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1 | INTRODUCTION

The COVID-19 pandemic is one of the biggest challenges to human
health in recent years and decades. As of 20 April 2021 it has officially
infected more than 155 million people, of whom more than 3 million
have died.* Of course, official data are conservative, so the real num-

ber of infected and deceased is expected to be higher.
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Aims: Tocilizumab has emerged as an important therapy in treating patients with
coronavirus disease (COVID-19). Our purpose was to evaluate the efficacy and safety
of tocilizumab versus standard care/placebo in patients with COVID-19.

Methods: We searched a variety of sources from 1 January 2020 to 5 May 2021. All
randomized controlled trials that reported tocilizumab efficacy as a primary agent in
COVID-19 patients were considered. RCTs had to include mortality events, incidence
of mechanical ventilation and serious adverse events. Two reviewers were indepen-
dently responsible for data extraction. Assessment of bias and certainty of evidence
was carried out using the Cochrane Risk of Bias Tool and GRADE methodology. RR
for mortality events was evaluated using a fixed-effects model.

Results: A total of 6837 patients were included from 10 RCTs, of which nine were
peer-reviewed. Pooled risk ratio (RR) for all-cause mortality in patients with
tocilizumab administration was RR = 0.88 (95% CI: 0.81-0.95, P = .0009). RR for
incidence of mechanical ventilation at 28-30 days was 0.79 (95% ClI: 0.71-0.88).
Serious adverse events (SAE) with tocilizumab use were associated with lower RR
(RR =0.91, 95% Cl: 0.76-1.09) but the certainty of evidence was downgraded to
moderate due to serious risk of bias.

Conclusion: In COVID-19 patients with moderate to critical COVID-19, use of
tocilizumab reduces all-cause mortality and progression to mechanical ventilation.

This efficacy was not associated with higher number of serious adverse events.
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COVID-19, meta-analysis, randomized clinical trial, tocilizumab

Different therapies are being studied to examine their efficacy in
reducing the consequences of this serious disease. The first robust
evidence for effective therapies in COVID-19 has been produced by
the RECOVERY trial, which has revealed modest but important bene-
fits from corticosteroid therapy in patients with severe and critical
forms of the disease.? Other therapies, like the antiviral remdesivir,

though promising, still lack definitive evidence for efficacy.®
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The need for new therapies is therefore paramount to reduce
the burden of COVID-19. But, in order to find and recommend the
appropriate agents, there is a need for high-quality randomized
clinical trials (RCT). In this respect, recent results from a number of
RCTs regarding the use of tocilizumab have been encouraging. This
means that we can evaluate with higher certainty the role of this
agent in COVID-19.

Tocilizumab is an interleukin 6 receptor (IL-6R) inhibitor used
in autoimmune inflammatory diseases, like rheumatoid arthritis.*
Anti-inflammatory agents are logically drugs of interest in COVID-
19 as severe and critical disease is characterized by overactive
inflammatory signalling.> An important mediator of inflammatory
response is IL-6 with it actions through IL-6R.® Previously publi-
shed observational data summarized through meta-analysis have
shown that tocilizumab could reduce mortality and the need for
mechanical ventilation.” Since then, a number of RCTs evaluating
the role of tocilizumab in COVID-19 have been published.®=*? This
meta-analysis is the first systematic overview which reveals the
role of tocilizumab in COVID-19 by combining results from
10 RCTs.

2 | METHODS

This systematic review and meta-analysis was performed
following the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) statement.?° The review protocol
for this meta-analysis was not registered due to the dynamic

nature of COVID-19 research in the pandemic year.

21 | Search strategy and RCT selection
Two independent investigators (Z.V.G. and M.R.) searched PubMed,
Cochrane Central Register of Controlled Trials, ClinicalTrials.gov, EU
Clinical Trials Register, MedRxiv, SSRN and Researchsquare data-
bases from 1 January 2020 to 5 May 2021 using the following
combination of keywords: “COVID 197, “SARS COV 2” with
“tocilizumab”, “IL-6 receptor antagonist”, “IL-6 receptor inhibitor”
with “randomized trial”. No language restrictions were used. Addi-
tional searches were carried out by analysing references
from retrieved papers and reviews to minimize the chance of
omissions.

