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A B S T R A C T

Clinical studies have identified a cytokine storm in the third stage of disease progression in critical ill patients
with coronavirus disease 2019 (COVID-19). Hence, effectively suppressing the uncontrolled immune response of
the host towards the invaded viruses in a cytokine storm is a critical step to prevent the deterioration of patient
conditions and decrease the rate of mortality. Therapeutic monoclonal antibodies (mAbs) are found to be effective
for the management of acute respiratory distress syndrome in patients with COVID-19. In this review, we
compiled all therapeutic mAbs targeting cytokine storm, which are in clinical trials for its repurposing in the
management of COVID-19. Compilation of clinical trial data indicated that therapeutic monoclonal antibodies
targeting interleukins (IL-6, IL-1ra, IL-8, IL-1β, IL-17A, IL-33), interferon-gamma, tumor necrosis factor-alpha, P-
selectin, connective tissue growth factor, plasma kallikrein, tumor necrosis factor superfamily 14, granulocyte
macrophage colony stimulating factor, colony stimulating factor 1 receptor, C–C chemokine receptor type 5,
cluster of differentiation 14 and 147, vascular endothelial growth factor, programmed cell death protein-1,
Angiopoietin - 2, human factor XIIa, complementary protein 5, natural killer cell receptor G2A, human
epidermal growth factor receptor 2, immunoglobulin-like transcript 7 receptor, complement component fragment
5a receptor and viral attachment to the human cell were under investigation for management of severely ill
patients with COVID-19. Among these, about 65 clinical trials are targeting IL-6 inhibition as the most promising
one and Tocilizumab, an IL-6 inhibitor is considered to be the potential candidate to treat cytokine storm asso-
ciated with the COVID-19.
1. Overview

Coronavirus disease 2019 (COVID-19) is the infectious disease, which
affects primarily the lungs, caused by newly identified coronavirus
termed as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). Patient infected with SARS-CoV-2 was initially discovered at Wuhan,
China in December 2019 and is still spreading across the globe (Singhal,
2020). The COVID-19 outbreak was declared as pandemic on March 11,
2020 by the world health organization (WHO) (Coperchini et al., 2020).
By September 9, 2020 the number of deaths raised to 896K amongst 27.5
million confirmed cases of COVID-19. The majority of the patients
infected with SARS-CoV-2 in this COVID-19 pandemic are clinically
asymptomatic or develop mild clinical manifestations like cough, mild
fever, or muscle soreness. However, nearly 10–20% of patients (espe-
cially geriatric and patients with other co-morbidity) will develop
pneumonia and acute respiratory distress syndrome (ARDS) (Soy et al.,
. Mehta).
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2020). This COVID-19 pandemic created global crises of both public
health as well as economic and thus emerged the need for rapid devel-
opment of vaccines and therapeutic countermeasures (Sempowski et al.,
2020). One approach for finding appropriate therapeutics for treating
COVID-19 is rapid repurposing of existing drugs (Guy et al., 2020; Har-
rison, 2020; Lima et al., 2020; Rameshrad et al., 2020; Serafin et al.,
2020). Several treatments are under investigation and are tested through
clinical trials. The main focus of such clinical trials is the repurposing of
existing drugs to effectively treat COVID-19.

Clinical studies have identified markers of cytokine storm in the
critically ill patient infected with SARS-CoV-2 and thus correlated the
severe deterioration of COVID-19 patients with excessive and uncon-
trolled production of cytokines. Clinicians are focusing on targeting the
suppression of cytokine storm to save the lives of patients (Wan et al.,
2020; Ye et al., 2020). Therapeutic monoclonal antibodies (mAbs) are
effectively used earlier in respiratory infection in Influenza, SARS,
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middle east respiratory syndrome (MERS), and Ebola (AminJafari and
Ghasemi, 2020; Jahanshahlu and Rezaei, 2020; Khan et al., 2017).
Therefore, clinicians prefer mAbs targeting cytokine storm for the man-
agement of ARDS associated with COVID-19. In this article, we compiled
and reviewed all therapeutic mAbs targeting cytokine storm, which are in
clinical trials for its repurposing in management of COVID-19 along with
a basic discussion about the SARS-CoV-2 virus, different stages of pro-
gression of the disease, pathogenesis of cytokine storm emphasizing the
potential targets and the impact of cytokine storm with its mitigation.

2. SARS-CoV-2

The novel SARS-CoV-2 is recently identified and added as a new
member along previously known members like MERS-CoV and severe
acute respiratory syndrome coronavirus (SARS-CoV) into the family of
β-coronavirus, which causes severe pulmonary pneumonia and poten-
tially fatal ARDS (Guo et al., 2020). It contains mainly four structural
proteins including small envelope glycoprotein, spike glycoprotein,
membrane glycoprotein, and nucleocapsid protein, and several accessory
proteins. Glycoprotein protrudes from the surface of the virus, binds with
angiotensin converting enzyme-2 (ACE-2), and facilitates the binding
and entry of viruses into the host cells (Astuti and Ysrafil, 2020). Endo-
cytosis of the ACE-2 enzyme along with viral particles of SARS-CoV-2
triggered the loss of ACE-2 mediated cardiovascular protection (Wu
et al., 2020a).

3. Phases of disease progression in COVID-19

The disease advancement of COVID-19 is categorized into three
different phases: the early infection phase, the pulmonary phase, and the
hyper inflammation phase (Figure 1).

