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Abstract

Tocilizumab is an interleukin (IL)-6 receptor inhibitor that has been proposed as
a therapeutic agent for treating coronavirus disease 2019 (COVID-19). The aim
of this umbrella review was to determine the efficacy of tocilizumab in treating
COVID-19, and to provide an overview of all systematic reviews on this topic.
We systematically searched PubMed, Scopus, the Web of Science collection, the
Cochrane library, Epistemonikos, and Google Scholar, as well as the medRxiv
preprint server. These databases were searched up to 30 September 2021,
using the following keywords: ‘SARS-CoV-2', ‘COVID-19’, ‘tocilizumab’, ‘RHPM-
1’, ‘systematic review’, and ‘meta-analysis’. Studies were included if they were
systematic reviews (with or without meta-analysis) investigating the efficacy or
safety of tocilizumab in confirmed COVID-19 patients. The AMSTAR 2 checklist

Abbreviations: aHR, adjusted hazard ratio; AMSTAR 2, A Measurement Tool to Assess Systematic Reviews 2; CAR, chimaeric antigen receptor; Cl, confidence interval; COVID-19,
coronavirus disease 2019; CRP, C-reactive protein; CRS, cytokine release syndrome; ICU, intensive care unit; IL, interleukin; IQR, interquartile range; LDH, lactate dehydrogenase; MD, mean
difference; MRA, myeloma receptor antibody; OR, odds ratio; RCT, randomized controlled trial; RR, risk ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SD, standard
deviation; WBC, white blood cell; WMD, weighted mean difference.
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1 | INTRODUCTION
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was used to assess quality of the included articles, while publication bias was
examined using Egger's test. A total of 50 eligible systematic reviews were
included. The pooled estimates showed significant reductions in clinical failure
(risk ratio (RR) 0.75; 95% confidence interval (Cl), 0.61-0.93), deaths (RR 0.78;
95%Cl, 0.71-0.85) and the need for mechanical ventilation (RR 0.77; 95%Cl,
0.64-0.92) for those receiving tocilizumab compared with the control group.
Also, an emerging survival benefit was demonstrated for those who received
tocilizumab, over those in the control group (adjusted hazard ratio (aHR) 0.52;
95%Cl, 0.43-0.63). In addition, tocilizumab substantially increased the number
of ventilator-free days, compared with the control treatments (weighted mean
difference (WMD) 3.38; 95%Cl, 0.51-6.25). Furthermore, lymphocyte count
(WMD 0.26 x 10%/L; 95%Cl, 0.14-0.37), IL-6 (WMD 176.99 pg/mL; 95%ClI,
76.34-277.64) and D-dimer (WMD 741.08 ng/mL; 95%Cl, 109.42-1372.75)
were all significantly elevated in those receiving tocilizumab. However, the level
of lactate dehydrogenase (LDH) (WMD -30.88 U/L; 95%Cl, —51.52, —10.24)
and C-reactive protein (CRP) (WMD -104.83 mg/L; 95%Cl, —133.21, —76.46)
were both significantly lower after treatment with tocilizumab. Tocilizumab
treatment reduced the risk of intubation, mortality and the length of hospital
stay, without increasing the risk of superimposed infections in COVID-19 pa-
tients. Therefore, tocilizumab can be considered an effective therapeutic agent
for treating patients with COVID-19.

KEYWORDS
COVID-19, efficacy, interleukin 6, SARS-CoV-2, tocilizumab, umbrella review

the basis for considering tocilizumab as a therapeutic agent for

In late 2019, a pandemic of novel viral pneumonia occurred in China,
which was later named coronavirus disease 2019 (COVID-19).
The alarming progression of the disease, and the severity of its
clinical manifestations, motivated many researchers to try to
develop vaccines and therapeutic approaches for controlling or
treating this disease.? Several serology analyses have shown that
patients with severe COVID-19 manifest higher serum Interleukin
(IL)-6 levels, in comparison with those with milder forms of the
disease, suggesting that elevated levels of IL-6 might be associated
with greater disease severity and worse outcomes.®>~> This hypoth-
esis raised hopes that IL-6 receptor inhibitors would be effective in
treating COVID-19.

Tocilizumab, also known as myeloma receptor antibody (MRA),
is a recombinant humanised antibody of the IgG1 subclass that acts
as an IL-6 receptor inhibitor.” Its main use is for the treatment of
autoimmune disorders, such as rheumatoid arthritis and systemic
juvenile idiopathic arthritis.®? Tocilizumab has also been found to
be effective in treating cytokine release syndrome (CRS), which is
associated with some types of immunotherapy, such as chimaeric

antigen receptor (CAR)-T cell therapy.l® These observations form

COVID-19.11

There have been several systematic reviews and meta-analyses
which have investigated the efficacy of tocilizumab for treating
COVID-19, but they have reached different conclusions. For
example, a living systematic review and meta-analysis showed that
tocilizumab had no effect on the risk of short-term mortality.? In
contrast, another meta-analysis revealed that all-cause mortality was
significantly lower in those receiving tocilizumab.*® Therefore, we
conducted the present umbrella review in order to comprehensively
evaluate all available evidence regarding the efficacy of tocilizumab
in the treatment of COVID-19.

2 | METHOD

This umbrella review aimed to provide a comprehensive overview
and to critically appraise the existing systematic reviews, which
evaluated the efficacy and safety of tocilizumab treatment in patients
with COVID-19. Our primary outcome was to evaluate the occur-
rence of “clinical failure”, which was defined as requiring intubation,
admission to an intensive care unit (ICU), or death. Also, we evalu-

ated the overall death rate. The secondary outcomes included the
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need for mechanical ventilation, risk of ICU admission, hospital
discharge rate, presence of a super-infection, length of the hospital
stay, length of the ICU stay, number of ventilator-free days, and
changes in laboratory parameters.

