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Tocilizumab for the treatment of COVID-19
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It has been one year since the first cases of pneumonia caused by
the now designated as severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) were reported from Wuhan. Over these
past months, clinicians taking care of patients with coronavirus
disease 2019 (COVID-19) have learned that the exuberant inflam-
matory response triggered by the virus acts as a major contribu-
tor to the pathogenesis of acute respiratory distress syndrome
(ARDS) and multiorgan failure, which occur in most of the fatal
cases [1]. In the absence of antiviral drugs that clearly modify the
clinical course of the infection, immunomodulation has emerged
as the most promising therapeutic approach to COVID-19. The
administration of low-to-intermediate-dose corticosteroids (dex-
amethasone 6 mg daily, equivalent to prednisone 40 mg, for
10 days) is the only treatment to date that have been proven, in
the setting of a randomized controlled trial (RCT), to reduce the
mortality among patients requiring respiratory support [2]. The
early finding that interleukin-6 (IL-6) levels are elevated in severe
COVID-19 and independently predict the risk of progression to
ARDS and death focused clinical research efforts on this pro-
inflammatory and pleiotropic cytokine [3,4]. Existing experience
with tocilizumab - a humanized IgG1 monoclonal antibody
targeting the IL-6-receptor - for the treatment of the cytokine
release syndrome (CRS) in patients receiving chimeric antigen
receptor (CAR) T-cell therapy rapidly paved the way for its off-
label use in cases of severe COVID-19 since the first weeks of the
pandemic [5-7]. Nevertheless, accumulating evidence suggests
that the term ‘cytokine storm’ may be misleading to define the
hyper-inflammatory status observed in SARS-CoV-2 infection,
since IL-6 levels are actually at least one magnitude order lower
than those found in patients with CAR-T-therapy-associated CRS,
sepsis, or other causes of ARDS [8]. The desperate need to find an
effective therapy to improve the dismal prognosis of severe
COVID-19 pneumonia and the well established and acceptable
safety profile of tocilizumab led to its widespread use during the
first pandemic wave. Indeed, 9.4% of the patients hospitalized
through March 17 in a large multicenter registry in Spain
received tocilizumab [9], and as many as 17.1% of those admitted
to the intensive care unit until April in the US 4 [10]. It should be
noted that the supporting evidence was essentially limited dur-
ing spring and summer of 2020 to small, observational, case
series with no control group [5-7]. Now, when the results of
RCTs and controlled observational studies have become

available, the time has come to critically review the role of
tocilizumab in the management of COVID-19.

Various large observational studies have reported marked
reductions in the requirement of invasive mechanical ventila-
tion (IMV) or all-cause mortality among COVID-19 patients
treated with tocilizumab as compared to the standard of
care alone. In a cohort study carried out in three Italian centers
(n = 544 patients), Guaraldi et al. found that tocilizumab
therapy reduced the risk of death (7.3% versus 20.0%, respec-
tively), although no differences were observed in the progres-
sion to IMV (18.4% versus 15.6%). After adjustment for clinical
covariates (including duration of symptoms and SOFA score),
tocilizumab was associated with a significant reduction in this
composite outcome (hazard ratio [HR]: 0.61; 95% confidence
interval [Cl]: 0.40-0.92) [11]. The SAM-COVID-19 study, that
included 778 patients from 60 Spanish centers, reported
a 68% decrease after the inverse probability of treatment
weight (IPTW) adjustment in the risk of IMV or death for
tocilizumab (HR: 0.32; 95% Cl: 0.22-0.47) [12]. In the largest
observational study published to date (STOP-COVID), Gupta
et al. compared 433 critically ill patients that received tocilizu-
mab within the first 2 days from ICU admission and 3,491
patients that did not receive this IL-6 blocker. After a median
follow-up of 27 days, the risk of death among patients treated
with tocilizumab had decreased by one-third (HR: 0.71; 95% Cl.
0.56-0.92). This benefit was more evident in the subgroup
with a partial pressure of arterial oxygen/fraction of inspired
oxygen ratio (PaO,/FiO,) <200 and mechanically ventilated at
ICU admission, and was not modified by the receipt of corti-
costeroid therapy [13]. A recently published single-center
study also found that tocilizumab therapy improved the alveo-
lar-arterial oxygen and the pulmonary vascular radiologic
score (although the lung parenchymal score remained
unchanged), favoring the early recovery of pulmonary vascular
function [14].

