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ARTICLE INFO ABSTRACT

Received on: 20/05/2021 The severity of COVID-19 (coronavirus disease 2019) disease caused by severe acute respiratory syndrome
Accepted on: 23/07/2021 coronavirus-2 (SARS-CoV-2) has been associated with hyperinflammation induced by excessive release of a
Available Online: 03/11/2021 range of cytokines and chemokines. Among a plethora of cytokines, interleukin-6 (IL-6) plays a pivotal role in the

immunopathology of SARS-CoV-2 infection as IL-6 has been proposed to initiate hypersecretion of cytokines by
activating the Janus kinases-signal transducer and activator of transcription (JAK-STAT) pathway. Hence, targeting

IC(e{ rlt(}grds.; COVID-19 IL-6 and its receptor can be an appropriate therapeutic strategy to treat SARS-CoV-2 infection. However, tocilizumab
ytoxine storm, o (TCZ) is a well-known monoclonal antibody for its anti-inflammatory activities. TCZ has been designed to bind two
hyperinflammation,

different IL-6 receptors, viz., membrane-bound and soluble receptors. As an antagonist of IL-6 receptors, TCZ inhibits
the JAK-STAT signaling pathway, which is essential for the transcriptional activation of cytokines-producing genes.
Hence, the inhibition of IL-6 receptors can substantially reduce hyperinflammation, a key characteristic of severely
infected patients with SARS-CoV-2 infection. TCZ has much promise in terms of treating SARS-CoV-2-related
hyperinflammation, acute respiratory distress syndrome, and multiple organ damage. Hence, TCZ has been proposed
as a potential therapeutic drug for treating COVID-19 disease. However, several discrepancies still exist, such as
a well-defined molecular mechanism, efficacy, and safety parameters. In this context, various databases, including
Medline, ResearchGate, PubMed, Science Direct, Scopus, and Google Scholar, were explored employing keywords
such as “Cytokine storm”, “COVID-19”, “hyper inflammation”, “IL-6", “TCZ”, and “SARS-COV-2" up to May
2021. The authors independently collected and evaluated research papers for inclusion in the current review, relying
on their relatedness to the main theme of the literature review. So, this narrative review aims to provide updated
information about the molecular mechanism, efficacy, and safety of TCZ in the treatment of COVID-19. However,
several contradictions and challenges associated with TCZ use in the treatment of severely infected patients with
COVID-19 have also been discussed.
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INTRODUCTION

As of May 2021, the COVID-19 (coronavirus disease
2019) pandemic, which was caused by a novel form of beta
coronavirus known as “severe acute respiratory syndrome
coronavirus-2” (SARS-CoV-2), had spread to all corners of the
globe, eventually caused more than 3 million deaths (Dhama et al.,
2020a; WHO, 2021). This condition has caused widespread panic,
global risks, financial setbacks, and a steady increase in COVID-19
cases regularly. The world is having severe trouble combating
this pandemic due to a shortage of successful drug candidates of
choice, though a few vaccinations have recently been developed,
and global vaccination is underway to combat COVID-19 (Dhama
et al., 2020b; Dhawan et al., 2020; Malik et al., 2020; Singh and
Gupta., 2021).

COVID-19 is a novel evolving infectious disease with
complex pathogenesis characterized by the spontaneous and
hypersecretion of pro-inflammatory cytokines and impaired
immune response, resulting in the cytokine storm or cytokine
release syndrome (CRS) (Moore and June, 2020). Several reports
have suggested that the hypersecretion of cytokines or CRS is a
crucial pathogenic factor (Rabaan ez al., 2021a, 2021b), and the
uncontrolled secretion of proinflammatory and inflammatory
cytokines have been linked with the intensity of virus infection
and fatality rates. However, the secretion of pro-inflammatory
cytokines such as tumour necrosis factor-alpha (TNF-alpha),
interleukin-1 (IL-1), and interleukin-6 (IL-6) has been considered
crucial, which causes a hyperinflammatory reaction in the lung
alveolar cells by recruiting macrophages, T cells, and B cells.
Furthermore, immune cells such as macrophages have been
hypothesized to recruit many inflammatory monocytes into
alveolar cells, allowing for the release of massive quantities of
cytokines in the alveoli, resulting in hypersecretion of cytokines in
severely infected patients with SARS-CoV-2 infection. Moreover,
this hyperinflammatory response leads to multiple organ failure,
acute respiratory distress syndrome (ARDS), or pneumonia that
may result from this chain of events (Pelaia et al., 2021; Rabaan
etal., 2021a,2021D).

