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Abstract. Objective: We performed a systematic review and meta-analysis for exploring clinical benefits and
safety of tocilizumab in addition to standard of care (SOC) in treating patients with coronavirus disease 2019
(COVID-19). Methods: An electronic search was carried out in PubMed, EMBASE, Cochrane Library, and
Science Direct, as well as in medRxiv preprint server, to identify eligible studies. Only randomized Con-
trolled Trials (RCTs) that compared mortality events and/or adverse events between a tocilizumab + SOC
group and a SOC-only control group were included. The primary outcome was 28-day mortality. Secondary
outcomes include progression to severe disease, defined as need for mechanical ventilation (MV) or inten-
sive care unit (ICU) admission, and adverse events (AE). Results: A total of nine studies (6,490 participants)
could be included in this meta-analysis, with 3,358 participants in the tocilizumab + SOC group and 3,132
participants in the SOC-only group. The overall mortality rate was lower in the tocilizumab group compared
to the SOC-only group, though the difference was not statistically significant (odds ratio [OR], 0.87; 95%
CI, 0.73-1.04; 1%, 15%). This finding was unaffected by subgroup analyses based on initial use of steroids or
mechanical ventilation at baseline. Patients receiving tocilizumab were 26% less likely to progress to MV, and
this difference was statistically significant (OR, 0.74; 95% CI, 0.64-0.86; I%, 0%). Among patients who were
not in ICU at randomization, the tocilizumab group had 34 % lower rate of ICU admission compared to the
SOC-only group (OR, 0.66; 95% CI, 0.40-2.14; 12, 29%). The occurrence of serious infections was lower
in the tocilizumab group (OR, 0.57; 95% CI, 0.36-0.89; 12, 21%). Conclusion: Tocilizumab is generally well-
tolerated in COVID-19. Although this drug does not appear to have a significant benefits on survival, it may
have a role in preventing progression to intensive care and MV. (www.actabiomedica.it)
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Introduction

Presentations of coronavirus disease 2019
(COVID-19) range from asymptomatic to severe
pneumonia with respiratory failure (1). While the ma-
jority of people with COVID-19 experience a mild and
uncomplicated course, approximately 10-15% develop
moderate or severe disease necessitating hospitaliza-
tion and oxygen supplementation, and 3-5% require

intensive care unit (ICU) admission (2).

Severe COVID-19 is primarily characterized by
Acute Respiratory Distress Syndrome (ARDS), but
can then evolve into a systemic disease, with consid-
erably high risk of developing multiple organ failure
(MOF). Although the pathophysiology of severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection is complex and only partly understood, it is
thought to involve a dysregulated host immune re-
sponse resulting in a hyperinflammatory state and
immune-mediated thrombosis and organ damage.
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Several immunosuppressive drugs have been inves-
tigated for use in severe COVID-19, but many have
been unsuccessful.

Interleukin 6 (IL-6) is a pleiotropic, pro-in-
flammatory cytokine. Elevated IL-6 levels have been
observed in patients with severe COVID-19, thus
characterizing the so-called cytokine storm that de-
velop in a large number of patients with severe/critical
illness (3). Tocilizumab is a monoclonal antibody direct
against the IL-6 receptor, thus effective to block down-
stream IL.-6 signaling. This drug, which has been widely
used for rheumatoid arthritis and giant cell arteritis,
has been approved by the Food and Drug Adminis-
tration (FDA) for use in severe COVID-19. However,
despite the results of several trials and meta-analyses
have been published, no definite conclusion has hith-
erto been reached as to the efficacy and tolerability
of tocilizumab (4—6). Furthermore, new randomized
controlled trials (RCTs) have been published after
the earlier meta-analyses. Here we present an updated
meta-analysis of RCTs on tocilizumab for COVID-19,
specifically its effects on preventing mortality and the
need for mechanical ventilation (MV), as well as its
adverse effect profile. In addition, the current analysis
offers meta-regression and subgroup analysis that did
not feature in previous published meta-analyses.

Methods
Study protocol and registration

The present meta-analysis was conducted in strict
conformity with the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA)
guidelines (7). The protocol for this study has been
reported in the International Prospective Regis-
ter of Systematic Reviews (PROSPERO identifier:
CRD42021266563).

Definitions

Severe COVID-19 defined as patients with res-
piratory rate 230 breaths/min, or peripheral capil-
lary oxygen saturation (SpO2) <93% or PaO2/FiO2

< 300 mmHg, or combination of these findings.