3.1. Phase I: early infection: viral invasion and replication

The early infection stage occurs at the instance of inoculation and
early establishment of disease. After an incubation period, upper respi-
ratory infection is caused due to invasion of SARS-CoV-2 into themucosal
Figure 1. Disease advancem
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membranes, especially oral-pharyngeal and nasal membranes. Mild
symptoms such as dry cough, malaise, and fever are observed. The virus
binds to target cells through ACE-2 and induces an activation of the
transmembrane serine protease 2 (TMPRSS2) for S protein priming
(Hoffmann et al., 2020). ACE-2 is found on the epithelial cells of the
intestine, kidney, lung, and blood vessels (Fang et al., 2020). Symp-
tomatic relief is considered a primary treatment target at this stage.
Excellent recovery is witnessed in patients who can successfully limit the
virus at this initial stage of disease.

3.2. Phase II: pulmonary involvement without (IIa) and with (IIb) hypoxia

The Phase-II of established pulmonary disease is remarkably charac-
terized by multiplication of SARS CoV-2, and localized pulmonary
inflammation. During this stage, clinical manifestations observed in the
patients include pneumonia, with fever, cough, and hypoxemia defined
as the ratio of arterial oxygen partial pressure to fractional inspired ox-
ygen (PaO2/FiO2 < 300 mm Hg) (Siddiqi and Mehra, 2020). Chest im-
aging shows diffuse infiltrates or ground-glass opacities in the bilateral
lung fields (Bernheim et al., 2020). Blood tests reveal increased lym-
phocytopenia. Inflammation markers may be found normal or unre-
markably elevated (Hassan et al., 2020). Most hospitalization occurs for
close observation and management during this stage. Various supportive
measures and the previously mentioned antiviral therapies are suggested
as a treatment to this stage.

A strong immune system plays a vital role to eliminate the virus even
in the elderly and immunocompromised patient with severe clinical
manifestations (Lin et al., 2020; Shi et al., 2020; Siddiqi and Mehra,
2020). The SARS CoV-2 continues to infect the lower respiratory tract
and leads to pneumonia with progression of disease. The symptoms like
dyspnea and hypoxemia are also getting worse (Hassan et al., 2020; Lin
et al., 2020; Russell et al., 2020).

3.3. Phase III: systemic hyperinflammation

Fortunately, the COVID-19 is progressive to its third and the most
severe stage in a very few patients, who are accompanied with ARDS and
ent Phases of COVID-19.
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hypercytokinemia syndrome (cytokine storm) as the distinct character-
istic of pathogenesis (Mehta et al., 2020; Siddiqi and Mehra, 2020).
During this stage, the virus continues to replicate and damage the tissues
in the ACE-2 expressing organs especially in the lungs. Helper, regulatory
and suppressor T cell counts decrease significantly (Qin et al., 2020;
Russell et al., 2020). In the patients with most severe disease, the prog-
nosis can be significantly worsened by the hyper production of In-
terleukins (ILs) (IL-1, IL-2, IL-4, IL-6, IL-7, IL-10, IL-12, IL-13, IL-17);
macrophage colony-stimulating factor (M-CSF), granulocyte
colony-stimulating factor (G-CSF), granulocyte macrophage colony
stimulating factor (GM-CSF); interferon-gamma (IFN-γ), fibroblast
growth factor; IFN-γ induced protein 10 (IP-10); monocyte chemo-
attractant protein-1 (MCP-1), macrophage inflammatory protein 1 alpha
(MIP 1-α); tumor necrosis factor (TNF-α), hepatocyte growth factor
(HGF), vascular endothelial growth factor (VEGF), C-reactive protein,
D-dimer and ferritin (Costela-Ruiz et al., 2020; Huang et al., 2020). High
levels of N-terminal pro B-type natriuretic peptide and troponin can also
be observed. The remarkable raise in the cytokines level in these severe
cases specifies cytokine storm (also termed as cytokine-release
Figure 2. Pathogenesis of cytokine
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syndrome) with subsequent ARDS, which is the primary cause of mor-
tality in critically ill patients with COVID-19 (Fu et al., 2020; Mehta et al.,
2020; Shi et al., 2020; Zhang et al., 2020a, b, c, d, e).

4. Cytokine storm

Cytokine storm is an uncontrolled immune response of the host to-
wards viral infection characterized by sharp increase in proinflammatory
cytokines (Ragab et al., 2020). Cytokine storm is seen more commonly in
chimeric antigen receptor T-cell (CAR-T) therapy (Norelli et al., 2018)
and in immune diseases such as viral infections (Teijaro, 2017) and organ
transplantation sepsis (Chousterman et al., 2017). Previous clinical
findings postulate that cytokine storm is considered to participate as a
crucial player in the deterioration of condition of patients with COVID-19
(Chen et al., 2020a, b; Gao et al., 2020; Sun et al., 2020; Wan et al., 2020;
Ye et al., 2020). Condition deteriorated from pneumonia through ARDS,
culminating in systemic inflammation and ultimately multi-system organ
failure (Ragab et al., 2020). Laboratory and clinical findings seen in
SARS-CoV-2 infected patients are similar to that of previously occurring
Storm with Potential Target.
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infections with influenza virus, MERS-CoV and SARS-CoV. This suggests
that the pathogenesis of cytokine storm in all these infections falls under
the same umbrella (Soy et al., 2020).

