres-
sion of PD-1 and NKG2A [41]. This is confirmed by the
commonly observed correlation of lymphopenia with ele-
vated cytokine profiles in severe COVID-19 patients [42].
Furthermore, hyper-secreted IL-6 will activate the JAK-
STAT and NF-«B signaling pathways in both immune and
non-immune cells, inducing a massive and sustained pro-
duction of NF-kB target genes, including IL-6 and other
chemokines [43]. Such a positive feedback loop of IL-6
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secretion further fuels hyperinflammation and increases
vascular permeability leading to pulmonary edema and
ARDS. Moreover, the cytokine storm also results in the
disruption of vascular endothelium, blood stasis and
the activation of coagulation, triggering a hypercoagula-
ble status in COVID-19 patients [44]. It has been well-
recognized that COVID-19-induced cytokine storm is a
critical contributor to COVID-19 relevant mortality [40,
45]. Controlling the COVID-19-induced cytokine storm
is important for improving severe COVID-19 patients’
prognosis.

Although there are no approved therapies for the
COVID-19-induced cytokine storm, various strategies
targeting different stages of the cytokine storm have been
proposed. Glucocorticoid has powerful anti-inflamma-
tory properties and was widely used during the outbreaks
of SARS and MERS, but clinical evidence for corticos-
teroid treatment of SARS-CoV-2-induced lung injuries
remains controversial. A large-scale clinical trial showed
that the use of dexamethasone resulted in lower 28-day
mortality among those severe patients, but the authors
also warned that high doses or wrong administration
timing can be harmful as glucocorticoid delays viral
clearance [46]. Another study from Wuhan showed that
high-dose corticosteroid uses were associated with death
in patients with severe COVID-19 [3].

Given the pivotal role of IL-6 in COVID-19 induced
cytokine storm, it is attractive to target hyperinflam-
mation during SARS-CoV-2 infection via the blockage
of IL-6. Tocilizumab is a competitive inhibitor of both
the membrane-bound and soluble IL-6 receptor, pre-
venting downstream signal transduction of IL-6. Early
reports of tocilizumab treatment in COVID-19 patients
showed promising results, while the lack of control and
small sample sizes dampened their reliability[24, 25]. To
address this question, several multi-center cohort stud-
ies inspected the efficiencies of tocilizumab on several
subpopulations of COVID-19 patients. Their findings
revealed a correlation of early Tocilizumab adminis-
tration with lower mortality rates among critically ill
COVID-19 patients with a rapid disease trajectory[19].
More importantly, Tocilizumab demonstrated satis-
factory safety in clinics because COVID-19 patients
receiving Tocilizumab do not show higher incidences of
adverse events, including secondary infections and hepa-
totoxicity [33].

Another possible approach of COVID-19-induced
cytokine storm mitigation is to inhibit the JAK-STAT
intracellular signaling pathway. As we mentioned
before, the activation of JAK-STAT and NF-kB sign-
aling pathways are important mediators of cytokine
storm by receiving signals from proinflammatory sig-
nals, such as IL-2, IL-6, IL-10, IFN-y, and GM-CSE, and
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producing more proinflammatory cytokines. Baricitinib,
an orally administered selective inhibitor of JAK 1 and
2, was found effective in reducing recovery time among
COVID-19 patients, especially in severe cases requiring
high-flow oxygen or noninvasive ventilation [47]. Barici-
tinib is also suggested to reduce viral entry due to its inhi-
bition of AP2-associated protein kinase 1[48], however,
the concerns of increasing viral loads and thromboem-
bolism risks limit its uses. Taken together, the suppres-
sion of COVID-19 induced cytokine storms is key to the
effective treatment of severe COVID-19 patients and can
be targeted with different strategies. We summarized
the possible mechanisms and therapeutic strategies to
address the COVID-19-induced cytokine storm in Fig. 6.

In this study, we reported that the administration of
tocilizumab to COVID-19 patients is associated with
reduced mortality and shorter intubation time. How-
ever, the conclusion should be interpreted with caution
since several randomized clinical trials fail to support
it. There are some confounders that should contribute
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recruited general, but not severe, COVID-19 patients
for study [19, 33]. According to our analysis, however,
the association of tocilizumab with clinical benefits is
even stronger among severe COVID-19 patients. The
most recently published prospective randomized clini-
cal trial backs our conclusion, suggesting that COVID-19
patients with moderate or severe disease were more likely
to benefit from tocilizumab [33]. It is of great necessity to
conduct more clinical trials to pinpoint the subgroups of
COVID-19 patients that are most likely to benefit tocili-
zumab treatment. In addition, routes, dosing, and timing
of tocilizumab administration also play important roles
and need to be considered carefully. Currently, there are
no standard regulations and doctors apply tocilizumab
empirically or based on availability. Although the efficacy
and safety of subcutaneous tocilizumab are comparable
to intravenous tocilizumab in most clinical applications
[49], intravenous tocilizumab is preferred over subcu-
taneous therapy to treat COVID-19-induced cytokine
storm [20]. Currently, tocilizumab is administered either
at fixed doses or dependent on bodyweight. Most of
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the patients received tocilizumab quickly after entering
ICU, which presumably represents a hyperinflammatory
prime. In addition, the lack of a reliable/useful/accurate
biomarker for the COVID-19-induced cytokine storm
dampens the efficiency of tocilizumab. Currently, serum
IL-6 level, along with other inflammatory markers such
as CRP, ferritin, are used in isolation or together to deter-
mine and predict the efficacy of tocilizumab in COVID-
19 treatment. Further studies are warranted.

There are some advantages of this systematic review
when compared to several published ones with the simi-
lar topic. Small-scale, unbalanced or non-peer-reviewed
studies constitute the major sources of previous meta-
analyses [12, 13]. The inclusion of recently published
high impact large-scale studies enable us to provide
more reliable and updated insights into tocilizumab uses
in COVID-19 patients. Notably, to minimize the inter-
ferences of confounding factors, we conducted vari-
ous subgroup analyses, such as severe patient only-, age
stratified- and gender stratified- analyses. Our results
demonstrated that severely ill COVID-19 patients can
benefit more from tocilizumab treatment, providing evi-
dence for further clinical trials and patient managements.
We also evaluated the efficacy of tocilizumab uses on
different outcomes, including mortality and the reduc-
tion in mechanical ventilation duration. There are some
limitations in this study as dosing, timing and routes of
tocilizumab administration vary among the included
manuscripts. Furthermore, the definition of COVID-19
severity is inconsistent among the included manuscripts.
Finally, the follow-up time in terms of mortality occur-
rence is not the same across all studies, which might
result in immortal time bias to some degree.

Conclusions

This meta-analysis included 25 peer-reviewed publica-
tions with more than 10 201 individuals to analyze the
correlation of tocilizumab with clinical outcomes among
COVID-19 patients. Our study shows that tocilizumab
treatment is associated with a lower risk of mortality and
mechanical ventilation requirement among COVID-19
patients, especially among the critically ill. A combined
HR also demonstrated that COVID-19 patients receiving
tocilizumab treatment had better prognosis than those
receiving standard care. Our stratified sub-group analysis
revealed that disease severity, age, and sex play important
roles in determining the efficacy of tocilizumab. There-
fore, our results provide substantial evidence that tocili-
zumab benefits critically ill COVID-19 patients.
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