2.1 | Systematic search

The following databases were searched up to 30 September 2021:
PubMed, Scopus, Web of Science collection, Cochrane library, Epis-
temonikos, and medRxiv. In addition, the first 100 pages of the
Google Scholar search engine were manually searched to identify
additional eligible studies. There were no limitations or restrictions
used in any of the search fields, such as language, date and study
type. Furthermore, backward and forward citation searching of all
included studies were performed to discover whether there were any
additional relevant articles. The search strategy comprised a combi-
nation of the following keywords (SARS-CoV-2 OR COVID-19) AND
(tocilizumab OR RHPM-1) AND (systematic review OR meta-anal-
ysis). A detailed description of the search strategy used in each

database is presented in Table S1.

2.2 | Selection of meta-analyses

All of the articles identified through the electronic and manual
searches were exported to EndNote 20. After removing duplicates,
two groups of authors independently screened the title and ab-
stracts of the articles and excluded those that were irrelevant. In
the next step, the same groups reviewed the full-texts of the
remaining papers, in accordance with the eligibility criteria. Any
discrepancies between the two groups were resolved by consulting
other authors. Studies were included if they were: (1) conducted on
patients with confirmed COVID-19, based on serological, molecular,
or computed tomography (CT)-scan techniques; (2) used tocilizumab
as the intervention; (3) used a standard of care treatment or pla-
cebo for the control group; (4) reported at least one of the out-
comes of interest (i.e. clinical failure, overall death, need for
mechanical ventilation, risk of ICU admission, hospital discharge
rate, super-infection, length of the hospital stay, ICU stay,
ventilator-free days, and changes in laboratory parameters); and (5)
conducted a systematic review, with or without a meta-analysis.
Studies were excluded if they were: (1) cross-sectional, case-
control, cohort or clinical trials; (2) living systematic reviews and
review articles that did not used a systematic approach (e.g. rapid
or scoping reviews); (3) systematic reviews on preclinical or animal
studies; and (4) investigated the effectiveness of tocilizumab com-
bined with other IL-6 inhibitor therapies.

All eligible meta-analyses were reviewed and the primary studies
were identified. Individual primary studies were selected for the
recalculation of the summary effect, based on the following criteria:
(1) retrospective and prospective observational studies with a

matched control group, in terms of disease severity (i.e. similar

proportions of patients receiving respiratory support in both the
experimental and control groups), (2) randomized controlled trials, or
(3) single-group studies which assessed the pattern of changes in
laboratory measures before and after tocilizumab therapy.

2.3 | Data extraction

Data extraction was conducted using previously designed Microsoft
Office Excel forms. Two researchers independently obtained the
following information from each included study: (1) basic information
about the study, including the first author's name, year of publication
and the journal; (2) search date and names of the databases searched,
number of included studies, total number of participants, study de-
signs of the included studies, tools used for assessing the risk of bias,
age and sex of the included participants, general summary, and
summary effect size (95% confidence interval (Cl)) for each outcome.
Disagreements were resolved by discussing or consulting a third
author and all of the extracted data were double-checked by other

reviewers.

2.4 | Methodological quality

Two authors independently assessed the risk of bias and the quality
of the included articles using the “A Measurement Tool to Assess
Systematic Reviews 2 (AMSTAR 2)” checklist.1* This checklist con-
sists of 16 items, of which seven are considered critical domains:
protocol registration, adequacy of the literature search, justification
for excluding individual studies, risk of bias from the individual
studies being included, appropriateness of the meta-analytical
methods, consideration of the risk of bias when interpreting the re-
sults of the review, and assessment of the presence and likely impact
of publication bias. The checklist does not create an overall score, but
provides a total rating based on weaknesses detected in the critical
domains. The overall confidence in the results of the review can be
qualitatively rated as either “high” (no or one non-critical weakness),
“moderate” (more than one non-critical weakness), “low” (one critical
flaw, with or without non-critical weaknesses), and “critically low”
(more than one critical flaw, with or without non-critical weak-
nesses). A third reviewer was consulted to resolve any discrepancies

between the two authors.

2.5 | Statistical analysis

The crude data, multivariable adjusted hazard ratios (aHRs) that
controlled for any confounders, and their 95% Cls were extracted from
all primary studies included in the selected meta-analyses. Following
this, we performed our own meta-analysis using the DerSimonian and
Laird random-effects method. The binary outcomes were examined
using summary risk ratios (RRs) and aHRs, while for continuous out-

comes weighted mean differences (WMDs) and their corresponding
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95% Cls were recalculated. Furthermore, whenever the continuous
variables were reported as a median with arange or interquartile range
(IQR), we converted them to a mean and standard deviation (SD) using
the method proposed by Lue et al. and Wan et al.*>1¢

When recalculating the summary effect sizes, primary studies
were excluded if: (1) the retrospective and prospective observational
studies had unmatched control groups, (2) they were not conducted
in the general population, such as studies that recruited COVID-19
patients with specific underlying disorders, or (3) they only re-
ported unadjusted HRs. We excluded the aforementioned primary
studies from the meta-analyses and then reanalysed the effect sizes
using the random-effects model. This approach helped to ensure that
the general population was targeted and that the risk of selection
bias was minimised among the primary studies included. This is
because tocilizumab was more likely to be given to those who pre-
sented with more severe forms of the disease, which may lead to a
higher proportion of negative outcomes in the intervention group,
relative to the controls.