Cytokine storm is characterized by the abnormal release of circulating
cytokines. There are five types of cytokines, which include interferons
(IFNs), ILs, tumor necrosis factor, chemokines, and colony stimulating
factor. IFNs are involved in the regulation of innate immunity and anti-
proliferative effects. IFNs are having an immunomodulatory effect and
primarily express genes that encode proteins having antiviral properties
(Friedman, 2008). ILs are proinflammatory and are involved in the
growth and differentiation of leukocytes. Chemokines are proin-
flammatory and control chemotaxis, leukocyte recruitment.
Colony-stimulating factors simulate differentiation and proliferation of
hematopoietic progenitor cells and participate in amplification cascade
of inflammatory response. Lastly, tumor necrosis factor is considered as
the central cytokine in viral infection, which stimulates cytotoxic T cells
(Coperchini et al., 2020; Tisoncik et al., 2012).

Figure 2 depicts the pathogenesis of cystokine storm. In the initial
stage of viral infection, there is the delayed release of IFNs, chemokines,
and cytokines occurring in dendritic cells, macrophages, and pulmonary
epithelial cells. In the later stage of viral infection, the cells secrete lower
amount of the IFNs and higher amount of interleukin (IL), tumor necrosis
factor (TNF) and C–Cmotif chemokine ligand (CCL) (Cheung et al., 2005;
Lau et al., 2013; Law et al., 2005). IFNs are antiviral while IL (IL-1 β,
IL-6), TNF and CCL (CCL-2, CCL-3, and CCL-5) are proinflammatory cy-
tokines. IFNs (IFN–I, IFN-α/β) are the natural host immune defence
response produced by the body against viral infections in the initial
stages of viral infection (Channappanavar et al., 2019; García-Sastre and
Biron, 2006). However, due to delayed and release of IFNs in lower
amounts impedes the body's antiviral response against invading patho-
gens (Channappanavar et al., 2019). Later the increased release of che-
mokines attracts and subsequently an excessive infiltration of many
inflammatory cells, such as monocytes and neutrophils into the lung
tissue and thus results in the injury of the lung (Ye et al., 2020). The
delayed release of IFN- α/β activates mononuclear macrophages through
their receptors present on their surfaces (Channappanavar et al., 2016).
Activated mononuclear macrophages results in release of chemokines
(such as CCL2, CCL7, and CCL12), which are monocyte chemoattractant
and causes additional accretion of mononuclear macrophages which in
turn generate augmented levels of proinflammatory cytokines (IL1- β,
Figure 3. Comparison of ongoing clinical studies of therapeutic monocl
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IL-6 and TNF). Elevated levels of these proinflammatory cytokines results
in the apoptosis of cytotoxic T lymphocytes, which additionally hampers
the clearance of viral particles. IFN- α/β and IFN- γ causes the apoptosis of
alveolar and airway epithelial cells via acting on TRAIL–death receptor 5
(Herold et al., 2008; H€ogner et al., 2013) and results in subsequent
damage of the pulmonary microvasculature and disruption of alveolar
epithelial cell barriers and results in vascular leakage and subsequently
alveolar edema, which eventually leading to hypoxemia in the body.
Leakage in the systemic circulation further leads to multiple organ failure
(Ye et al., 2020).

Data regarding the correlation between COVID-19 and cytokine storm
are still limited. However, reports of clinical findings in a patient affected
with SARS CoV-2 revealed that pro-inflammatory cytokines such as IL-1β,
IL-2, IL-4, IL-6, IL-7, IL-8, IL-9, IL-10, IFN-γ, GM-CSF, TNF-α are signifi-
cantly elevated (Wu et al., 2020b). Clinical studies show that the levels of
IL-6 are significantly elevated in the complicated cases of COVID-19 and
highly correlated with clinical outcomes (Coomes and Haghbayan,
2020).

5. Role of therapeutic monoclonal antibodies to reduce
cytochrome strom

Several biological agents like convalescent plasma, neutralize anti-
bodies, mAbs, IFNs aiming towards inflammatory cytokines and cyto-
kines receptors have been preferred for the management of ARDS in
patients as potential candidates. They alleviate the effects of cytokines
released in response to the COVID-19 and reduce lung damage in
severely ill patients. Several studies have trailed strategies to dampen
inflammatory responses. We would like to focus on the significance of
therapeutic mAbs targeting cytokine storm in the management of COVID-
19 based on ongoing clinical trials.

6. Methodology

Data were collected from the website of Clinical trials.gov up to 9
September 2020 and analysed for the number of mAbs under clinical
trials. The mAbs are classified as per their biological targets and further
scrutinized as per the registered phase of clinical trials to identify the
most druggable biological target and potential candidate to treat COVID-
19 related cytokine storm.
onal antibodies for management of Covid-19 in different countries.

http://trials.gov


Table 1. Status of ongoing clinical trials for repurposing of Therapeutic Monoclonal Antibodies in management of Covid-19.

Sr. No Drug Name Title of Study Country Current Status Phase of
Clinical Study

Link Registration No Entered Last update
posted date

IL-6 receptors (sIL-6R and mIL-6R) Inhibitor

1 Toclizumab A RCT - Safety & Efficacy of Tocilizumab - Tx of Severe
COVID-19: ARCHITECTS

USA Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04412772 NCT04412772 02-06-2020 02-06-2020

Tocilizumab for Prevention of Respiratory Failure in Patients
With Severe COVID-19 Infection

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04377659 NCT04377659 06-05-2020 21-08-2020

Efficacy of Tocilizumab on Patients With COVID-19 USA Active, not recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04356937 NCT04356937 22-04-2020 24-08-2020

Tocilizumab for Patients With Cancer and COVID-19 Disease USA Suspended Phase-2 https://clinicaltrials.gov/ct2/show/NCT04370834 NCT04370834 01-05-2020 13-08-2020