Critical COVID-19 described as patients with con-
firmed COVID-19 who ICU management due to me-

chanical ventilation.
Literature search strategy

A systematic search of literature up to May 2021
was conducted on the electronic databases PubMed,
EMBASE, Cochrane library, Preprint server of me-
dRxiv and Science Direct to identify studies eligible
for inclusion. The search terms used included, but were
not limited to, “Tocilizumab and covid-19”, “Anti-in-
terleukin 6 antibody and covid-19”, “Tocilizumab and
coronavirus 2019, “Tocilizumab and SARS-CoV-2”,
and “Anti-interleukin 6 antibody and coronavirus
2019.” No language restriction or date limit was set.
Using references from included articles, a manual
search was also performed to identify additional eli-
gible studies.

Eligibility Criteria

Studies were screened and assessed for eligibility
by two independent reviewers (VM, 1.C). The search
results were screened by title and abstract and those of
potential relevance evaluated by full text. Studies were
considered eligible for inclusion when fulfilling the
following criteria: (1) reported clear extractable data
on study outcome of mortality; (2) compared tocili-
zumab plus standard of care (SOC) to SOC (control);
(3) RCT study designs, either blinded or open-label;
(4) the subjects were patients with molecularly con-
firmed SARS-CoV-2 infection.

Studies were excluded if: (1) there was any in-
tervention beyond tocilizumab that was given only to
one of either groups, or (2) they reported the effects of
tocilizumab on mortality with unclear data collection
time points. Any disagreements between investigators
arising during the eligibility assessment were settled
through a consensus.

Data Extraction and Quality Assessment
Data extraction was conducted by two independ-

ent reviewers (V.M, 1.C). The following information
was extracted for each study: the surname of the first
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author and the year of publication, the geographical
area where the study was conducted, baseline demo-
graphic characteristics, sample size, and number of
events (mortality, MV, ICU admission and adverse
events) in the tocilizumab and SOC-only groups
respectively.

Quality assessment and analysis of risk of bias
for all selected full-text articles was performed using
the Cochrane risk-of-bias tool. The risk of bias evalu-
ation evaluations for the included studies is presented

as Figure 2.
Outcomes of Interest

The primary outcome were mortality events in the
tocilizumab + SOC group versus the SOC only group.
Secondary outcomes were the progression to MV
within 28 days, ICU admissions and the number of
adverse events. To account for all of these aspects sepa-
rately, four different meta-analyses were performed.

Statistical Analysis

Data was meta-analyzed using a random-effects
model using the DerSimonian and Laird method (8)
with RevMan version 5.3 (Copenhegen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration,
2014). We assessed heterogeneity between studies by
estimation of the I” statistic, where an I* greater than
60% was considered to indicate substantial heteroge-
neity (9). A random effects meta-regression using log
ORs was performed to evaluate the impact of covari-
ates (baseline characteristics and other treatments)
on the association between treatment and mortality.
Univariate meta-regression and leave-one-out me-
ta-analysis was performed with Open Meta-Analyst
statistical software (Providence, RI: CESH, Brown
University).

Results

Study Identification

The initial search produced 890 articles. Follow-
ing removal of duplicates and primary screening, 18

articles were assessed by full-text for eligibility in the
meta-analysis. Of these, 9 were excluded because they
failed to match the primary and secondary outcome of
this review. Thus, a final number of 9 articles could be
included in this systematic review and meta-analysis

(Fig. 1)
Characteristics of included studies

All RCTs included in the analysis involved hos-
pitalized patients with COVID-19 and were mul-
ticenter in design. The geographical distribution of
the studies was wide, with 6 exclusively conducted
in one country, while 3 were multinational investi-
gations. Six trials had open-label design and three
were double-blinded. A total of 9 studies were in-
cluded, totaling 6490 participants. Of these, 3358
(51.74%) were assigned to the tocilizumab group and
3132 (48.26%) were assigned to the SOC-only. A
total of 810 (24.1%) deaths out of 3358 participants
were reported in the tocilizumab group compared to
926/3132 (29.6%) in the SOC-only group. Only one
RCT used a single dose of tocilizumab, whilst the
other 8 RCTs allowed a second dose if needed. Base-
line characteristics were generally similar across the
tocilizumab group and SOC-only group. The charac-
teristics of the study populations varied and are sum-
marized in Table 1 and 2.

Quality assessment

There was a risk of performance and detection
bias due to the open labelled design in six studies. Risk
of bias for the included studies is illustrated in Sup-
plementary fig. 1.

