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Abstract
As cases of coronavirus 2019 (COVID-19) keep rising, reported deaths are increasing. Public
health measures have been implemented with mixed efficacy. As vaccines are becoming more
widely available and accessible globally, treating critically ill COVID-19 patients remains an
issue with only dexamethasone found to be therapeutically effective to date. However, trials
studying the efficacy of IL-6 inhibitors, namely tocilizumab have been underway with promising
results. This paper is a narrative review that aims to review the current evidence provided by
randomized clinical trials (RCT) for the use of tocilizumab in COVID-19. Electronic database
searches were carried out in Medline, PubMed, Embase, Google Scholar, and ongoing clinical
trial registries with the period set from January 1, 2020 to February 20, 2021. Prepublication
manuscripts were found using the pre-print repository medRxiv. Keywords included ‘‘COVID-
19,’’ ‘‘coronavirus,’’ ‘‘SARS-CoV-2,’’ ‘‘sepsis,’’ ‘‘pneumonia,’’ ‘‘cytokine storm,’’ ‘‘cytokine release
syndrome,’’ ‘‘IL-6 inhibitors,’’ and ‘‘tocilizumab,’’ as exact phrases, and a combination of subject
headings according to databases syntax. Only trials with a clear and well-defined methodology,
at least 100 patients recruited, and which have had results published either after peer review
or in pre-print were included. In hospitalized patients with severe COVID-19, who are hypoxic
and have a CRP ˜ 75 mg/L, the current evidence favors the use of a combination of tocilizumab
and corticosteroids to reduce mortality, among other clinical benefits. There is also over-
whelming evidence of the good safety profile of tocilizumab with only few cases of neutropenia
reported with a decrease in infection rates. Tocilizumab is currently thought to work through
the inhibition of IL-6 receptors (IL-6R), preventing downstream activation of pro-inflammatory
reactions and cytokine release syndrome.
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Introduction

The rapid spread of the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the cause of a high burden of mortality and morbidity globally due to
the exponential rise in cases of COVID-19 pneumonia.1 Initially, before the devel-
opment of vaccines, public health measures such as social distancing, surgical
mask-wearing, and lockdown restrictions were the only effective strategy to control
the disease.2 Several therapeutic agents have been studied and tried to evaluate
their efficacy in reducing mortality rates and improving outcomes in hospitalized
patients.3 One of these agents includes interleukin (IL)-6 inhibitors, medications
commonly used for autoimmune diseases such as rheumatoid arthritis (RA).4

The theory behind their potential benefit in COVID-19 is the role of cytokine dys-
regulation in serious COVID-19 cases with IL-6 the key driver of this hyperinflam-
mation.5 Additionally, elevated levels of IL-6 have been found to be predictive of
the likelihood of mechanical ventilation.6 Most notably trials evaluating the use of
tocilizumab have been conducted with more underway and that include other
agents such as sarilumab and siltuximab.7

This paper is a narrative review that aims to evaluate the available evidence
gathered from the biggest randomized clinical trials (RCTs) with the highest
quality of evidence regarding the use of tocilizumab in COVID-19 patients, focus-
ing on the strengths and limitations of the studies and highlighting the potential
methodological flaws and biases.