The Use of Tocilizumab in the Management of Patients Who
Have Severe COVID-19 With Suspected Pulmonary Hyper
inflammation

Israel Recruiting Phase-4 https://clinicaltrials.gov/ct2/show/NCT04377750 NCT04377750 06-05-2020 06-05-2020

A Study in Patients With COVID-19 and Respiratory Distress
Not Requiring Mechanical Ventilation, to Compare
Standard-of-care With Anakinra and Tocilizumab Treatment
The Immunomodulation-CoV Assessment (ImmCoVA) Study

Sweden Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04412291 NCT04412291 02-06-2020 26-06-2020

Efficacy of Tocilizumab in Modifying the Inflammatory
Parameters of Patients With COVID-19 (COVITOZ-01)
(COVITOZ-01)

Spain Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04435717 NCT04435717 17-06-2020 17-06-2020

Serum IL-6 and Soluble IL-6 Receptor in Severe COVID-
19 Pneumonia Treated With Tocilizumab (UHID-COVID19)

Croatia Not yet recruiting Not mentioned https://clinicaltrials.gov/ct2/show/NCT04359667 NCT04359667 24-04-2020 09-06-2020

A Study to Evaluate the Efficacy and Safety of Remdesivir
Plus Tocilizumab Compared With Remdesivir Plus Placebo
in Hospitalized Participants With Severe COVID-
19 Pneumonia (REMDACTA)

USA Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04409262 NCT04409262 01-06-2020 13-08-2020

A Study to Investigate Intravenous Tocilizumab in
Participants With Moderate to Severe COVID-19 Pneumonia
(MARIPOSA)

USA Active, not recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04363736 NCT04363736 27-04-2020 30-06-2020

A Study to Evaluate the Efficacy and Safety of Tocilizumab in
Hospitalized Participants With COVID-19 Pneumonia

USA Active, not recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04372186 NCT04372186 01-05-2020 21-08-2020

A Study to Evaluate the Safety and Efficacy of Tocilizumab in
Patients With Severe COVID-19 Pneumonia

USA Completed Phase-3 https://Clinicaltrials.gov/ct2/show/NCT04320615 NCT04320615 25-03-2020 31-07-2020

Randomized, Embedded, Multifactorial Adaptive Platform
Trial for Community- Acquired Pneumonia

Australia Recruiting Phase-4 https://Clinicaltrials.gov/show/NCT02735707 NCT02735707 13-04-2020 21-07-2020

Tocilizumab vs CRRT in Management of Cytokine Release
Syndrome (CRS) in COVID-19

China Recruiting Not mentioned https://Clinicaltrials.gov/show/NCT04306705 NCT04306705 13-03-2020 17-03-2020

Favipiravir Combined With Tocilizumab in the Treatment of
Corona Virus Disease 2019

China Recruiting Not applicable https://Clinicaltrials.gov/show/NCT04310228 NCT04310228 17-03-2020 10-04-2020

Tocilizumab for SARS-CoV2 (COVID-19) Severe
Pneumonitis

Italy Active, not recruiting Phase-2 https://Clinicaltrials.gov/show/NCT04315480 NCT04315480 19-03-2020 13-04-2020

Tocilizumab in COVID-19 Pneumonia (TOCIVID-19) Italy Recruiting Phase-2 https://Clinicaltrials.gov/show/NCT04317092 NCT04317092 20-03-2020 13-07-2020

Treatment of COVID-19 Patients With Anti-interleukin Drugs Belgium Recruiting Phase-3 https://Clinicaltrials.gov/show/NCT04330638 NCT04330638 01-04-2020 09-07-2020

Tocilizumab to Prevent Clinical Decompensation in
Hospitalized, Non-critically Ill Patients With COVID-19
Pneumonitis

USA Completed Phase-2 https://Clinicaltrials.gov/show/NCT04331795 NCT04331795 02-04-2020 03-08-2020

CORIMUNO-19 - Tocilizumab Trial - TOCI (CORIMUNO-
TOCI)

France Active, not recruiting Phase-2 https://Clinicaltrials.gov/show/NCT04331808 NCT04331808 02-04-2020 28-04-2020

Clinical Trial of Combined Use of Hydroxychloroquine,
Azithromycin, and Tocilizumab for the Treatment of COVID-
19

Spain Recruiting Phase-2 https://Clinicaltrials.gov/show/NCT04332094 NCT04332094 02-04-2020 07-04-2020

Efficacy and Safety of Tocilizumab in the Treatment of SARS-
CoV-2 Related Pneumonia

Italy Recruiting Not mentioned https://Clinicaltrials.gov/show/NCT04332913 NCT04332913 03-04-2020 13-04-2020

(continued on next page)
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Table 1 (continued )

Sr. No Drug Name Title of Study Country Current Status Phase of
Clinical Study

Link Registration No Entered Last update
posted date

Prospective Study in Patients With Advanced or Metastatic
Cancer and SARS-CoV-2 Infection

France Suspended Phase-2 https://Clinicaltrials.gov/show/NCT04333914 NCT04333914 03-04-2020 16-06-2020

Checkpoint Blockade in COVID-19 Pandemic Spain Recruiting Phase-2 https://Clinicaltrials.gov/show/NCT04335305 NCT04335305 06-04-2020 09-06-2020

Personalised Immunotherapy for SARS-CoV-2 (COVID-19)
Associated With Organ Dysfunction

Greece Recruiting Phase-2 https://Clinicaltrials.gov/show/NCT04339712 NCT04339712 09-04-2020 22-04-2020

