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ABSTRACT

Background: To date, there is no effective treatment for the new coronavirus disease (COVID-19). We
aimed to systematically review the literature on the association between the combination of tocilizumab
(TCZ) and systemic corticosteroid therapy (SCT) on outcomes of COVID-19 patients.

Methods: We searched MEDLINE, Cochrane Central, and preprints, for studies in which health outcomes
were compared between adults with severe COVID-19 who received TCZ and SCT and those who received
standard of care without TCZ. Record screening, data extraction, and risk of bias assessment were per-
formed in duplicate. Random effect models were used when pooling crude numbers and adjusted effect
estimates of study outcomes.

Results: Our search identified seventeen studies. The pooled crude mortality rate was lower in the com-
bination arm (relative risk, RR=0.62, 95% confidence interval [CI]=0.42 - 0.91; [?’=60%). The adjusted
mortality rates were also lower in the combination arm (RR=0.58, 95% CI=0.42 - 0.81; 12)=71%). The rate
of superinfections did not differ between the two interventions.

Conclusions: The findings of this study show that combination of TCZ and SCT compared to SOC has
lower mortality rates. There is an urgent need for well-designed randomized trials to assess the safety

and efficacy of this combination in subjects with severe COVID-19.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

A severe pneumonia-associated respiratory syndrome caused by
a new strain coronavirus was identified in December 2019 (COVID-
19) and found to be caused by a novel enveloped beta-corona
virus (SARS-CoV-2) (Fu et al, 2020; Guan et al, 2020). The dis-
ease severity ranged from asymptomatic to severe (Mehta et al.,
2020). Presently, there are no effective therapies for COVID-19 sup-
ported by high-level evidence (Hossen et al., 2020; Sanders et al.,
2020). Current treatment options include 1) RNA-dependent RNA
polymerase inhibitors (e.g., remdesivir), 2) protease inhibitors (e.g.,
lopinavir/ritonavir), 3) blockade of virus-cell membrane fusion
with a recombinant human angiotensin-converting enzyme (e.g.,
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ivermectin), and 4) the modulation of the human immune system
(e.g., interleukin-6 blockers), 5) Janus kinase inhibitor (e.g., ruxi-
tinib), 6) anti-tumour necrosis factor, 7) convalescent plasma, and
finally 8) corticosteroids (Hossen et al., 2020; Sanders et al., 2020).

One of the promising options for severe COVID-19 is
tocilizumab (TCZ), which is currently approved in to treat adults
with moderately to severely active rheumatoid arthritis who have
not responded to or tolerated previous therapy (Burmester et al.,
2017; Mehta et al., 2020). It is also proven to be effective in cy-
tokine release syndrome (CRS) (Burmester et al., 2017; Mehta et al.,
2020). An IgG1 subclass of humanized monoclonal antibody (mAb),
TCZ acts by blocking IL-6 from binding to the membrane-bound
and soluble IL-6R. This action results in inhibiting IL-6 activity
(Burmester et al., 2017; Yazici et al., 2012). Patients with se-
vere COVID-19 infection may present with CRS, causing hypoten-
sion, fever, and high levels of C-reactive protein (CRP) and abnor-
mal coagulation parameters (Shimabukuro-Vornhagen et al., 2018;
Xiong et al, 2020). That in some cases may develop to uncon-
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trolled inflammatory response causing shock and multiorgan sys-
tem failure (Shimabukuro-Vornhagen et al., 2018). Core cytokines
founded to be elevated in the serum of patients with CRS were
IL-6, IL-10 and IFN-y (Shimabukuro-Vornhagen et al., 2018). It has
been noticed that SARS-CoV-2 infection is associated with a no-
ticeable elevation in IL-6 (Xiong et al., 2020). Therefore, targeting
IL-6 is of crucial role in the management of COVID-19 related CRS
and organ failure. As an anti-IL-6 agent, TCZ is used to improve
symptoms of severe CRS caused by chimeric antigen receptor (CAR)
T cells (Brudno and Kochenderfer, 2016). Since changes in inflam-
matory cytokines were related to the severity of COVID-19, sup-
pression of the cytokine storm is rationally acceptable (Choy et al.,
2020).

