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ABSTRACT

The effect of tocilizumab on severe COVID-19 infection: Review of current
evidence

The COVID-19 outbreak that spread in December 2019 has caused the death
of millions of people in a short time. Many studies published recently have
shown that many cytokines (interleukin (IL) IL-1, IL-2, IL-6, TNF and IFN-) are
significantly increased in COVID-19 patients with pneumonia, and especially
IL-6 in combination with other cytokines has shown to be the main cause of
the cytokine storm. Since IL-6 level is associated with clinical worsening in
COVID-19 patients, anti-IL-6 therapy is seen as a promising treatment.
Tocilizumab, a widely used Il-6 antagonist, was approved by the FDA in 2017
for Cytokine Storm Syndrome (CSS). Its addition to the treatment in COVID-
19 patients with increased blood IL-6 levels and oxygen saturation <92% has
been recommended due to bilateral widespread pulmonary infiltration. We
summarized the studies on tocilizumab and COVID-19 disease published in
the literature. In the light of current information, data on the mechanism of the
action of tocilizumab, which is still widely used in COVID-19 patients, appro-
priate patient selection, effectiveness in treatment and side effects are present-
ed.

Key words: COVID-19; cytokine storm syndrome; interleukin-6; interleukin-6
antagonist; Tocilizumab
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Agir COVID-19 enfeksiyonunda tosilizumab'in etkinligi: Giincel calismalarin derlemesi

Aralik 2019da baslayan COVID-19 salgini, kisa siirede milyonlarca insanin 6limiine yol agmistir. Yakin zamanda yayinlanan ¢alisma-
lar, pnémoni ile seyreden COVID-19 hastalarinda bircok sitokinin (IL-1, IL-2, IL-6, TNF ve IFN-y) 6nemli 6lciide arttigini ve ézellikle
Interlékin 6 (IL-6)'nin diger sitokinlerle birlikte sitokin firtinasinin ana nedeni oldugunu géstermistir. 116 diizeyi, COVID-19 hastalarin-
da klinik kétalesme ile iliski bulundugundan dolayi, anti-IL 6 tedavisi umut vaad eden tedavi olarak gériilmektedir. Yaygin kullanilan
Il-6 antagonisti olan Tosilizumab’in 2017 yilinda FDA tarafindan Sitokin Firtinasi Sendromu icin kullanimi onaylanmustir. Kanda I1L-6
diizeyi yiikselmis, akcigerde bilateral yaygin infiltrasyonu nedeniyle oksijen satiirasyonu <%92 olan COVID-19 hastalarinda tedaviye
eklenmesi 6nerilmektedir. Bu ¢calismada, 20 Ekim 2020’ye kadar literatiirde yayinlanan Tosilizumab ve COVID-19 ile ilgili arastirmalar,
meta-analizler ve randomize calismalar tarandi. Giincel bilgiler 1siginda halen yaygin kullanimda olan Tosilizumab’in COVID-19 has-
talarinda etki mekanizmasi, uygun hasta secimi, tedavideki etkinligi ve yan etkileri hakkinda veriler sunuldu.

Anahtar kelimeler: COVID-19; sitokin firtinasi sendromu; interlékin-6, interlékin-6 antagonisti; tosilizumab

INTRODUCTION

The COVID-19 (Coronavirus Disease-2019) outbreak
started with the reporting of pneumonia of unknown
cause in Wuhan City, China, in December 2019. It
has spread all over the world in a very short time,
causing the death of more than 1 million people and
approximately 37 million people to become infected
as of October 2020, according to WHO data (1). Due
to high mortality and morbidity rates, researchers are
in search of the best treatment for COVID-19 infec-
tion.

Interleukin 6 (IL-6) levels have been found to be high-
er in patients with severe COVID-19 infection (septic
shock, multiorgan failure, high oxygen demand)
compared to patients with mild and moderate
COVID-19 disease (2,3). Since IL-6 level has been
found to be associated with clinical worsening in
COVID-19 patients (4), anti-IL-6 therapy is consid-
ered as a promising treatment (5).

Tocilizumab, sarilumab and siltuximab are IL-6
antagonists with different pharmacological proper-
ties. Sarilumab has been approved only for rheuma-
toid arthritis (RA) and siltuximab for Castleman dis-
ease. However, tocilizumab has also been approved
for the treatment of Juvenile Idiopathic Arthritis (JIA)
and Giant Cell Arthritis (GCA) in addition to these
diseases (6). Moreover, it was approved by the FDA in
2017 for the treatment of Cytokine Storm Syndrome
(CSS) (7).