Study to Evaluate the Efficacy and Safety of Tocilizumab
Versus Corticosteroids in Hospitalised COVID-19 Patients
With High Risk of Progression

Malaysia Not yet recruiting Phase-3 https://Clinicaltrials.gov/show/NCT04345445 NCT04345445 14-04-2020 14-04-2020

Efficacy of Early Administration of Tocilizumab in COVID-19
Patients

Italy Terminated Phase-2 https://Clinicaltrials.gov/show/NCT04346355 NCT04346355 15-04-2020 22-06-2020

Anti-il6 Treatment of Serious COVID-19 Disease With
Threatening Respiratory Failure

Denmark Recruiting Phase-2 https://ClinicalTrials.gov/show/NCT04322773 NCT04322773 26-03-2020 07-04-2020

Clinical Trial to Evaluate the Effectiveness and Safety of
Tocilizumab for Treating Patients With COVID-19
Pneumonia

Spain Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04445272 NCT04445272 24-06-2020 24-06-2020

Tocilizumab to Prevent Clinical Decompensation in
Hospitalized, Non-critically Ill Patients With COVID-19
Pneumonitis (COVIDOSE)

USA Completed Phase-2 https://Clinicaltrials.gov/show/NCT04331795 NCT04331795 02-04-2020 03-08-2020

The Fleming [FMTVDM] Directed CoVid-19 Treatment
Protocol

USA Enrolling by invitation Phase-2, Phase-3 https://Clinicaltrials.gov/show/NCT04349410 NCT04349410 16-04-2020 09-07-2020

Tocilizumab in the Treatment of Coronavirus Induced
Disease (COVID-19) (CORON-ACT)

Switzerland Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04335071 NCT04335071 06-04-2020 28-04-2020

Tocilizumab Versus Methylprednisolone in the Cytokine
Release Syndrome of Patients With COVID-19

Portugal Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04377503 NCT04377503 06-05-2020 06-05-2020

Tocilizumab Treatment in Patients With COVID-19 Mexico Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04363853 NCT04363853 27-04-2020 17-06-2020

Assessment of Efficacy and Safety of Tocilizumab Compared
to DefeROxamine, Associated With Standards Treatments in
COVID-19 (þ) Patients Hospitalized In Intensive Care in
Tunisia (TRONCHER)

Tunisia Not yet recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04361032 NCT04361032 24-04-2020 27-08-2020

Prospective Study in Patients With Advanced or Metastatic
Cancer and SARS-CoV-2 Infection (IMMUNONCOVID)

France suspended Phase-2 https://clinicaltrials.gov/ct2/show/NCT04333914 NCT04333914 03-04-2020 16-06-2020

Ultra Low Doses of Therapy With Radiation Applicated to
COVID-19 (ULTRA-COVID)

Spain Recruiting Not applicable https://clinicaltrials.gov/ct2/show/NCT04394182 NCT04394182 19-05-2020 19-05-2020

Safety and Efficacy of Tocilizumab in Moderate to Severe
COVID-19 With Inflammatory Markers (TOCIBRAS)

Brazil Terminated Phase-3 https://clinicaltrials.gov/ct2/show/NCT04403685 NCT04403685 27-05-2020 26-08-2020

Tocilizumab for SARS-CoV-2 (COVID-19) Severe
Pneumonitis

Italy Active, not recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04315480 NCT04315480 19-03-2020 13-04-2020

Tocilizumab for the Treatment of Cytokine Release
Syndrome in Patients With COVID-19 (SARS-CoV-2
Infection)

USA Withdrawn Phase - 3 https://clinicaltrials.gov/ct2/show/NCT04361552 NCT04361552 24-04-2020 18-06-2020

Tocilizumab in Coronavirus-19 Positive Patients Canada Not yet recruiting Phase - 3 https://clinicaltrials.gov/ct2/show/NCT04423042 NCT04423042 09-06-2020 22-07-2020

Comparison of Tocilizumab Plus Dexamethasone vs.
Dexamethasone for Patients With Covid-19 (TOCIDEX)

France Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04476979 NCT04476979 20-07-2020 18-08-2020

A Trial Using ANAKINRA, TOCILIZUMAB Alone or in
Association With RUXOLITINIB in Severe Stage 2b and 3 of
COVID19-associated Disease (INFLAMMACOV)

France Not yet recruiting Phase - 3 https://clinicaltrials.gov/ct2/show/NCT04424056 NCT04424056 09-06-2020 23-06-2020

Toclizumam Versus Dexamethasone in Severe Covid-19
Cases

Eygpt Completed Not applicable https://clinicaltrials.gov/ct2/show/NCT04519385 NCT04519385 19-08-2020 25-08-2020
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Table 1 (continued )

Sr. No Drug Name Title of Study Country Current Status Phase of
Clinical Study

Link Registration No Entered Last update
posted date

2 Sarilumab Sarilumab for Patients With Moderate COVID-19 Disease USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04359901 NCT04359901 24-04-2020 30-07-2020

Evaluation of the Efficacy and Safety of Sarilumab in
Hospitalized Patients With COVID-19

USA Active, not recruiting Phase-2, Phase-3 https://clinicaltrials.gov/ct2/show/NCT04315298 NCT04315298 19-03-2020 01-09-2020

Cohort Multiple Randomized Controlled Trials Open-label of
Immune Modulatory Drugs and Other Treatments in COVID-
19 Patients -Sarilumab Trial - CORIMUNO-19 - SARI
(CORIMUNO-SARI)

