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Abstract

Coronavirus disease 2019 (Covid-19) is the illness caused by severe acute re-
spiratory syndrome coronavirus 2, first identified in Wuhan, China at the end of
2019. On March 11, 2020, the World Health Organization declared Covid-19 a
global pandemic. The objective of this study is to determine the role of interleukin
(IL) inhibitors in the treatment of Covid-19. By the majority of the reported clinical
studies, the use of tocilizumab in Covid-19 infection appears promising in specific
cases of the cytokine storm. Conflicting results prevent the recommendation of IL
inhibitors against Covid-19 infection by many health organizations. However, many
low-case fatality rate countries, with more advanced therapeutic approaches, uni-
formly include the use of tocilizumab in case of cytokine storms in addition to the
standard treatment for severe cases which includes antivirals. Neglecting the other

components is likely an explanation for the contradictory results found in the

literature.
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1 | INTRODUCTION

Tocilizumab, a recombinant humanized monoclonal anti-interleukin
(IL)-6 antibody targeting the human IL-6 receptor (IL-6R), is a pro-
mising anti-inflammatory reagent in the treatment of coronavirus
disease 2019 (Covid-19) but the results are mixed results from clinical
trials. A randomized, double-blind, placebo-controlled trial' shows
that tocilizumab has no efficacy for improving statement of treatment
in moderately hospitalized patients infected with severe acute re-
spiratory syndrome coronavirus 2.2 Tocilizumab and sarilumab, an
IL-6R humanized monoclonal antibody, have been evaluated in clinical
trials® > by decreasing IL-6 level to decrease the risk of mortality
caused by Covid-19.°

IL inhibitors restrain the action of IL which is a group of cytokines
that are synthesized by lymphocytes, monocytes, macrophages, and
other cells. The IL controls the immune system. Patients with serious
Covid-19 infections may suffer from a release of cytokines which
may damage the lung tissues. IL inhibitors may reduce this damage.”
A severe Covid-19 cytokine storm is characterized by the release of
IL-1, IL-6, IL-12, and IL-18, tumor necrosis factor-a (TNF-a), and

Covid-19, IL-1, IL-6, immunosuppressive agents, interleukin Inhibitors, tocilizumab

other inflammatory mediators. The amplified pulmonary in-
flammatory response may result in enlarged alveolar-capillary gas
exchange making oxygenation difficult.”

Many works have argued in favor of IL inhibitors' use for severe
Covid-19 infection. Zhang et al.? are one of the first works arguing
for this use from China (published in March 2020). Severe Covid-19
infection patients suffer from cytokine release syndrome (CRS). The
IL-6R antagonist tocilizumab is proposed for the specific case.
According to Arnaldez et al.,” acute respiratory distress syndrome
(ARDS) is often accompanied by a pathological immune reaction,
with a significant increment of serum cytokines, especially
interferon-y, TNF-q, IL-17, IL-8, and IL-6, administration to critically
ill patients of cytokine-modulatory therapies, mostly IL-6 inhibitors,
is warranted.

Similarly, Nasonov and Samsonov'® notice as hyperimmune ac-
tivation is a key factor in severe Covid-19 infection. As IL-6 increase
is associated with poor prognosis and progression, they argue that IL-
6 inhibition may improve the patients conditions. Liu et al.'* suggest
therapeutic targeting of CRS, and reducing key cytokines such as IL-6
may, thus, help with CRS.
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As nonsurvival in ARDS is linked to elevated IL-6 and IL-1 con-
centration, thus, anticytokine therapy may help with intrapulmonary
macrophage activation and pulmonary vascular disease.'? IL-6, along
with some other inflammatory cytokines, including IL-1B, IL-8, and
TNF-a, as well as inflammatory chemokines, can significantly con-
tribute to fever, lymphopenia, coagulation, lung injury, and multi-
organ failure.*®

Here, we summarize the use of IL inhibitors for Covid-19 infec-
tion based on the few peer-reviewed, accepted, and published papers

at the time of reviewing.

2 | METHOD

Literature review of the published literature regarding the use of
Tocilizumab for COVID-19 infection.

3 | RESULTS

Few works have been proposed in the literature reporting about the
use of IL inhibitors for Covid-19 infection. These works are here
subdivided into IL-6 and IL-1 or IL-7.