Innate immune response, also known as the first line
of defense, provides a significant role in protecting against the
SARS-CoV-2 infection. As in young people, a well-functioning
innate immune system is imperative to eliminate the viral
infection. Nonetheless, any disruption in a normally functioning
immune response, whether exaggerated in terms of excessive
cytokine release or caused by defects in the patient’s immune
response, such as disruption in interferon-I (IFN-I) type immunity,
appears to be detrimental and can be life-threatening (Andersen
et al., 2020). Hyperactivation of the immune system, through
the production of pro-inflammatory cytokines like IL-6, may be
a crucial factor in the pathophysiology of COVID-19-related
serious illness (Del Valle et al., 2020), and IL-6 is a pleiotropic
pro-inflammatory cytokine formed by lymphocytes, monocytes,
and fibroblasts. The SARS-CoV-2 infection causes bronchial
epithelial cells to produce IL-6 in a dose-dependent manner.
Recently, among a plethora of cytokines, IL-6 has been reported as
the most critical pro-inflammatory cytokine engaged in cytokine
storm or hyperinflammation, and it has also been identified to
become a poor prognostic factor in the COVID-19 disease (El-
Shabrawy et al., 2021; Wei et al., 2021; Zhou et al., 2020).

The corticosteroid, such as dexamethasone, is one of
the few treatments that has been used to treat hyperinflammation
and is reported to decrease the mortality in hospitalized patients
with COVID-19 (Horby et al., 2021; Sharun et al., 2020).
However, there has been much curiosity in seeing whether using
additional, more selective anti-inflammatory agents in addition
to steroids could help in the treatment of COVID-19 (Kow and
Hasan, 2021; Sharun et al., 2020). Recent research concluded
that using tocilizumab (TCZ) in addition to dexamethasone is
a cost-effective immunosuppressive and immunomodulatory
intervention for the treatment of critically ill patients with
SARS-CoV-2 infection (Sinha and Linas, 2021). In this context,
various immunomodulatory and anti-inflammatory agents such as
anakinra, sarilumab, siltuximab, and TCZ have been suggested for
the treatment of COVID-19 (Khan ez al., 2021; Meira et al., 2021;
Verma et al., 2021). Among a range of immunomodulatory and
immunosuppressive agents, anti-IL-6R agents have been proposed
as a promising therapeutic regimen to cure COVID-19 as they
contain the potential to reduce the hyperinflammatory response in
the lung alveolar cells (Li et al., 2021; Rubin et al., 2021; Zhang
etal., 2020; Zhao, 2020). TCZ, a humanized monoclonal antibody
(MAB) that can target both membrane-bound and soluble forms
of the IL-6 receptor, has been considered as a potential therapeutic
drug counter-effect the cytokine storm. A growing number of
studies have evaluated its efficacy in treating severe COVID-19
(Cortegiani et al., 2021; Meira et al., 2021; Pelaia et al., 2021;
Richier et al., 2021).

TCZ has attracted the interest of many study groups
among a plethora of signaling inhibitors and receptor antagonists
that have been assessed for their immunomodulatory ability
to regulate the hyperinflammatory response (Bhattacharjee
et al., 2021; Igbal Yatoo et al., 2021; Izda et al., 2021). TCZ, a
recombinant MAB that inhibits both soluble and membrane-
bound IL-6 receptors, is typically used to manage patients with
rheumatoid arthritis and paediatric patients with chronic arthritis.
However, its efficacy has recently been shown in other severe
immune disorders and inflammatory diseases, including giant cell
arteritis (Villiger et al., 2016), multicentric Castleman’s disease
(Galeotti et al., 2012), and, most notably, for treating CRS in
chimeric antigen receptor T-cell cancer therapy (Le et al., 2018).
However, no clear findings were seen in these studies connecting
TCZ to COVID-19 treatment. As a result, this narrative analysis
aims to provide updated information on the effectiveness of TCZ
in the treatment of COVID-19.