In several studies of severe COVID-19, TCZ was used for the
management of elevated IL-6 level and CRS (Alattar et al.,, 2020;
Klopfenstein et al., 2020; Luo et al., 2020; Sise et al., 2020). These
observational studies generally show a favorable effect of TCZ in
reduction of CRP and IL-6 (Alattar et al., 2020; Luo et al., 2020).
A retrospective analysis of patients with severe COVID-19 who re-
ceived TCZ revealed a rapid decline in oral temperature and CRP
levels (Alattar et al., 2020). Besides, TCZ use was related to the
dramatic reduction in inflammatory markers, radiological improve-
ment and reduced ventilator support requirements (Alattar et al.,
2020). The use of systemic corticosteroid therapy (SCT) in the
treatment of infectious diseases has long been controversial. Cor-
ticosteroids have received worldwide attention as a potentially ef-
fective treatment for COVID-19 infection (Sanders et al., 2020).
Throughout the pandemic, SCT has been used in both non-severe
and severe COVID-19 patients. The use of SCT has prompted several
studies to either corroborate or refute positive findings (RECOVERY
Collaborative Group, 2020).

There are currently a few cohort studies that assessed the effec-
tiveness and potential adverse effects of combining TCZ and STC.
To address the current gaps in our knowledge in the management
of COVID-19, we aimed to meta-analyze the results of observa-
tional studies to test the hypothesis that TCZ combined with STC
is associated with improved survival and lower rates of intubation
in severs COVID-19 pneumonia. Meanwhile, we aimed to explore
potential sources of between-studies heterogeneity by performing
subgroup and sensitivity analyses.

Methods
Search strategy and study selection

This systematic review and meta-analysis adhered to the
PRISMA guidelines (Liberati et al., 2009). This study was registered
in PROSPERO 2020 CRD42020216024. MEDLINE and Cochrane CEN-
TRAL were searched using the Ovid platform from inception to 18th
May 2021. We used no restrictions by language or study design. A
search strategy was developed with the combination of terms and
keywords related to the disease of interest (e.g., COVID*) and the
interventions of interest (e.g., tocilizumab, and corticosteroids*).
We also searched for unpublished manuscripts using the medRxiv
services operated by Cold Spring Harbor Laboratory and Research
Square preprints. The full search strategy is provided in the Sup-
plementary material.

Two investigators (BA and SA) independently screened all ci-
tations by title and abstract using Abstrackr (Wallace et al., 2012),
and a third investigator (HA) resolved any disagreements. Full texts
of these studies were retrieved, and two investigators (BA and SA)
independently screened them for inclusion. A third investigator
(HA) resolved any disagreements. Here, the disagreement was al-
most entirely due to oversight, not a difference in opinion. Two
reviewers (BA and SA) manually screened the bibliographies of in-
cluded articles to identify additional eligible studies.
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We followed a priori study eligibility criteria for study selection.
We included observational studies that compared the combination
of TCZ and SCT with no TCZ treatment for the management of
SARS-CoV-2. We also included subgroup analyses from randomized
controlled trials (RCTs), and they were treated as observational in
nature, since trials were not randomized based on subgroups. Stud-
ies were included regardless of dose, duration, and type of steroid
agent used. We determined a priori to report on the following out-
comes because they were judged to be essential or critical for de-
cision making, including death, intubation, and superinfection. The
primary outcome, which is death, was defined as hospital mortal-
ity or all-cause mortality, as reported in the included studies. The
secondary outcome was a composite of intubation, or death, and
superinfection. For studies that did not report a composite of in-
tubation and death as one of their outcomes, we considered the
mortality outcome to be the composite.

Data extraction and quality assessment

Two investigators (BA and SA) extracted data independently
from the included studies. A third investigator (HA) was consulted
to resolve any discrepancies. The information was recorded using
a standardized data collection form for study characteristics and
outcome findings. We extracted information about the study re-
gion, design, sample size, inclusion criteria, disease severity, inter-
vention (including drug type, dose, duration of use, start time, and
cointerventions), study funding, and outcomes.

Two independent investigators (KA and AA) used the
Newcastle-Ottawa Scale as a tool to assess the quality of non-
randomized studies (Wells et al., 2012). For any conflicts, a third
investigator (HA) was consulted. The scale awards a maximum
of nine stars to each study, four for selection of participants and
measurement of exposure, two for comparability of cohorts based
on the design or analysis, and three for assessment of outcomes
and adequacy of follow-up. Studies assigned zero starts for at least
four elements in the scale were of low quality.