The inclusion criteria for this meta-analysis were RCTs
comparing the efficacy of tocilizumab in patients with COVID-19.
Included RCTs were tocilizumab

eligible for analysis if

efficacy was the primary objective of the study. Any
randomized trial had to include mortality events or incidence of
mechanical ventilation or incidence of adverse events in their
results section. Exclusion criteria for this meta-analysis were non-
randomized studies, combination therapy and presence of serious

risk of bias.

2.2 | Outcomes

The outcomes that were analysed included mortality events between
tocilizumab group and placebo/standard care group, incidence of
mechanical ventilation, number of deaths with/without mechanical
ventilation at randomization, number of deaths with/without cortico-

steroid use, and number of serious adverse events.

2.3 | Data extraction and quality assessment

Two independent investigators (R.O. and V.H.) were responsible for data
extraction from each of the included trials. Data collected from the trials
included first author name, trial design, country, study sponsor, timeline
of the trial, number of subjects by groups, inclusion criteria, exclusion
criteria, study strengths/limitations, mode of tocilizumab administration,
age, proportion of patients in old age groups, time from symptom onset
to randomization, concomitant corticosteroid use in both groups, propor-
tion of subjects with mechanical ventilation at baseline, and mean or
median values of inflammatory parameters in both groups.

Risk of bias 2 (RoB2) was assessed using the Cochrane Collabora-
tion risk of bias for randomized trials.?* This method uses five
domains to categorize this risk. Two independent investigators were
responsible for evaluating RoB (Z.V.G. and R.N.). Any disagreement
was resolved by consulting a third reviewer (D.V.). The summary of
this evaluation for each study is shown in Figure S1. Certainty of evi-

dence for outcomes was analysed using GRADE methodology.??

2.4 | Data synthesis and analysis

RevMan 5.4.1 (The Cochrane Collaboration, 2020) was used to ana-
lyse data from the studies. We used a fixed-effects model with
inverse variance statistic (or Mantel-Haenszel statistic where appro-
priate) to pool RR for outcomes. Heterogeneity was assessed using
Chi-squared and I? test. Results are presented as risk ratio (RR) with
95% confidence intervals (Cl). P-values are presented to contextualize

data (significance set at P < .05).

2.5 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, and
are permanently archived in the Concise Guide to PHARMACOLOGY
2021/22.23

3 | RESULTS

The initial searches yielded 2171 records from selected databases.

After removing duplicates and studies that were not randomized trials
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and did not fulfil other inclusion criteria, 12 articles remained. Two
randomized trials were omitted because they did not fulfil inclusion/
exclusion criteria.'”**8 The flowchart of the search strategy and results

can be seen in Figure S2.

3.1 | Trial characteristics
The number of subjects between trials ranged from 123 to 4116, with
a total of 6837 subjects. Three out of 10 trials were global, while
seven trials were national multicentre studies. Most of the patients in
all the trials suffered from low oxygen saturation. In nine out of 10 tri-
als, median or mean C-reactive protein (CRP) levels in the tocilizumab
group were >100 mg/L. Differences between trials were observed in
percentage of concomitant corticosteroid use and percentage of
patients on mechanical ventilation.

Tocilizumab was administered intravenously as a single dose ini-
tially, but in eight of the 10 trials a second dose was allowed if the
clinical status did not improve. Details of the trial characteristics can

be seen in Table S1.
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3.2 | All-cause mortality

All-cause mortality was reported in all trials. Treatment with
tocilizumab resulted in lower risk of death (RR = 0.88, 95% Cl: 0.81-
0.95, P =.0009) (Figure 1A). Since the RECOVERY trial had the most
impact on the results, we measured RR without the inclusion of the
RECOVERY trial. The pooled RR was similar but with wider 95% CI
and loss of statistical significance (0.73-1.01, P = .07) (Figure 1B).

All the trials reported concomitant corticosteroid use. According
to the RECOVERY trial, tocilizumab efficacy is dependent on cortico-
steroid use.** Three studies from this meta-analysis reported events
with and without corticosteroid use. Pooled results from these trials
showed that concomitant corticosteroid use with tocilizumab is asso-
ciated with lower risk of death and progression to ventilation support
(RR = 0.82, 95% Cl: 0.74-0.90, P < .0001) (Figure S3A). On the other
hand, lack of concomitant corticosteroid use did not show this associ-
ation (RR = 1.09, 95% CI: 0.91-1.31, P = .36) (Figure S3B). We also
compared RR between two groups of studies; studies that reported
low percentage of concomitant corticosteroid use (<50%) and high