France Active, not recruiting Phase-2, Phase-3 https://clinicaltrials.gov/ct2/show/NCT04324073 NCT04324073 27-03-2020 15-04-2020

Sarilumab COVID-19 Canada Active, not recruiting Phase - 3 https://clinicaltrials.gov/ct2/show/NCT04327388 NCT04327388 31-03-2020 17-08-2020

Efficacy of Subcutaneous Sarilumab in Hospitalised Patients
With Moderate-severe COVID-19 Infection (SARCOVID)
(SARCOVID)

Spain Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04357808 NCT04357808 22-04-2020 04-08-2020

Study of ImmuneModulatory Drugs and Other Treatments in
COVID-19 Patients: Sarilumab, Azithromycin,
Hydroxychloroquine Trial - CORIMUNO-19 - VIRO
(CORIMUNO-VIRO)

France suspended Phase-2, Phase-3 https://clinicaltrials.gov/ct2/show/NCT04341870 NCT04341870 10-04-2020 06-05-2020

Anti-il6 Treatment of Serious COVID-19 Disease With
Threatening Respiratory Failure

Denmark Recruiting Phase-2 https://Clinicaltrials.gov/show/NCT04322773 NCT04322773 26-03-2020 07-04-2020

Study on the Use of Sarilumab in Patients With COVID-19
Infection

Italy Not yet recruiting Early Phase-1 https://clinicaltrials.gov/ct2/show/NCT04386239 NCT04386239 13-05-2020 13-05-2020

Clinical Trial of Sarilumab in Adults With COVID-19
(SARICOR)

Spain Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04357860 NCT04357860 22-04-2020 27-04-2020

Randomized, Embedded, Multifactorial Adaptive Platform
Trial for Community- Acquired Pneumonia (REMAP-CAP)

Australia Recruiting Phase-4 https://clinicaltrials.gov/ct2/show/NCT02735707 NCT02735707 13-04-2020 21-07-2020

Efficacy and Safety of Novel Treatment Options for Adults
With COVID-19 Pneumonia (CCAP)

Denmark Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04345289 NCT04345289 14-04-2020 31-07-2020

3 Sirkumab A Study to Evaluate the Efficacy and Safety of Sirukumab in
Confirmed Severe or Critical Confirmed Coronavirus Disease
(COVID)-19

Belgium Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04380961 NCT04380961 08-05-2020 02-09-2020

4 Clazakizumab Study for the Use of the IL-6 Inhibitor Clazakizumab in
Patients With Life-threatening COVID-19 Infection

USA Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04381052 NCT04381052 08-05-2020 08-05-2020

A Randomized Placebo-controlled Safety and Dose-finding
Study for the Use of the IL-6 Inhibitor Clazakizumab in
Patients With Life-threatening COVID-19 Infection

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04343989 NCT04343989 14-04-2020 06-05-2020

Clazakizumab (Anti-IL- 6 Monoclonal) Compared to Placebo
for COVID19 Disease

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04348500 NCT04348500 16-04-2020 05-06-2020

Use of the Interleukin-6 Inhibitor Clazakizumab in Patients
With Life-threatening COVID-19 Infection

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04363502 NCT04363502 27-04-2020 19-08-2020

5 Olokizumab Study of the Efficacy and Safety of a Single Administration of
Olokizumab and RPH-104 With Standard Therapy in
Patients With Severe Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) Infection (COVID-19)

Russian Federation Recruiting Phase-2, Phase-3 https://clinicaltrials.gov/ct2/show/NCT04380519 NCT04380519 08-05-2020 08-05-2020

6 Siltuximab Efficacy and Safety of Siltuximab vs. Corticosteroids in
Hospitalized Patients With COVID-19 Pneumonia

Spain Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04329650 NCT04329650 01-04-2020 17-04-2020

An Observational Case-control Study of the Use of
Siltuximab in ARDS Patients Diagnosed With COVID-19
Infection (SISCO)

Italy Completed Not mentioned https://clinicaltrials.gov/ct2/show/NCT04322188 NCT04322188 26-03-2020 01-06-2020

Treatment of COVID-19 Patients With Anti-interleukin Drugs Belgium Recruiting Phase-3 https://Clinicaltrials.gov/show/NCT04330638 NCT04330638 01-04-2020 09-07-2020

7 Levilimab A Clinical Trial of the Efficacy and Safety of Levilimab (BCD-
089) in Patients With Severe COVID-19 (CORONA)

Russian Federation Active, not recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04397562 NCT04397562 21-05-2020 11-06-2020
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Table 1 (continued )

Sr. No Drug Name Title of Study Country Current Status Phase of
Clinical Study

Link Registration No Entered Last update
posted date

GM-CSF Inhibitor

8 Lenzilumab Phase 3 Study to Evaluate Efficacy and Safety of Lenzilumab
in Hospitalized Patients With COVID-19 Pneumonia

USA Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04351152 NCT04351152 17-04-2020 05-08-2020

9 Mavrilimumab Mavrilimumab to Reduce Progression of Acute Respiratory
Failure in COVID-19 Pneumonia and Systemic Hyper-
inflammation

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04399980 NCT04399980 22-05-2020 14-07-2020

Mavrilimumab in Severe COVID-19 Pneumonia and Hyper-
inflammation (COMBAT-19) (COMBAT-19)

Italy Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04397497 NCT04397497 21-05-2020 26-05-2020

Study of Mavrilimumab (KPL-301) in Participants
Hospitalized With Severe Corona Virus Disease 2019
(COVID-19) Pneumonia and Hyper-inflammation

USA Recruiting Phase-2, Phase-3 https://clinicaltrials.gov/ct2/show/NCT04447469 NCT04447469 25-06-2020 17-08-2020

10 TJ003234 Study of TJ003234 (Anti-GM-CSF Monoclonal Antibody) in
Subjects With Severe Coronavirus Disease 2019 (COVID-19)

USA Recruiting Phase-1,
Phase-2

https://clinicaltrials.gov/ct2/show/NCT04341116 NCT04341116 10-04-2020 14-07-2020

11 Gimsilumab A Study to Assess the Efficacy and Safety of Gimsilumab in
Subjects With Lung Injury or Acute Respiratory Distress
Syndrome Secondary to COVID-19 (BREATHE).

