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ABSTRACT

Tocilizumab is an interleukin receptor inhibitor

that has been used in patients with COVID-19
pneumonia. There are recent randomized controlled
trials (RCTs) that evaluated the efficacy and

safety of tocilizumab in hospitalized patients with
COVID-19 pneumonia. We performed a systematic
review and meta-analysis of RCTs that evaluated
the effectiveness of tocilizumab in hospitalized
patients with COVID-19 not requiring mechanical
ventilation. RCTs comparing tocilizumab with the
standard of care treatment in hospitalized patients
with COVID-19 pneumonia not requiring mechanical
ventilation at the time of administration were
included for analysis. The primary outcome was

a composite of mechanical ventilation or 28-day
mortality and the secondary outcomes were 28-day
mortality and major adverse events. A total of 6
RCTs were included for the analysis. Tocilizumab was
associated with a statistically significant reduction
in the primary composite outcome of mechanical
ventilation or 28-day mortality (risk ratio (RR): 0.83
(95% Cl: 0.74 to0 0.92, 1>=0, tau?=0). Treatment with
tocilizumab did not show a statistically significant
reduction in 28-day mortality (RR: 0.90 (95% Cl:
0.76 to 1.07), 1°=0, tau’=0) and rate of serious
adverse events (RR: 0.82 (95% Cl: 0.62 to 1.10),
=0, tau®=0). Tocilizumab was associated with a
decrease in the incidence of primary outcome, that
is, mechanical ventilation or death at 28 days in
hospitalized patients with COVID-19 pneumonia.

INTRODUCTION
Tocilizumab is a humanized monoclonal anti-
body that competitively inhibits the inter-
leukin-6 (IL-6) receptor. The Food and Drug
Administration first approved tocilizumab for
the treatment of rheumatoid arthritis in 2008.
Since then, it has been further approved for the
treatment of multiple inflammatory conditions,
including juvenile idiopathic arthritis, giant cell
arteritis, and cytokine release syndrome (CRS).’
COVID-19 infection leads to a dysregu-
lated inflammatory state in patients. There
is increased release of pro-inflammatory
cytokines, including IL-6, IL-1 beta, tumor
necrosis factor, and granulocyte monocyte
colony-stimulating factor. This CRS leads to an
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Significance of this study

What is already known about this subject?
» A review of ClinicalTrials.gov revealed
that as of April 2021, there are currently
18 clinical trials underway that attempt
to study the effect of tocilizumab alone or
in combination with other medications in
patients with COVID-19.

What are the new findings?

» Tocilizumab use improved the composite
primary outcome of mechanical ventilation
or 28-day mortality without an increase in
the rate of serious adverse events.

How might these results change the focus

of research or clinical practice?

» Our review concluded that there is enough
evidence to advocate for the routine
clinical use of Tocilizumab in patients with
COVID-19 pneumonia who are not on
mechanical ventilation.

inflammatory cascade and downstream tissue
damage despite downtrending viral load.” It
is the CRS that is responsible for the develop-
ment of acute respiratory distress syndrome in
patients with COVID-19 pneumonia and not
the virus itself. There is increasing evidence to
suggest that elevated levels of IL-6 and other
pro-inflammatory cytokines can predict the
severity of the disease and prognosis in patients
with COVID-19 pneumonia. Patients with IL-6
levels higher than 55 pg/mL are at higher risk
of developing severe disease, and levels higher
than 80 pg/mL are associated with a higher risk
of mortality.> Hence, interleukin blockade can
be employed as a strategy to prevent wors-
ening disease in patients with COVID-19
pneumonia.*

In our study, we aimed to perform a system-
atic review and meta-analysis of randomized
controlled trials (RCTs) that evaluated the effec-
tiveness of tocilizumab in hospitalized patients
with COVID-19 not requiring mechanical
ventilation
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METHODOLOGY

Literature search

We carried out an electronic search in Medline (PubMed),
Embase, Google Scholar, and Cochrane database using the
keywords/Medical Subject Heading (MeSH) terms: “Tocili-
zumab”, “IL-6 inhibitor”, “coronavirus”, and ‘COVID-19’
until April 19, 2021 (online supplemental file 1). The search
also included unpublished articles and conference abstracts.
The search included articles in all languages.