percentage of concomitant corticosteroid use (>50%). In studies that

[Tocilizumab] [Control | Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gordon 2021 98 350 142 397 13.0% 0.78[0.63,0.97) ™
Hermine 2020 7 63 8 67 07% 093([0.36,6242] - 1
Horby 2021 621 2022 729 2094 76.7% 0.88[0.81,0.96) [ ]
Rosas 2021 58 294 28 144 36% 1.01[0.68,1.52) -1
Rutgers 2021 21 174 34 180 23% 0.64(0.39,61.06] ]
Salama 2021 26 249 11 128 13% 1.22([062,2.38] -1
Salvarani 2020 2 60 1 63 01% 2.10([0.20, 22.56]
Soin 2021 1 90 15 90 11% 0.73[0.36,1.51] - 1
Stone 2020 9 161 3 82 04% 1.53[0.43, 549 —
Veiga 2021 14 65 6 64 07% 230094, 561]
Total (95% CI) 3528 3309 100.0% 0.88[0.81,0.95] '
Total events 867 977
Heterogeneity: Chi*=10.01, df= 8 (P = 0.35); F=10% o1 o 0 100
Test for overall effect: Z= 3.33 (P = 0.0009) Favours tocilizumab Favours control
(B)
[Tocilizumab| [ Control ] Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Gordon 2021 98 350 142 397 621% 0.78[0.63,0.97) L
Hermine 2020 7 63 8 67 31% 093[0.36,242) Y
Rosas 2021 58 294 28 144 173% 1.01[0.68,152] -
Rutgers 2021 21 174 34 180 101% 0.64([0.39,1.06) -
Salama 2021 26 249 11 128 56% 1.22[062,2.38) -
Salvarani 2020 2 60 1 63 05% 210(0.20,22.56]
Soin 2021 11 90 15 90 49% 0.73[0.36,1.51] T
Stone 2020 9 161 3 82 16% 1.53([0.43 549 —
Veiga 2021 14 65 6 64 32% 2.30([0.94,561] —
Total (95% CI) 1506 1215 100.0% 0.86 [0.73,1.01] L
Total events 246 248 ! ; ; i
Heterogeneity: Chi*= 9.94, df=8 (P = 0.27); F=20% 0.01 0.1 10 100

Test for overall effect: Z=1.83 (P = 0.07)

FIGURE 1

Favours tocilizumab Favours control

All-cause mortality (follow-up 28 days) in all patients with COVID-19, tocilizumab vs standard care/placebo. A. Mortality events

for all patients with COVID-19. B. Mortality events in patients with COVID-19 without inclusion of results from RECOVERY trial
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reported high percentage of concomitant corticosteroid use,
tocilizumab administration was associated with lower risk of death
(RR =0.87, 95% Cl: 0.80-0.94, P = .0005) (Figure S4A). But, in stud-
ies with low percentage of concomitant corticosteroid use,
tocilizumab administration was not associated with lower risk of death
(RR = 1.05, 95% Cl: 0.74-1.50, P = .78) (Figure S4B).

RR for death events was also analysed by assessing the presence
or absence of mechanical ventilation at start of the randomization. In
patients who were not on mechanical ventilation at start of randomi-
zation, tocilizumab use was associated with a lower risk of death
(RR =0.85, 95% Cl: 0.78-0.93, P = .0005) (Figure 2A). RR was lower
when results from the RECOVERY trial were omitted without loss of
statistical significance (RR=0.79, 95% Cl: 0.65-0.97, P =.03)
(Figure 2B). RR for death for patients with mechanical ventilation at
baseline treated with tocilizumab was not significant (RR = 0.96, 95%
Cl: 0.83-1.10, P = .55) (Figure 2C).

3.3 | Mechanical ventilation

Incidence of mechanical ventilation was evaluated in all studies. This
risk was lower in all patients with tocilizumab use (RR = 0.79, 95% Cl:
0.71-0.88, P < .0001) (Figure 3A). When results from the RECOVERY
trial were omitted, results showed identical RR for incidence of
mechanical ventilation with preserved statistical
(RR=0.78,95% Cl: 0.67-0.91, P = .002) (Figure 3B).

significance

34 | Serious adverse events

Serious adverse events were somewhat lower in the tocilizumab
group, though the results were nonsignificant (RR = 0.91, 95% CI:
0.76-1.09, P = .30) (Figure 4).