In this review, it was aimed to discuss the mechanism
of the action of tocilizumab, which is still in wide-
spread use in COVID-19 patients, appropriate patient
selection, effectiveness in treatment and its side
effects in the light of current evidence.

Literature Search Method

An electronic literature screening was conducted
using Web of Science, PubMed and Google Scholar
databases to find retrospective, observational and
randomized controlled studies and meta-analyses
published on tocilizumab and COVID-19. As Medical
Subject Headings (MeSH) search items of
“Coronavirus”, “Tocilizumab”, “COVID-19 and
Tocilizumab”, “Severe Acute Respiratory Syndrome”,
“SARS-CoV-2" were created. Reference lists of the
studies were also checked to find greater number of
research studies related to our search terms. Articles
in languages other than English were excluded.

The Pathogenesis and Importance of Cytokine Storm
in COVID-19 Disease

Cytokines, which are small proteins secreted by our
immune system, have various functions such as com-
munication between cells, regulation of innate and
adaptive immunity, hematopoiesis, and repair of
damaged tissues (8). Recent studies published have
shown that many cytokines (IL-1, IL-2, IL-6, TNF, and
IFN-) are significantly increased in COVID-19 patients
with pneumonia, and IL-6 is the main cause of the
cytokine storm together with other cytokines (9-10).
As a trigger of inflammation, IL-6 is highly expressed
in COVID-19 patients and induces differentiation of
B lymphocytes, antibody production from B lympho-
cytes, as well as proliferation and differentiation of T
(11). B and T lymphocytes, which proliferate and
differentiate in excess, enter the pulmonary circula-
tion by causing cytokine storm, leading to lung alve-
olar damage and respiratory failure (12).
It is thought that the definition of cytokine storm was
first made in 1993, in graft versus host disease (13).
Later, it was shown that cytokine storm due to the
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H5N1 virus caused multiple organ failure (14). In
CSS, refractory hypotension, respiratory failure, coag-
ulopathy, kidney and liver failure occur due to highly
elevated immune activation of lymphocytes, macro-
phages or myeloid cells. It is thought that the increase
in IL-6 and IFN gamma cytokines initiates the cyto-
kine storm by increasing the differentiation of helper
T (T helper) lymphocytes (15). Since IL-6 is known as
an important mediator of CSS, it is thought that target-
ed drugs that inhibit IL-6 can block cytokine storm
(16).

Possible Mechanism of the Action of Tocilizumab in
COVID-19

Mechanism of the action of tocilizumab in the treat-
ment of COVID-19 is still unclear. Previous studies
have shown that IL-6 is found in small amounts in
fibroblasts, endothelial cells and tumor cells in addi-
tion to immune system cells such as B lymphocytes,
T lymphocytes, macrophages, and monocytes (17).
Normally, very low levels of IL-6 are synthesized rap-
idly due to reasons such as infection or injury, and its

level in the blood increases. The higher the peak
concentration of IL-6 in COVID-19 patients, the more
severe the CSS. IL-6 binds to its receptor IL-6R to form
a complex, and this complex then binds to sig-
nal-converting glycoprotein 130 (gp-130) to initiate
signal transduction and triggers gene expression (18).
The IL-6 signaling pathway is mediated by two sys-
tems. The first pathway is mediated by the JAK/STAT
tyrosine kinase system, while the other is mediated by
the Ras/mitogen-activated protein kinase (MAPK)/
NF-KB-IL-6 pathway. Studies conducted to block sig-
nal pathways have been effective in various preclini-
cal, chronic, and autoimmune disease models (19).
Tocilizumab, a humanized anti-IL-6R monoclonal
antibody, is thought to be effective for the treatment
of cytokine storm in COVID-19 disease by inhibiting
signaling pathways (Table 1).

Patient Selection and Drug Administration for
Tocilizumab in the Treatment of COVID-19 Disease

Early recognition of CSS and starting treatment in
COVID-19 patients is important to decrease mortality

Cytokine Strom

A
CRP

D-Dimer
Ferritin
Coronavirus IL-6

—

ACE2R NLR
Platelet

binds to Fibrinogen

LDH

Lymphocyte’ +

1. Liao D, et al. Lancet
Haematol. Sep 2020

2, Gul MH et al. Ther Adv
Respir Dis. 2020

3. Morena et al. Eur ) Intern
Med. 2020

Tocilizumab
400 mg/dose
IV or SC,

Up to 3 dose may be

administered if
required.”