Methods

Electronic database searches were carried out in Medline, PubMed, Embase,
Google Scholar, and ongoing clinical trial registries (clinicaltrials.gov), with the
period set from January 1, 2020 to February 20, 2021. MedRxiv was used to iden-
tify unpublished and ongoing studies, within the same set period. The search pro-
cess was focused on clinical trials where tocilizumab was evaluated in the treatment
of SARS-CoV-2, COVID-19, sepsis, and/or cytokine storm. Keywords included
‘‘COVID-19,’’ ‘‘coronavirus,’’ ‘‘SARS-CoV-2,’’ ‘‘sepsis,’’ ‘‘pneumonia,’’ ‘‘cytokine
storm,’’ ‘‘cytokine release syndrome,’’ ‘‘IL-6 inhibitors,’’ and ‘‘tocilizumab,’’ as
exact phrases, and a combination of subject headings according to databases syn-
tax. The references listed in each identified article were also screened and manually
searched. No language restrictions were imposed in any of the searches. Clinical
trials were chosen based on their magnitude and quality. Only trials which
recruited at least 100 patients AND have had results published (either after peer
review or in pre-print) were included. The trials also needed to have a clear and
well-defined methodology. Trials that showed discrepancies between the
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information found in the published manuscript and what was listed on the clinical
trial registry were generally excluded (e.g. recruitment method, primary endpoints,
statistical approach.). Additionally, the COVID-NMA website,8 which performs
living mapping of registered trials, was used to cross-reference with our search
results and add any relevant trials or information to this review.

Discussion

The evidence

Tocilizumab has become a drug of interest in the treatment of COVID-19 pneumo-
nia after several observational studies have shown decreased mortality with its use
in severely ill COVID-19 patients. However, the studies had a limited sample, were
not controlled for confounding, or had missing data regarding other concomitant
treatments administered and relevant markers for COVID-19 such as PaO2:FiO2,
among other limitations.9–12 In a systematic review regarding the use of tocilizu-
mab in COVID-19, Cortegiani et al.13 evaluated retrospective and prospective
observational pre-clinical and clinical studies. However, no randomized trials were
included in their review. The authors found that most studies had a small sample
size and a high or moderate risk of bias, mostly due to confounding. There were
also variations in dosing (single or double), and drug availability which might have
impacted both sample sizes and study designs. Additionally, the risk of secondary
bacterial infection was unclear as some studies found a higher rate of infection in
those treated with tocilizumab with associated neutropenia and thrombocytopenia.
The authors conclude that there is insufficient evidence concerning the clinical effi-
cacy and safety of tocilizumab in patients with COVID-19, and its use should be
limited to the experimental setting.13 Since then, multiple randomized trials have
been underway. It is worth noting that the proportion of overall corticosteroid use
in these trials increased over time, especially after the release of the RECOVERY
Trial results on the use of dexamethasone in severe COVID-19 (Figure 1).14

An open-label, prospective, multicenter RCT enrolled 126 patients with
COVID-19 pneumonia and PaO2:FiO2 ratio between 200- and 300-mmHg to
receive tocilizumab (two 8mg/kg doses with a max dose of 800mg given 12h
apart) or standard of care in 24 hospitals in Italy.15 Patients in the control arm
could receive tocilizumab as rescue therapy if they clinically deteriorated. The
study found no benefit on disease progression/clinical deterioration compared with
standard of care; however, the safety profile of tocilizumab was demonstrated with
no increase of infection between the two groups.15 While none of the primary end-
points were met, the study had several limitations. Its open-label nature introduces
a significant risk of bias since many retrospective studies showed a clinical benefit
of tocilizumab, investigators could have been biased in the assessment of the pri-
mary endpoint and administering rescue therapy to the control group. The trial
also failed to achieve 80% power as the sample size was much smaller than calcu-
lated (126 vs 398).15 Selection bias is another issue as the study excluded patients
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with a more severe disease, preventing analysis of the efficacy of tocilizumab in
advanced cases of COVID-19 pneumonia.