The between study heterogeneity was assessed for each meta-
analysis by estimating I? statistics and their 95% Cls,*” while publi-

cation bias was examined using Egger's test.®

All analyses were
performed in STATA Statistical Software, version 17 (Stata Corpo-
ration, College Station, TX, USA). Statistical significance was defined

as p-value <0.05.

3 | RESULTS
3.1 | Literature search

The systematic search identified a total of 709 records, which came
from PubMed (n = 94), Scopus (n = 279), the Web of Science
collection (n = 80), the Cochrane library (n = 1), Epistemonikos
(n = 139), and medRxiv (n = 116). Following the removal of 197
duplicate records, the remaining 512 studies were screened and 93
publications were selected for full text review. One article was not
accessible and thus it was excluded.!’ After evaluating the other 92
articles for eligibility, 42 were excluded for the following reasons:
one study investigated tocilizumab combined with another IL-6 in-
hibitor,2° two discussed therapies other than tocilizumab,?1?? 37

were not systematic reviews,2>">?

and two were systematic reviews
of preclinical or animal studies.®®! Finally, 50 articles met the
eligibility criteria and were included in the present umbrella re-

view®2862-109 (Figyre 1).

3.2 | Characteristics of the studies included in the
meta-analysis

The 50 included studies were comprised of nine preprints and 41
published articles, which appeared in 37 different journals. They were
all published in English and published in 2020 and 2021. Two studies
did not report the search date, while in the remaining 48 compre-
hensive searches were performed from 1 December 2019 up to May

2021. Table 1 summarises the characteristics of the included studies.

A total of 70 primary studies were included in the published meta-
analyses, including 55 retrospective cohorts, 11 randomized control
trials (RCTs), and four prospective cohorts. Thirty-eight primary
studies provided a matched control group and 37 studies reported the
adjusted multivariate effect sizes. There were 24 studies conducted in
the USA, 12 in Italy, 10 in Spain, and 24 in other countries.

3.3 | Primary outcomes
3.3.1 | Tocilizumab administration and risk of
intubation, admission to ICU, or death

The first outcome was the combined outcome of either intubation,
admission to ICU, or death, which was collectively called clinical
failure. Ten publications, which were comprised of six retrospective
studies, one prospective cohort study, and three clinical trials
(n = 3318), were used for recalculating the summary aHR. The results
of the pooled estimate showed that there was a significant 58%
reduction in this composite outcome in the group receiving tocilizu-
mab, relative to the control group (aHR 0.42; 95%Cl, 0.30-0.59,
1?2 = 61.0%). In a subgroup analysis, by study type, the risk of clinical
failure was greatly reduced for the treatment group in retrospective
cohort studies (aHR 0.31; 95%Cl, 0.19-0.51, I?> = 68.7%) and RCTs
(aHR 0.62; 95%Cl, 0.43-0.89, I> = 0.0%), but not for prospective
cohorts (aHR 0.65; 95%Cl, 0.23-1.83, I’=NA) (Figure 2).

In order to recalculate the summary effect for clinical failure, in
terms of RR, 5140 patients from ten studies (two retrospective co-
horts and eight RCTs) were enroled. Participants who received
tocilizumab had an overall significant 25% lower risk of clinical fail-
ure, as compared to their counterparts in the control group (RR 0.75;
95%Cl, 0.61-0.93, I? = 44.1%). Furthermore, the advantage of toci-
lizumab administration in reducing the risk of clinical failure ranged
from a 19% reduction in clinical trials (RR 0.81; 95%Cl, 0.69-0.95,
I? = 21.2%) to a 65% reduction in retrospective studies (RR 0.35; 95%
Cl, 0.13-0.99, I?> = 49.6%) (Figure 3).

3.3.2 | Tocilizumab administration and the overall
risk of mortality

A total of 33 primary studies, consisting of 18,538 participants, re-
ported aHRs for mortality. These studies were comprised of 30
retrospective studies and three RCTs. After recalculating the sum-
mary effect, an emerging survival benefit was demonstrated for those
receiving tocilizumab over the control group (aHR 0.52; 95%Cl, 0.43-
0.63, I? = 74.0%). When the pooled estimates were stratified, based
on the study design, the summary effects remained statistically sig-
nificant, with a larger benefit being found in retrospective studies
(aHR 0.50; 95%Cl, 0.41-0.61, I?> = 75.9%), relative to clinical trials
(aHR 0.67; 95%Cl, 0.53-0.86, I> = 0.3%) (Figure 4).

In the next step, the mortality RRs were reanalysed using 38
primary studies, which included data for 16,072 COVID-19 patients.
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Identification of studies via databases and registers

)
Records identified from databases
5 and registries (n = 709): Records removed before
= PubMed (n = 94) .
S Scopus (n = 279) seresiing:
= Web of Science (n = 80) —> Duplicate records removed (n
= Cochrane library (n = 1) =197)
3 Epistemonikos (n = 139)
medRxiv (n = 116)
. \ 4
Records screened Records excluded
—>
(n=512) (n=419)
\ 4
Reports sought for retrieval Reports not retrieved
= (n=93) ’ (n=1)
c
(<}
; I
7]
(7]
Reports assessed for eligibility
(n=92) —> .
Reports excluded (n = 42):
Combination therapies with
IL-6 inhibitors (n = 1)
Not evaluated tocilizumab (n
= 2)
Other types of studies (n =
— 37)
Preclinical or animal studies
(n=2)
Studies included in review
(n=50)

FIGURE 1 Study selection process

Twenty-eight publications were retrospective observational studies,
one was a prospective cohort, and nine were RCT. Tocilizumab
administration resulted in substantially lower odds of death, when
compared to the control group (RR 0.78; 95%Cl, 0.71-0.85,
2> = 40.8%). Analysing the results by study design, tocilizumab
therapy was associated with a lower risk of mortality, compared to
the control groups, in retrospective studies (27%), prospective
studies (80%), and RCTs (11%). The differences were statistically
significant for all types of study designs (RR 0.73; 95%Cl, 0.66-0.81,
I? = 29.9%; RR 0.20; 95%Cl, 0.04-0.93, I>=NA; and RR 0.89; 95%ClI,
0.80-0.98, I? = 5.9%, respectively) (Figure 5).