Five RCTs evaluating the efficacy and safety of tocilizu-
mab as immunomodulatory therapy for COVID-19 have been
published to date [15-19] (Table 1). All the studies were
multicenter and three of them were controlled with placebo
[15,16,19]. The number of participants ranged from 126 to
438. Although inclusion criteria varied, all the patients had
a molecular or serological (IgM assay) diagnosis of SARS-CoV
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-2 infection, pneumonia documented by radiologic imaging,
and respiratory failure with variable oxygen requirements.
Three trials excluded patients on mechanical ventilation at
enrollment [16-18]. Of note, only two studies considered the
presence of elevated inflammatory markers (serum
C-reactive protein or ferritin) as inclusion criteria [17,19].
Quite surprisingly, increased IL-6 levels at baseline were
not formally required in any of the trials. It should be
remembered, however, that the blockade of the IL-6 recep-
tor is followed by a rapid increase in the levels of the
cytokine [7]. Therefore, the monitoring of serum IL-6 is not
useful to assess the response to tocilizumab therapy. Study
outcomes generally included the improvement in clinical
status — assessed by an ordinal scale - or the composite
endpoint of IMV or death. The prespecified threshold for
efficacy was only achieved in two RCTs. In the ENVACTA
trial (which enrolled participants from racial and ethnic min-
ority groups), the cumulative percentage of patients with MV
or dead by day 28 was lower in the tocilizumab arm than in
the placebo arm (12.0% versus 19.3%, respectively), although
the mortality rate at day 28 separately considered did not
differ [16]. The CORIMUNO-TOCI-1 assessed two different
primary outcomes, only one of which was met. On day 14,
23.8% of the patients treated with tocilizumab and 35.8%
receiving standard of care needed mechanical ventilation or
had died, accounting for a posterior probability of HR less
than 1 of 95.0% [18]. It is important to note that none of the
trials was able to show an apparent benefit for tocilizumab
in terms of mortality. Finally, no relevant safety signals
emerged, and even a lower incidence of infectious compli-
cations has been observed within the tocilizumab arm in
some trials [18,19].

How to reconcile these apparently contradictory results
derived from observational studies and RCTs? Although none
of the trials was powered to demonstrate differences in mor-
tality as a separate outcome, it is difficult to accept that no
trends would have been observed if differences between arms
actually exist, given the amount of decrease in the incidence
of study endpoints observed across cohort studies — with
reductions that ranged from 30% to 70% [11-13]. The low 28-
day mortality observed in the trials by Salvarani et al. [17] and
Stone et al. [19] (which not exceeded 6% in any of the study
arms) would suggest a baseline COVID-19 severity far below
that of observational studies. Therefore, it could be hypothe-
sized that, due to practical reasons, patients approached to be
enrolled in RCTs were younger and less sick than those usually
seen in clinical practice. The lack of representativeness - in
terms of ‘real-world patients’ — of trial participants has been
already discussed [20]. Median age across RCTs was lower than
that of the SAM-COVID study (66 years) [12], although in line
with the STOP-COVID study (62 years) [13]. On the other hand,
it must be emphasized that observational studies investigating
the effect of therapies are inherently at risk of bias, from
confounding by indication to immortal time. Even if the inter-
pretation of selection bias in this type of studies is not
straightforward, it could be presumed that most of them are
skewed toward sicker patients. By definition, propensity score
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and similar techniques (such as IPTW) are exclusively able to
adjust for observed differences between treatment groups,
but not for unmeasured imbalances. Such unknown confoun-
ders due to nonrandom allocation may have been particularly
relevant during the first pandemic wave, with overwhelmed
healthcare systems across the world and restricted access to
ICU resources and drug shortages in numerous European
centers. Not surprisingly, none of the 28 observational studies
(with 5,776 patients) pooled in a recent meta-analysis was
deemed to be at low risk of bias. Thus, the authors were
only able to conclude that there is insufficient evidence
regarding the efficacy and safety of tocilizumab in the setting
of COVID-19 [21].

