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Abstract

Tocilizumab (TCZ) is a recombinant anti-interleukin-6 monoclonal antibody which showed uprising evidence as an anti-
inflammatory agent which modulates the cytokine storm in patients with COVID-19. However, proper use of the drug requires
selection of the appropriate patient and timing. The two main factors which might improve patient selection are the degree
of respiratory failure and systemic inflammation. TCZ can decrease the mortality and progression to invasive mechanical
ventilation in patients with severe COVID-19 who are not yet invasively ventilated. However, its use in invasively ventilated
patients did not yet gain the same level of evidence especially when administered after > 1 day from mechanical ventilation.
Being an anti-inflammatory and immunomodulatory drug, TCZ was mostly used in patients with COVID-19 who have clear
signs of cytokine storm. However, the drug still showed positive response in some studies which did not strictly select patients
with elevated markers of systemic inflammation. Thus, it is warranted to investigate and/or re-analyze the role of the drug
in patients with severe COVID-19 and with no signs of systemic inflammation. TCZ is used in a dose of 8 mg/kg which can
be repeated if there was no clinical improvement. However, there are no clear criteria for judgment of the success of the first
dose. Being a drug with a major effect on gross outcomes in a serious pandemic with millions of mortalities, TCZ should be
meticulously investigated to reach definitive indications and number of doses to avoid drug overuse, shortage, and side effects.
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Background

Coronavirus disease-2019 (COVID-19) represents a major
health threat with ~ 3 million worldwide mortalities and
with few effective drugs [1]. COVID-19 is characterized by
an excessive host inflammatory response with a surge of
proinflammatory cytokines such as interleukin-6 causing
sepsis, acute respiratory distress syndrome and multiorgan
failure [2]. Therefore, the use of immunomodulatory drugs
was able to improve patient outcomes. Dexamethasone was
the first immunomodulatory agent which decreased mor-
tality in patients with COVID-19 [3]. Interlukin-6 has an
important role in the cytokine storm by promoting helper T
cell response and inhibit regulatory T cell [2]. Tocilizumab
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(TCZ) is a recombinant anti-interleukin-6 monoclonal anti-
body that block interlukin-6 receptor; and is known to be
effective in treating cytokine storm associated with B-cell
chronic lymphocytic leukemia [2]. Hence, TCZ is believed
to be able to modulate the cytokine storm in patients with
COVID-19. The benefit of TCZ is nearly settled in patients
with severe COVID-19; however, there is still lack of evi-
dence about the proper choice of patients who would benefit
from the drug as well as the proper timing of drug admin-
istration. The aim of this work is to provide a simplified
comprehensive review for the relevant clinical data for the
optimum patient, timing, and regimen for the use of TCZ in
patients with COVID-19.

What is current evidence for TCZ
in COVID-19?

There are nine randomized controlled trials (RCTs)
which showed non-consistent results for the value of TCZ
in COVID-19. The most probable reason for the vari-
able response to the drug in the available studies is the
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heterogenicity of the outcomes, baseline characteristics, and
the severity of respiratory failure in the participants as well
as the concomitant use of steroids. Hence, in this review, we
categorized the trials to a positive or a negative trial depend-
ing on the presence of any clinical benefit (improvement in
survival and/or disease severity; or reduction in the need to
respiratory support). Furthermore, we used the world health
organization (WHO) clinical progression scale to describe
the degree of respiratory support of the included patients in
each trial. According to this scale, patients with COVID-19
are generally divided into ten categories according to the
disease severity: uninfected (category 0), infected asympto-
matic (category 1), symptomatic independent (category 2),
symptomatic dependent (category 3), hospitalized without
oxygen (category 4), hospitalized with oxygen by mask or
nasal prongs (category 5), non-invasively ventilated or on
high-flow nasal cannula (category 6), invasively ventilated
up to extra-corporeal membrane oxygenation (categories
7-9), dead (category 10) [4].

Table 1 summarizes the type of patients, mortality, and
progression of disease in each trial.

