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Abstract

Currently clinicians all around the world are experiencing a pandemic caused by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The clinical
presentation of this pathology includes fever, dry cough, fatigue and acute
respiratory distress syndrome that can lead to death infected patients. Current
studies on coronavirus disease 2019 (COVID-19) continue to highlight the urgent
need for an effective therapy. Numerous therapeutic strategies have been used
until now but, to date, there is no specific effective treatment for SARS-CoV-2
infection. Elevated inflammatory cytokines have been reported in patients with
COVID-19. Evidence suggests that elevated cytokine levels, reflecting a
hyperinflammatory response secondary to SARS-CoV-2 infection, are responsible
for multi-organ damage in patients with COVID-19. For these reason, numerous
randomized clinical trials are currently underway to explore the effectiveness of
biopharmaceutical drugs, such as, interleukin-1 blockers, interleukin-6 inhibitors,
Janus kinase inhibitors, in COVID-19. The aim of the present paper is to briefly
summarize the pathogenetic rationale and the state of the art of therapeutic
strategy blocking hyperinflammation.

Key Words: Tocilizumab; Anakinra; Canakinumab; Ruxolitinib; Clazakizumab;
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Core Tip: Elevated inflammatory cytokines have been reported in patients with coronavirus
disease 2019 (COVID-19). Evidence suggests that elevated cytokine levels and high levels
in inflammatory markers are responsible for multi-organ damage in patients with COVID-
19. Numerous randomized clinical trials are currently underway to explore the
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effectiveness of interleukin-1 blockers, interleukin-6 inhibitors. Or other strategies. For
this reason it is necessary to make the point about using biopharmaceutical drugs in
COVID-19.
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INTRODUCTION

In the last decades, several viral epidemics has emerged in the world. In the last two
decades three epidemics from coronoviruses appears: Severe acute respiratory
syndrome coronavirus (SARS-CoV) in 2002-2003 Middle East respiratory syndrome
coronavirus in 2012-2013 and lately, the SARS-CoV-2!. Coronavirus is a large family
of ribonucleic acid virus that can be isolated from humans and animals. To date
coronavirus are responsible primary of acute respiratory infection. The most common
manifestations due to these ribonucleic acid viruses are common cold, most interesting
diseases are driven by other coronavirus (SARS-CoV, Middle East respiratory
syndrome coronavirus, SARS-CoV-2) that cause epidemics disease with variable
clinical severity and mortality rate range 2%-35%. In particular coronavirus disease
2019 (COVID-19) resulting from SARS-CoV-2 infection, is emerging as an unicum
related to high infectivity and global diffusion, became a pandemicl’. Despite a
relatively long time since the COVID-19 outbreak has passed by, COVID-19 continue
to threaten lives worldwide, and specific treatments besides supportive care are still
lacking.

In humans, SARS-CoV-2 entry occurs via the host cell surface enzyme angiotensin-
converting enzyme 2 (ACE2) receptor”l. Specifically, downregulation of ACE2 leads to
compensatory overproduction of angiotensin II by ACE. Angiotensin II in turn
stimulates its 1a type receptor, which increases lung vascular permeability and
potentiates lung pathology. Therefore, same viral protein (such as nonstructural
protein) block the host innate immune responsel’! and dysregulate the immune
response. On the other hand, more histopathology data are emerging on COVID-19.

The clinical spectrum of SARS-CoV-2 infection ranges from asymptomatic to severe
cases presenting with refractory hypoxemia requiring invasive mechanical ventilation.
Evidence suggested that high levels of inflammatory biomarkes, reflecting an
exaggerated immune host immune response, identify patients at high risk for diseases
progression and unfavorable outcomes. This difference may be related to immune
response in each patients and its immune damage to the cells. Same model from other
infection, suggest that the viral escape of the innate immune response play a crucial
rule, in fact the viral escape to the immune system cause an inadequate and delayed
response. All this, implies the possibility for the virus to replicate without the immune
control, resulting in a high spread of the virus in the body cells, while the delayed
immune response results in a hyper-activated proinflammatory response secondary to
the previous spread of the virus. A recent data corroborated this hypothesis, in SARS-
CoV-2 infected cytokines related genes are upregolated and chemokine are
predominant’. These chemokines are thought to be critical in the recruitment of
neutrophils and monocyte in the lungs and other tissues (i.e. heart, vasculature).
Moreover, interleukin-1 (IL-1) genes are significantly upregulated in SARS-CoV-2
infection. Therefore data suggested that higher virus replication results in a
hyperinflammatory responsell.