Expert Opinion

At the present point, how should future intervention and
observational studies be designed? The identification of sub-
groups of COVID-19 patients that would eventually exhibit
a greater benefit from the use of tocilizumab should be prior-
itized. The findings reported by Gupta et al. [13], in addition to
the negative results from the RCT-TCZ-COVID-19 [17] and
BACC Bay Tocilizumab trials [19], suggest that the effect of
immunomodulation may be more evident at more advanced
stages of SARS-CoV-2 infection. The potential role of the com-
bination with corticosteroids must be explored. It is note-
worthy that the vast majority of patients recruited in the
only RCT in which the threshold for efficacy was actually met
also received systemic corticosteroid therapy [16], with
a similar trend also reported in the CORIMUNO-TOCI-1 trial
[18]. Alternative dosing strategies may be evaluated, although
no apparent differences have been reported between patients
receiving one or more than one tocilizumab doses [16]. The
most relevant outcome for RCTs conducted in the setting of
COVID-19 (e.g. improvement in clinical status, need of
mechanical ventilation, or all-cause or attributable mortality)
remains to be defined. Finally, it cannot be completely ruled
out that the inhibition of IL-6 provides no meaningful impact
on the clinical evolution of COVID-19. The multiplicity and
redundancy of inflammatory pathways triggered by SARS-
CoV-2 [1] and the lack of outcome differences according to
baseline IL-6 levels [19] would point to the existence of escape
mechanisms beyond the mode of action of tocilizumab.

One thing is for sure: the search for effective immunomo-
dulation in the setting of severe COVID-19 has not yet said its
last word. In view of its overall favorable safety profile and the
reasonable expectation of clinical benefit (eventually pending
confirmation in future studies), we would still advocate the
use of tocilizumab in selected cases of COVID-19 with progres-
sive respiratory failure and sustained inflammatory status
despite dexamethasone therapy. Needless to say, the recruit-
ment of such patients in ongoing RCTs should be always
prioritized over the off label use of this or other immunomo-
dulatory agents.

Funding

This work was supported by Instituto de Salud Carlos Ill (ISCIIl), Spanish
Ministry of Science and Innovation (COVID-19 Research Call COV20/



4 M. FERNANDEZ-RUIZ ET AL.

00181) — co-financed by European Development Regional Fund ‘A way to
achieve Europe’. M.F.R. holds a research contract ‘Miguel Servet’ (CP18/
00073) from the ISCIII, Spanish Ministry of Science and Innovation.

Declaration of interests

The authors have no other relevant affiliations or financial involvement
with any organization or entity with a financial interest in or financial
conflict with the subject matter or materials discussed in the manuscript
apart from those disclosed.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial relationships
or otherwise to disclose.

References

Papers of special note have been highlighted as either of interest (-) or of
considerable interest (s+) to readers.

1.

Fajgenbaum DC, June CH. Cytokine storm. N Engl J Med.
2020;383:2255-2273.

A comprehensive review of the pathogenesis of cytokine
release syndrome in COVID-19.

. RECOVERY Collaborative Group; Horby P, Lim WS, Emberson JR,

et al., Dexamethasone in hospitalized patients with COVID-19: pre-
liminary report. N Engl J Med. 2020 Jul 17:NEJM0a2021436. [online
ahead of print]. DOI:10.1056/NEJM0a2021436

. Chen X, Zhao B, Qu Y, et al. Detectable serum severe acute respiratory

syndrome coronavirus 2 viral load (RNAemia) is closely correlated with
drastically elevated interleukin 6 level in critically ill patients with
coronavirus disease 2019. Clin Infect Dis. 2020;71:1937-1942.

. Laguna-Goya R, Utrero-Rico A, Talayero P, et al. IL-6-based mortality

risk model for hospitalized patients with COVID-19. J Allergy Clin
Immunol. 2020;146:799-807.

. Xu X, Han M, Li T, et al. Effective treatment of severe COVID-19 patients

with tocilizumab. Proc Natl Acad Sci U S A. 2020;117:10970-10975.