3.4 | Secondary outcomes
3.4.1 | Tocilizumab administration and the need for
mechanical ventilation

Eight primary retrospective studies and seven RCTs, with a total
population of 5792 COVID-19 patients, were used to recalculate the
RR for requiring mechanical ventilation. Patients who were given
tocilizumab had a significantly lower risk of requiring mechanical
ventilation, than those who were treated with the control group
medications (RR 0.77; 95%Cl, 0.64-0.92, 1> = 44.9%). However,
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First author Year Country
Retrospective
Chilimuri et al. 2020 USA
Garcia et al. 2020 Spain < e
Guaraldi et al. 2020 Italy
Menzella et al. 2020 Italy
Rodriguez-Bano et al. 2020 Spain
Rossi et al. (1) 2020 France
Subgroup, DL (I° = 68.7%, p = 0.007)
Prospective
Mikulska et al. 2020 Italy
Subgroup, DL (¥ = 0.0%, p = .)
RCT
Hermine et al. 2020 France
Salama et al. 2020 Multicenter
Stone et al. 2020 USA
Subgroup, DL (I = 0.0%, p = 0.700)
Heterogeneity between groups: p = 0.078
Overall, DL (I° = 61.0%, p = 0.006)
[
.02

Favours intervention

HR(95% Cl) Weight(%)
— 0.36 (0.19, 0.71) 11
0.03 (0.01, 0.10) 5
— 0.53 (0.31, 0.89) 12
—_—— 0.44 (0.22, 0.89) 10
e 0.32 (0.15, 0.67) 10
— 0.34 (0.22, 0.52) 14
<> 0.31(0.19, 0.51) 61
—_——— 0.65 (0.23, 1.82) 7
s I e 0.65(0.23, 1.83) 7
—e—} 0.58 (0.30, 1.11) 11
——— 0.56 (0.33, 0.97) 12
— 0.83 (0.38, 1.81) 9
Q 0.62 (0.43, 0.89) 32
<> 0.42 (0.30, 0.59) 100
[ [ [ |

.35 1 16 27 7

Favours control

FIGURE 2 Forest plots of the pooled estimates for hazard ratios on the association between tocilizumab administration and risk of clinical
failure (i.e. intubation, admission to ICU, or death) by study type. hazard ratio (HR); confidence interval (Cl); DerSimonian and Laird (DL);

randomized controlled trial (RCT)

although the beneficial impact of tocilizumab was found in clinical
trials (RR 0.79; 95%Cl, 0.71-0.89, 1?2 = 0.0%), this was not the case in
retrospective studies (RR 0.72; 95%Cl, 0.43-1.21, > = 68.5%)
(Figure S1).

3.4.2 | Tocilizumab administration and the risk of
ICU admission

The effect of tocilizumab on the probability of being admitted to ICU
was examined in eight publications, which were comprised of three
retrospective studies, one prospective cohort, and four RCTs (a total
of 1052 COVID-19 patients). Reanalysis of the summary effect
revealed that tocilizumab did not reduce the overall risk of ICU
admission (RR 0.85; 95%Cl, 0.65-1.11, I? = 57.7%). Furthermore, the
sub-group analysis showed no reduced risk for retrospective cohorts,
prospective cohorts or clinical trials (RR 0.77; 95%Cl, 0.36-1.63,
I? = 70.8%; RR 0.92; 95%Cl 0.38-2.24, ’=NA; and RR 0.79; 95%Cl,

0.51-1.23, I?> = 67.8%, respectively), in comparison to the control
groups (Figure S2).

3.4.3 | Tocilizumab administration and hospital
discharge

The outcome of being discharged from hospital after receiving toci-
lizumab, in comparison with the control treatments, was assessed in
15 primary investigations (11 retrospective cohorts and four RCTs)
that recruited a total of 7159 COVID-19 patients. In general,
administration of tocilizumab resulted in a significant higher rate of
hospital discharge, relative to the control group (RR 1.12; 95%Cl,
1.03-1.22, I? = 64.1%). Moreover, the subgroup analysis showed that
although tocilizumab improved the chances of hospital discharge in
patients enrolled in retrospective cohort studies (RR 1.23; 95%Cl,
1.04-1.45, 17 = 66.3%), no significant differences were found in RCTs
(RR 1.07; 95%Cl, 0.98-1.16, I*> = 61.9%) (Figure S3).



REZAEI TOLZALI €T AL

WILEY 13 of 22

First author Year Country Treatment n/N Control n/N RR(95% Cl) Weight(%)
Retrospective

Klopfenstein et al. 2020 France 8/30 921176 — 0.51(0.28, 0.94) 9
Potere et al. 2020 italy 2/40 12/40 < : 0.17 (0.04, 0.70) 2
Subgroup, DL 10170 1041216 -<> 0.35(0.13, 0.99) 1
(" = 49.6%, p = 0.159) :