METHODOLOGY OF LITERATURE REVIEW

In order to obtain an updated insight into the therapeutic
potential of TCZ against COVID-19, a comprehensive review
of the literature was performed. Authentic scholarly databases
such as ScienceDirect, MEDLINE, PubMed, ResearchGate, and
Google Scholar were searched for relevant research articles using
keywords such as TCZ, SARS-CoV-2, COVID-19, IL-6, and
cytokine storm. Until the May 18, 2021, research papers were
screened and chosen collectively by authors based on inclusion
and exclusion criteria such as relevance to the current study.
Following a literature review, the information was thoroughly
reviewed, and only closely matched experiments were chosen for
critical discussion, with unrelated or generalized studies being
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excluded. The research papers’ names and abstracts were screened
first, and unrelated findings were eliminated. In addition, complete
academic papers were chosen for their contribution to the current
study. Finally, 79 articles were chosen to apply to the current
research, and the review article was written.

The involvement of cytokine storm and IL-6 in prognosis of
COVID-19

The release of numerous cytokines is vividly associated
with the emergence of multiple clinical manifestations, such as
excessive interferon-y (IFN-y) secretion, resulting in headaches,
chills, dizziness, fatigue, and fever. Like IFN-y, TNF-a causes flu-
like symptoms along with fever, fatigue, and malaise but can also
lead to lung damage, vascular leaking, heart failure, and synthesis
of acute-phase protein (Shimabukuro-Vornhagen et al., 2018).
The secretion of IL-6 causes vascular leak syndrome, triggering
coagulation, and complement pathways leading to the prominent
indications of CRS, i.e., blockage of small blood vessels (Hunter
and Jones, 2015; Tanaka et al., 2016). It is important to note
that IL-6 is related to induce cardiomyopathies by stimulating
coronary artery disease and myocardial dysfunction (Pathan ef al.,
2004). Moreover, severe CRS may also occur due to the activation
of endothelial cells (Shimabukuro-Vornhagen et al., 2018), and
endothelial dysfunction can result in hypotension, capillary
leakage, and impaired blood clotting.

Various clinical studies have established the substantial
role of IL-6 in eliciting the immune response. Moreover, there is a
strong interconnection of IL-6 in the progression of infection and
in the development of IL-6, which has been attributed to the higher
fatality rates associated with various pathological conditions,
including coronaviruses (CoVs) infections (Fehr e al., 2017).
A substantial increase in IL-6 concentration has been identified
during certain pathological conditions, including viral infections
only as compared to normal conditions, which contributes to
the release of many other cytokines by triggering two forms
of signalling pathways, namely classical and trans signalling
pathways. However, in the classical pathway, IL-6 binds to a
membrane-bound receptor on the surface of immune cells such as
natural killer (NK) cells, macrophages, B and T cells. The binding
of IL-6 leads to a complex formation that binds with transducer
molecules which in turn transduce the signaling pathway through
the Janus kinases-signal transducer and activator of transcription
(JAK-STAT) pathway (Braun ef al., 2016) (Fig. 1). This leads to
the activation of several types of inflammatory effects in a range
of immune cells, such as macrophages and NK cells, which are
important constituents of innate immune response and play a
significant role in the generation of the adaptive immune system
(Kang et al., 2019). Besides, IL-6 can induce a strong pro-
inflammatory response, possibly in every type of cell present in
our system, by trans-signalling pathway. It is important to consider
that some reports have shown the secretion of IL-6 by all kinds of
immune and stromal cells (Jones and Jenkins, 2018).