The positive studies

Five studies showed benefits for the use of TCZ in COVID-
19. The RECOVERY [5] (n=4116) and REMAP-CAP [6]
(n=2895) trials included patients with severe COVID-19
on different levels of respiratory support (WHO categories
5-9). Two other smaller trials, namely the CORIMUNO-
TOCI [7] (n=131) and EMPACTA [8] (n=389) trials,
also included patients with severe COVID-19 who were on
oxygen therapy but not on invasive mechanical ventilation
(WHO category 5 [7] and categories 4—6 [8]). The COV-
INTOC study [9] (n=179) included a mix of moderate and
severe patients (WHO categories 4-9) who were mostly not
receiving invasive ventilation (only 5% of the participants
were invasively ventilated at randomization).

The negative studies

On the other side, four RCTs with 933 total number of
patients, which are smaller than the positive studies, showed
no advantage for the use of TCZ compared to placebo on
patient outcomes. The first two trials, the TOCIBRAS [10]
(n=129) and COVACTA [11] (n=438) studies, included
patients on various modes of respiratory support starting
from simple O, therapy up to invasive mechanical ventilation
(WHO categories 5-9). The BACC-Bay trial [12] (n=243)
did not include patients requiring supplementary O,> 10
L/min and 15% of the participants were not receiving O,
therapy (WHO categories 4,5). The RCT-TCZ-COVID-19
[13] study (n=123) included patients who require supple-
mentary O, including high-flow oxygen but did not include

those who required other modes of non-invasive ventilation
(WHO categories 5,6).

Which patient would benefit from TCZ?

Reaching the maximum benefit for TCZ depends on appro-
priate selection of the patient and the window of drug
administration. The two main factors which impact the
decision are the severity of respiratory failure as well as the
extent of systemic inflammation.

The degree of respiratory failure

With exception of the REMAP-CAP study [6], the three
positive studies shared a common feature which is the clear
benefit of TCZ in patients with severe illness who did not
receive invasive mechanical ventilation. The CORIMUNO-
TOCI [7] and EMPACTA [8] trials strictly excluded patients
who received any invasive ventilatory support (WHO cate-
gories 7-9). In the COVINTOC trial, despite including case-
mix (WHO categories 4-9), the post hoc analysis revealed
benefit in patients with severe disease (WHO category > 4)
in addition only 5% of the participants were WHO categories
7-9 [9]. The RECOVERY trial [5], despite the presence of
invasively ventilated participants (WHO categories 7-9), did
not show positive results except in those who were not inva-
sively ventilated (WHO categories 5,6). While those who
were invasively ventilated (WHO categories 7-9) did not
show improved survival nor reduced duration of ventilation
after receiving TCZ. The REMAP-CAP [6] study is the only
study which showed positive results in patients who were
invasively ventilated (WHO categories 7-9); however, drug
administration in this study was very early within 12 h from
admission.

On the other hand, the most common feature in the nega-
tive studies is being small and the case-mix regarding the
severity of the disease of the included patients (TOCIBRAS
and COVACTA studies included patients with WHO cat-
egories 5-9 [10, 11], while the BACC-Bay [12] included
severe and non-severe cases [WHO categories 4,5]). The
only exception is the RCT-TCZ-COVID-19 trial [13] which
included nearly a homogenous group of patients (WHO cat-
egories 5,6).

According to the available evidence, the patient category
who would show maximum benefit from TCZ is category
6 and probably category 5. There are no data to support
the use of TCZ in patients with no or low supplementary
oxygen requirements (categories 1-4). The use of TCZ
in invasively ventilated patients (categories 7-9) did not
reduce mortality and did not improve weaning success in
the RECOVERY trial [5]. In the REMAP-CAP study [6],
TCZ was beneficial in invasively ventilated patients when
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used early within 12 h from admission. The use of TCZ in
invasively ventilated patients in the later phases of the dis-
ease required further investigation and/or subgroup analysis
in future meta-analyses.