The BACC trial, a double-blind, placebo-controlled, multicenter trial enrolled
243 hospitalized patients who fulfilled at least two of the following criteria: fever
(.38�C), pulmonary infiltrates, or requirement for supplemental oxygen to main-
tain a saturation .92%, and at least one of the following laboratory criteria also
had to be met: a C-reactive protein (CRP) level .50mg/L, a ferritin level .500ng/
mL, a d-dimer level .1000 ng/mL, or a lactate dehydrogenase (LDH) level
.250U/L.16 The intervention group received tocilizumab 8mg/kg of body weight
with a maximal dose of 800mg. The study failed to reach statistical significance in
its primary outcomes (death or intubation) but again demonstrated the relative
safety of tocilizumab with less infections in the intervention group though with an
increased rate of neutropenia. The study was appropriately powered, had a diverse
population (45% of the patients were Hispanic or Latino), and was randomized
and double-blinded which significantly reduced the risk of bias. However, as man-
agement for COVID-19 pneumonia was/is still evolving, the standard of care chan-
ged progressively as some patients also received concomitant remdesivir with
strategies to delay intubation also being recommended, potentially biasing the
results in favor of the control group.16

The COVACTA trial, a double-blind, placebo controlled, multicenter RCT
enrolled 438 hospitalized patients with bilateral pulmonary infiltrates and hypoxe-
mia. Tocilizumab was administered in a single 8mg/kg dose (maximal dose of
800mg). To note, 36% of patients in the tocilizumab group received dexametha-
sone, compared to 55% in the control group. Clinical status and mortality at
28 days were not statistically different between the two groups.17 However, the
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Figure 1. Timeline of RCTs evaluating the use of tocilizumab in COVID-19 patients. The dates
set refer to the last date at which a patient was recruited, except for June 22, 2020, which refers
to the earliest date when results of the RECOVERY Trial concerning Dexamethasone were
made public. Whether a study was able to meet its primary endpoint or failed to do so is
highlighted by blue and red circles, respectively.
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study found a possible benefit in the time to discharge and in the duration of ICU
stay, with no difference in reported adverse events between the two groups.17 The
main limitation of this study is the lack of patient stratification by clinical signs of
hyperinflammation as anti-IL-6 would most likely be more beneficial early on dur-
ing the cytokine storm, and in those who develop severe inflammatory dysregula-
tion, thus failing to address the benefit of tocilizumab in this subset of patients.18

Corticosteroid use was also unequal between the two groups, with higher adminis-
tration of steroids to the control group possibly due to clinical deterioration among
patients in that group, which could have biased the results in favor of the control
group.17

Similar findings were seen with the CORIMUNO-TOCI-1 trial, an open-label,
multicenter RCT involving hospitalized patients COVID-19 with moderate or
severe pneumonia requiring at least 3L/min of oxygen but without ventilation or
admission to the ICU.19 While no difference in day 28 mortality was found, there
appeared to be a benefit in reducing the need for mechanical and noninvasive venti-
lation or death by day 14. There was also no increase in adverse or serious adverse
events between the two groups, again demonstrating the safety profile of tocilizu-
mab.19 About 61% in the control group received dexamethasone versus 33% of
patients in the tocilizumab group potentially masking the true clinical benefits of
tocilizumab. Additionally, the study is underpowered with a small sample size
(131), likely exaggerating the perceived benefits seen and confidence intervals
obtained for the secondary outcomes.

The EMPACTA trial, a double-blind, placebo-controlled, multicenter trial
involving 389 hospitalized patients with PCR confirmed COVID-19 who were
hypoxemic (O2 Saturation \94%) but were not on noninvasive or invasive ventila-
tion. The intervention group received one or two doses of tocilizumab (8mg/kg of
body weight intravenously).20 The study included sites enrolling high-risk and
minority populations, with the primary outcomes defined as mechanical ventilation
or death by day 28.20 While the study showed statistical significance in reducing
the likelihood of the composite outcome of progression to mechanical ventilation
or death by day 28 (p=0.04), there was no statistical difference in overall clinical
failure between the two groups (12.0% in the tocilizumab group vs 19.3% in the
placebo group, p=0.0843 using exact Fisher Exact Test) (Figure 2).20 Again, no
difference in adverse events was seen. In contrast to previous studies, steroid use
was almost equal between both groups as 55.4% of the tocilizumab group and
67.2% of the control group received dexamethasone.20 The major strength of this
study is its adequate power, blind nature, and focus on high-risk and racial and
ethnic minority groups that are usually underrepresented in other studies.