Quicome:

Decrease 0,
requirement

Decrease MV support
days

Decrease mortality

- Side effects:
Liver enzymes +
Thrombocytopenia
Neutropenia,
Skin rash,

Bacteremia®

Table 1. The potential mechanism of cytokine storm and Tocilizumab as medical teatment of CSS on COVID-19.

IL: interleukin; ACE2R: ACE 2 Reseptors; CRP: C Reactive Protein; NLR: Neutrophil/Lymphocyte Ratio; LDH: Lactat Dehidrogenase
Enzyme; 0,: Oxygen; MV: Mechanic Ventilation CSS: Cytokine Storm Sendrome.
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and morbidity. CSS should be considered if patients
experience clinical worsening and have increased
blood IL-6, ferritin, CRP, fibrinogen levels, neutrophil
counts, and decreased lymphocyte and platelet
counts (20,21). Neutrophil/Lymphocyte (NLR) ratio
has also been shown to be important in the diagnosis
of CSS (21).

Tocilizumab, which has a monoclonal antibody
structure that blocks IL-6 receptors, has been shown
to be effective in CSS (22,23). Therefore, tocilizumab
has received FDA approval for CSS in addition to
rheumatological indication (7). It is recommended to
add tocilizumab to the treatment in patients with
increased blood IL-6 levels and bilateral diffuse pul-
monary infiltration (24).

Tocilizumab can be used alone or in combination
with glucocorticoids in adults with severe or
life-threatening CSS and in pediatric patients aged >2
years (7). The recommended doses of tocilizumab are
400 mg in patients weighing 50-60 kg; 600 mg for
those weighing 60-85 kg, and 800 mg in patients
weighing >85 kg (25). Doses exceeding 800 mg per
infusion are not recommended (7,24). It is adminis-
tered intravenously or subcutanously. If there is no
clinical improvement in signs and symptoms after the
first dose, up to 3 additional doses may be adminis-
tered at intervals of at least 8 hours. Infusion time
should be at least one hour (7).

Pharmaceutical Effectiveness of Tocilizumab in
COVID-19 Disease

Since March 2020, when the pandemic spread all
over the world, many studies have been published
investigating the effectiveness of tocilizumab in
COVID-19 patients (Table 2). In a study conducted by
Xu et al. in China, tocilizumab was given to respira-
tory failure patients with 17 severe and 4 critically ill
COVID-19 disease in addition to routine treatment.
All patients were discharged after tocilizumab treat-
ment and no drug-related side effects were observed
(26). In a study conducted by Sarhan et al. in Egypt,
tocilizumab was given to patients with severe COVID-
19 disease. Improvement was observed in all labora-
tory parameters (IL 6, CRP, LDH, ferritin) of the
patients and reduction of the length of stay in hospital
and ICU, need for MV and mortality rate after double
dose Tocilizumab treatment (27). Another prospective
study included 85 patients with respiratory failure not
requiring mechanical ventilation (MV), better survival