RCT

Hermine et al. 2020 France 11/63 18/67 —’—— 0.65(0.33,1.27) 7
Horby et al. 2021 UK 619/1754 754/1800 "' 0.84 (0.77,0.92) 29
Rosas et al. 2021 Multicenter 53/183 38/90 + 0.69 (0.49, 0.96) 17
Salama et al. 2020 Multicenter 30/249 25/128 —.— 0.62 (0.38, 1.00) 12
Salvarani et al. 2020 Italy 17/60 17/63 —— 1.05 (0.59, 1.86) 9
Stone et al. 2020 USA 171161 10/81 —‘—_ 0.86 (0.41,1.78) 6
Veiga et al. 2021 Brazil 18/65 13/64 v——‘— 1.36 (0.73, 2.55) 8
Zhao etal. 2021 China 019 27 'S 0.08 (0.00, 1.49) 1
Subgroup, DL 765/2554 877/2300 O 0.81(0.69, 0.95) 89

(1" =21.2%, p=0.261)

Heterogeneity between groups: p = 0.119
Overall, DL 77512624 981/2516

(" = 44.1%, p = 0.065)

Q 0.75 (0.61, 0.93) 100

14 35 1 16 oy 4

Favours control Favours intervention

FIGURE 3 Forest plots of the summary effects for risk ratios on the association between tocilizumab administration and risk of clinical
failure (i.e. intubation, admission to ICU, or death) by study type. risk ratio (RR); confidence interval (Cl); DerSimonian and Laird (DL);

randomized controlled trial (RCT)

3.4.4 | Tocilizumab administration and the risk of
superadded infection

The summary effect was recalculated for 23 studies (8684 patients),
in order to estimate the impact of tocilizumab therapy on the risk of
superadded infections. No significant association was found between
the administration of tocilizumab and an elevated risk of secondary
infection (RR 1.00; 95%Cl, 0.80-1.26, I? = 77.1%). In both subgroups,
which consisted of 16 retrospective cohorts and seven RCTs, there
was no evidence that tocilizumab was related to a higher rate of co-
infections (RR 1.13; 95%Cl, 0.86-1.48, I?> = 80.4% and RR 0.75; 95%
Cl, 0.54-1.04, I? = 31.3%, respectively) (Figure S4).

3.4.5 | Tocilizumab administration and the length of
the hospital stay, ICU stay, and ventilator-free days

The summary effects of the continuous outcomes were recalculated,
in terms of the impact of tocilizumab therapy on the: length of hos-
pital stay (10 studies), length of the ICU stay (five studies), and
number of ventilator-free days (six studies). The pooled estimation
revealed that receiving tocilizumab increased the number of venti-
lator free days, compared to the control treatments (WMD 3.38; 95%
Cl,0.51-6.25, I?> = 75.8%). In contrast, no significant relationship was
found between tocilizumab treatment and the length of the hospital
or ICU stays (WMD —0.19; 95%Cl, —3.34, 2.95; |2 = 97.3% and WMD
—0.49; 95%Cl, —7.88, 6.91, I> = 97.6%, respectively) (Figure S5-S7).

3.4.6 | Tocilizumab administration and the
laboratory parameters

Data on the laboratory measures before and after tocilizumab
therapy were available for the levels of: white blood cells (WBC),
neutrophils, lymphocytes, IL-6, lactate dehydrogenase (LDH), C-
reactive protein (CRP), D-dimer, and ferritin. The time intervals
between the baseline measurements and those after tocilizumab
administration ranged from five to 14 days. Following the reanalysis
of the summary effects, the level of Iymphocytes (WMD
0.26 x 10%/L; 95%Cl, 0.14-0.37, I*> = 45.1%), IL-6 (WMD 176.99
pg/mL; 95%Cl, 76.34-277.64, 1> = 94.3%), and D-dimer (WMD
741.08 ng/mL; 95%Cl, 109.42-1372.75, I?> = 75.8%) were signifi-
cantly higher after administration of tocilizumab. In contrast, the
levels of LDH (WMD -30.88 U/L; 95%Cl, -51.52, -10.24,
1?2 = 0.0%) and CRP (WMD —104.83 mg/L; 95%Cl, —133.21, —76.46,
1?2 = 91.3%) were significantly lower after tocilizumab administration
(Figure S8-S15).

3.5 | Publication bias

There was evidence of publication bias (Egger's p-value <0.05) for
the outcomes of mortality (p = 0.017), level of IL-6 (p = 0.012), and
level of CRP (p = 0.003). In contrast, publication bias was not found
for: clinical failure (effect size of aHR, p = 0.368 and RR p = 0.129),
mortality (effect size of RR p = 0.719), the need for mechanical
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First author Year
Retrospective

Biran et al. 2020
Canziani et al. 2020
Capraet al. 2020
De Rossi et al. 2020
Eimer et al. 2020
Gokhale et al. 2020
Guaraldi et al. 2020
Gupta et al. 2020
Hill et al. 2020
Holt et al. 2020
Ignatius et al. 2021
Ipetal 2020
Lewis et al. 2020
Lietal. 2021
Lopez-Medrano et al. 2021
Luis etal. 2021
Martinez-Sanz et al. 2020
Menzella et al. 2020
Narain et al. 2020
Owenetal. 2021
Rajendram et al. 2021
Ramaswamy et al. 2020
Rodriguez-Bano et al. 2020
Rossi et al. (1) 2020
Rossi et al. (2) 2020
Roumier et al. 2020
Ruiz-Antoran et al. 2020
Somers et al. 2020
Tian et al. 2020
Van den Eynde et al. 2021

Subgroup, DL (I" =75.9%, p = 0.000)

RCT

Gordon et al. 2021
Hermine et al. 2020
Stone et al. 2020

Subgroup, DL (I = 0.3%, p = 0.367)

Heterogeneity between groups: p = 0.060

Overall, DL (F = 74.0%, p = 0.000)