Meta-regression analysis

The results of the meta-regression are summa-
rized as Table 3. The meta-regression showed an ef-
fect of azithromycin (coefficient -2.41; p = 0.029) on
mortality. Based on the B-coefficient, azithromycin
was associated with enhanced risk of death. The analy-
sis showed no significant effect of other covariates on
mortality. The mean or median age ranged from 54
to 64 years and men comprised 67.03% (tocilizumab
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group) and 68.33 % (SOC-only group). Diabetes, ~ Outcomes

hypertension, chronic lung disease and obesity were

the common comorbidities reported, none of which Owerall Mortality

seemed to significantly influence mortality. In addi-

tion, four studies reported IL-6 baseline levels, which The overall mortality rate was lower in the to-
also did not influence overall mortality. cilizumab group compared to the SOC-only group,
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Figure 1. Flow of studies through the meta-analysis.
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Table 1. Study design characteristics and inclusion criteria for randomized controlled studies included in the meta-analysis

Author Country | Study design | SOC treatment | Tcz regimen Recruitment | Inclusion criteria
(Salvarani | Italy Open-label H,A,S,L/R or Two doses. 2" NS Covid-19 positive, fever,
etal., 2021) D/C or D/R, dose 12 hrs later PaO,/FiO, between 200 and
Heparin 300, and/or CRP levels of
>10mg/dL and/or CRP level
increases to at least twice the
admission value
(Salama USA, Double-blind | R, S Single dose with | Within 48 hrs | Confirmed Covid-19 with
etal.,2021) | Africa possibility of 2| of hospital radiologic features
dose 8-24 hrs admission SpO, <94% on room air
later
(Hermine | France Open-label H,A,S,L/R Single dose with | Within 72 hrs | Covid-19 positive and/or
etal., 2021) ORR, possibility of 2 | of COVID-19 | CT chest findings
anticoagulants | dose 48 hrs later | diagnosis Moderate, severe or clinical
pneumonia
O, >3L/min
WHO-CPS score > 5
(Rosas Europe | Double-blind | S, antivirals, Single dose with | NS Covid-19 positive
etal.,2021) | & North convalescent possibility of 2™ CXR or CT findings
America plasma dose 8-24 hrs Pa0,/FiO, <300 and/or
after 1% dose SpO, <93% on room air
(Soin etal., | India Open-label S,R Single dose with | NS Confirmed Covid-19
2021) possibility of 2ond Respiratory rate >24/min
dose 12-168 hrs and SpO2 <95% on room air,
later or septic shock or ARDS
(Stone USA Double-blind | H,S, antivirals | Single dose Upon hospital | Covid-19 positive, fever
etal., 2020) admission Pulmonary infiltrates or need
for supplemental oxygen. At
least one of the following
labs: CRP >50 mg/L, ferritin
>500 ng/ml, D-dimer >1000
ng/ml, or LDH >250U/L
(Veiga Brazil Open-label H,A,S, heparin, | Single dose NS Confirmed severe or critical
etal., 2021) antibiotics Covid-19. Receiving
supplemental O2 or
receiving MV for <24 h
before analysis. At least
two of following: D-dimer
>1000ng/mL, CRP >50
mg/L, ferritin >300 pg/L
(Gordon UK, Open-label S,H,R* Single doze with | Within Confirmed Covid-19, ICU
etal.,2021) | USA, possibility of 2" | 24hrs of ICU | admission or on respiratory
France 12 to 24 hrs later | admission or cardiovascular support
(Horby UK Open-label H,A,S,L/R Single doze with | Within Confirmed SARS-CoV-2
etal.,2021) possibility of 20191 days of infection, SpO2 <92% on
doze 12-24 hrs primary room air or receiving oxygen
later randomization | therapy, CRP > 75mg/L

H, Hydoxychloroquine; L/R, Lopinavir/Ritonavir;D/C, Darunavir/Covicostat; D/R, Darunavir/Ritonavir; R’, Remdesivir; F, Favipiravir, S, Steroid:

A, Azithromycin; IFN, Interferon; TCZ, Tocilizumab; SOC, Standard of care; NS, Not specified.