To assess the quality of the RCTs included we used the Cochrane
Risk of Bias tool-version 2 (RoB 2) (Higgins et al., 2019). This was
done by two independent investigators. Bias was assessed with the
following domains: bias arising from the randomization process,
bias due to deviations from the intended interventions, bias due
to missing outcome data, bias in measurement of outcomes, and
bias arising from selective reporting of results. The overall risk of
bias for each trial was categorized as low if the risk of bias was
low in all domains, medium if the risk of bias was unclear in at
least one domain, or high if the risk of bias was high in at least
one domain per the risk of bias tool. Any disagreements were re-
solved disagreements by discussion and consensus.

Data synthesis

Studies that reported on at least one of the study outcomes
were included in the meta-analysis. We performed meta-analyses
of associations by either using crude numbers or adjusted analy-
sis depending on the availability of these data, using DerSimonian
and Laird random-effects models (DerSimonian and Laird, 1986).
For crude analysis, we pooled the data by using relative risk or risk
ratios (RRs) when the number of events was available. The analysis
was first performed by combining only observational studies, and
then repeated by adding the subgroup analyses from RCTs. Since
the trials did not randomize subjects based on TCZ and SCT com-
bination, this intervention was rather reported as subgroup only,
these analyses were considered observational in nature. Analyses
were performed separately for studies that provided adjusted as
opposed to crude numbers. We used adjusted hazard ratios (HRs),
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and odds ratios (ORs), and their 95% confidence intervals, of as-
sociations, reported. However, we first converted the ORs to RRs
before combining the calculated RRs and HRs using the method of
Zhang and Yu (Zhang and Yu, 1998). We included the most ad-
justed HRs or ORs reported; if only unadjusted ORs were reported,
we included them as well. All analyses were conducted using R
statistical programming version 4.0.3.

Heterogeneity was assessed using the chi-square test and quan-
tified by using the I? statistic. If results would have shown sub-
stantial heterogeneity (I2 > 75%), we planned to explore it using
subgroup analysis of the following variables: type of SCT used, the
dose of SCT, the dose of TCZ, and severity of the disease. However,
the available data did not permit such analyses to be performed.

Sensitivity analysis was conducted for all outcomes using the
leave-one-out analysis. We also repeated the analysis by includ-
ing only studies that used SCT as a comparison arm instead of the
standard of care (SOC). Also, sensitivity analyses were performed
by excluding low-quality studies and unpublished data (i.e., avail-
able on MedRxiv only). For analyses using adjusted ORs or HRs, we
repeated the analysis separately for studies reporting ORs and for
those using HRs. For the treatment failure outcome (composite of
intubation or death), we repeated the analysis by restricting the
definition of the outcome to those studies which report a compos-
ite outcome of either intubation or death.

Results
Study characteristics and quality assessment

A total of 574 articles were identified and screened; one ad-
ditional study was identified when hand-searching relevant re-
view articles. In total, seventeen studies met our inclusion cri-
teria (figure 1) (Aomar-Millan et al., 2021; Callejas Rubio et al.,
2020; Colaneri et al 2020; Hermine et al., 2020 [CORIMUNO-TOCI 1
Trial]; Rosas et al., 2021 [COVACTA Trial]; Salama et al., 2021 [EM-
PACTA Trial]; Giacobbe et al., 2020; Gonzalez-Castro et al., 2021;
Lopez-Medrano et al., 2021; Mahale et al., 2020; Mikulska et al.,
2020; Narain et al., 2021; Ramiro et al., 2020; Horby and Lim,
2021; Tocilizumab in patients admitted to hospital with COVID-
19 (RECOVERY: a randomised, controlled, open-label, platform
trial, 2021) [RECOVERY Trial]; Rodriguez-Bafio et al., 2021; Ruiz-
Antoran et al, 2021; Van den Eynde et al., 2021). Their sample
size ranged between 92 and 5,776 participants, and thirteen of
them were observational studies, while four were subgroup analy-
ses from RCTs. One study, however, did not state the design clearly
and was assumed to be a cohort investigation. All studies reported
on the combination of TCZ and SCT as the intervention arm. There
were variations in the definition of the SOC (i.e., controlled) arm
across studies, with most having intravenous (IV) corticosteroids
as the comparison arm, while few used SOC without SCT (Table 1).
Participants mean age (in years) ranged from 56 to 74 in the com-
bination arm and from 56 to 78 in the control arm. The most
common comorbidity was hypertension, which was reported in
only twelve studies, followed by diabetes mellitus and cardiovas-
cular disease. Characteristics of study subjects are summarized in
Table 2.