Indeed, SARS-Cov-2 patients display increased levels of pro-inflammatory
cytokines, such as IL1-B, IFNy, MCP, TNFa, and VEGF; these may be employed as
biomarkers to identify patients at risk for unfavorable prognosis, and druggable
targets to resolve the hyperinflammatory response secondary to SARS-CoV-2
infection””l.

In SARS-CoV-2 infection we have an upregulation of a plethora of proinflammatory
cytokines, suggesting the pathogenic role of hypercytokinemia in infection-related
damage. The cytokine storms mediated by overproduction of proinflammatory
cytokines have been observed in COVID-19 patients”. Of note, among pro-
inflammatory cytokines, markedly elevated levels of IL-1 and IL-6 correlate with
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clinical outcomes. IL-1 and IL-6 levels are typically elevated in cytokine release
syndrome, suggesting a mechanistic parallelism between the latter and COVID-19. For
this reason, drugs that block the biological activity of IL-1 and its downstream product
IL-6 may prove to be beneficial in the treatment of SARS-CoV-2 infection, in
particularly in COVID-19 (Table 1). Several randomized controlled trials exploring this
therapeutic strategy in mild to severe COVID-19 patients are ongoing (Table 2).

Most data are available for tocilizumab, a humanized monoclonal antibody that
inhibits both membrane-bound and soluble IL-6 receptors. Initial clinical data from
China have shown an improvement in pneumonia and associated symptoms in
patients with COVID-19 treated with tocilizumab!’. Subsequently, several
retrospective cohort studies have focused on the efficacy and safety of this treatment.
Few studies showed a rapid, sustained, and significant clinical improvement in
patients taking tocilizumab!""'4, on the other hand same studies failed to demonstrate
the superiority of tocilizumab strategy!*'*. These studies suggest that tocilizumab may
be a candidate to improve the outcome of patients with severe COVID-19 infections.
However, these results need confirmation by randomized controlled trials before this
treatment can be advocated. Genentech has recently announced a phase III
randomized controlled clinical trial with tocilizumab for severe COVID-19. Studies
with other IL-6 receptor blockers are underway, but the available data are currently
limited. Sarilumab, a Phase II/1II trial are ongoing the early results, from a press relase
of Sanofi, announced the discontinuing of 200 mg dose arm and restricting future
enrollment to critical patients only. For this reason, Sarilumab seem to show that its
utility may be limited to critically ill patients. Another anti-IL-6 drug, Siltuximab, is
undergoing a Phase II open-label study comparing the efficacy and safety versus
methylprednisolone in hospitalized patients with COVID-19 pneumonia, but data are
not available yet. Similarly, Clazakizumab is being tested in clinical studies.

Nevertheless, the use of IL-1 blockers appears to be pathogenetically more
promising than IL-6 blockers. The network of mediators orchestrating inflammatory
responses to tissue damage includes IL-1a and IL-1f: Specifically, IL-1a is released by
dying epithelial and endothelial cells, whereas IL-1p is produced by infiltrating
macrophages, monocytes and neutrophils!”l. For this reason data on Anakinra, an IL-1
receptor antagonist that blocks activity of the proinflammatory cytokines IL-1a and IL-
1P and is used to treat autoinflammatory disorders, and Canakinumab, a human
monoclonal antibody to IL-1 beta are extremely interesting. Recent data on anakinra
showed that, in a cohort of patients with COVID-19 and Acute respiratory distress
syndrome managed with non-invasive mechanical ventilation, treatment with high-
dose anakinra was safe and associated with clinical improvement!'*'"l. Similar data are
available on canakinumab in adult patients with COVID-19 and respiratory failure,
not requiring mechanical ventilation, that was associated with rapid reduction of
systemic inflammatory response, and improvement of oxygenationl.