The REMAP-CAP trial, an international, multifactorial adaptive platform,
open-label trial investigated the use of tocilizumab (tocilizumab 8mg/kg), sarilu-
mab (400mg once) or standard of care in critically ill COVID-19 patients. About
88% of patients who received IL-6 antagonists received tocilizumab.21 As the stan-
dard of care changed to include corticosteroid use, 88% of patients also received
steroids. The primary outcomes, respiratory and cardiovascular organ support–
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free days and days free of organ support to day 21 were met, with the median num-
ber of organ support–free days being 10 in the tocilizumab group and 0 in the con-
trol group, and the effects greater among patients with the highest CRP levels.21

Hospital mortality was also significantly reduced: 28% for tocilizumab, 22.2% for
sarilumab, 35.8% for control. The Number Needed to Treat (NNT) is 12.8 and 7.4
for tocilizumab and sarilumab, respectively.i,ii The median adjusted odds ratios for
in-hospital survival were 1.64 (95% credible interval, 1.14–2.35) for tocilizumab
and 2.01 (95% credible interval, 1.18–4.71) for sarilumab as compared with con-
trol.21 Using Fisher Exact Test, the reduction in mortality between the tocilizumab
group and the control group was statistically significant (p=0.0278) (Figure 3). A
statistically significant reduction was also found in 90-day survival, respiratory
support free days, cardiovascular support free days, time to ICU discharge, and
progression to invasive ventilation, ECMO or death.21 There was also no signifi-
cant difference in serious adverse events between the three groups. The study has
many strengths as it is randomized, multi-centered, and importantly, all patients
that were randomized were included in the analysis. The international trial steering
committee was also blinded. The pragmatic, international design of the study
allows for the generalization of results to the critically ill COVID-19 patient subpo-
pulation. While the study’s open-label nature could introduce some bias, it is
unlikely to affect mortality outcomes. However, as only a preliminary report is
available, long-term outcomes of patients is still unknown with many still hospita-
lized.21 Additionally, only a small number of patients received sarilumab, but this
would not affect results for tocilizumab however larger trials studying sarilumab
are required. Concerning hospital mortality, while the NNT for tocilizumab is ade-
quate (12.8), the fragility index is weak (3) and indicates poor robustness of these
results (Figure 4).22

Contrary to the REMAP-CAP trial, Veiga et al. reported increased mortality in
a randomized trial from Brazil that compared tocilizumab with standard care in
129 patients with COVID-19.23 Aside from the lack of powering of the study, the
trial was stopped early potentially overestimating the size of the effects (wide confi-
dence interval of 1.59–43.2 obtained).24 The fragility index of death at 15 days

Figure 2. Fisher Exact Test for clinical failure between tocilizumab and placebo groups in the
EMPACTA trial. Calculated using https://www.socscistatistics.com/tests/fisher/default2.aspx.
Clinical failure occurred in 12.0% in the tocilizumab group (29/249) versus 19.3% in the placebo
group (24/128) with p value set at less than 0.05.
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results is also very weak (2) (Figure 5). In a letter to the Editor concerning this
trial, the authors conclude that the harm reported by Veiga et al.23,25 is likely an
outlier considering all the previous studies showing tocilizumab’s safety.

Finally, the RECOVERY trial, a multicenter, open-label, pragmatic adaptive
trial enrolled 4116 patients in the assessment of tocilizumab, with 14% receiving
invasive mechanical ventilation, 41% receiving non-invasive respiratory support,
and 45% receiving no respiratory support other than oxygen. About 82% of all
patients received corticosteroids and the median CRP was 143mg/dL.26 The pri-
mary outcome defined as 28 days mortality was met with 29% of the tocilizumab
group and 33% of the usual care group dying within 28 days (rate ratio 0.86; 95%
CI 0.77–0.96; p=0.007), with an NNT of 25.iii This mortality benefit was seen
only in those receiving systemic corticosteroids (27% vs 33%; Risk Ratio 0.80;
95% CI 0.70–0.90).26 Patients allocated to tocilizumab were also more likely to be
discharged from hospital alive within 28 days (54% vs 47%; rate ratio 1.22; 95%
CI 1.12–1.34; p\ 0.0001), and less likely to reach the composite endpoint of