3.5 | Sensitivity analysis

We used sensitivity analysis to address the robustness of the data.
Results from this analysis were compatible with the main analysis
(Table S2).

3.6 | Absolute risk reduction and quality of
reported outcomes

We calculated absolute risk reduction based on reported RR and base-
line risk. GRADE methodology was used to categorize the quality of
evidence for outcomes. Summarized results can be found in Table 1.

4 | DISCUSSION

This is the first comprehensive meta-analysis evaluating the efficacy
of tocilizumab which includes 10 RCTs. A previous meta-analysis from
observational studies has shown that tocilizumab significantly reduces
the risk of mortality, need for ventilation and risk of admission to
ICU.” A recent meta-analysis with eight RCTs showed a reduced risk
of death in COVID-19 patients treated with tocilizumab.?* This meta-
analysis did not report outcomes such as incidence of mechanical ven-
tilation as a single outcome, impact of concomitant corticosteroid use
on tocilizumab efficacy and mortality events based on baseline pres-
ence/absence of mechanical ventilation.

Our study examined results from 10 RCTs that reported mortality
events, incidence of mechanical ventilation and serious adverse
events. Recent preliminary analyses with nine RCTs showed signifi-
cantly lower RR in patients treated with tocilizumab.**?> But these
analyses were not comprehensive; they reported only the efficacy of

tocilizumab on mortality, but not on other outcomes. Also, there was

(A) (B)
Risk Ratio Risk Ratio Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI Study or Subgroup _Events _Total _Events _Total Weight _IV, Fixed, 95% CI IV, Fixed, 95% CI
Gordon 2021 53 242 82 273 91% 0.73(054,0.98 Gordon 2021 53 242 82 273 46.3% 073(054,098] -
Hermine 2020 783 8 67 09% 093(036,242 Hermine 2020 763 8 67 45% 093(0.36,242) —_—
Horty 2021 490 1754 580 1800 80.3% 0.87(0.78,0.96] Rosas 2021 27 183 15 90 124% 0.89(050,1.58) —r
Rosas 2021 27 183 15 90 24% 0.89(050,1.58] — Rutgers 2021 2 174 34 180 16.4% 0.64(0.39,1.06) —
Rutgers 2021 21174 34 180 32%  0.64(0.39,1.08] — Salama 2021 26 249 1128 92% 1.22(062,2.38) —1
Salama 2021 26 249 11 128 18% 1.22(062,238) - Salvarani 2020 2 60 1 63 07% 210(0.20,2256) —
Salvarani 2020 2 60 163 01% 210(0.20,2256) 1 Soin 2021 1nooa 15 88 80% 0.71(0.34,1.46) —
Soin 2021 "9 15 88 16% 0.71(0.34,1.46] T Stone 2020 9 161 3 82 25% 153(043,549) —_—
Stone 2020 9 161 3 82 05% 153[043,549) -
Total (95% C1) 1223 971 100.0% 0.79[0.65,097) *
Total events 156 160
Total (95% CI) 2077 2771 100.0% 0.85[0.78,0.93] + Heterogensity: Chit= 4 56, df= 7 (P = 0.71); F= 0%
Total events 646 748 Test for overall effect Z= 2.23 (P = 0.03) oot 01 - 0 100
Heterogeneity: Chi*= 5.14, df= 8 (P = 0.74), F= 0% ot o 5 o0 Favours tocilizumab Favours control

Test for overall effect: Z= 3.48 (P = 0.0005) Favours tocilizumab Favours control

©)

Study Events Total Events Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI

Gordon 2021 45 104 60 124 254% 0.89[067,1.19]

Horby 2021 131 268 143 294 70.0% 096(0.82,1.14]

Rosas 2021 N 13 54 B6% 1.16[0.66,203

Total (95% C1) 483 472 100.0% 0.96 [0.83,1.10]