The use of SCT had been mostly given as either methylpred-
nisolone 250 mg IV pulse or 0.5-1 mg/Kg daily for five days. For
TCZ, seven studies had a prespecified criterion for TCZ use. Thir-
teen out of the included studies used IV 8 mg/kg as the dose for
TCZ while using a subcutaneous route in addition to the intra-
venous route in one study. There were only four studies reported
the time of the first TCZ dose. Hydroxychloroquine is the most
used SOC in both treatment arms. Supplementary Tables 2 and 4
describe the medications used in each study.
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Fourteen of the seventeen studies reported on death and there-
fore were also included in the treatment failure analysis. Only six
studies reported the exact composite outcome of intubation or
death. For the secondary outcome, six out of the seventeen studies
reported on superinfection. However, studies used different defi-
nition for superinfection. Only two study defined it as superinfec-
tion, and two studies as a bacterial infection. One study defined
it as bacteremia without a source, and another one as an inten-
sive care unit acquired bloodstream infection. The description of
the outcomes included in each study can be found in supplemen-
tary Table 3.

In regard to quality assessment, all the studies scored either
good or fair quality in the three domains (selection, comparabil-
ity, outcome). However, one study was of low quality in all the do-
mains. Table 1 summarizes the quality assessment for the included
studies.

Death rates

All the thirteen observational studies that reported on death
rates, except four, presented crude death numbers. Adjusted HRs
were reported in five studies, while adjusted ORs were reported
in two, and five reported unadjusted ORs. For crude analysis, over-
all RR was 0.62, 95% CI (0.42 - 0.91), favoring the TCZ and SCT
combination arm, versus the no TCZ arm (figure 2). Heterogenicity
reported as 12 was 60% (p < 0.01).

In adjusted effect estimates, most studies controlled for
age, gender, comorbidities, previously received medications, and
baseline laboratory inflammatory markers. Two studies included
propensity score adjustments. Overall, the RR was 0.58, 95% CI
(0.42 - 0.81) with 12 was 71% (p < 0.001), favoring the combination
arm (figure 3).

For analyses of combining observational studies and subgroup
analyses from RCTs, the crude death numbers were reported in
thirteen studies. The overall RR was 0.69, 95% CI (0.49 - 0.95), I
was 68%, (p < 0.01) (supplementary figure 1). The adjusted death
rates were reported in fourteen studies. The overall RR was 0.64,
95% CI (0.48 - 0.86), 12 was 69%, (p < 0.001) (supplementary fig-
ure 4).

Treatment failure

Three studies defined treatment failure to include intubation or
death. In the other included studies, death outcome was used as
a substitute for treatment failure. Five studies reported treatment
failure in HRs, and three studies reported this outcome as OR,
which was converted to RR. Eleven out of the observational studies
reported the crude number of treatment failure events. The overall
RR was 0.67, 95% CI (0.45 - 0.98), 12 was 73% (p < 0.01) (figure 4),
favoring the combination arm. The adjusted treatment failure rates
were reported in twelve observational studies. The overall RR was
0.61, 95% CI (0.45 - 0.83) (figure 5), I* was 72% (p < 0.001).

When combining observational studies and subgroup analyses
from RCTs, fifteen studies reported crude numbers of treatment
failure events. The overall RR was 0.69, 95% CI (0.52 - 0.93), I
was 69%, (p < 0.01) (supplementary figure 9). For adjusted treat-
ment failure rates overall RR was 0.59, 95% CI (0.43 - 0.80), 12 was
86%, (p < 0.001) (supplementary figure 13).