Country

USA
Italy
Italy
Italy
Sweden
India
Italy
USA
USA
USA
USA
USA
USA
China
Spain
Spain
Spain
Italy
USA
Spain
USA
USA
Spain
France
Italy
France
Spain
USA
China

Spain

Multicenter
France

USA

.03 14 .35 1

Favours intervention

16 27 5

Favours control

HR(95% ClI)

0.64 (0.47, 0.87)
0.82(0.42, 1.58)
0.04 (0.00, 0.35)
0.06 (0.02, 0.19)
0.52 (0.19, 1.39)
0.62 (0.38, 0.99)
0.38 (0.17, 0.83)
0.71(0.56, 0.92)
0.57 (0.21, 1.52)
0.90 (0.30, 2.20)
0.47 (0.25, 0.88)
0.76 (0.57, 1.00)
0.24 (0.18, 0.33)
0.38 (0.16, 0.93)
0.47 (0.29, 0.77)
0.35 (0.14, 0.90)
0.77 (0.48, 1.24)
0.55 (0.22, 1.35)
0.79 (0.47, 1.32)
1.20 (0.86, 1.64)
0.56 (0.22, 1.43)
0.25 (0.07, 0.90)
0.12 (0.02, 0.56)
0.29(0.17, 0.53)
0.06 (0.02, 0.19)
0.68 (0.31, 1.75)
0.74 (0.62, 0.89)
0.54 (0.35, 0.84)
0.47 (0.25, 0.90)
0.48 (0.2, 1.07)

0.50 (0.41, 0.61)

0.64 (0.49, 0.81)
0.92 (0.33, 2.53)
1.52 (0.41, 5.61)

0.67 (0.53, 0.86)

0.52 (0.43, 0.63)

Weight(%)

92

100

FIGURE 4 Forest plots of the pooled estimates for hazard ratios on the association between tocilizumab administration and risk of overall
mortality by study type. hazard ratio (HR); confidence interval (Cl); DerSimonian and Laird (DL); randomized controlled trial (RCT)

ventilation (p = 0.439), ICU admission (p = 0.106), hospital discharge
rate (p = 0.269), superadded infection (p = 0.192), length of hospital
stay (p = 0.417), length of ICU stay (p = 0.128), length of ventilator-

free days (p = 0.758), WBC count (p = 0.461), neutrophil count
(p = 0.648), lymphocyte count (p = 0.295), level of LDH (p = 0.950),
level of ferritin (p = 0.481), and level of D-dimer (p = 0.423).
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First author Year Country Treatment n/N Control niN RR(95% Cl) Weight(%)
Retrospective

Albertini et al. 2020 France 3122 2122 - -+ > 150 {0.28,8.12) 0
Biran ot al. 2020 USA 1021210 2561420 -0- 0.80 {0.68, 0.93) 8
Campochiaro el al. 2020 ltaly 532 11/33 —_— 0.47 (0.18, 1.20) 1
Cangiani et al. 2020 ltaly 17/64 24164 —_—1 0.71(0.42. 1.19) 3
Chilmuri et al. 2020 USsA 11667 353/934 —_— 0.43(0.25, 0.75) 2
Colaneri et al. 2020 Italy 521 6121 E—— 0.83 (0.30, 2.31) 1
Eimar et al. 2020 Swaden 5122 7122 # —— 0.71(0.27, 1.91) 1
Fisher el al. 2020 USA 13/45 28/70 —_— 072 (0.42.1.24) 2
Guillamet et al. 2021 USA 312 17131 —_— 0.46 (0.16, 1.28) 1
Gupta et al. 2020 USA 125/433 1419/3491 - 0.71{0.61, 0.83) 8
Holt et al. 2020 USA 10132 9130 —_— 1.04 (0.49, 2.21) 1
Ignalius et al. 2021 USA 25/90 3190 —_— 0.81(0.52. 1.25) 3
Klopfenstein et al. 2020 France 8130 661176 —_— 0.71(0.38, 1.33) 2
Lawis et al. 2020 UsA 145497 211/497 —— 0.69 (0.58, 0.82) 8
Mahta et al. 2021 USA 8133 774 ———————  256(1.01,6.48) 1
Okoh et al. 2020 USA 2120 3140 133 (0.24, 7.35) 0
Patel et al. 2020 usA 11142 i1 —_——— 0.98 (0.48, 2.00) 1
Petiit et al. 2020 USA 29/74 17/74 L 1.71(1.03, 2.83) 3
Poter et al. 2020 italy 210 11740 - 0.18 (0.04, 0.77) 0
Rajendram et al. 2021 USA 2082 29/82 ——1 0.69 (0.43, 1.12) 3
Rojas-Marte et al. 2020 USA 43/96 5597 — 0.79 (0.60, 1.05) 5
Rossi etal. (1) 2020 France 36/106 801140 —0-—- 0.59 (0.4, 0.80) 5
Rossotti et al. 2020 Italy 1574 501148 —_— 0.51(0.31, 0.83) 3
Roumier et al. 2020 France 8149 8147 _ 0.72(0.27,1.92) 1
Somers et al. 2020 USA 14178 27476 —_— 0.51(0.29, 0.89) 2
Tian et al. 2020 China 14165 42130 — 1 0.67 (0.39, 1.13) 2
Tsaictal. 2020 UsA 18/66 18166 —-—« — 1.00 (0.57, 1.75) 2
Wadud et al. 2020 USA 17144 26150 —1 0.74 (0.47, 1.17) 3
Subgroup, DL 71212448 2833(7008 O 0.73 (0.66, 0.81) 74

(¥ =29.9%, p = 0.070)

Prospective

Masia el al. 2020 Spain 276 8i62 - 0.20 (0.04, 0.93) 0
Subgroup, DL 276 862 -G— 0.20 (0.04, 0.93) )
(°=00%,p=.)