Total events 207

Heterogeneity: Chi = 0.68, df= 2 (P = 0.71); FF= 0% b0 o 1 10 100

Test for overall effect: Z= 0.60 (P = 0.55)
Favours tocilizumab Favours control

FIGURE 2  All-cause mortality in patients with COVID-19 without mechanical ventilation at baseline, tocilizumab vs standard care/placebo.
A. Mortality events in patients with COVID-19 without mechanical ventilation at baseline. B. Mortality events in patients with COVID-19 without
mechanical ventilation at baseline (without results from RECOVERY trial). C. Mortality events in patients with COVID-19 with mechanical

ventilation at baseline
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ITOC'"ZU"'abl I Control I Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Gordon 2021 84 242 116 273 236% 0.82[0.651.02) ™
Hermine 2020 5 63 14 67 1.2% 0.38(0.15,0.99)
Horby 2021 265 1754 343 1800 540% 0.79(0.69,092) B
Rosas 2021 51 183 33 90 90% 0.76(0.53,1.09) ]
Rutgers 2021 18 174 27 180 3.7% 069(0.39,1.21) I
Salama 2021 20 249 16 128 3.0% 0.64(0.35,1.20) R
Salvarani 2020 6 60 5 63 09% 1.26(0.41,3.91) I D
Soin 2021 14 91 13 88 24% 1.04[0.52,2.09) -1
Stone 2020 11 161 8 81 15% 0.69(0.29,1.65) - 1
Veiga 2021 4 65 4 64 06% 098(0.26,3.77)
Total (95% CI) 3042 2834 100.0% 0.79[0.71,0.88] ‘
Total events 478 579 . . )
Heterogeneity: Chi*= 4.46, df=9 (P = 0.88), F= 0% 0.01 01 100
Test for overall effect: Z= 4.37 (P < 0.0001) Favours tocilizumab Favours control
(B)
[Tocilizumab|  [Control_| Risk Ratio Risk Ratio
Study Events Total Events Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Gordon 2021 84 242 116 273 51.3% 0.82[0.65,1.02) L
Hermine 2020 5 63 14 67 27% 0.38[0.15,099)
Horby 2021 265 1754 343 1800 0.0% 0.79([0.69,6092]
Rosas 2021 51 183 33 90 196% 0.76(0.53,1.09) ™
Rutgers 2021 18 174 27 180 8.0% 0.69[0.39,1.21) I
Salama 2021 20 249 16 128 65% 0.64[0.351.20) I
Salvarani 2020 6 60 5 63  20% 1.26(0.41,3.91) |
Soin 2021 14 91 13 88 52% 1.04[0.52,2.09) -
Stone 2020 1" 161 8 81 3.3% 0.69(0.29,1.65) -
Veiga 2021 4 65 4 64 1.4% 098[0.26,3.77)
Total (95% CI) 1288 1034 100.0% 0.78[0.67,0.91] L4
Total events 213 236 ) , ,
Heterogeneity: Chi*= 4.44, df=8 (P=082);F=0% 0.01 01 100

Test for overall effect: Z= 3.07 (P=0.002)

FIGURE 3

Favours tocilizumab Favours control

Incidence of mechanical ventilation in patients with COVID-19, tocilizumab vs standard care/placebo. A. Incidence of mechanical

ventilation in all patients with COVID-19. B. Incidence of mechanical ventilation in patients with COVID-19 without results from RECOVERY trial

[Tocilizumab |  [Control | Risk Ratio Risk Ratio

Study Events Total Events Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Gordon 2021 9 353 11 402  41% 0.93[0.39,6222) Y
Hermine 2020 20 63 29 67 149% 0.73[0.47,1.16] T
Rosas 2021 103 295 55 143 458% 0.91[0.70,1.18) i
Salama 2021 38 250 25 127 147% 0.77[0.49,1.22] T
Salvarani 2020 1 60 2 63 05% 053005 564)]
Soin 2021 18 91 15 89 80% 117063, 218 -1
Stone 2020 28 161 12 82 8.0% 1.19([064, 2.21) -1
Veiga 2021 11 67 7 62 40% 1.45([0.60,3.51] N
Total (95% CI) 1340 1035 100.0% 0.91[0.76,1.09] ¢
Total events 228 156

s _ _ Cmo . . . |
Heterogeneity. Chi*=4.01, df=7 (P=0.78), F=0% 001 01 10 100

Test for overall effect: Z=1.05 (P = 0.30)

FIGURE 4

Favours tocilizumab Favours control

Incidence of serious adverse events in patients with COVID-19, tocilizumab vs standard care/placebo
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no subgroup analysis regarding the effects of tocilizumab on COVID-
19 patients. Our meta-analysis also showed that treatment with
tocilizumab was associated with lower RR for mortality. These results
were influenced by the biggest trial (RECOVERY trial). Exclusion of
results from this trial did preserve RR but not the statistical signifi-
cance of the results.