rates were obtained in the tocilizumab group com-
pared to the control group (p= 0.004). While dis-
charge rate was 92% in the group receiving tocili-
zumab, it was found to be 42.1% in the control group
(28). Similarly, a multi-center retrospective study
involving 544 patients, it was found that the need for
invasive MV was significantly reduced in the tocili-
zumab group compared to the standard treatment
group (p= 0.020) (29). Three doses of tocilizumab
were administered to 100 patients with respiratory
failure, and clinical improvement was observed at a
rate of 58% on the 72nd hour, and 77% of on the
10th day of tocilizumab treatment (30). Moreno-
Garcia et al. enrolled 171 patients and investigated
the requirement for intensive care stay and intuba-
tion. They found lower intensive care unit stay and
intubation in the tocilizumab group (p= 0.005 and p=
0.001, respectively) (31). In a multi-center study
including 1221 patients, the primary endpoints were
14-day and 30-day mortality rates. The mortality rates
were found to be similar at the end of 14 days,
whereas lower 30-day mortality rates were observed
in the tocilizumab group (p= 0.52, and p< 0.001,
respectively) (32). Somers et al. included 154 intubat-
ed COVID-19 patients, tocilizumab was found to
reduce the risk of death (hazard of death) by 45%
[hazard ratio= 0.55 (95% Cl 0.33, 0.90)] (33). 1229
COVID-19 patients were divided into two groups
according to their CRP levels. In the group with CRP>
150 mg/L, tocilizumab significantly reduced the risk
of death and number of admissions to intensive care
units (@HR 0.34, p= 0.005; aHR 0.38, p= 0.011).
However, in the group with CRP< 150 mg/L, the mor-
tality rate was similar (34). In the study conducted by
Price et al. on 239 patients, tocilizumab was given to
all patients considered to have CSS and stratified as
those moderately and severely in need of oxygen
therapy (>3 It 0,). 14-day survival rates of the patients
were 91% and 83% in moderately and severely ill
patients, respectively, and 86% in all. Interestingly,
unlike other studies, survival was found to be better
in Afro-Americans and Hispanics than in the
Caucasian race (35). Lastly, other group showed bet-
ter survival in intubated COVID-19 patients who
received tocilizumab (36). The effectiveness of anak-
inra, sarilumab, siltuximab and tocilizumab drugs
used in cytokine storm were evaluated in a meta-anal-
ysis study. Seventy-one studies and a total of twenty
two thousand patients were included. In prospective
studies, tocilizumab was associated with improved
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Table 2. Characteristics of the studies about tosilizumab effectiveness on COVID-19 treatment

Study Study type Population (N) Treatment Comparison Main Findings
Xu et al. (26) Multi-center N: 21 TCZ: Up to 800 No comparison All patients discharged on
retrospective Severe:17 mg. In case of fever average 15.1 day after
Critic: 4 within TCZ. 75.0% of patients had
12 h, single lower oxygen intake 5 days
additional dose after TCZ infusion.
Sarhan et al. (27) Single-center N: 25 N: 25 TCZ twice ~ No comporison All patients showed
prospective doses (up to 800 significantly lower median
mg) IL-6, LDH, CRP, ferritin, TLC
at p< 0.001 and D-Dimer at
p= 0.22 than their baseline.
The number of patients who
required MV decreased from
11 to 8. Only 5 patients died
after TCZ treatment.
Capra et al. (28) Single-center, N: 85 N: 62, TCZ: 400- N: 23 TCZ group had greater
retrospective 800 mg Not receiving survival rate compared
TCZ to control (p= 0.004).
Guaraldi et al. Multi-center N: 544 N: 179, TCZ twice N: 365 Tocilizumab reduced risk of
(29) retrospective doses (up to 800 Not receiving IMV or death (p= 0.020).
mg) TCZ
Toniati et al. (30) Single-center N: 100 TCZ: Up to 800 No comparison At day 10, 77% improved or
prospective mg two infusions stabilized and 23%
12 h apart. A third worsened (of whom 20%
infusion, 24 h apart died).
from
if required.
Moreno-Garcia et Single-center N: 171 N: 77, TCZ: 400 N:94 Tocilizumab group had less
al. (31) retrospective Non-ICU mg <75 kg and 600 Not receiving ICU admissions (p: 0.005)
patients with mg >75 kg. Up to TCZ and less invasive ventilation
COVID-19 3 doses if partial (p=0.001).
response
Somers et al. (33)  Single-center N: 154 N: 78, TCZ (up to N: 76 TCZ associated with adjusted
retrospective severe 800 mg) Not receiving ower hazard of death
COVID-19 under TCz (HR: 0.55)
mechanical
ventilation
Perrone et al. (32)  Multi-center, N: 1221 TCZ up to 800 mg,  No comparison Mortality was 18.4% and
open-label Hospitalized (Second dose, if 22.4% at 14 and
trial, phase 2 patients with required) 30 days in phase 2.
study COVID-19
Martinez-Sans et~ Multicenter N: 1229 N: 260, TCZ: N: 969 TCZ group had higher risk of
al. (34) retrospective Hospitalized median dose 600 Not receiving death (HR 1.53, p= 0.001);
patients with mg TCZ ICU/death (HR 1.77,
COVID-19 p< 0.001).
Price et al. (35) Single-center N: 153 TCZ: Up to 800 No comparison  Moderate and severe patients
prospective Hospitalized mg; second dose if survival were %91 and %83
nonrandomized patients with required respectively at 14 days.
observational COVID-19
Rossi et al. (36) Single-center N: 246 N: 106, TCZ: 400 N: 140 Tocilizumab group had fewer
retrospective Patients with mg, single dose Not receiving mortality and IMV (H= 0.49
severe TCZ p=0.005)
COVID-19
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Table 2. Characteristics of the studies about tosilizumab effectiveness on COVID-19 treatment (continue)