Most of the works cited in Medscape’ deal with IL-6. This is a
pleiotropic proinflammatory cytokine. Covid-19 infection provokes
the production of IL-6 from bronchial epithelial cells.** As of August
2020, the National Institutes of Health (NIH)*® was not for or against
the use of IL-6 inhibitors because of a lack of data. In April 2021, the
statement has not been updated. However, the NIH has recently
(March 2021) issued a positive recommendation about the use of the
IL-6 inhibitor tocilizumab™® as discussed later.

Regeneron and Sanofi'” started in March 2020 a randomized,
double-blind, placebo-controlled phase 2/3 trial of the IL-6 inhibitor
sarilumab (Kevzara). The first part recruited patients with severe
Covid-19 infection to evaluate the effect of sarilumab on fever and
the need for supplemental oxygen. The second part of the trial
evaluated improvement in longer-term outcomes, including pre-
venting death and reducing the need for mechanical ventilation,
supplemental oxygen, and/or hospitalization.’” Minor positive trends
statistically insignificant were observed in critical patients on sar-
ilumab 400 mg who were mechanically ventilated at baseline. These
were countered by negative trends in a subgroup of critical patients
who were not mechanically ventilated at baseline.*® The US-based
trial was stopped, including a cohort of patients receiving 800 mg.*’

Tocilizumab (Actemra), another IL-6 inhibitor, was part of other
randomized, double-blind, placebo-controlled phase 3 clinical trials.
These trials were the REMDACTA, COVACTA, and EMPACTA trials.
Tocilizumab plus standard of care was compared to placebo plus
standard of care in patients with severe Covid-19 pneumonia.

In the EMPACTA trial, patients who received tocilizumab in the
first 2 days of intensive care unit (ICU) admission had a lower risk of
mortality. The 30-day mortality was 27.5% in the tocilizumab-treated
patients and 37.1% in the non-tocilizumab-treated patients.?® In the

BACC Bay trial, tocilizumab was not effective in preventing intuba-
tion or death in patients with moderate Covid-19 infection, but the
confidence interval was too wide, to infer any proper conclusion.?* In
the COVACTA trial, both improved clinical status or reduced mor-
tality in patients with Covid-19 pneumonia were not reached. There
was, however, a positive trend in time to discharge from hospital with
tocilizumab.??

Patients with severe Covid-19 infection in an observational study
conducted at Yale were treated with a standardized algorithm that
comprised tocilizumab to deal with cytokine release disease.
Tocilizumab-treated patients were 90% of those with severe disease.
Their survival rate was similar to those of patients with the nonsevere
disease. The survival rate was 75% in tocilizumab-treated patients
necessitating mechanical ventilation. While some oxygenation and
inflammatory biomarkers improved, others increased significantly.?*

A single 400-mg iv dose of tocilizumab reduced inflammation,
oxygen requirements, vasopressor support, and mortality in a very
small compassionate study.?*

Tocilizumab was associated with a 45% reduction in the hazard
of death in a small study®” of Covid-19 patients requiring mechanical
ventilation. An increased incidence of superinfections was associated
with tocilizumab. There was no difference in the 28-day case fatality
rate of tocilizumab-treated patients with or without superinfection.?”

In a small study, solid organ transplant recipients received toci-
lizumab. Mortality at 90 days was significantly higher for those who
received tocilizumab compared to control.?¢

An observational study in New Jersey found an improved survival
rate of patients who received tocilizumab compared with those who
did not receive it.>’

An observational study in tertiary care centers of northern ltaly
concluded that tocilizumab may reduce the risk of invasive me-
chanical ventilation or death in patients with severe Covid-19
pneumonia.”’® In another contemporary study from Italy, tocilizu-
mab did not reduce severe respiratory symptoms, intensive care, or
death compared with standard care.?’

In a small open-label trial in France, tocilizumab-treated patients
did not reduce the World Health Organization-combined positive
score scores lower than 5 at Day 4. On Day 14, marginally fewer
patients in noninvasive ventilation or mechanical ventilation died in
the tocilizumab group. No difference in death at Day 28 was re-
corded between tocilizumab and usual care.*”

In an open-label, noncontrolled, non-peer-reviewed study con-
ducted in China, patients with severe Covid-19 improved with lower
oxygen requirements, lymphocyte counts returned to normal after
tocilizumab treatment.®*

In a small retrospective review of patients with severe Covid-19
who received tocilizumab plus antivirals, there was a decline in in-
flammatory markers, radiological improvement, and reduced venti-
latory support.>? No controls were used in this study.