The results from our meta-analysis have shown that mortality
benefits from treatment with tocilizumab were applicable to certain
group of patients. For example, concomitant corticosteroid use was
associated with a statistically significantly lower RR for death. This
benefit was not observed in patients with no corticosteroid use. It has
to be mentioned that this analysis was done by obtaining results from
only three studies, but, importantly, it included results from the big-
gest trial.1®1%14 A study conducted by Gordon et al. did not report
the number of events but it reported the odds ratio (OR) for
tocilizumab-corticosteroid combination; these results reveal that the
combined administration of these agents has additive benefits for
patients with COVID-19.1¢ Therefore, two of the biggest trials con-
cluded that tocilizumab + corticosteroid administration has additive
effects on COVID-19 patients. To further analyse this association, we
also decided to group studies based on reported concomitant cortico-
steroid use. Studies that reported a high percentage of concomitant
corticosteroid use showed significantly lower RR for mortality. This
was not observed in studies with low percentage of concomitant
corticosteroid use.

The question that arises is why might tocilizumab and corticoste-
roids act in synergy in COVID-19 patients? This could come down to
the mode of action of these drugs. Corticosteroid effects as anti-
inflammatory agents are wide; they include complex interaction with
IL-6 expression which can be enhanced by systemic corticosteroid
use.2 On the other hand, tocilizumab effects on IL-6 are more direct
and are mediated by blocking IL-6 receptor. Therefore, the administra-
tion of corticosteroid + tocilizumab can yield synergistic action by
blocking different arms of inflammatory pathways. Still, the exact
mode of this interaction remains unclear.

Another group that benefited from tocilizumab use in terms of
mortality was the group of patients who did not need mechanical ven-
tilation at the start of randomization. In this group, RR for mortality
was lower in patients treated with tocilizumab compared to control.
The reason for this association could mean that blocking the IL-6
receptor in critical stages of the disease does not help the survival of
the patients. On the other hand, as we have learned from the RECOV-
ERY trial, corticosteroid use is beneficial in these patients. This could
occur due to pleiotropic effects of corticosteroids in inflammation
which might be important in this subgroup of patients.?” Evidence
suggests that pathophysiology of inflammatory response in COVID-
19 is distinct; levels of CRP and d-dimer show progressive increase,
while IL-6 levels do not show progressive increase when comparing
severe and critical form of COVID-19.5

Another important outcome that was influenced by tocilizumab
use was the incidence of mechanical ventilation. Tocilizumab reduced
this risk whether results from the biggest trial were included or not.

Our results showed a somewhat better efficacy of tocilizumab for this
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outcome compared to results observed from NICE guidelines, which
was done by analysing incidence of mechanical ventilation in only four
studies (compared to our analysis with 10 studies).?® Lower OR for
incidence of ventilation with tocilizumab use was observed in previ-
ous meta-analysis of observational studies but these results suffered
from a high level of heterogeneity while our analysis with 10 RCTs
showed clear benefits from tocilizumab use in this respect.” This sug-
gests that tocilizumab use in COVID-19 patients can reduce the risk
for progression to mechanical ventilation. Since most of the trials
included patients without mechanical ventilation at baseline, it was
not possible to assess the efficacy of tocilizumab in successful
removal of this. But the biggest trial did examine this issue and results
showed that tocilizumab use in these patients was not associated with
successful removal of mechanical ventilation.1*

Our analysis of the safety profile showed that tocilizumab admin-
istration was slightly associated with lower risk of serious adverse
events but this result did not reach statistical significance. The final
results did not include data from the RECOVERY trial (incomplete
data for both groups), but this trial did report a very low number of
serious adverse events attributed to tocilizumab use. In any case, our
results were similar to those of a recent meta-analysis with eight
RCTs.2*