Several research groups have recently proposed that the
severity of COVID-19 disease and fatality rates in hospitalized
patients are linked with hypersecretion of a variety of cytokines
and chemokines, resulting in CRS or cytokine storm (Rabaan
etal.,2021a,2021b; Xu et al., 2020a). This cytokine storm appears
to be linked to the progression of the infection from moderate to

critical. Cytokines are small chemical messengers that can activate
both the adaptive and innate immune systems. INFs, ILs, growth
factors, TNFs, and chemokines are examples of small molecules
(Tisoncik et al., 2012). Surprisingly, the connection between
CRS or cytokine storm and high morbidity has been reported in
previous viral infections caused by other CoVs, such as SARS-
CoV and MERS-CoV (Channappanavar and Perlman, 2017).

In addition, various pro-inflammatory factors, such as
interleukins (IL)-2, 6, 8, 10, 1-beta, TNFs, IFNs, and colony-
stimulating factors (GM-CSF), have recently been implicated
in the progression of cytokine storm in a number of reports (EI-
Shabrawy et al., 2021; Jesenak et al., 2020; Rabaan et al., 2021a).
Furthermore, cytokine storm has been attributed to the causative
factor behind multiple organ damage and fatalities during SARS-
CoV-2 infection (Salahshoori et al., 2021). Recently, Peng et al.
2021 also proposed that the cytokine storm plays a pivotal role
in the progression of SARS-CoV-2 infection, and it might be a
significant cause of ARDS and multiple organ dysfunction, and
higher mortality rates in immunocompromised patients (Peng
etal., 2021).

However, IL-6 has been proposed as a key factor in
determining the severity of SARS-CoV infection among a variety
of proinflammatory cytokines. It is important to keep in mind
that IL-6 signalling is critical in causing this cytokine storm in
COVID patients with severe symptoms. Some molecules should
be available or added to inhibit both of this interleukin’s signalling
pathways in order to monitor or regulate the lethal consequences of
this individual IL. TCZ, a humanized MAB primarily engineered
to target IL-6 receptors and minimize the detrimental effects of
SARS-CoV infection, is one of these molecules that can serve as
an appropriate antagonist of IL-6 signalling (Fig. 1). The following
section will discuss the clinical studies indicating the therapeutic
potential of TCZ to treat COVID-19.

Therapeutic potential of TCZ in the treatment of COVID-19

Antibodies against IL-6 suppress the classical cis- and
trans-signaling pathway. However, the IL-6 trans-presentation does
not affect by the antagonists of IL-6. In this context, antagonists
of IL-6 receptors such as TCZ and sarilumab have been reported
to effectively suppress all these three modes of I1L-6 signalling
(Garbers et al., 2018). In comparison to IL-6 inhibitors, antagonists
of IL-6 receptors have been considered as safe and effective means
to control the hyperinflammatory response efficiently (Chen
et al., 2021). TCZ, a well-known recombinant humanized MAB,
prevents IL-6 binding and widely used in autoimmune diseases
such as rheumatoid arthritis. TCZ inhibits all three modes of IL-6
signalling by interfering with the epitope of IL-6R (Heink et al.,
2017; Tanaka et al., 2012; Zhang et al., 2020).

Many research groups and medical practitioners
are interested in investigating the potential of TCZ in treating
COVID-19 as an effective IL-6 receptor antagonist, based on
recent reports of a strong association between elevated IL-6 levels
and fatality rates in severely ill patients with COVID-19 (Dastan
et al., 2020; Gu et al., 2021; Hermine et al., 2021; O’Leary,
2021). In this context, a recent study on critically ill patients
with COVID-19 who are hospitalized, TCZ has been reported to
increase oxygenation and reduce inflammatory biomarkers (Price
et al., 2020; Xu et al., 2020b). Although TCZ therapy has still
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Figure 1. A schematic representation of the action mechanism of tocilizumab in repressing the hyperinflammatory response. A) SARS-CoV-2-
induced cytokine storm by activation of various immune cells through pro-inflammatory cytokines and chemokines, specifically IL-6. B) IL-6
can either interact with membrane-bound IL-6R or bind to soluble IL-6R, which in turn lead to the activation of classic cis-signaling and trans-
signaling, respectively. C) Possible mechanism of tocilizumab in inhibiting the IL-6 receptor and repressing the JAK-STAT pathway. This, in turn,
reduces the hyperinflammatory response. Abbreviations: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; IL-6, interleukin-6;
IL-6R, IL-6 receptor; JAK, Janus kinase; STAT, signal transducer and activator of transcription. The figure was created with BioRender.com.