)
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Table 3. Univariate Meta-regression analysis of covariates (baseline characteristics & treatments) on Mortality rate

No. of
Covariate Studies Beta coefficient (95% CI) SE R? p-value
Age 9 -2.16 (-4.63-0.32) 1.26 -0.56 0.088
Sex(Male) 9 -0.246 (-0.584-0.092) 0.172 -0.79 0.153
CRP 8 0.20 (-0.16-0.56) 0.18 -1.74 0.273
D-dimers 6 -0.19 (-0.46-0.07) 0.14 0.00 0.155
Ferritin 9 -0.03 (-0.39-0.34) 0.19 -0.33 0.890
IL-6 4 0.04 (-0.33-0.41) 0.19 0.00 0.835
LDH 3 -0.18 (-10.01- 9.65) 5.02 NA 0.971
Lymphocytes count 4 -0.66 (-2.67-1.35) 1.02 -1.22 0.520
Platelet count 3 -1.45 (-4.94-2.04) 1.78 NA 0.415
Patients on other treatments at recruitment:
Invasive ventilation 6 0.13 (-0.27-0.52) 0.20 -0.18 0.534
Steroids 8 -0.06 (-0.29-0.16) 0.12 -0.04 0.584
Antivirals 8 -0.06 (-0.41-0.53) 0.24 -0.58 0.804
Anticoagulants 3 6.458 (-6.14-19.05) 6.43 NA 0.315
Azithromycin 4 -2.41 (-4.57 - -0.25) 1.10 -2.58 0.029*
Hydroxychloroquine 4 -0.76 (-2.01-0.49) 0.64 -0.88 0.235
Comorbidities
Diabetes 9 -0.19 (-0.67-0.30) 0.25 -0.12 0.447
Hypertension 6 -0.30 (-1.24-0.63) 0.476 1.00 0.527
Obesity 5 0.26 (-0.03-0.55) 0.15 0.00 0.076
Chronic lung disease 8 -0.087 (-0.36-0.19) 0.14 -0.05 0.541
Asterisk (*) shows significant P value

Tocilizumab Standard of care Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gordon et al., 2021 98 353 142 402 21.9% 0.70[0.52, 0.96] —
Hermine etal., 2021 7 63 8 67 2.5% 0.92[0.31, 2.71] — R
Horby et al., 2021 621 2022 729 2094 51.0% 0.83[0.73, 0.95) ]
Rosas etal,, 2021 58 294 28 144 10.3% 1.02[0.62,1.68] =
Salamaetal., 2021 26 249 11 128 5:2% 1.24 [0.59, 2.60] | F
Salvaranietal., 2021 2 60 1 63 0.5% 2.14[0.18, 24.21)
Soinetal, 2021 1" 91 15 88 41% 0.67 [0.29, 1.55] ]
Stone etal., 2020 9 161 3 82 1.7% 1.56 [0.41,5.92] e
Veigaetal., 2021 14 65 6 64 2.8% 2.65([0.95 7.42]
Total (95% CI) 3358 3132 100.0% 0.87 [0.73,1.04] ¢
Total events 846 943
Heterogeneity: Tau®= 0.01; Chi*= 9.43, df=8 (P=0.31); F=15% 50 01 051 150 1005

Testfor overall effect: Z=1.56 (P=0.12)

Figure 2. Forest plot for mortality between Tocilizumab and SOC group.

Favours [TCZ + SOC] Favours [SOC]
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but the difference did not reach statistical significance
(OR, 0.87; 95% CI, 0.73-1.04; 12, 15%) (Fig. 2). A
leave-one-out analysis showed association between
tocilizumab and mortality was not influenced by any
single study (Supplementary fig. 2). Subgroup analysis
based on disease severity, initial use of steroids or MV
at randomization/baseline did not show any statisti-
cally significant findings.

Four studies (10~13) reported mortality in patients
with severe or critical COVID-19, four (14-17) in pa-
tient with mild to moderate disease, and one (18) in both
moderate and severe patients. A total of 799 deaths out
of 2784 participants were reported in the tocilizumab
group compared to 919/2745 participants in the SOC-
only group (OR, 0.84; 95% CI, 0.63-1.12; I?, 57%). In
patients with mild or moderate disease, 47 deaths out of
574 participants were reported in the tocilizumab group
compared to 24/387 in the SOC-only group (OR, 1.30;
95% CI, 0.77-2.20; I%, 0%) (Supplementary fig. 3).

A pooled analysis of 5 studies in which over 50%
of patients were using steroids at baseline(recruitment)
evidenced mortality rates of 27.7% and 32.5% in to-
cilizumab and SOC-only groups, respectively (OR,
0.87; 95% CI, 0.66-1.13; 12, 46%) (10,11,13,15,18).
The pooled analysis of 4 studies in which less than
50% patients were using steroids at baseline evidenced
mortality rates of 13.1% and 11.2% in the tocilizumab
and SOC-only cohorts, respectively (OR, 1.07; 95%
CI, 0.95-1.64; I%, 0%) (Supplementary fig. 4, supple-
mentary Table 1).