Selection of studies

We applied the guidelines of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses statement to
the methods of this study. After duplication was removed,
the title and abstracts were independently screened by
2 authors (SG and RPP). RCTs comparing tocilizumab
with the standard of care treatment (steroids, antibiotics,
and antivirals) in hospitalized patients with COVID-19
pneumonia not requiring mechanical ventilation at the
time of administration were included for secondary anal-
ysis. Meta-analyses, systematic reviews, observational
studies, single-arm trials, non-randomized trials, RCTs
studying a combination of tocilizumab with other drugs,
and RCTs performed in patients <18 years of age were
excluded. RCTs not reporting primary outcome (incidence
of mechanical ventilation/death within 28 days), RCTs
with the primary outcome reported at less than 28 days,
and RCTs not reporting primary outcome separately in

Records identified- Total 1205

non-mechanically ventilated patients were excluded from
the analysis. Full texts of the included studies were then
reviewed independently by the 2 authors (SG and RPP) and
the data were extracted. Any discrepancies were resolved by
the consensus of the authors. To ensure that no potentially
important studies were missed, the reference lists from the
retrieved articles were also checked. Quality assessment of
the selected studies was performed by 2 authors separately
(SG and AB) using V.2 of the Cochrane risk-of-bias tool for
RCTs (RoB 2) and was categorized into either ‘low risk of
bias’ (high quality) or ‘high risk of bias’ (low quality).’

Data extraction

The following data variables were collected: median age,
gender, C reactive protein level, D-dimer level, ferritin level,
IL-6 level, percentage of patients receiving systemic steroids,
and percentage of patients receiving antiviral medications.
The primary outcome was chosen to be a composite of
mechanical ventilation or 28-day mortality. The secondary
outcomes were selected to be 28-day mortality and major
adverse events.

Statistical analysis

We used the Mantel-Haenszel method with Paule-Mandel
estimator for tau?, Hartung-Knapp adjustment for the
random-effects model, and Q-profile method for the CI of
tau® and tau to calculate risk ratio (RR) with 95% CI. The I?
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Figure 1  PRISMA flow chart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT, randomized controlled
trial.
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Figure 2 (A) Forest plot of the primary outcome, mechanical
ventilation/death at 28 days; (B) forest plot of the secondary
outcome, death at 28 days; (C) forest plot of the secondary
outcome, serious adverse events at 28 days.

statistic was used to assess the heterogeneity between studies
with values 0%-30%, more than 30%-60%, and more than
60% corresponding to low, moderate, and a high degree of
heterogeneity, respectively. Funnel plots and Egger’s regres-
sion test were used to assess publication bias. All statistical
analyses were performed using R V.4.0.3.

RESULTS
A total of 1205 studies was compiled from all the sources.
Duplicate references were removed and 995 citations
were reviewed for abstract screening. Subsequently, 986
studies were excluded and 9 RCTs fulfilled the above
inclusion criteria and underwent full-text screening. Three
RCTs (REMAP-CAP, COVINTOC, TOCIBRAS) were
excluded.®® REMAP-CAP and COVINTOC trials did not
report outcomes separately for non-mechanically venti-
lated patients and were excluded from the analysis. TOCI-
BRAS reported outcomes at day 15 and was thus excluded
(figure 1). A total of 6 RCTs comparing tocilizumab with
the standard treatment (steroids, antibiotics, and antivirals)
in hospitalized patients with COVID-19 pneumonia not
requiring mechanical ventilation at the time of administra-
tion of the medication were selected for final analysis. All
6 studies were categorized into low risk of bias as per the
Cochrane RoB 2.

Four of the 6 trials were done exclusively in hospital-
ized patients with COVID-19 pneumonia not requiring

mechanical ventilation.”'> Two trials were done in all
patients hospitalized with COVID-19 pneumonia, irrespec-
tive of their mechanical ventilation status. However, in these
trials, outcomes were reported separately for patients not
requiring mechanical ventilation, and this specific subgroup
was included in the review."*

A total of 3013 (1651 and 1362 in treatment and control
groups, respectively) patients were included in the analysis,
from 6 RCTs. Clinical characteristics and outcomes of the
patients for the included studies are summarized in table 1.
On analyzing the data from all 6 RCTs, the incidence of
mechanical ventilation or death at 28 days was 25.9% (429
of 1651) and 33.4% (456 of 1362) in the treatment and
control groups, respectively. Furthermore, the mortality
at 28 days was 14.98% (220 of 1468) and 17.68% (225
of 1272) in the treatment and control group, respectively.
Tocilizumab was associated with a statistically significant
reduction in the primary composite outcome of mechanical
ventilation or 28-day mortality (RR: 0.83 (95% CI: 0.74 to
0.92, =0, tau*=0) (figure 2A). However, treatment with
tocilizumab did not show a statistically significant reduc-
tion in 28-day mortality (RR: 0.90 (95% CI: 0.76 to 1.07),
’=0, tau’=0) (figure 2B).There was no significant differ-
ence in the rate of serious adverse events between the two
groups (RR: 0.82 (95% CI: 0.62 to 1.10), I*=0, tau*=0)
(figure 2C). For all the included outcomes, there was no
heterogeneity across studies. Visual inspection of the funnel
plot for the primary outcome (ie, mechanical ventilation or
all-cause mortality) (figure 3A) showed no significant publi-
cation bias, which was confirmed using Egger’s regression
test (p=0.385). The funnel plots for the secondary outcome
are depicted in figure 3B,C.