Another clinical phase 3 trial (COV-AID) with IL-6 inhibitors
(tocilizumab, siltuximab), an IL-1 inhibitor (anakinra), or combining
both is ongoing.>® Another anti-IL-6R monoclonal antibody study is

under development.®*
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° reports observational

In between the observational studies,®
data on IL-6 receptor inhibitors (IL6ri).>> The ILéri therapy is asso-
ciated with improved outcomes. The greatest benefits occurred with
early therapy. According to Sinha et al.,>® IL6ri therapy is superior to
treatment with remdesivir and dexamethasone.

Opposite conclusions are drawn from the observational study.>®
The incidence of fungal infections was significantly higher in patients
who were given tocilizumab. Tocilizumab did not decrease in-hospital
mortality in the cohort.

Mixed results were proposed in the observational data.>” More
patients in the tocilizumab group reported fever, cough, and short-
ness of breath. There was nonstatistically significantly lower mortality
in the tocilizumab group. When excluding intubated patients, there
was statistically significant lower mortality in patients treated with
tocilizumab. Bacteremia was more common in the control group,
while fungemia was similar for both.

Crisafulli et al.’® warn as the available clinical evidence for IL-6
inhibitors are mostly limited to tocilizumab, and still not fully com-
prehensive. More robust clinical data are needed to support the ef-
ficacy of IL-6 inhibitors. Crisafulli et al.*® also warn about their
potential toxicity.

The NIH has recently (March 2021)'° issued a positive re-
commendation about the use of the IL-6 inhibitor tocilizumab. On the
basis of evidence from the REMAP-CAP and RECOVERY trials, the
use of tocilizumab in combination with dexamethasone in certain
hospitalized patients who are exhibiting rapid respiratory decom-
pensation. These patients are recently hospitalized, admitted to ICU
within the prior 24 h and who require invasive mechanical ventilation,
noninvasive mechanical ventilation or high-flow nasal cannula oxy-
gen, or not in the ICU with rapidly increasing oxygen needs who
require noninvasive mechanical ventilation or high-flow nasal cannula
oxygen and have significantly increased markers of inflammation. The
use for other patients is still controversial.

Medscape’ also mentions IL-1 inhibitors. Endogenous IL-1 levels
are elevated in individuals with Covid-19 and other conditions, such
as severe severe chimeric antigen receptor (CAR)-T-cell-mediated
cytokine-release syndrome. The previously mentioned anakinra has
been used for this indication. As of June 2020, the NIH notes in-
sufficient data to recommend for or against the use of IL-1 in-
hibitors.>” The statement has not been updated up to April 2021.

A small retrospective study in Italy of patients with Covid-19 and
moderate-to-severe ARDS managed with noninvasive ventilation
outside of the ICU evidenced some benefits in the use of anakinra
plus standard treatment, at the time hydroxychloroquine and lopi-
navir/ritonavir. At 21 days, reductions in serum C-reactive protein
levels and progressive improvements in respiratory function, fewer
patients on mechanical ventilation, and fewer patients died versus
the standard treatment group.*®

A small study from France showed benefits in patients who were
given anakinra in terms of admission to the ICU for invasive me-
chanical ventilation or death.**

In another IL-1 study, the phase 3 CAN-COVID proposing ca-
nakinumab plus standard of care, the primary endpoint of a greater
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chance of survival without invasive mechanical ventilation, or the key
secondary endpoint of reduced Covid-19 mortality, were not met
compared with standard of care.*?

Medscape’ also mentions the opportunity of using IL-7 in-
hibitors. The recombinant IL-7 inhibitor, CYT107 (Revimmune), in-
creases T-cell production addressing immune exhaustion. Several
phase-2 clinical trials have been performed in France, Belgium, and
the UK.**™*°

According to Laterre et al.,*” IL-7 can be administered to critically
ill patients without increasing inflammation or pulmonary injury ad-
dressing the dramatic reduction of lymphocytes associated with se-
vere Covid-19 infection. The IL-7 reestablishment of lymphocyte

numbers improves the activity of antiviral agents.*”

4 | DISCUSSION

While IL inhibitors such as IL-6 may certainly help to diminish hy-
perinflammation processes in patients with severe Covid-19 infec-
tion, they may also have contraindications. This explains the
contradictory results in terms of clinical outcomes.