A pooled analysis of 4 studies which did not in-
clude patients undergoing MV at enrollment showed
mortality rates of 8.3% and 6.8% in patients in toci-
lizumab and SOC-only groups, respectively (OR,
1.23; 95% CI, 0.71-2.11; I%, 0%) (14-17). The pooled
analysis of 5 studies which included MV patients
showed mortality rate of 28.4% and 32.9% among in
the patients in the tocilizumab and SOC-only group,

Tocilizumab Standard of care Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gordon etal., 2021 84 242 116 273 16.2% 0.72[0.50,1.03] o
Hermine et al., 2021 5 63 14 67 1.8% 0.33[0.11,0.87]
Horby et al., 2021 265 1754 343 1800 B7.1% 0.76 [0.63, 0.80] O
Rosas etal., 2021 51 183 33 90  7.2% 0.67[0.39,1.14] S
Salvaranietal., 2021 B 63 5 63  1.3% 1.22[0.35,4.23] T
Soinetal,, 2021 14 91 13 88  31% 1.05[0.46, 2.38] S
Stone etal., 2020 11 161 8 82  23% 0.68[0.26,1.76] ] A
Veiga etal., 2021 4 65 4 64 1.0% 0.98 [0.24, 4.11] =
Total (95% ClI) 2622 2527 100.0% 0.74 [0.64, 0.86] ¢
Total events 440 536
Heterogeneity: Tau?= 0.00; Chi*= 3.90, df=7 (P = 0.79); F= 0% :l:l 0 El: 150 1005

Test for overall effect: Z= 4.01 (P < 0.0001)

1
Favours [TCZ + SOC] Favours [SOC]

Figure 3. Forest plot for need/progression to Mechanical ventilation.

Tocilizumab  Standard of care Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hermine et al., 2021 11 60 22 64 24.8% 0.43[0.19,0.99] —
Rosas etal, 2021 27 127 23 64 33.4% 0.48[0.25, 0.94)] ——
Salvaranietal., 2021 B 60 5 63 13.2% 1.29[0.37, 4.47] = T
Stone etal,, 2020 25 157 12 76 28.6% 1.01[0.48,2.14] T
Total (95% ClI) 404 267 100.0% 0.66 [0.40, 1.08] @
Total events 69 62
Heterogeneity: Tau®= 0.07; Chi*= 4.24, df=3 (P = 0.24); F= 289% o1 o1 10 100

Test for overall effect: Z=1.66 (P=0.10)

Favours [TCZ + SOC] Favours [SOC]

Figure 4. Forest plot for ICU admission among patients who were not already in ICU at randomization.
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respectively (OR, 0.85; 95 CI, 0.67-1.08; I, 42%) (10—
13,18) (Supplementary fig. 5, supplementary Table 1).

Mechanical Ventilation

Seven studies assessed the need for MV. Patients
receiving tocilizumab were at lower risk of progressing
to MV, with difference between tocilizumab and SOC-
only cohorts achieving statistical significant (OR, 0.74;
95% CI, 0.64-0.86; 1%, 0%) [Fig. 3]. Six studies re-
ported the composite outcome of MV or death within
28 days. A 22% lower rate of this composite outcome
was observed in the tocilizumab group compared to the
SOC-only group (31.4% vs 39.4%; OR, 0.78; 95% CI,
0.63-0.96; I%, 25%) [Supplementary Fig. 6].

ICU admission

Four RCTs reported ICU admissions as second-
ary outcome. Among patients who were not in ICU at
randomization, those in the tocilizumab group had a
lower rate of ICU admission compared to the SOC-
only cohort (OR, 0.66, 95% CI, 0.40-1.08, 1%, 29%)
(Fig. 4).

Rate of adverse events (AEs)

The comparison of the risk of AEs between the
tocilizumab and SOC group is shown in Fig. 5. Five
studies assessed events of serious infections which were
significantly lower in the tocilizumab group (OR, 0.57;
95% CI, 0.36-0.89; I%, 21%). There was no significant
difference between the two groups for the number of
patients with at least 1 AE (OR, 1.38; 95% CI, 0.87-
2.19; 12, 70%), the occurrence of serious AEs (OR, 0.90;
95% CI, 0.70-1.14; 12, 0%) and infection (OR, 0.89,
95% CI, 0.65-1.23). Notably, an over 43% lower risk of
severe infection (OR, 0.57; 95% CI, 0.36-0.89; 12, 21%).

Discussion

The role of IL-6 in severe COVID-19 remains
incompletely understood. Our meta-analysis of RCTs
that compare tocilizumab with SOC did not find evi-
dence for a statistically significant benefit on mortality.

Severity of illness did not seem to play an important
role in determining the benefit of tocilizumab. Our
findings on mortality were consistent with previous
meta-analyses which included 5,6 & 7 RCTs, respec-
tively (19,20,6).