The severity of cytokine storm:

The benefit of TCZ in patients with COVID-19 is explained
by its anti-inflammatory, immunomodulatory actions. How-
ever, inclusion of patients in the available RCTs did not
strictly include patients with clear cytokine storm. C-reac-
tive protein (CRP) was the most used biomarker for inflam-
mation in the available RCTs. CRP is highly correlating with
interlukin-6 level [14], widely available and is associated
with the severity and prognosis of the disease [15, 16]. The
RECOVERY [5], TOCIBRAS [10], BACC-Bay [12] and
RCT-TCZ-COVID-19 trials clearly included patients with
elevated CRP, being the most available marker (the inclu-
sion criteria in those trials was CRP level > 75, 50, 50, and
100 mg/L, respectively). The presence of severe inflamma-
tion was not necessarily included in the other five RCTs.
The REMAP-CAP study [6] reported that the positive
effect of TCZ was greatest in patients with the highest ter-
tile of CRP. The CORIMUNO-TOCI investigation group
published updated results of the extended follow-up of their
patients and showed that TCZ is beneficial in the subset of
patients with CRP level > 150 mg/L [17]. However, neither
of the other studies found any association between the sever-
ity of inflammation and the effect TCZ. Therefore, we cannot
reach a clear suggestion for the inflammatory criteria upon
which drug administration should be decided. A patient with
elevated CRP (> 75-150 mg/L) is very likely to benefit from
TCZ, while patients with impaired oxygenation and low
inflammatory markers require further subgroup analyses
and/or new RCTs before declaring a similar benefit for TCZ.

The concomitant use of steroids with TCZ

Steroids are the most widely used and effective anti-inflam-
matory and immunosuppressive drugs. Steroids, namely
dexamethasone, was the first immunomodulatory drug that
reduced mortality in hospitalized patients with COVID-19
and since then, steroids were routinely used in the usual care
of the hospitalized patients. The use of steroids was highly
variable in the available RCTs mainly depending on the tim-
ing of the trial and local protocols. The use of steroids was
high in both treatment and control arms in the RECOVERY
(99%), REMAP-CAP (93%), COVINTOC (91%) and TOCI-
BRAS (70%), and was variable between the TCZ and control
arms in the CORIMUNO-TOCI (44% Vs. 83%), EMPACTA
(55% Vs. 67%), COVACTA (33% Vs. 52%), and was low
in the BACC-Bay (11% Vs. 6%) and RCT-TCZ-COVID-19
(nearly 10% in both groups). There is a very clear evidence

@ Springer

that combination of TCZ and dexamethasone has a synergis-
tic effect on patients’ outcomes: (1) the studies whose most
of the participants received the two drugs showed positive
results (the only exception was the TOCIBRAS study) (2)
the two studies with low use of steroids showed negative
results (3) the subgroup analysis in the RECOVERY trial
showed a potential positive effect of the concomitant use of
steroid and TCZ. Hence, the proportion of patients receiv-
ing steroid drugs might contribute to the variable response
to TCZ within the available RCTs.

Infection-related adverse events

One of the feared side effects of TCZ is exacerbation of
infection and sepsis; however, TCZ did not increase the risk
of infection or sepsis in comparison to the control arm of the
current RCTs. However, it should be noted that patients with
suspicion of active viral (other than SARS-CoV-2), bacterial
or fungal infection were strictly excluded from the trials. The
number of infection-related adverse events in TCZ arm in
each trial is reported in Table 1.

Drug administration

Proper regimen for drug prescription requires selection of
the right patient, dose, monitoring of patient response, and
determination of patients who require an additional dose.

What is the dose of TCZ in patients with COVID-19?

With exception of the COVINTOC study [9] which used a
dose of 6 mg/kg with a maximum up to 480 mg, nearly all
the available studies used the same dose of TCZ which is
8 mg/kg with a maximum dose of 800 mg. (Table 2) How-
ever, there is lack of consistency in the number of doses of
the drug. The BACC-Bay [12] and TOCIBRAS [10] stud-
ies used a fixed single dose regimen while the RCT-TCZ-
COVID-19 [13] used a fixed double-dose regimen with a
12-h interval between the two doses. All the remaining six
RCTs repeated the drug if the patient did not respond posi-
tively to the first dose. The second dose was administered
within 8-24 h from the first dose in all studies except the
CORIMUNO-TOCIT study [7] which used 400 mg, 3 days
after the first dose, and the COVINTOC study [9] which
used the second dose within a period of 12 h-7 days from the
first dose. It should be noted that the decision of the second
dose was mostly left to the physician judgment with no solid
definition for “which patient responded adequately to TCZ
and did not require an additional dose”. The CORIMUNO-
TOCI study [7] was the only RCT in which the authors clari-
fied the indication of the second dose which is failure of
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Table 2 Summary of drug regimen