Scherger et al.*®

notice as observational data support IL-6 in-
hibition, as elevated IL-6 levels are associated with poor clinical
outcomes. However, IL-6 also affects the response to infection.
Clinical experiences with IL-6 inhibitors, such as tocilizumab, show an
increase in other infections.

Covid-19 induces both impairment and hyperactivation of the
immune system,”” IL inhibitors may help or not almost in a case-by-
case situation. Early viral clearance is a key to prevent further viral
replication, and ultimately the cytokine storm, and as IL inhibitors are
not antivirals, they are only part of a therapeutic approach. It depends
on specific situations when IL inhibitors help or not, and they should
be better used in conjunction with antiviral therapies. The recent
(March 2021)*¢ positive recommendation by the NIH about the use
of the IL-6 inhibitor tocilizumab demonstrates consensus about the
specific cases where there is consensus about the use. In other cases,
for example, hospitalized patients with hypoxemia who require
conventional oxygen supplementation, and are treated with re-
mdesivir, dexamethasone plus remdesivir, or dexamethasone alone,
the addition of tocilizumab is still controversial.*

In the best countries for therapeutic approaches, where the case
fatality rate is much smaller also because of therapies, there are specific,
successful, targeted uses of Tocilizumab. In Bahrein,*® cases fatality rate
0.37%, they often use for severe pneumonia, or ARDS the “Triple Anti-
viral Therapy: Kaletra + Ribavirin + Interferon beta-1b” or favipiravir. In
these cases, tocilizumab is considered if fitting the criteria. It is suggested
to avoid using tocilizumab and interferon in combination. Tocilizumab
can be given in the presence of a severe cytokine storm. In the United
Arab Emirates,*’ case fatality rate 0.30%, tocilizumab is also an option
for severe pneumonia and ARDS, where they generally also use
favipiravir + camostat + nebulized interferon-a or interferon-p, or
lopinavir-ritonavir + ribavirin + nebulized interferon, or even remdesivir.

Tocilizumab is to be considered in case of a cytokine storm.
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FIGURE 1 Schematic representation of SARS-CoV-2-driven signaling pathways and potential drug targets. Images reproduced

from Catanzaro et al.®*

This article is licensed under a creative commons attribution 4.0 international license. http://creativecommons.org/
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There is drug-induced hepatotoxicity to consider. Although to-
cilizumab, reversed liver injury during CRS that was induced by
noninfectious means (i.e. CAR-T cell therapy),”’®°* liver enzyme ele-
vations are predominantly mild to moderate in severity and infre-
quently lead to treatment discontinuation.’? The use of hepatotoxic
drugs, including tocilizumab, has been established as a risk factor for
liver dysfunction.>® Tocilizumab has also been associated with ab-
normal AST and ALT levels in this setting.”*>°> According to the re-
cent American Association for the Study of Liver Diseases guidelines,
regular monitoring of liver function should be considered in all hos-
pitalized Covid-19 patients, in particular in those treated with tocili-
zumab, irrespective of the baseline value of liver biochemistry.”®
Furthermore, tocilizumab and other immunosuppressants used in the
treatment of Covid-19 can potentially induce liver injury via hepatitis
B virus reactivation in patients with occult infections.’”*® In respect

to drug-induced hepatotoxicity in Covid-19, Muhovi¢ et al.>’

ported a 40-fold rise in transaminases following two doses of tocili-

zumab which regressed 10 days later. Morena et al.°

also reported
elevated liver enzymes in 29% of patients who were receiving

tocilizumab.

Tocilizumab-induced immune-related functional pathways are

discussed in different references such as Catanzaro et al.®*

or Sullivan
and Weber.®? The pathways of Catanzaro et al.®* are summarized in

Figure 1.

5 | CONCLUSION

It is written that tocilizumab has not been proven to be safe and
effective against Covid-19 infection, and the data are insufficient to
recommend the use. Though, it must be noted as the data are also
insufficient to recommend against the use of Tocilizumab. It is,
however, improper to consider tocilizumab a cure for Covid-19 in-
fection. Tocilizumab is only a therapy helpful to inhibit ILs adjunctive
to antivirals. Tocilizumab has had so far a very specific, positive ap-
plication to specific cases of a cytokine storm; however, better when
in conjunction with other therapies and not in isolation. This at least
partially explains the inconsistent results found in the literature.
Physicians should independently use the available evidence as a

guide and be contingent on clinical and scientific judgment
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individualizing the care. When this happens, tocilizumab has its field

of application within an ICU setting.
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