Figure 3. Fisher Exact Test for mortality difference between tocilizumab and control groups in
the REMAP-CAP trial. Calculated using https://www.socscistatistics.com/tests/fisher/
default2.aspx.

Figure 4. Fragility index for hospital mortality results between tocilizumab and control groups
in the REMAP-CAP trial. Calculated using https://clincalc.com/Stats/FragilityIndex.aspx.
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invasive mechanical ventilation or death (33% vs 38%; risk ratio 0.85; 95% CI
0.78–0.93; p=0.0005).26 While no significant effect of tocilizumab on subsequent
receipt of non-invasive respiratory support, invasive mechanical ventilation, rate of
successful cessation of invasive mechanical ventilation was found, there was a
reduction in the use of hemodialysis or hemofiltration (5% vs 7%, risk ratio 0.75,
95% CI 0.59–0.96, p=0.02).26 The RECOVERY trial’s major strengths are the
number of patients recruited (largest trial assessing tocilizumab) and the inclusive
criteria of patients with varying respiratory support requirements facilitating gener-
alizability of results to the population. Importantly, the trial compared the effects
of combining steroids with tocilizumab versus tocilizumab alone. The validity of
the results was also greater as the benefits of the primary outcome were consistent
across all of the prespecified patient subgroups.26 Additionally, the fragility index
of the mortality benefits results is adequate (17) and well above the often cited
median (8) (Figure 6).22 As with the REMAP-CAP trial, only a preliminary report
is available and information on the primary outcome is available for 92% of
patients. 17% of patients in the tocilizumab group did not receive this treatment
with the reasons unavailable. Long-term outcome is unavailable as many patients
are hospitalized for more than 28days but pre-planned analyses at 6months will
be done. Additionally, it is unknown if patients with a CRP\ 75mg/dL would
benefit from this treatment.26

Proposed mechanism of action of tocilizumab

Tocilizumab is a monoclonal antibody that acts as an antagonist of the IL-6 recep-
tor (IL-6R). Production of endogenous IL-6 is induced by inflammatory stimuli
and mediates a variety of immunological responses that could stimulate a hyperin-
flammatory state, which might lead to increased alveolar-capillary blood-gas

Figure 5. Fragility index for death at 15 days results between tocilizumab and control groups in
the Veiga et al. RCT. Calculated using https://clincalc.com/Stats/FragilityIndex.aspx.
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exchange dysfunction resulting in acute respiratory distress syndrome (ARDS). IL-
1b and TNFa, in particular, are the main activators of IL-6 expression.27 Under
normal circumstances, the levels of IL-6 are very low, and are increased when there
is an infection or insult. Excessive release of IL-6 can cause a cytokine storm, with
levels of IL-6 found to be proportional to the severity of the cytokine release syn-
drome (CRS).28 Targeting IL-6 has become a point of interest in the treatment of
COVID-19, as it has been found to be the most significant predictor of disease pro-
gression and mortality in patients.29 Though the exact mechanism of action of toci-
lizumab is still unclear, the main hypothesis relies on tocilizumab preventing IL-6
from binding to its receptor and promoting the CRS sometimes seen in severe
COVID-19 which leads to life-threatening multiorgan damage.13 In short, the IL-
6/IL-6R complex binds to the signal transducer glycoprotein 130 (gp130) and the
downstream signal is mediated by JAK/STAT3.iv However, IL-6R exists in two
forms: membrane-bound (mIL-6R) and soluble form (sIL-6R). IL-6 binds to mIL-
6R, which is predominantly expressed on immune cells, and activates the cis-
signaling pathway that promotes lymphocytes activation and differentiation.
When IL-6 binds to sIL-6R, which is found virtually on all endothelial cells, the
trans-signaling pathway is activated leading to increased vascular leakage and per-
meability, recruitment of neutrophils and monocytes and importantly, an increase
in systemic cytokines production that leads to a cytokine storm.30,31 Tocilizumab is
able to bind to mIL-6R and sIL-6R inhibiting both the cis and trans-signaling
pathways, potentially treating or preventing the cytokine storm (Figure 7).13