RCT g

Gordon el al. 2021 Multicenter 98/350 1421397 ——| 0.78 (0.63. 0.97) 7
Hermine ot al. 2020 France 7164 8167 0.92 (0.35, 2.38) 1
Horby ot al. 2021 UK 62112022 72072094 - 0.88 (0.81, 0.96) 10
Rosas el al 2021 Multicenter 581294 28144 — 1.01(0.68, 1.52) 4
Salama el al. 2020 Mullicenter 261249 1128 —_—— 1.2 (0.62. 2.38) 2
Salvarani et al. 2020 Italy 2i60 1063 210 (0.20, 22.56) 0
Soin et al. 2021 India 1191 15/88 0.71(0.34, 1.46) 1
Stone et al. 2020 USA 9161 381 151 (0.42, 5.42) 1
Veiga el al. 2021 Bracil 14/65 6164 230 (0.94, 5.61) 1
Subgroup, DL 846/3356 943/3126 () 0.89 (0.80, 0.98) 2
(F =5.9%, p = 0.386)

Hetlerogeneily belween groups: p = 0.008

Overall, DL 1560:5878 3784110194 o 0.78 (0.71, 0.85) 100

(I = 40.8%, p = 0.006)

03 14 35 1 186 27 7

Favours control Favours intervention

FIGURE 5 Forest plots of the summary effects for risk ratios on the association between tocilizumab administration and risk of overall
mortality by study type. risk ratio (RR); confidence interval (Cl); DerSimonian and Laird (DL); randomized controlled trial (RCT)



REZAEI TOLZALI €T AL

16 of 22 WI LEY

3.6 | Quality assessment

The results of the quality assessment showed that 29 (58%) were
critically low, 12 (24%) were low, eight (1 were moderate, and 1 (2%)
study was high quality. Among the critical domains, the most common
problem was not taking into account the risk of bias when inter-
preting the results. Among the non-critical domains, most studies did
not report the source(s) of funding for their study (Table S2).

4 | DISCUSSION

The present umbrella review found that tocilizumab administration
significantly reduced the risk of requiring mechanical ventilation and
dying in COVID-19 patients. Moreover, tocilizumab significantly
increased the likelihood of hospital discharge and a higher number of
ventilator-free days, without increasing the risk of super-imposed
infections. In terms of the effects of tocilizumab treatment on labo-
ratory measures, it significantly increased lymphocytes, IL-6 and D-
dimer, and decreased LDH and CRP levels.

We found that tocilizumab treatment significantly decreased the
risk of mortality by 48%. In addition, the risk of clinical failure, which
was defined as a combination of intubation, ICU admission, or death,
was 0.42 times lower in the tocilizumab group than among the con-
trols. A systematic review of hospitalised COVID-19 patients showed
that remdesivir decreased the 14-day mortality rate of COVID-19
patients by 36%, but not the 28-day mortality rate (RR = 1.14,
95%Cl: 1.06, 1.22).)*? Furthermore, treatment with favipiravir
showed no significant difference from the control group, in terms of
COVID-19 mortality (RR 1.19; 95%Cl, 0.85-1.66).*** Moreover, an
umbrella review revealed that treating COVID-19 patients with
convalescent plasma significantly reduced the mortality rate,
compared with the controls.*** Another umbrella review, on the ef-
ficacy of hydroxychloroquine or chloroquine in patients with COVID-
19, showed there was a lack of consistency in the clinical efficacy
reported by the included articles.**> A network meta-analysis on the
efficacy of anti-severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) antibodies for treating COVID-19 revealed that
bamlanivimab + etesevimab decreased mortality by 87% (95%Cl,
0.02-0.77).2%¢ The differences in the mortality outcomes between
the numerous strategies for treating COVID-19 could be due to
differences in the inclusion criteria between the studies and features
of the eligible populations, such as the prevalence of various under-
lying diseases and previous infection with SARS-CoV-2. However,
comparing our results with the previously published studies shows
that tocilizumab appears to be one of the most effective therapies for
reducing COVID-19 mortality.

Tocilizumab reduced the need for mechanical ventilation by 23%,
although it was not significantly associated with a reduced risk of ICU
admission. In comparison, Deng et al. found no significant differences
in the incidence of mechanical ventilation, ICU admission, and dura-
tion of ICU hospitalisation in COVID-19 patients treated with
anti-SARS-CoV-2 antibodies (e.g., monoclonal antibodies and intra-
venous immunoglobulins) and those in the control group.2*®

Furthermore, research by Yu et al. found that sarilumab was not

significantly associated with a reduced risk of invasive mechanical
ventilation (RR 1.15; 95%Cl, 0.38-3.51), whereas tocilizumab
reduced the risk by 21% (RR 0.79; 95%Cl, 0.71-0.88)."* The dif-
ferences between the two may be due to the limited number of
studies which have evaluated the effects of sarilumab, compared with
tocilizumab, or the different mechanisms of action. Sarilumab blocks
IL-6 and IL-6 receptors, but tocilizumab is only an IL-6 receptor
antagonist.'*®