Superinfection

Superinfection rates were described in five studies, in which all
of them reported unadjusted analyses. The overall RR was 1.11, 95%
CI (0.81 - 1.53), I2 was 0%, (p = 0.84) (figure 6).
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Eligibility Screening Identification

Included

CI: confidence interval; RR: relative risk; SCT: systematic corticosteroids; TCZ: tocilizumab.
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573 records identified through databases searching
295 in MEDLINE, and Cochrane CENTRAL

278 in medRxiv

y

| 1 record identified in hand search

574 total records screened

A

> 510 records excluded

y

64 full-text articles a

ssessed for eligibility

47 studies excluded
15 wrong comparison
14 no comparison
9 trial protocols

+ 2 letters
7 duplicate
17 studies included
13 Observational studies
4 Subgroup analyses from RCTs
Figure 1. Study Selection
RCT: randomized controlled trials.
TCZand SCT NoTCZ
Authors n Nn N Risk Ratio RR  95%CI weight
Aomar-Milln et al 6 59 8 74 ——k 094 [035;:256] 7.1%
Callejas Rubio etal 1 23 5 60 = 052 [006:423] 25%
Colaneri et al 52119 91 i 1.14 [048;270] 83%
Gormzakez-Castro etal 7 4910 38 g 083 [034:201] 8.1%
Lépez-Medranoetal 22 80 86 181 - 058 [039;085] 133%
Mahale et al 2. 510 42 —— 168 [050:559] 58%
Mikulska et al 5513 45 —B— 031 [0.12;080] 75%
Ramiro et al 14 8641 86 : 034 [020;058] 11.8%
Rodriguez-Bafioetal 19 151 41 344 —- 106 [063:176] 120%
Ruiz- Antoran et al 13 11935 87 —— . 027 [0.15;048] 113%
VandenEyndeetal 23 78 17 38 —H 066 [040;108] 122%
Randomeffectsmodel 727 1106 < 0.62 [0.42;0.91] 100.0%
Heterogeneity: 12 = 60%, t2=0.2171, p < 0.01 ! . ' '
0.1 05 1. 2 10

Favors TCZ and SCT Favorsno TCZ

Figure 2. Crude mortality rates in the TCZ and SCT arm versus no TCZ arm, using data from observational studies.
Meta-analysis of the crude mortality outcome.
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Table 1
Characteristics of included studies
Authors Region Study design N Severity TCZ and SCT No TCZ Risk of Bias**
Aomar-Millan et al Spain Retrospective cohort study 143 Severe COVID-19 pneumonia TCZ and Methylprednisolone Low
and hyperinflammation Methylprednisolone
Callejas Rubio et al Spain Retrospective observational study 92 NR TCZ and SCT SCT pulses alone High
Colaneri et al Italy Retrospective cohort study 112 Hospitalized COVID-19 TCZ and Methylprednisolone Low
pneumonia Methylprednisolone
CORIMUNO-TOCI 1 France Open label, randomized clinical 131 Moderate or severe TCZ and SCT Usual care and SCT Low
Trial trial pneumonia
COVACTA Trial Europe and Randomized, double-blind, 438 Hospitalized with severe TCZ and SCT SCT Low
North America placebo-controlled, phase 3 trial COVID-19 pneumonia
EMPACTA Trial Global Randomized, double-blind, 389 Hospitalized with COVID-19 TCZ and SCT SCT Low
placebo-controlled, phase 3 trial pneumonia
Giacobbe et al Italy Retrospective observational study 78 Admitted to intensive care TCZ and Methylprednisolone Low
units Methylprednisolone alone
Gonzélez-Castro Spain Retrospective study 208 Severe COVID-19 disease TCZ and SCT SCT Low
et al
Lépez-Medrano Spain Retrospective cohort study 275 Severe COVID- 19 pneumonia TCZ and SCT SCT alone Low
et al
Mabhale et al India Retrospective cohort study 134 Hypoxic COVID-19 patients TCZ and Methylprednisolone Low
Methylprednisolone
Mikulska et al Italy Observational study 215 Severe COVID-19 pneumonia TCZ and Methylprednisolone Low
and systemic inflammation Methylprednisolone alone
Narain et al United States Retrospective observational study 5,776 COVID-19 cytokine storm TCZ and SCT SCT/SOC Low
Ramiro et al The Cohort study* 172 COVID-19 associated cytokine TCZ and SCT SOC (neither including Low
Netherlands storm syndrome SCT nor TCZ)
RECOVERY Trial United Randomized, controlled, 4116 Severe COVID-19 TCZ and SCT Usual care and Low
Kingdom open-label, trial corticosteroids
Rodriguez-Bafio Spain Retrospective cohort study 1014 NR TCZ and SCT No treatment Low
et al
Ruiz-Antoran et al Spain Retrospective, cohort study 506 Severe COVID-19 pneumonia TCZ and SCT SCT Low
Van den Eynde Spain Single-center retrospective study 255 Severe COVID-19 pneumonia TCZ and SCT SOC (non- Low

et al

immunomodulatory)

COVID-19: coronavirus disease 2019; NR: not reported; SCT: systematic corticosteroids; SOC: stander of care; TCZ: tocilizumab.