(https://biorender.com/, accessed on 12 May 2021).

not been linked to pathogenesis, it has been linked to a reduction
in COVID-19-associated lymphopenia (Giamarellos-Bourboulis
et al., 2020). Furthermore, a recently published meta-analysis of
existing clinical trials using TCZ showed that COVID-19 patients
treated with TCZ had a 12% lower mortality rate than the control
group (Malgie et al., 2020). In the latest report, TCZ therapy was
linked to significant clinical progress and long-term survival in
COVID-19-positive chronically ill patients (Toniati et al., 2020).
Patients who were given TCZ, on the other hand, had higher
levels of two important biomarkers, C-reactive protein (CRP) and

IL-6, which signify the onset of a cytokine storm. Furthermore,
they claimed that TCZ had a short-term survival advantage
(Ramaswamy et al., 2020).

However, as per another large clinical trial’s recent
massive analysis, incorporating IL-6 receptor antagonists such
as TCZ and sarilumab improved outcomes by reducing mortality
in critically ill patients with COVID-19 and increasing organ
support in intensive care units (ICUs) (Gordon et al., 2021). In
COVID-19 patients hospitalized with hypoxia and systemic
inflammation, TCZ increased survival rates and other health
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effects. Both benefits were shown regardless of the degree of
respiratory aid and were significantly comparable to the benefits
of systemic corticosteroids (Horby et al., 2021). Furthermore, a
recent clinical trial of 170 patients treated with TCZ found that
administering TCZ to critically ill patients with COVID-19
reduces mortality and accelerates clinical improvement.
Moreover, increased oxygenation has been reported, which
reduces the oxygen dependency in critically ill patients with
COVID-19 (Flisiak et al., 2021). Surprisingly, a growing body of
evidence suggested suggests that the requirement for mechanical
ventilation and administration to the ICU have been reduced in
the patients treated with TCZ (Flisiak ef al., 2021; Hermine et al.,
2021; Rezaei et al., 2021; Tleyjeh et al., 2021). TCZ enhanced
recovery and other clinical outcomes in hospitalized COVID-19
patients with oxygen deprivation and systemic inflammation,
according to a new randomized, controlled, open-label platform
study. Both advantages were shown independent of the level of
respiratory assistance and were in comparison to the systemic
corticosteroids’ advantages (RECOVERY Collaborative Group,
2021). Another recent meta-analysis showed that TCZ decreases
the risk of mechanical ventilation in hospitalized patients with
COVID-19. It has been suggested that TCZ decreases the risk
of poor prognosis of the SARS-CoV-2 infection and secondary
infections in hospitalized patients with COVID-19 (Tleyjeh et al.,
2021). Recently, a clinical trial evaluated the timing and efficacy
of TCZ treatment in patients with SARS-CoV-2 infection and
increased concentration of IL-6. It was confirmed that the use of
TCZ at the early stages of the viral infection and cytokine storm
(IL-6 level 100 pg/ml) could effectively improve the clinical
outcomes in patients by blocking the IL-6 signalling pathway (Li
etal., 2021).

Contradictions on the efficacy and safety of TCZ

In contrast, in a randomized, double-blind placebo-
controlled trial in hospitalized patients with severe SARS-
CoV-2 infection, TCZ therapy was shown to be non-significant
in reducing mortality. Furthermore, it was confirmed that the
use of TCZ had little effect on oxygen requirements or clinical
improvement (Stone et al., 2020). According to a recent literature
review of several clinical trials, including the use of TCZ to treat
COVID-19, there is an inadequate evidence on the effectiveness
and safety of TCZ. As a result, the therapeutic use of TCZ should
be reviewed and subsequently revised (Cortegiani et al., 2021;
Kow and Hassan, 2021).

Recently, it has been found that the use of TCZ reduced
the requirement of mechanical ventilation and risks of death after
14 days but did not improve the mortality rates during day 28
in hospitalized patients with COVID-19 (Hermine et al., 2021).
Further, a retrospective analysis constituting 77 COVID-19
patients found the TCZ therapy improved oxygenation in
patients with COVID-19 during early days, but the survival rate
was not changed with the use of TCZ (Okoh et al., 2021). In
another retrospective analysis, patients with hyperinflammation
did not report any significant clinical improvements compared
to the standard therapeutic regimen after 28 days of treatment
(Campochiaro et al., 2020).