A systematic review evaluating the effects of five pharmacologic
interventions (i.e., anti-inflammatory, antiviral, antiparasitic, antibody,
and antibiotics) on the length of hospital stay showed that anti-
inflammatory (mean difference (MD) —1.41; 95%Cl, —1.75, —1.07)
and antiparasitic drugs (MD —0.65; 95%Cl, —1.26, —0.03) significantly
reduced the length of hospital stay.149 However, in the present study
we did not find any significant differences between the tocilizumab
and control groups, in terms of the length of hospital stay or ICU stay
(b > 0.05). This discrepancy could be as a result of the different aims,
methodologies, and therapies included in these two studies. Similar to
our findings, in a review of 13 articles and 4770 patients, Ebrahimi
Chaharom and colleagues showed that corticosteroids did not
significantly reduce the duration of hospital stay (odds ratio (OR)
1.56: 95%Cl, —0.29, 3.41).2°° A network meta-analysis on 196 trials,
which included 76,767 participants and compared the efficacy of
different COVID-19 treatments, revealed that IL-6 inhibitors signifi-
cantly reduced the risk of mechanical ventilation (OR 0.72; 95%Cl,
0.57-0.90) and also the length of hospital stay (MD —4.5; 95%ClI,
—-6.7, —2.3), while no significant differences were found in the time to
symptom resolution (MD —0.7; 95%Cl, —2.7, 1.7) or the number of
ventilator-free days (MD 1.6; 95%Cl, —0.2, 3.3).2>* Similarly, we found
a reduced risk of mechanical ventilation for those receiving tocilizu-
mab (RR 0.77; 95%Cl, 0.64-0.92), but in contrast we found a signifi-
cant increase in the number of ventilator-free days (WMD 3.38; 95%
Cl, 0.51-6.25). These inconsistencies could be explained by differ-
ences in the number of included studies and due to the inclusion of all
types of IL-6 inhibitors, compared with our study which only included
tocilizumab. Moreover, the above-mentioned study showed no sig-
nificant difference in the occurrence of adverse events between IL-6
inhibitors and the control group (MD —4.0; 95%Cl, —9.0, 67.0),%°!
while our study also found no increased risk for superadded infection
in those treated with tocilizumab (RR 1.00; 95%Cl, 0.80-1.26).

COVID-19 has been associated with increased platelet levels and
CRP, as well as decreased lymphocytes.'>? Tocilizumab, which is also
used to treat rheumatologic diseases like rheumatoid arthritis, has
been found to reduce CRP and erythrocyte sedimentation levels.>3
The results of a systematic review of 11 studies, including 29 pa-
tients, showed that IL-6 and CRP levels were significantly higher and
lower, respectively, after tocilizumab treatment (p = 0.002 for IL-6
and p < 0.0001 for CRP).1%3 |n addition, the results of another
meta-analysis showed that tocilizumab was associated with signifi-
cant reductions in CRP (MD -106.69 mg/L; 95%Cl, —146.90,
—66.49), D-dimer (MD -3.06 mg/L; 95%Cl, —5.81, —0.31), ferritin
(MD 532.80 ng/ml; 95%Cl, —810.93, —254.67), and procalcitonin
(MD -0.67 ng/ml; 95%Cl, —1.13, —0.22), while significantly increasing
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lymphocyte counts (MD 360/ul; 95%Cl, 0.18, 0.54).* In accordance
with previous findings, we also found a substantial increase in
lymphocyte count, IL-6 and D-dimer level, as well as a decrease
in CRP.

The quality assessment of the studies included in our research,
using AMSTAR 2, showed that most of the included studies had low and
critically low quality. Similarly, an umbrella review which summarised
the systematic reviews on the clinical presentations of COVID-19,
diagnostic tools, therapeutic modalities and laboratory and radiologic
findings, reported that all of the articles included had critically low
ratings, based on AMSTAR 2.1 Moreover, concordant findings were
also made by studies reviewing the effectiveness of chloroquine,
hydroxychloroquine and convalescent plasma for treating
COVID-19.14413> perhaps one explanation of these somewhat su-
rprizing findings is that early in the COVID-19 pandemic, study quality
was not adequately assessed during the peer-review process.'>®

To best of our knowledge, this is the first umbrella review on the
efficacy of tocilizumab for treating COVID-19. This article consoli-
dates the knowledge by providing a comprehensive summary of the
most up-to-date evidence for one of the most promising options for
treating COVID-19. Nevertheless, this study has several limitations
which should be considered when interpreting the results and/or
using this information in clinical practice. Firstly, we used AMSTAR 2
to assess the quality of the included articles, but this approach has
some limitations. For instance, due to the pressing need for scientific
papers during the COVID-19 crisis, several studies might not have
reported some methodological details that are important for quality
assessment. Secondly, several primary studies where included in
more than one systematic review. We included all of these in our
study, but the overlapping data were not included when calculating
the pooled effect sizes. Thirdly, although we systematically searched
the above-mentioned databases and conducted an extensive search
for grey literature, there is still a chance that some articles were
missed. Fourthly, we conducted subgroup analysis only by study
design. Past medical history, geographical region or disease severity,
which are important prognostic factors for COVID-19, were not
included in the analysis.*>” Fifthly, most of the studies did not report
the number of participants by sex and age group, so we were not able
to perform subgroup on the effects of tocilizumab administration by
age and sex. Sixthly, we included preprints in the study. Since pre-
prints have not yet been peer-reviewed, this might lead to bias in the
findings. Seventhly, some of the laboratory parameters, like creati-
nine kinase which can be used as a prognostic factor, were not
included in the present study.*>® Eighthly, the protocol of the study
was not registered in PROSPERO, although it was submitted to the

relevant university committee.

5 | CONCLUSIONS

This umbrella review found that tocilizumab reduced the risk of
intubation and mortality, lead to an earlier discharge from hospital
and did not increase the risk of a super-imposed infection. Therefore,
tocilizumab can be considered a successful treatment strategy and
should be included in guidelines for treating COVID-19 patients.

Nevertheless, the quality of the included articles was generally low
and further high quality primary studies, in particular RCTs, are
needed. Furthermore, a future umbrella review is needed to examine
the safety of tocilizumab for treating COVID-19 patients in more
detail.
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