One must keep in mind that the results from this meta-analysis
are applicable to patient characteristics included in the trials. Most of
these patients were male, suffered from lower than normal values of
oxygen saturation but were mostly characterized by the absence of
mechanical ventilation at baseline, and had high levels of CRP and fer-
ritin levels (indicative of inflammation). IL-6 levels were variable and
not all studies reported IL-6 levels. It is not clear if there are cut-off
values for inflammatory parameters which might affect tocilizumab
benefits in patients with COVID-19. Some of the RCTs included in
this meta-analysis did suggest this association. For example, a study
by Veiga et al. reported lower OR for primary outcome for patients
with CRP > 50 mg/L, though OR values, even in this case, did not
favour tocilizumab use.*® In a study by Salvarani et al., lower RR for
primary outcome, which favoured tocilizumab use, was observed only
for values of CRP > 150 mg/L.X% In a study by Gordon et al., the big-
gest benefit for primary outcome was observed in patients with
values >187 mg/L.X® This is in line with a recent study which
suggested that tocilizumab efficacy benefits mostly COVID-19
patients with very high levels of CRP (>200 mg/L).? Therefore, data
from our meta-analysis suggest that tocilizumab benefits might be
higher in patients with very high levels of inflammation (>150 mg/L).
In our meta-analysis, participants included in the tocilizumab group
had high median or mean levels of CRP (>100 mg/L) but this did not
reach the proposed >150 mg/L cut-off value. Furthermore, the inter-
quartile and absolute range of the values was wide and included
patients with <100 mg/L or even <50 mg/L. Four out of 10 studies
did include CRP levels as an inclusion criterion (from >50 mg/L to
2100 mg/L), but in only one of them was this an obligatory criterion
(RECOVERY trial).813-> |mportantly, this was the biggest trial, and
recruited the highest number of patients to date. One study used only

ferritin levels as a marker of inflammation in their inclusion criteria. In
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any case, further studies should address this issue, which could reveal
additional benefits of tocilizumab in this subgroup of patients.

The strength of this meta-analysis is that it is based on results
from the biggest number of RCTs up to date, which, in total, include
nearly 7000 participants. Also, we analysed mortality events in a com-
prehensive manner, by addressing tocilizumab efficacy in different
subgroups of patients.

Although patients included in this meta-analysis are rather homo-
geneous, there were some important discrepancies which might influ-
ence final results. For example, the timeline of the trials is not
identical; six out of 10 trials included patients enrolled in the period
March-April 2020, which is the period when we observe the highest
mortality rates in hospitalized patients. As data from May and June
2020 show, mortality from COVID-19 dropped significantly, with
improving standards of care being an important factor in this
decline.%°

Gender as a probable confounding factor in determining
tocilizumab efficacy has been evaluated in our included RCTs with
different results. Four studies reported hazard ratios (HRs) or ORs for
primary outcome; one study reported no significant differences in
HR based on gender, while others reported higher but nonsignificant
ORs for males and females respectively.®'23 |n the biggest trial,
male gender was associated with more pronounced RR reduction for
mortality though the result was not statistically significant.2* With
respect to age, five trials have evaluated the role of this factor in
mortality with variable results (while using different age groups for
comparison); two trials showed no differences between younger and
older age groups, two trials suggested higher tocilizumab efficacy in
older age groups, and one suggested higher tocilizumab efficacy in
younger age groups.8212°1% |t is not clear if these differences
occurred due to variability of other confounding factors (like concom-
itant corticosteroid use, presence/lack of mechanical ventilation at
baseline).

Another factor which might affect tocilizumab efficacy is time
when tocilizumab was administered. Time from symptom onset to
randomization across the trials ranged from 7-11days in the
tocilizumab group (8-10 days in the control group). Three studies
evaluated the efficacy of early vs late tocilizumab administration but
no significant associations were observed.”1%13

The variable levels of serum IL-6 reported from the studies, and
conflicting results from two studies which compared high and low
levels of this cytokine, did not allow for any meaningful interpretation
regarding the role of baseline levels of this cytokine in the efficacy of
tocilizumab in COVID-19 patients.2?> As we previously noted, cyto-
kine storm is not a distinct feature of severe and critical COVID-19,
with IL-6 levels increasing marginally and without showing significant
changes between severe and critical forms of the disease, which is in
contrast to other typical acute inflammatory syndromes.> On the
other hand, acute-phase reactants, such as CRP and d-dimer, are pro-
gressively increased in severe and critical COVID-19.°

Finally, the RCTs included in this meta-analysis differed subtly
with respect to the mode of administration of tocilizumab; some used

exclusively one IV dose of tocilizumab, while others allowed for a

two-dose approach. Two RCTs reported efficacy of tocilizumab with

one vs two dose approaches but the results were conflicting.”1°

5 | CONCLUSIONS

The results from this meta-analysis show that tocilizumab use lowers
the risk of death and progression to mechanical ventilation in COVID-
19 patients with high levels of inflammation and low levels of oxygen
saturation. The mortality benefit was most apparent in patients who
also received systemic corticosteroids and in those with no need for
mechanical ventilation at baseline. These benefits are important to
reduce the high burden of COVID-19 in patients.
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