Study

Study type

Population (N)

Treatment

Comparison

Main Findings

Khan et al.
(37)

Gupta et al.
(38)

Salama et al.
(39)

Rajendram et
al. (40)

Kow et al.
(41)

Campochiaro
et al. (42)

Colaneri et al.
(43)

Ip et al. (44)

Stone et al.
(45)

Meta-analysis
study

Multi-center
cohort study

Randomized,
placebo-
controlled trial

Propensity
Matched
Analysis Study

Meta-analysis
study of
randomized

controlled trials

Single-center,
prospective

Single-center
retrospective

Multi-center,
retrospective,
observational

Randomized,
double-blind,
placebo-
controlled trial

71 studies,
(6 random trials)

Total 22,058
patients were
included

N: 3924
Patients with
severe
COVID-19

N: 389
Hospitalized
Patients with

COVID-19
randomized.

N: 444
Patients with
severe
COVID-19

Six RCTs were
included

N: 65

N: 112
Hospitalized
patients with

COVID-19

N: 547
ICU patients

with COVID-19

N: 243
Patients with
severe
COVID-19

58 studies were about
only TCZ treatment. 13
studies were about
Anakinra (6), Sarilumab
(4), Siltuximab (1),
Anakinra and TCZ (1)
Sarilumab and TCZ (1).

N: 433 (11%) patients
received TCZ in the
first 2 days of ICU

admission.

N: 249 patients in the
TCZ group

102 patients (23%)
received TCZ. 82
patients in each arm
were matched
between two group.

Two trials with an
overall low risk of bias
and four trials had
some concerns
regarding the overall
risk of bias.

N: 32, TCZ: Single
dose 400 mg
(Second dose, if
required)

N: 21, TCZ: up to 800
mg per dose,
repeated after 12 h if
no side effects

N: 134, TCZ: 400 mg
(96%), followed by
800 mg (1%), 8 mg/kg
(1%), 4 mg/kg (1%),
and missing dosing
(1%).

N: 161, TCZ up to 800
mg

No comparison

N: 3491 did not

receive TCZ

within 2 days of
ICU admission

N: 128 patients
in the placebo

group

342 patients
(77%) did not
receive TCZ

No comparison

N: 33
Not receiving
TCZ

N: 91
Not receiving
TCzZ

N: 413
Not receiving
TCZ

N: 82
Placebo group

TCZ was associated with a
lower relative risk of mortality in
prospective studies, but effects
were inconclusive for other
outcomes. Current evidence for
the efficacy of anakinra,
siltuximab or sarilumab in
COVID-19 is insufficient.

The 1544 patients who died
included 125 of the 433
patients (28.9%) treated with
TCZ and 1419 of the 3491
patients (40.6%) not treated
with TCZ (unadjusted HR,
0.64; 95% Cl, 0.54-0.77).

Percentage of patients who had
received MV or who had died
by day 28 was 12.0% in the
TCZ group and 19.3% in the
placebo group (HR for MV or
death, 0.56; p= 0.04 by log-
rank test).

TCZ use was associated with a
significant decrease in ICU
mortality at 28 days in
critically ill coronavirus disease
2019 patients with severe
hypoxemic respiratory failure

Despite no clear mortality
benefits in hospitalized patients
with COVID-19, tocilizumab
appears to reduce the
likelihood of progression to
mechanical ventilation.

Discharge from hospital and
clinical improvment similar (p=
0.32; p= 0.61, respectively).

TCZ group had similar ICU
admission (p= 0.22) and 7-day
mortality (p= 0.84) compared

with standard group.

TCZ group associated with
greater survival (HR=0.76). 30
day mortality with and without

TCZ of 46% versus 56%.

TCZ group had similar
worsening of disease (%18.0,
%14.9, p= 0.73) and median

time to discontinuation of
supplemental 02 terapy
compared with placebo group
(5.0 days, 4.9 days, p= 0.69).