Finally, Janus kinase (JAK) inhibitors, which may have a role in blocking the fibrotic
evolution in some patients, are being evaluated!"”). The JAK/signal transducers and
activators of transcription STAT-pathway mediates the signaling of multiple cytokines,
therefore interrupting this pathway may be an attractive strategy to modulate the
immunopathology observed in SARS-CoV-2 infection (Figure 1). Besides, many JAK
inhibitors exhibit antiviral effects when administered at therapeutic doses, by targeting
host factors that viruses use for cell entry™!. Baricitinib is an oral JAK inhibitor, that
inhibits the JAK signal transducer and activator of transcription pathway. It is under
investigation in some clinical trials on COVID-19 patients. A pilot study from Italy
showed a significantly improvement in clinical and laboratory parameters in patients
treated with baricinib®". Ruxolitinib, another JAK-kinase inhibitor, showed in COVID-
19 patients with hyperinflammation, to be safe and prevent multiorgan failure!.
However, at the moment, no data are available on different JAK inhibitors.

CONCLUSION

Currently available data on SARS-CoV-2 infection show that the extent of the
inflammatory response correlates with disease progression and subsequent organ
damage. Hyperinflammation contributes to disease severity and death in these
patients. Using drugs that act on the inflammatory process appears to be increasingly
crucial in the treatment of COVID-19. A better understanding of which subgroups of
patients are at higher risk for severe disease, and which major inflammatory pathways
sustain diseases progression is crucial to develop targeted therapeutic strategies.
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Table 1 Randomized clinical trials ongoing on promising inflammatory strategy

Target Drug type Drugs

IL 6 signaling Anti-IL 6 Clazakizumab, Siltuximab
Anti-IL6 receptor Sarilumab, Tocilizumab

IL 1 signaling Anti-IL1B Canakinumab
Anti-IL1 repector Anakinra

JAK-STAT signaling JAK1/JAK2 inhibitors Baricitinib, Ruxolitinib
JAK1/JAKS3 inhibitors Tofacitinib

JAK-STAT: The Janus kinase/signal transducer and activator of tran-ions; IL: Interleukin.

Table 2 Registered randomized clinical trials (source: Clinicaltrials.gov)

Target Drugs Clinical trial
IL 6 Clazakizumab NCT04348500, NCT04363502, NCT04343989
signaling

Siltuximab NCT04329650, NCT04322188, NCT04330638
Sarilumab NCT04359901, NCT04324073, NCT04357808, NCT04315298, NCT04327388, NCT04345289, NCT04380519, NCT04322773

Tocilizumab ~ NCT04317092, NCT04435717, NCT04331795, NCT04412772, NCT04377750, NCT04332094, NCT04377659, NCT04346355,
NCT04335071, NCT04403685, NCT04372186, NCT04356937, NCT04320615, NCT04363736, NCT04332913, NCT04363853,
NCT04306705, NCT04370834, NCT04339712, NCT04315480, NCT04330638, NCT04322773

IL1 Anakinra NCT04362943, NCT04364009, NCT04324021, NCT04357366, NCT04339712, NCT04330638
signaling
Canakinumab NCT04362813, NCT04365153
JAK-STAT  Baricitinib NCT04358614, NCT04373044, NCT04390464, NCT04362943, NCT04401579, NCT04346147, NCT04321993, NCT04345289
signaling
Ruxolitinib NCT04377620, NCT04362137, NCT04334044, NCT04338958, NCT04403243, NCT04348695

Tofacitinib NCT04332042

JAK-STAT: The Janus kinase/signal transducer and activator of tran-ions; IL: Interleukin.
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Figure 1 The Janus kinase/signal transducer and activator of tran-ions pathway. IFN: Interferon; IL: Interleukin; JAK: Janus kinase; STAT: Signal
transducer and activator of tran-ions.
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