Limitations

This review does not include every RCT but focuses on the bigger trials published.
Additionally, the RECOVERY trial is still in preprint and has not yet been peer-

Figure 6. Fragility index for hospital mortality benefits results between tocilizumab and control
groups in the RECOVERY trial. Calculated using https://clincalc.com/Stats/FragilityIndex.aspx.
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Figure 7. Overview of the IL-6 associated pathways leading to the cytokine release syndrome
(CRS) seen in severe COVID-19.
gp130: glycoprotein 130; IL: interleukin; JAK/STAT: Janus kinases/signal transducer and activator of

transcription; mIL-6R: membrane bound IL-6 receptor; sIL-6R: soluble IL-6 receptor.
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reviewed. This review is limited mostly to tocilizumab while other drugs IL-6 inhi-
bitors are under study such as sarilumab. Only preliminary reports from the
REMAP-CAP and RECOVERY trial are currently available, with the
RECOVERY trial not yet peer-reviewed. Additionally, we do not discuss other
drugs that act on IL-6 such as JAK-1/2 inhibitors. Finally, more data will likely be
published in the future that could potentially reinforce or refute the evidence found
in this paper. Concerning the action of tocilizumab, the exact mechanism is still
unclear, and the role of IL-6 in COVID-19 and the cytokine storm is still under
study with more IL-6 inhibitors being evaluated.

Summary of findings

Early trials using tocilizumab monotherapy showed no clinical benefit. With sys-
temic corticosteroids becoming part of standard care in severe COVID-19,32 the
combined use of tocilizumab and corticosteroids in later trials showed a decrease in
mortality and hospitalization among other clinical benefits as seen in the REMAP-
CAP and RECOVERY trials (Table 1). The RECOVERY trial in particular
showed mortality benefit with tocilizumab only in patients who received concomi-
tant corticosteroids. Additionally, several multicenter trials showed a good safety
profile for tocilizumab and even though neutropenia was seen, the rate of infection
was lower compared to the control groups. While REMAP-CAP showed the great-
est benefits in patients with the highest CRP, and the RECOVERY trial recruited
only patients with a CRP. 75mg/dL, the true predictive nature of CRP still
requires further investigation. Nonetheless, in hospitalized patients with severe
COVID-19, who are hypoxic and have a CRP˜ 75mg/L, the current evidence sug-
gests that the combination of tocilizumab and corticosteroids reduces mortality.
Finally, the mechanism of action of tocilizumab is still unclear but is thought to
involve binding to mIL-6R and sIL-6R preventing activation of IL-6 signaling
pathways that promote pro-inflammatory reactions and favor the occurrence of
CRS and cytokine storm.
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Notes

i. Absolute Risk Reduction (ARR)=(Control event rate)2 (Experimental event rate)
Tocilizumab ARR=0.3582 0.28=0.078
Tocilizumab NNT=1/ARR=1/0.078=12.8

ii. Sarilumab ARR=0.3582 0.222=0.136
Sarilumab NNT=1/ARR=1/0.136=7.4

iii. Absolute Risk Reduction (ARR)= (Control event rate)2 (Experimental event rate)
ARR=0.332 0.29=0.04 NNT=1/ARR=1/0.04=25

iv. JAK: Janus kinase STAT3: signal transducer and activator of transcription 3.
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