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04351243 NCT04351243 17-04-2020 04-09-2020

12 Otilimab Investigating Otilimab in Patients With Severe Pulmonary
COVID-19 Related Disease (OSCAR)

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04376684 NCT04376684 06-05-2020 02-09-2020

TNFα Inhibitor

13 Infliximab/
Infliximab-abda

A Phase 2 Trial of Infliximab in Coronavirus Disease 2019
(COVID-19).

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04425538 NCT04425538 11-06-2020 11-06-2020

P-selectin Blocker

14 Crizanlizumab Crizanlizumab for Treating COVID-19 Vasculopathy USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04435184 NCT04435184 17-06-2020 13-07-2020

CTGF Inhibitor

15 Pamrevlumab Study of the Efficacy and Safety of Intravenous
Pamrevlumab, in Hospitalized Patients With Acute COVID-
19 Disease

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04432298 NCT04432298 16-06-2020 24-06-2020

CSF-1R Inhibitor

16 Axatilimab A Phase 2 Study to Evaluate Axatilimab for Hospitalized
Patients With Respiratory Involvement Secondary to COVID-
19

USA Suspended Phase-2 https://clinicaltrials.gov/ct2/show/NCT04415073 NCT04415073 04-06-2020 11-08-2020

IL-1β Blocker

17 Canakinumab Observational Study, Use of Canakinumab Administered
Subcutaneously in the Treatment COVID-19 Pneumonia

Italy Not yet Recruiting Not mentioned https://clinicaltrials.gov/ct2/show/NCT04348448 NCT04348448 16-04-2020 16-04-2020

Study of Efficacy and Safety of Canakinumab Treatment for
CRS in Participants With COVID-19-induced Pneumonia
(CAN-COVID)

USA Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04362813 NCT04362813 27-04-2020 24-08-2020

Canakinumab in Covid-19 Cardiac Injury (The Three C
Study)

USA Active, not recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04365153 NCT04365153 28-04-2020 03-09-2020

Canakinumab in Patients With COVID-19 and Type 2
Diabetes (CanCovDia)

Switzerland Not yet Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04510493 NCT04510493 12-08-2020 19-08-2020

TNFSF14 Inhibitor

18 CERC-002 - An
anti-LIGHT fully
human
monoclonal
antibody

Clinical Trial to Evaluate CERC-002 in Adults With COVID-
19 Pneumonia and Acute Lung Injury

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04412057 NCT04412057 02-06-2020 01-09-2020
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Table 1 (continued )

Sr. No Drug Name Title of Study Country Current Status Phase of
Clinical Study

Link Registration No Entered Last update
posted date

Anti CD14

19 REGN10933 þ
REGN10987
combination
therapy

Safety, Tolerability, and Efficacy of Anti-Spike (S) SARS-
CoV-2 Monoclonal Antibodies for Hospitalized Adult
Patients With COVID-19

USA Recruiting Phase-1, Phase-2 https://clinicaltrials.gov/ct2/show/NCT04426695 NCT04426695 11-06-2020 04-09-2020

Study Assessing the Efficacy and Safety of Anti-Spike SARS
CoV-2 Monoclonal Antibodies for Prevention of SARS CoV-2
Infection Asymptomatic in Healthy Adults Who Are
Household Contacts to an Individual With a Positive SARS-
CoV-2 RT-PCR Assay

USA Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04452318 NCT04452318 30-06-2020 01-09-2020

Study Assessing the Safety, Tolerability, Pharmacokinetics,
and Immunogenicity of Repeated Subcutaneous Doses of
Anti-Spike (S) SARS-CoV-2 Monoclonal Antibodies
(REGN10933 þ REGN10987) in Adult Volunteers as Related
to COVID-19

USA Recruiting Phase-1 https://clinicaltrials.gov/ct2/show/NCT04519437 NCT04519437 19-08-2020 19-08-2020

20 IC14 - An
antibody to the
CD14 pattern-
recognition
receptor

IC14 (Anti-CD14) Treatment in Patients With SARS-CoV-
2 (COVID-19)

USA Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04391309 NCT04391309 18-05-2020 24-06-2020

IL-1ra inhibitor

21 Anakinra Efficacy of Intravenous Anakinra and Ruxolitinib During
COVID-19 Inflammation (JAKINCOV)

France Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04366232 NCT04366232 28-04-2020 09-06-2020

Early Identification and Treatment of Cytokine Storm
Syndrome in Covid-19

USA Not yet recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04362111 NCT04362111 24-04-2020 24-04-2020

A Trial Using ANAKINRA, TOCILIZUMAB Alone or in
Association With RUXOLITINIB in Severe Stage 2b and 3 of
COVID19-associated Disease (INFLAMMACOV)

France Not yet recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04424056 NCT04424056 09-06-2020 23-06-2020