IMV: Invasive mechanic ventilation, TCZ: Tocilizumab, HR: Hazard ratio, ICU: Intensive care unit, RCTs: Randomized controlled trials.
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survival (HR 0.83, 95% Cl 0.72-0.96), but conclusive
benefit was not demonstrated for other drugs.
However, in the conclusion of this meta-analysis
study, it was emphasized that the fact that exact ben-
efits of anakinra, siltuximab and sarilumab could not
be demonstrated may be due to the insufficient evi-
dence available (37). A multi-center cohort study
conducted by Gupta et al. on 3924 critically ill
patients with COVID-19 showed that early adminis-
tration of tocilizumab was associated with prolonged
survival. Patients treated with tocilizumab had a
lower risk of death compared to those not treated
with tocilizumab (HR, 0.71; 95% Cl, 0.56-0.92). The
estimated thirty day mortality in the tocilizumab and
non-tocilizumab group were found 27.5% and
37.1% respectively (38). In a randomised study con-
ducted by Salama et al. on the modified intention-to-
treat population included 249 patients in the tocili-
zumab group and 128 patients in the placebo group.
The cumulative percentage of patients who had
received MV or died by day 28 was lower in the
tocilizumab group than the placebo group (12.0%;
19.3%; p= 0.04). However, death from any cause by
day 28 was similar between the two groups in this
study (10.4%; 8.6%, respectively) (39). In a propensi-
ty match analysis study, 82 patients in each arm were
matched with patient groups who received tocili-
zumab and did not receive tocilizumab. ICU mortal-
ity was lower in the tocilizumab group (23.2% vs
37.8%) with more ICU, hospital, and vasoactive free
days at day 28 compared with those who did not
receive tocilizumab (40). In a meta-analysis study
including six randomized controlled trials, the over-
all effect of tocilizumab on the risk of mortality was
summarized among patients with COVID-19. Despite
no benefits in the mortality of hospitalized patients
with COVID-19, tocilizumab appears to reduce the
likelihood of progression to MV in this study (H=
0.62; n=749) (41).

In contrast, tocilizumab did not show the expected
benefit in some recent studies (42-45). In a prospec-
tive study conducted by Campochiaro et al. on 65
COVID-19 patients, the patients were divided into
two groups as those receiving standard therapy or
tocilizumab. Although survival in the first 28 days
was better in the group receiving tocilizumab, dis-
charge rates and clinical improvement rates were
similar (p=0.15, p=0.32, p= 0.61, respectively) (42).
In the same line, Colaneri et al. did not found any
difference in tocilizumab and standart therapy group
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in terms of need for intensive care and 7-day survival
(p= 0.84, p= 0.22, respectively) (43). Ip et al. retro-
spectively investigated 547 COVID-19 patients hos-
pitalized in intensive care units. They found survival
similar in the tocilizumab and the control group (44).
A total of 243 patients who did not need MV were
included in the randomized controlled double-blind
study. Tocilizumab was given to one group in addi-
tion to the standard treatment, and the other group
received only placebo. After 14 days, COVID-19
disease worsened in comparable percentages of the
patients in both groups (18% and 14.9%, respective-
ly; p= 0.73). In addition, the median time required to
get rid of the need for oxygen support was similar in
both groups (5.0 days, 4.9 days, respectively; p=
0.69) (45). However, Leaf et al. criticized this study.
They signified that this study was severely underpow-
ered because in the placebo group, the percentage of
patients with a primary outcome event (i.e., intuba-
tion or death) was 12.5%, far lower than the antici-
pated 30%. So, Leaf et al. emphasized that these
results should not be extrapolated to other popula-
tions of patients with COVID-19, particularly the
critically ill (46).

Tocilizumab has been found to be effective in many
studies, but not in other studies which may be related
to variables such as the methodology of the studies,
the disease severity, heterogeneity in critical method-
ological issues, late initiation of tocilizumab treat-
ment, comorbidities and age of the patients included
in the study. Timing of tocilizumab treatment is very
important. It should be evaluated on mild-moderate
disease in high-risk patients before any signs of pneu-
monia. It is recommended that tocilizumab treatment
should be initiated within the first two days of CSS
since irreversible organ injury can occur after cyto-
kine storm is initiated (38). Findings from other stud-
ies emphasized early use of tocilizumab in those
with severe disease (29,35). During the early infec-
tion period (viral load), tocilizumab has no benefit
beacuse CSS is not initiated. In additon, adverse
effect and secondary infection risk may increase in
the early period.