Although the pooled analysis of the nine studies
showed no significant benefit of tocilizumab on sur-
vival, we found that use of this drug was associated
with a significantly lower rate of progression to MV.
This finding was also, in keeping with previous studies
(6,21,22). Two previous meta-analyses, which included
7 and 8 studies respectively, reported that ICU admis-
sions and progression to MV were significantly lower in
the tocilizumab group compared to SOC-only group.
Our results, support the evidence of lower rate of ICU
admission with tocilizumab treatment, though such
difference was not statistically significant. This finding
might be very beneficial to countries facing a challeng-
ing shortage of ICU beds and ventilators amidst the
present pandemic. In resource-constrained situations,
tocilizumab may reduce the load on limited resources
such as ventilators and, potentially, ICU beds.

Baseline data on use of azithromycin was not
balanced in the Tocibras (13) study. This could have
contributed to the significant association noted be-
tween this drug and mortality in our meta-regression.
That said, studies have shown azithromycin to be al-
most ineffective for patients admitted to hospital with
COVID-19 (23-25).

In the studies we examined, tocilizumab was
generally well-tolerated. Our meta-analysis found no
association with higher risk of AEs, serious AEs or
infection compared with the SOC-only group. Rather,
a lower rate of serious infections was found in the to-
cilizumab group compared to the SOC-only group.
Although this may even seem paradoxical, given the
immunosuppressive effects of tocilizumab, in the set-
ting of COVID-19-associated ARDS, tocilizumab
could act not as indiscriminate immunosuppressant
but rather as immunoregulator, thus reducing inap-
propriate inflammation and bolstering the immune
system’s overall effectiveness. Another, although spec-
ulative, explanation might be that some severe infec-
tions might have been unnoticed among the fatalities
in the tocilizumab group, as tocilizumab suppresses the
acute phase response, leading to falsely low levels of
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Tocilizumab Standard of care Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.6.1 Patients with at least 1 AE
Hermine etal., 2021 28 63 36 67 47% 0.69 [0.35,1.37] o
Rosas etal, 2021 228 285 116 143 B65% 0.79[0.48,1.31] S
Salamaetal., 2021 127 250 67 127 7.3% 0.92[0.60,1.42] e T
Salvarani etal., 2021 14 60 7 63  29% 2.43[0.91,6.54]
Sainetal., 2021 33 91 22 89 51% 1.73[0.91, 3.30] = =
Veiga etal., 2021 29 65 21 64  45% 1.65[0.81, 3.37] T
Wang etal.,, 2021 20 34 5 Ky 2.2% 7.43[2.29, 24.07]
Subtotal (95% ClI) 858 584 33.4% 1.38[0.87, 2.19] <>
Total events 479 274
Heterogeneity: Tau®*= 0.25; Chi*=19.69, df=6 (P=0.003); F=70%
Test for overall effect: Z=1.38 (P=0.17)
1.6.2 Serious AE
Gordon etal., 2021 9 353 11 402 3.4% 0.93[0.38, 2.27] =
Hermine etal., 2021 20 63 29 67 4.5% 0.61 [0.30,1.25] -]
Rosas etal, 2021 103 285 55 143 7.5% 0.86 [0.57,1.30] R
Salamaetal., 2021 38 250 25 127 59% 0.73[0.42,1.28] b7
Salvarani etal., 2021 1 60 2 63 0.6% 0.52 [0.05, 5.85]
Soinetal, 2021 18 91 15 89 42% 1.22[0.57, 2.59] =
Stone etal., 2020 28 161 12 81 4.4% 1.21[0.58, 2.53] o P
Veiga etal,, 2021 11 65 7 64  2.8% 1.66 [0.60, 4.59) =0
Subtotal (95% CI) 1338 1036 33.4% 0.90 [0.70, 1.14] <
Total events 228 156
Heterogeneity: Tau®= 0.00; Chi*=4.54, df=7 (P=0.72), F=0%
Test for overall effect: Z=0.90 (P = 0.37)
1.6.3 Infection
Gordon etal., 2021 1 353 0 402 0.4% 3.43[0.14, 84.36)
Rosas etal, 2021 113 285 58 143 7.6% 0.91 [0.61,1.37] e
Salamaetal., 2021 25 250 16 127 49% 0.77 [0.40,1.50] - P
Salvarani etal., 2021 1 60 4 63 0.7% 0.25[0.03, 2.30]
Soinetal, 2021 3 91 0 89  0.4% 7.08[0.36, 139.05] g
Veiga etal, 2021 10 65 10 64 31% 0.98 [0.38, 2.55] e
Subtotal (95% Cl) 1114 888 17.1% 0.89 [0.65, 1.23] <
Total events 153 88
Heterogeneity: Tau*= 0.00; Chi*= 4.04, df=5{P = 0.54); F=0%
Test for overall effect: Z=0.70 (P = 0.49)
1.6.4 Serious Infection
Hermine et al., 2021 2 63 11 67  1.4% 0.17[0.04,0.79)
Rosas etal, 2021 62 285 37 143 6.9% 0.76 [0.48,1.22] -
Salamaetal., 2021 13 250 9 127 3.5% 0.72[0.30,1.73]
Salvarani etal., 2021 0 60 2 63 0.4% 0.20[0.01,4.32] ¢
Stone et al., 2020 13 161 14 a1 3.9% 0.42[0.19,0.94)] —_—
Subtotal (95% CI) 829 481 16.1% 0.57 [0.36, 0.89] B
Total events 90 73
Heterogeneity: Tau®= 0.06; Chi*=5.04, df=4 (P=0.28); F=21%
Test for overall effect: Z=2.47 (P =0.01)
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Figure 5. Forest plot for the risk of adverse event(s) between the tocilizumab and control group.