* 1 Not clearly stated.

* 1 Using Newcastle Ottawa scale for observational studies and Cochrane Risk of Bias tool for randomized controlled trials.
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Table 2

Demographic characteristics of patients in the included studies

Age (years) Males % CRP (mg/L) Hypertension % Cardiovascular disease % Diabetes mellitus %
Authors TCZ and SCT No TCZ TCZ and SCT No TCZ TCZ and SCT No TCZ TCZ and SCT No TCZ TCZ and SCT No TCZ TCZ and SCT No TCZ
Aomar-Millan et al 62.17 68.18 67.8% 52.7% 136.69 99.38 54.2% 50% 6.8% 5.4% 20.3% 16.2%
Callejas Rubio et al 63.9 63% NR
Colaneri et al 62.33* 63.7* 90% 69% 21.38* 14.88* 38% 22% 9.5% 7.7% 9.5% 8.8%
CORIMUNO-TOCI 1 64" 63.3* 70% 66% 119.5* 127+ NR 33% 30% 33% 34%
Trial
COVACTA Trial 60.9 60.6 69.7% 70.1% 168.4 172.6 60.5% 65.3% 29.9% 24.3% 35.7% 43.1%
EMPACTA Trial 56 55.6 60.2% 57% 124.5* 143.4* 47.6% 49.6% NR 42% 37.8%
Giacobbe et al 66" 77% 43.7* 105 45% NR 18%
Gonzdlez-Castro et al 67 65 77% 86% 22 29 55% 57% NR 28% 22%
Lépez-Medrano et al 744 78.4 56.2% 56.4% 148 159 NR 7.5% 24.9% 27.5% 24.3%
Mahale et al 55.6* 67.9% 118+ 46% 19% 44%
Mikulska et al 61 67.5 62.5% 71.1% 88" 82+ NR
Narain et al 65" 65/67* 72.9% 61.5/64.6% > 25* 49.3% 47[49% 13% 12.8/13% 33.9% 31.9/33%
Ramiro et al 67 67 79% 79% 160 167 22% 31% 20% 13% 11% 27%
RECOVERY Trial 63.3 63.9 66% 69% 143 144 NR 22% 24% 28% 29%
Rodriguez-Bafio et al ~ 65* 69* 71.9% 69% 112 112 48.3% 50.9% 11.3% 18% 17.2% 20.9%
Ruiz-Antordn et al 65 71.3 68.7% 58.8% 149.5 148 48.5% 60.9% 24.3% 31.1% 29.1% 28.6%
Van den Eynde et al 73.3* 73.7 66.7% 65.3% 71.5* 132.4* 60.3% 68.6% 29.5% 40.7% 29.5% 37.3%

CRP: C-reactive protein; NR: not reported; SCT: systematic corticosteroids; TCZ: tocilizumab.

* : Median.
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Authors Weight RR [95% CI]
Aomar-Millan et al —_—— 6.37% 0.94 [0.35,2.54
Callejas Rubio et al 2.32% 0.52]0.07.3.83
Colaner et al 2.42% 0.82[0.12,5.71
Gonzilez-Castro et al ——— 7.22% 0.83 [0.34, 2.02
Lopez-Medrano et al —— 11.39% 0.47[0.29, 0.77
Mabhale et al —_——— 5.00% 1.68[0.50, 5.62
Mikulska et al —_—— 6.39% 0.31[0.11,0.84
Narain et al - 14.19% 0.66 [0.53,0.83
Ramiro et al —_—— 9.09% 0.26[0.13,0.52
Rodriguez-Bailo et al —— 10.55% 1.26 [0.72, 2.21
Ruiz-Antoran et al - 13.58% 0.60 [0.45, 0.80
Van den Eynde et al —— 11.49% 0.29 [0.18, 0.47
Model — 100.00% 0.58 [0.42, 0.81]