Drug Safety and Side Effects of Tocilizumab

It has been shown that tocilizumab can be used safe-
ly in many autoimmune diseases such as Takayasu
arteritis and giant cell arteritis (47-48), but since these
studies have been conducted in the restricted patient
groups, study data related to a large population are
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lacking. Possible side effects of tocilizumab due to its
long-term use in autoimmune patients include occur-
rence of opportunistic infection due to its anti-inflam-
matory activity (pneumonia, invasive aspergillosis,
urinary tract infection, diverticulitis, cystitis), gastroin-
testinal perforation (especially in concurrent non-ste-
roidal anti-inflammatory users), elevated liver enzymes,
infusion-related hypertension, headache, and allergic
skin reactions (26,49). However, since short-term use
is planned in COVID-19 patients, it is not clear wheth-
er the side effects that occur in long-term use also
develop in its short-term use.

As expected, serum IL-6 level may increase after
tocilizumab administration in COVID-19 patients
due to the blockage of receptor IL-6R (50). Although
it is recommended to use tocilizumab carefully in
those with absolute neutrophil count below <2x107/L,
its use in those with neutrophil counts below
0.5x10%/L is not recommended. In addition, its use is
not recommended in patients with platelet levels
<50x10%/pL. Treatment is recommended to be dis-
continued in patients whose liver AST/ALT level
reaches 5 times the normal (26).

In a study by Campochiaro et al. regarding side
effects of tocilizumab in COVID-19 patients, the inci-
dence of adverse events was found to be similar to
the group receiving standard therapy (25%, 27%,
respectively, p= 0.99) (42). In the study conducted by
Salama et al., serious adverse events occurred similar
between tocilizumab and placebo group (38 of 250
patients (15.2%) in the tocilizumab group and 25 of
127 patients (19.7%) in the placebo group) (39).
Similary, retropective studies revealed no serious side
effects related with tocilizumab treatment (43-44).

On the other hand, development of new infection
was found to be significantly higher in the group that
received tocilizumab compared to the control group
(13%, and 4%, respectively: p< 0.001) (29). In anoth-
er study including 100 patients, two patients died
from septic shock and one from gastrointestinal per-
foration (30). In a propensity-match analysis study,
rates of secondary infections were higher in the
tocilizumab cohort (26.5% vs 15.8%) before match-
ing. However, after matching, there was no differ-
ence in rates of secondary infection (25.6% vs
25.6%) (40).

Moreover, tocilizumab may increase liver enzymes
level, thrombocytopenia, neutropenia, skin rash and

bacteremia (35,51). However, neutropenia was also
found in 6-8% of COVID-19 patients who did not
receive tocilizumab (52-53). Due to these different
data, studies with larger participation are required to
evaluate side effects of tocilizumab as neutropenia
and bacteremia. In addition, since high transaminase
levels may be associated with the progression of
COVID-19 disease and CSS in patients receiving
tocilizumab, randomized studies are needed so as to
be able to claim the presence of tocilizumab-induced
hepatotoxicity in these patients.

The Use of Tocilizumab in Special Populations

It has been stated that tocilizumab may have a nega-
tive effect on the immune development of the fetus in
pregnant women. Caution is recommended in
patients over 65 years of age, as it may increase the
risk of severe infections. Caution should be exercised
in terms of neutropenia and thrombocytopenia. It can
be used safely without dose adjustment in mild and
moderate renal failure (creatine clearance > 30 mL/
min) (26). There are insufficient data for its use in
liver failure, but if liver enzymes triple the upper limit
of normal due to tocilizumab treatment, it is recom-
mended to wait for these levels to drop down to
normal levels (54).

CONCLUSION

Despite significant advances made worldwide in the
fight against the COVID-19 pandemic; it is still
unclear why some people experience cytokine storm
and what the treatment strategy is in these patients.
One of the key cytokines in CSS associated with
COVID-19 infection is IL-6. Tocilizumab can play an
active role in the treatment of the CSS caused by
COVID-19 by blocking inflammation via binding
IL-6R. However, there is still not enough evidence
regarding the clinical efficacy and safety of tocili-
zumab in COVID-19 patients. Further randomised
controlled studies with big sample size are urgently
warranted to elucidate the role of tocilizumab in
COVID-19 patients.
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