DISCUSSION

Prior attempts at systematic reviews to determine the safety
and efficacy of tocilizumab in hospitalized patients with
COVID-19 were limited by the availability of high-quality
RCTs and had to resort to including data from retrospec-
tive studies. Hence, due to these limitations, the conclusions
have been heterogeneous. Our systematic review including
6 large multicenter RCTs demonstrates a clinically signif-
icant benefit to using tocilizumab in hospitalized patients
with COVID-19 pneumonia, with a number needed to treat
of 13 for the reduction of the primary outcome, that is,
composite of mechanical ventilation or 28-day mortality.
There was no distinct benefit to the reduction of 28-day
mortality in our analysis. Our efforts were limited by the
small sample sizes of some of the studies as well as the
heterogenicity of the control group where the interventions
in the control group were not standard across the board.
This reduces the validity of head-to-head comparisons.
However, improvements in the primary outcome in the
pooled analysis remain valid, and with this, we propose the
use of tocilizumab in hospitalized patients with COVID-19
pneumonia who are not on mechanical ventilation.

Our study is limited by the fact that the primary outcome
measures of all the trials were not uniform across the
board. There was heterogeneity in the sampled groups and
outcomes. There was only limited availability of subgroup-
specific data (for example, mechanical ventilation or not)
for some of the trials hence they had to be excluded. Besides,
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Figure 3  (A) Funnel plot for mechanical ventilation/death at 28-day, Egger’s test, p=0.385; (B) funnel plot for 28-day mortality, Egger’s
test, p=0.040; (C) funnel plot for serious adverse events, Egger’s test, p=0.990.

it can be argued that our selected primary composite
outcome of mechanical ventilation or 28-day mortality,
even though is clinically relevant, may not be an accurate
representation of all of the downstream effects of blocking
a cytokine-mediated inflammatory pathway. We need more
long-term follow-ups of patients to see how the develop-
ment of long-term sequelaec of COVID-19 infection, such
as multisystem inflammatory syndrome in adults, lung
fibrosis, etc, are affected by the medication. Also, cytokine-
mediated inflammation is not the sole reason for the
morbidity and mortality in COVID-19 infections. There is
a definite contribution from COVID-19-related coagulop-
athy, which can be specially compounded by immobilization

and prolonged hospitalization. The difference in mortality
from these conditions may not be truly reflected in a one-
time outcome measure of 28-day mortality, which has been
suggested as being not a valuable outcome measure in crit-
ical illnesses. "

Even though our review did not reveal a significant
change in the rate of adverse events across patients who
received tocilizumab as compared with placebo, it should
be assumed that blocking an inflammatory cascade will
increase the propensity of the patient to develop infections.
There are concerns of super-added infections in patients
with COVID-19, especially if they are also on concomitant
steroid therapy. The attributable risk to these super-added

Gupta S, et al. J Investig Med 2021;0:1-6. doi:10.1136/jim-2021-002001
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infections may not be evident during the analysis of a disease
condition like COVID-19 pneumonia which by itself has a
high mortality rate. Hence, the rates of secondary infections
will need to be followed over a longer period of time.

A single 600 mg infusion of tocilizumab (at the Centers
for Disease Control and Prevention-recommended dose of
8 mg/kg) for the average person costs US$3624.'° Hence,
advocating the routine clinical use of tocilizumab requires
a major financial commitment from the health system.
There may be a role in patient stratification and reserving
the medication only for those patients who are at higher
risk of worsening. Some experts propose the selection of
patients with elevated IL-6 levels for administration of
tocilizumab.'” Even though this conclusion has a strong
pathophysiological basis, there are practical implications
for routine clinical use of IL-6 levels, due to high laboratory
turnaround time, and the fact that treatment for this CRS is
time-sensitive, and early intervention is crucial.

CONCLUSION

A review of ClinicalTrials.gov revealed that as of April
2021, there are currently 18 clinical trials underway that
attempt to study the effect of tocilizumab alone or in combi-
nation with other medications in patients with COVID-19.
As more evidence becomes available, the question of patient
selection and adverse events will become clearer. However,
our present analysis with available data so far demonstrates
a definite benefit to suggest routine clinical use of tocili-
zumab in patients with COVID-19 who are not on mechan-
ical ventilation.
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