ﬁle:lerogeneity F=71%

Favors TCZ and SCT : Favors no TCZ

0.05

T

0.5

T

1

T 1

2 10

Relative Risk

Figure 3. Adjusted mortality rates in the TCZ and SCT arm versus no TCZ arm, using data from observational studies.
Meta-analysis of the most adjusted mortality rates using HRs and RRs as reported in each included study.
CI: confidence interval; HR: hazard ratio; RR: relative risk; SCT: systematic corticosteroids; TCZ: tocilizumab.
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Figure 4. Crude composite outcome rates of intubation or death in the TCZ and SCT arm versus no TCZ arm, using data from observational studies.

Meta-analysis of the composite outcome rates of intubation or death.

CI: confidence interval; RR: relative risk; SCT: systematic corticosteroids; TCZ: tocilizumab.

Sensitivity analysis

There was almost no significant influence on the results of
crude mortality rates after performing multiple sensitivity tests.
However, the association was borderline significant after including
only steroids as a comparator and excluding low-quality (supple-
mentary figures 2 and 3).

For adjusted death rates, the sensitivity analysis yielded similar
results to crude analysis. The association between the intervention
and the adjusted death rates remained significant after omitting
each study in the leave-one-out analysis. When including studies
that compared TCZ and SCT with SCT instead of SOC in general,
the association remained significant (supplementary figure 5). The
results remained the same when including only studies of high
quality (supplementary figure 6). When separating the analysis by
HRs and ORs, there was a significant relationship using HRs but not
with ORs (supplementary figure 7 and 8). When running the sensi-
tivity analysis for the treatment failure outcomes, the results were
like the death rates in both crude and adjusted analyses (supple-
mentary material figures 10-12 and 14-18). Furthermore, for crude
superinfection rates, the analyses remained non-significant using
sensitivity analyses (supplementary figures 19).
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Discussion

The present systematic review and meta-analysis, to our knowl-
edge, is the first to synthesize available evidence on the effect of
the combination of TCZ and SCT in subjects with severe COVID-
19. Our findings suggest that the use of both TCZ and SCT, com-
pared to no TCZ use in subjects with severe COVID-19, reduces
the risk of mortality. These results were consistent when using
both unadjusted and adjusted data obtained from the observational
studies included. Even after performing several sensitivity analy-
ses, the results remained relatively unchanged. For the outcome of
treatment failure, although crude analysis showed a trend towards
lower event rates in the TCZ and SCT combination arm, this effect
was more substantial using adjusted models. Furthermore, the rate
of superinfections, using only unadjusted analysis, suggests that
there are no differences between the two treatment arms in rates
of infections.

Generally, there was moderate to high heterogeneity across
study outcomes. Many factors may have contributed to the het-
erogeneity observed, including different inclusion criteria, variabil-
ity in TCZ and SCT regimen, specifically lower doses of TCZ, co-
interventions used, and the different confounders used in the ad-
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Authors Weight RR [95% CI]
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Mabhale et al —_— 4.57% 1.68[0.50, 5.62
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Van den Eynde et al —— 11.06% 0.29 [0.18, 0.47
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Figure 5. Adjusted composite outcome rates of intubation and death in the TCZ and SCT arm versus no TCZ arm, using data from observational studies.
Meta-analysis of the most adjusted composite outcome rates of intubation and death using HRs and RRs as reported in each included study.
CI: confidence interval; HR: hazard ratio; RR: relative risk; SCT: systematic corticosteroids; TCZ: tocilizumab.
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Figure 6. Crude superinfection rates in the TCZ and SCT arm versus no TCZ arm from, using data from observational studies.

Meta-analysis of the superinfection outcome.

CI: confidence interval; RR: relative risk; SCT: Systematic Corticosteroids; TCZ: Tocilizumab.

justed models. Due to the limited data available from currently
available studies, we were unable to perform subgroup analyses to
investigate this heterogeneity. However, when we limited our anal-
ysis to studies that used SCT rather than SOC as the comparison
arm, heterogeneity was decreased substantially, in both the mor-
tality and treatment failure outcomes.