CRP during bacterial infections. In general, our find-  with results reported by three previous meta-analyses
ing indicate tocilizumab has an acceptable tolerability =~ of observational studies and one meta-analysis of
for treating COVID-19. These findings are consistent ~ RCTs (5,6,22)
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Tocilizumab’s beneficial effect in COVID-19 is
thought to result from attenuating the hyperinflam-
matory state (26). Impaired viral clearance and hyper-
inflammation might contribute to the pathophysiology
of different stages of severe COVID-19. The timing
of an immunomodulatory intervention is likely to be
crucial: immunostimulants could improve the antiviral
response, but worsen hyperinflammation; immunosup-
pressants can attenuate hyperinflammation but further
impair viral clearance. Thus, immunomodulation must
be tailored to the underlying immunopathology. Lack
of immunobiological stratification of patients included
in clinical trials might potentially explain why most
clinical trials have failed to show significant benefits of
tocilizumab on mortality in a general COVID 19 pop-
ulation. It is also possible that, in critically ill patients
it may be too late for tocilizumab to blunt immune
response and thus prevent mortality, but seems to
prevent progression to MV. Also, maybe tocilizumab
may blunt ARDS but not multi-organ injury (cardiac,
renal, liver), which is an important driver of mortality.
We recommend further study on tocilizumab, specifi-
cally in patient subpopulations who are exhibiting evi-
dence of hyperinflammation.

Recent evidence also shows that SARS-CoV-2
hyperinflammation is accompanied by significant
anti-inflammatory cytokine response that is associated
with disease progression and multi-organ injury, and
characterized by a high IL-10 and IL-10/lymphocyte
count ratio, in adult patients with laboratory con-
firmed SARS-CoV-2 infection (27). Thus, in some pa-
tients, a more prominent hypoinﬂammatory response
may occur, even in the setting of hyperinflammation.
Indeed, Henry at al. (27) reported that IL-10 value
had a more significant impact on COVID-19 disease
progression than IL-6. Finally, although COVID-19
was originally classified as a primary respiratory dis-
ease, recent evidence has shown that the inflaimma-
tion associated with COVID-19 causes dysregulation
of multiple biological pathways leading to profound
hemostasis disturbance, in the form of localized and
systemic coagulopathies and thrombotic events (28).
In addition to ARDS, this COVID-19 associated co-
agulopathy is an important hallmark and predictor of
outcome in SARS-CoV-2 infection, and tocilizumab
may have a limited impact in reducing the formation

of microthrombi which may drive pulmonary and
multi-organ injury.

Our meta-analysis has several limitations. Four
studies had a relatively small sample size (fewer than
100 patients enrolled in each arm of the trial), which
might have reduced the power to adequately to reflect
a statistical difference. The number of patients in the
RECOVERY and REMAP-Cap trials were much
higher compared to other RCTs (study weights 51.0%
and 21.9%, respectively) (10,11). Six studies had an
open-label design, which may have led to a higher risk
of selection and performance bias. There were differ-
ences in terms of enrollment criteria, the time at which
tocilizumab therapy was initiated, doses and frequency
of tocilizumab administered, lack of a uniform-SOC
across studies and presence of other treatments. With
regard to the latter, a univariate analysis of other treat-
ments was performed and found no significant effects
on mortality (Table 2). Lastly, information on neutro-
penia, thrombocytopenia and GI perforation was not
provided in these RCTs. All are well known AEs of
tocilizumab in the rheumatoid arthritis population.
Especially thrombocytopenia is of key interest, given
the association with severe covid-19.