Furthermore, current research suggests that TCZ has
a positive impact on patients with more intense COVID-19

symptoms, which reduces the need for intensive mechanical
ventilation, lowering both mortalities and enhancing therapeutic
efficacy, while patients with less severe disease are unlikely to
benefit. Itis indeed possible that perhaps the advantage of inhibition
of IL-6R is connected to the peak of the inflammatory response
and manifests itself as clinical worsening (Angriman ef al., 2021).
There is no doubt that the clinical trials offer the most conclusive
data till date to resolve the debate about whether TCZ should be
added to the existing therapeutic strategy for COVID-19 patients
who are seriously ill (Al-Qaaneh and Al-Ghamdi, 2021). Indeed,
that seems to be appropriate. However, TCZ’s effectiveness
and safety in other conditions, including patients with CRP
concentrations less than 75 mg/l and paediatric patients, are still
unknown. In addition, due to some negative evidence regarding
the utilisation of TCZ in hospitalised patients with COVID-19, it is
difficult to conclude that TCZ will be beneficial in all patients with
SARS-CoV-2 infection (Mombrun and Valette, 2021). Moreover,
these contradictions necessitate the development of new therapies
to help decrease mortality in critically ill COVID-19 patients
(Al-Qaaneh and Al-Ghamdi, 2021). Several therapies are being
researched, including other immunomodulators and antibodies
against the SARS-CoV-2 spike antigen (Gupta and Leaf, 2021;
Wang et al., 2021), which can minimize mortality rates and the
need for mechanical ventilation in patients. In addition, there are
still several question marks and contradictions raised by Angriman
et al. 2021 such as:

*  What is the best time to start using MABs such as TCZ that
target both soluble and membrane-bound receptors?

*  What are the attributes of patients which can be treated
with TCZ? Are these only severely infected patients with
COVID-19?

*  What is the efficacy and risk status of TCZ in patients at risk
of other deadly infections, including bacterial and fungal, and
viral infections?

*  Will TCZ be used to treat COVID-19 patients at a reasonable
cost?

CONCLUSIONS AND FUTURE PROSPECTS

Several studies have concluded that IL-6 is a crucial
factor in the generation of hyperinflammatory response or
cytokine storm. The cytokine storm plays a crucial role in the
immunopathology of SARS-CoV-2 infection. Hypersecretion of
cytokines leads to multiple organ failure, ARDS, and systemic
injuries. As a result, exploitation of treatment modalities such as
targeting IL-6 receptors can be proven as efficient and reliable
strategies for treating COVID-19. Inhibition of IL-6R by TCZ
seems to be a very promising strategy for treating critically ill
patients with COVID-19. Recently, large and small clinical trials
have demonstrated the efficacy and safety of TCZ in treating
hospitalized COVID-19 patients. Recent evidences have suggested
that the exploitation of TCZ has a beneficial role in treating
pulmonary failure and reduces the fatalities rates in hospitalized
patients with COVID-19. On the other hand, some contradictory
studies reported the insignificant effects of TCZ in improving the
clinical outcomes in patients with COVID-19. The contradictions
could be correlated with patients’ diverse immune responses that
vary among the individuals with the severity of hyper-inflammatory
response. Moreover, the complex immunopathology involved in
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SARS-CoV-2 infection is still not fully unraveled. Therefore, it
can be proposed that the use of TCZ could be very successful in
reducing the hyperinflammatory response in critically ill patients
with COVID-19. Several contradictions and inconsistencies on
the safety and efficacy of the use of TCZ in hospitalized patients
with COVID-19 may also include other possible factors such as
conditions like the recruitment time of the patients and the time of
initiation of treatment. Hence, clinical trials of larger size samples
are the utmost need of the present time to establish concrete proofs
about the safety and efficacy of TCZ to treat critically ill patients
with COVID-19.
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