. Price CC, Altice FL, Shyr Y, et al. Tocilizumab treatment for cytokine

release syndrome in hospitalized patients with coronavirus disease
2019: survival and clinical outcomes. Chest. 2020;158:1397-1408.

. Fernandez-Ruiz M, Lépez-Medrano F, Pérez-Jacoiste Asin MA, et al.

Tocilizumab for the treatment of adult patients with severe
COVID-19 pneumonia: A single-center cohort study. J Med Virol.
2021;93:831-842.

. Leisman DE, Ronner L, Pinotti R, et al. Cytokine elevation in severe

and critical COVID-19: a rapid systematic review, meta-analysis, and
comparison with other inflammatory syndromes. Lancet Respir
Med. 2020;8:1233-1244.

20.

21.

. Berenguer J, Ryan P, Rodriguez-Bafo J, et al. Characteristics and

predictors of death among 4,035 consecutively hospitalized
patients with COVID-19 in Spain. Clin Microbiol Infect.
2020;26:1525-1536.

. Gupta S, Hayek SS, Wang W, et al. Factors associated with death in

critically ill patients with coronavirus disease 2019 in the US. JAMA
Intern Med. 2020;180:1-12.

. Guaraldi G, Meschiari M, Cozzi-Lepri A, et al. Tocilizumab in patients

with severe COVID-19: a
Rheumatol. 2020;2:e474-84.

retrospective cohort study. Lancet

. Rodriguez-Bafio J, Pachdén J, Carratala J, et al. Treatment with

tocilizumab or corticosteroids for COVID-19 patients with hyperin-
flammatory state: a multicentre cohort study (SAM-COVID-19). Clin
Microbiol Infect. 2020 Aug 27:51198-743X(20)30492-4. [online
ahead of print]. DOI: 10.1016/j.cmi.2020.08.010

. Gupta S, Wang W, Hayek SS, et al. Association between early

treatment with tocilizumab and mortality among critically ill
patients with COVID-19. JAMA Intern Med. 2021;181:41-51.

Large observational study carried out among critically ill
patients in which the use of tocilizumab was associated with
a lower mortality.

. Salvati L, Occhipinti M, Gori L, et al. Pulmonary vascular improve-

ment in severe COVID-19 patients treated with tocilizumab.
Immunol Lett. 2020;228:122-128.

. Rosas |, Brau N, Waters M, et al. Tocilizumab in hospitalized patients

with COVID-19 pneumonia. medRxiv. 2020 08 27;20183442.
DOI:10.1101/2020.08.27.20183442.

. Salama C, Han J, Yau L, et al. Tocilizumab in patients hospitalized

with Covid-19 pneumonia. N Engl J Med. 2021;384:20-30.
Large multinational placebo-controlled RCT that demonstrates
the benefit of tocilizumab in terms of IMV and/or death.

. Salvarani C, Dolci G, Massari M, et al. Effect of tocilizumab vs.

standard care on clinical worsening in patients hospitalized with
COVID-19 pneumonia: a randomized clinical trial. JAMA Intern Med.
2021;181:24-31.

. Hermine O, Mariette X, Tharaux PL, et al. Effect of tocilizumab vs.

usual care in adults hospitalized with COVID-19 and moderate or
severe pneumonia: a randomized clinical trial. JAMA Intern Med.
2021;181:32-40.

. Stone JH, Frigault MJ, Serling-Boyd NJ, et al. Efficacy of tocilizumab

in patients hospitalized with Covid-19. N Engl J Med.
2020;383:2333-2344.

Sherman RE, Anderson SA, Dal Pan GJ, et al. Real-world evidence -
what is it and what can it tell us? N Engl J Med.
2016;375:2293-2297.

Cortegiani A, Ippolito M, Greco M, et al. Rationale and evidence on
the use of tocilizumab in COVID-19: a systematic review.
Pulmonology. 2021;27:52-66.

Meta-analysis of observational studies analyzing the impact of
tocilizumab.


https://doi.org/10.1056/NEJMoa2021436
https://doi.org/10.1016/j.cmi.2020.08.010
https://doi.org/10.1101/2020.08.27.20183442

	Funding
	Declaration of interests
	Reviewer disclosures
	References