In conclusion, tocilizumab is a generally a well-
tolerated treatment, and possibly effective to prevent-
ing progression to MV, but does not appear to have a
statistically significant survival benefit in a generalized
COVID-19 population. In order to further evaluate its
efficacy on mortality and identify subsets of patients
most likely to benefit from the inclusion of tocili-
zumab within the standard of care, larger RCTs with
significant statistical power and well-defined inclusion
criteria are required, including subgroup analyses for
patients with evidence of hyperinflammation.
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Table 1: Summary on use of steroids and mechanical ventilation

Study Use of corticosteroids, n (%) Use of Mechanical ventilation, n (%)
TCZ SOC TCZ SOC

(Salvarani et al., NA NA 0 0

2021)

(Salama et al., 200 (80.3) 112 (87.5) 0 0

2021)

(Hermine et al., 21 (33) 41 (61) 0 0

2021)

(Rosas et al., 2021) 57 (19.4) 41 (28.5) 111 (37.8) 54 (37.5)

(Soin et al., 2021) (85) (89) 5(10) 5(10)

(Stone et al., 2020) 18 (11) 5(6) 0 1(1)

(Veiga et al., 2021) 45 (69) 47 (73) 11 (17) 10 (16)

(Gordon et al., 50 (14.2) 52 (12.9) 104 (29) 121 (30)

2021)

(Horby et al., 2021) 1664 (82) 1721 (82) 268 (13) 294 (14)
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Figure 2: Leave-one-out forest plot
Tocilizumab Standard of care Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Severe disease
Gordon et al., 2021 98 353 142 402 236% 0.70[0.52, 0.96) —
Horby et al., 2021 621 2022 729 2094 36.2% 0.83[0.73, 0.95] L
Rosas etal., 2021 58 294 28 144 14.0% 1.02[0.62, 1.68] e
Soinetal, 2021 8 50 14 41 48% 0.37[0.14,0.99]
Veiga etal, 2021 14 65 B 64  45% 2.65[0.95,7.42) |
Subtotal (95% CI) 2784 2745 83.2% 0.84[0.63,1.12] <
Total events 799 919
Heterogeneity: Tau®= 0.05; Chi*=9.20, df= 4 (P = 0.06); F=57%
Test for overall effect: Z=1.21 (P =0.23)
1.1.2 Non-severe disease
Hermine etal., 2021 7 63 g 67  42% 0.92[0.31,2.71] e E—
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Heterogeneity: Tau®= 0.00; Chi*=1.40,df=4 (P=0.84); F=0%
Test for overall effect: Z=0.97 (P = 0.33)
Total (95% CI) 3358 3132 100.0% 0.90 [0.71,1.13] ¢
Total events 846 943
Heterogeneity: Tau*=0.03; Chi*=13.36,df =9 (P=0.15); F= 33% 0 0 10 100

Test for overall effect. Z=0.80 (P =0.37)
Test for subaroup differences: Chi*= 2.05, df=1 (P=0.15), F=51.3%
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Figure 3: Subgroup analysis for mortality based on severity of disease
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1.2.1 Studies in which more than 50% participants using steroids at baseline/enroliment
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Figure 4: Subgroup analysis for mortality based on percentage of participants on steroid use at

enrollment

Tocilizumab

Study or Subgroup Events Total

Standard of care
Total Weight M-H, Random, 95% CI

Events

Odds Ratio

Odds Ratio
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1.3.1 Studies that included MV patients at enrollement

Gordon etal., 2021 98 353
Horby et al., 2021 621 2022
Rosas etal, 2021 58 294
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Figure 5: Subgroup analysis for mortality based on use of Mechanical ventilation (MV) at

enrollment.
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Tocilizumab Standard of care

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

Gordon etal., 2021 100 242 144 273 23.2%
Hermine etal., 2021 11 63 18 67  56%
Horby et al., 2021 619 1754 754 1800 51.8%
Salamaetal.,, 2021 30 249 12 128 7.7%
Stone etal,, 2020 17 161 10 82 58%
Yeiga etal., 2021 18 65 13 64  59%
Total (95% CI) 2534 2414 100.0%
Total events 795 951

Heterogeneity: Tau*= 0.02; Chi*=6.63, df=5 (P = 0.25); F= 25%
Test for overall effect: Z=2.31 (P=0.02)
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Figure 6: Forest plot for progression to mechanical ventilation or death
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