Although no prior review has focused on the effect of TCZ and
SCT combination, several studies have looked at the effect of ei-
ther TCZ or SCT separately. The beneficial effects of TCZ compared
to SOC was observed in previous reports that used data from ob-
servational studies (Kotak et al., 2020; Tleyjeh et al., 2021). On
the other hand, when pooling data from randomized trials, there
was no added benefit of TCZ (Tleyjeh et al., 2021). In a meta-
analysis assessing safety and efficacy of TCZ in reducing mortal-
ity among critically ill COVID-19 patients, a subgroup analysis by
corticosteroid use showed lower mortality rates, RR was 0.56, 95%
CI (0.34 - 0.92), and post-drug infection RR was 1.29 95% CI (0.41
- 4.04) (Boregowda et al., 2020)- Although this is consistent with
our results, the studies included in this subgroup analysis differs
substantially from our review. Here we have included studies that
used both TCZ and SCT in all patients in the combination arm. In
contrast, in the previous report, not all subjects in the included
studies were using SCT in the combination arm (Boregowda et al.,
2020).

For corticosteroid use in COVID-19 patient, the results vary be-
tween studies (RECOVERY Collaborative Group, 2020; Sterne et al.,
2020; Tlayjeh et al., 2020). In the Randomized Evaluation of
COVID-19 Therapy (ROCEVRY) trial, the use of dexamethasone re-
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sulted in lower mortality rates in subjects with COVID-19 who re-
ceived mechanical ventilation or oxygen (RECOVERY Collaborative
Group, 2020). These results were supported by data from a meta-
analysis which included randomized trials and compared the mor-
tality risk in COVID-19 patient who used SCT versus stander of
care or placebo (Sterne et al., 2020). Their findings show that SCT
use was associated with lower mortality rates (Sterne et al., 2020).
However, other meta-analyses, which included observational stud-
ies or randomized control trials, found that corticosteroids use
was associated with higher mortality rates Sarkar et al., 2020;
Yang et al., 2020. In contrast, others found no association between
CST and mortality (Tlayjeh et al., 2020).

In this review, for our main analysis we included observational
studies only. However, there were four randomized trials that on
the use of TCZ in subjects with severe COVID-19, reported posthoc
analyses based on SCT use, which we included in our secondary
analyses (Hermine et al., 2020; Rosas et al., 2021; RECOVERY Col-
laborative Group, 2021; Salama et al., 2021). For instance, in the
CORIMUNO-TOC 1 trial, the combination of SCT with TCZ use was
associated with a lower treatment failure rate, and adjusted HR
was 0.13, 95% CI (0.021 to 0.78) (Hermine et al., 2020). Also, the
results of the RECOVERY trial showed a lower rate of both mortal-
ity and treatment failure in combination group, and RR was 0.79,
95% CI (0.70-0.89), RR was 0.81, 95% CI (0.74-0.89), respectively
(RECOVERY Collaborative Group, 2021). These results are in accor-
dance with our findings. Nevertheless, there is a still need for trials
that are designed to assess the efficacy of TCZ and SCT combina-
tion, versus SCT alone.
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The strengths of this study include a quantitative synthesis and
the inclusion of both published and unpublished studies, and per-
forming analyses using both unadjusted and adjusted data. How-
ever, there are several limitations. First, the included studies were
mostly observational and mostly retrospective, which may suffer
from the risk of confounding, selection bias and data loss. Nev-
ertheless, we performed the analysis once using crude numbers
and using adjusted analysis, and the results remained consistent.
Second, the majority of studies were from Europe, and the United
States, which may limit the generalizability of the results to other
populations. Third, there were multiple variations between the
studies, including the different definitions of the comparison arm,
the variability between co-interventions, and the level of disease
severity across groups. Fourth, the studies only included subjects
with severe COVID-19. Therefore, the results of these analyses may
not apply to patients with mild to moderate disease. Furthermore,
even though the studies in this review included only those with
severe COVID-19, still the characteristics of the population and
level of severity differed across studies and might impact the cur-
rent study outcomes.

In conclusion, this study shows that the combination of TCZ and
SCT in subjects with severe COVID-19, compared to no TCZ is as-
sociated with lower rates of mortality, and somewhat intubation,
with no change in risk of superinfection. However, these results
were derived from observational studies; therefore, well-designed
randomized trials are urgently warranted to confirm our findings.
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