Trial name First dose Second dose
Timing Indication
RECOVERY [5] 800 mg if weight>90 kg After 12-24 h If no improvement according to the attending clinician. 29%

600 mg if weight 65-90 kg
400 mg if weight 40-65 kg
8 mg/kg if weight <40 kg

REMAP-CAP [6] 8 mg/kg, maximum of 800 mg

CORIMUNO-TOCI [7] 8 mg/kg Day 3

EMPACTA [8] 8 mg/kg, maximum of 800 mg

COVINTOC [9]
TOCIBRAS [10]
COVACTA [11]

6 mg/kg maximum of 480 mg
8 mg/kg, maximum of 800 mg NA
8 mg/kg, maximum of 800 mg

BACC-Bay [12] 8 mg/kg, maximum of 800 mg NA
RCT-TCZ-COVID-19 [13] 8 mg/kg, maximum of 800 mg After 12 h

After 12-24 h

After 824 h

Within 12 h to 7 days

After 8-24 h

received a second dose

If no improvement according to the attending clinician. 29%
received a second dose

If oxygen requirement did not decrease by 50%

47% received a second dose

if no improvement or worsening of clinical state on a 7-point
ordinal scale”

27.2% patients received a second dose

If no improvement or worsening clinical state

If no improvement or worsening clinical state on a 7-point
ordinal scale”
22.1% patients received a second dose

To all patients in TCZ group

ECMO extra-corporeal membrane oxygenation, /CU intensive care unit, NA not applicable, TCZ tocilizumab

*7-point ordinal scale: 1: Discharged (or “ready for discharge” as evidenced by normal body temperature and respiratory rate, and stable oxygen
saturation on ambient air or <2L supplemental oxygen); 2: Non-ICU hospital ward (or “ready for hospital ward”) not requiring supplemental
oxygen; 3: Non-ICU hospital ward (or “ready for hospital ward”) requiring supplemental oxygen; 4: ICU or non-ICU hospital ward, requiring
non-invasive ventilation or high-flow oxygen; 5: ICU, requiring intubation and mechanical ventilation; 6: ICU, requiring ECMO or mechanical
ventilation and additional organ support (e.g., vasopressors, renal replacement therapy); 7: Death

decreasing the oxygen requirements by >50%. It is to be
noted that the first dose was effective without the need to a
second dose in nearly 70% of the patients in the largest two
study, namely the RECOVERY and REMAP-CAP studies
[5, 6]. (Table 2) However, further research is warranted to
compare the outcomes of patients who received one dose
and those who received two doses of TCZ.

Conclusions and future perspectives

TCZ is a useful drug in decreasing mortality and progression
to invasive mechanical ventilation in patients with severe
COVID-19 who are not yet invasively ventilated. However,
its use in invasively ventilated does not show a clear benefit
especially when administered after > 1 day from mechani-
cal ventilation. Thus, more research is warranted to explore
the value of TCZ in severe cases who did not receive the
drug early before- or within one day of invasive mechanical
ventilation.

The main mechanism for TCZ in COVID-19 is modula-
tion of the systemic inflammation; however, some studies
reported positive response to the drug despite inclusion
of patients who did not have documented cytokine storm.

Furthermore, even the studies which stipulated the pres-
ence of severe inflammation did not use the same cutoff
values. Therefore, restricting the use of TCZ in patients
with elevated inflammatory markers is not supported by
strong evidence and it is warranted to investigate and/
or re-analyze the role of the drug in patients with severe
COVID-19 and no signs of systemic inflammation.

TCZ is used in a dose of 8 mg/kg which can be repeated
if there was no clinical improvement. However, there are
no clear criteria for judgment of the success of the first
dose which was defined in one study by decrease of oxy-
gen requirements by 50% and left to the physician judg-
ment in all other studies. More analyses of the currently
present data and new studies should compare the outcomes
of single versus two doses of the drug.

Being a drug with a major effect on gross outcomes in a
serious pandemic with millions of mortalities, TCZ should
be meticulously investigated to reach definitive indications
of administration of the first and second doses to avoid
drug overuse, shortage, and side effects.
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