Anakinra for COVID-19 Respiratory Symptoms
(ANACONDA)

France Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04364009 NCT04364009 27-04-2020 14-05-2020

Personalised Immunotherapy for SARS-CoV-2 (COVID-19)
Associated With Organ Dysfunction (ESCAPE)

Greece Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04339712 NCT04339712 09-04-2020 22-04-2020

suPAR-guided Anakinra Treatment for Validation of the Risk
and Management of Respiratory Failure by COVID-19
(SAVE) (SAVE)

Greece Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04357366 NCT04357366 22-04-2020 27-04-2020

CORIMUNO-ANA: Trial Evaluating Efficacy Of Anakinra In
Patients With Covid-19 Infection (CORIMUNO-ANA)

Paris Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04341584 NCT04341584 10-04-2020 14-04-2020

Efficacy and Safety of Emapalumab and Anakinra in
Reducing Hyperinflammation and Respiratory Distress in
Patients With COVID-19 Infection.

Italy Recruiting Phase-2, Phase-3 https://clinicaltrials.gov/ct2/show/NCT04324021 NCT04324021 27-03-2020 12-08-2020

IL-8 Inhibitor

22 HuMax IL8
(BMS-986253)

Anti-Interleukin-8 (Anti-IL-8) for Patients With COVID-19 USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04347226 NCT04347226 15-04-2020 01-05-2020

IFN-γ Neutralizer

23 Emapalumab - Efficacy and Safety of Emapalumab and Anakinra in
Reducing Hyperinflammation and Respiratory Distress in
Patients With COVID-19 Infection.

Italy Recruiting Phase-2, Phase-3 https://clinicaltrials.gov/ct2/show/NCT04324021 NCT04324021 27-03-2020 12-08-2020

Plasma kallikrein Inhibitor

24 Lanadelumab Lanadelumab for Treatment of COVID-19 Disease Netherlands Not yet recruiting Phase-1, Phase-2 https://clinicaltrials.gov/ct2/show/NCT04422509 NCT04422509 09-06-2020 24-07-2020
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Table 1 (continued )

Sr. No Drug Name Title of Study Country Current Status Phase of
Clinical Study

Link Registration No Entered Last update
posted date

Block viral attachment and entry into human cells

25 LY3819253 -LY-
CoV555 is a
potent,
neutralizing
IgG1 monoclonal
antibody (mAb)

A Study of LY3819253 (LY-CoV555) in Participants With
Early Mild to Moderate COVID-19 Illness (BLAZE-1)

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04427501 NCT04427501 11-06-2020 25-08-2020

A Study of LY3819253 (LY-CoV555) in Participants
Hospitalized for COVID-19

USA Active, not recruiting Phase-1 https://clinicaltrials.gov/ct2/show/NCT04411628 NCT04411628 02-06-2020 05-08-2020

Angiopoietin - 2 Inhibitor

26 LY3127804 A Study of LY3127804 in Participants With COVID-19 USA Active, not recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04342897 NCT04342897 13-04-2020 20-08-2020

VEGF Inhibitor

27 Bevacizumab Bevacizumab in Severe or Critically Severe Patients With
COVID-19 Pneumonia-RCT (BEST-RCT)

China Recruiting Not applicable https://clinicaltrials.gov/ct2/show/NCT04305106 NCT04305106 12-03-2020 26-03-2020

Trial Evaluating Efficacy and Safety of Bevacizumab
(Avastin®/Zeribev®) in Patients With COVID-19 Infection,
Nested in the Corimmuno-19 Cohort (CORIMMUNO-BEVA)

France Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04344782 NCT04344782 14-04-2017 17-04-2017

IL-33 Inhibitor

28 Astegolimab A Study to Evaluate the Safety and Efficacy of MSTT1041A
(Astegolimab) or UTTR1147A in Patients With Severe
COVID-19 Pneumonia (COVASTIL)

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04386616 NCT04386616 13-05-2020 02-09-2020

IL-17A Inhibitor

29 Secukinumab COLchicine Versus Ruxolitinib and Secukinumab In Open
Prospective Randomized Trial (COLORIT)

Russia Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04403243 NCT04403243 27-05-2020 27-05-2020

PD-1 receptor Binder

30 Nivolumab Efficiency and Security of NIVOLUMAB Therapy in Obese
Individuals With COVID-19 (COrona VIrus Disease)
Infection (NIVISCO)

France Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04413838 NCT04413838 04-06-2020 04-06-2020

Trial Evaluating Efficacy and Safety of Nivolumab (Optivo®)
in Patients With COVID-19 Infection, Nested in the
Corimmuno-19 Cohort.(CORIMUNO-NIVO)

France Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04343144 NCT04343144 13-04-2020 14-04-2020

COVID-19: A Pilot Study of Adaptive Immunity and Anti-
PD1

Hong Kong Not yet recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04356508 NCT04356508 22-04-2020 22-04-2020

Prospective Study in Patients With Advanced or Metastatic
Cancer and SARS-CoV-2 Infection (IMMUNONCOVID)

France suspended Phase-2 https://clinicaltrials.gov/ct2/show/NCT04333914 NCT04333914 03-04-2020 16-06-2020

31 Pembrolizumab Checkpoint Blockade in COVID-19 Pandemic Spain Recruiting Phase-2 https://ClinicalTrials.gov/show/NCT04335305 NCT04335305 06-04-2020 09-06-2020

Human Factor XIIa antagonist

32 Garadacimab Treatment With CSL312 in Adults With Coronavirus Disease
2019 (COVID-19)

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04409509 NCT04409509 01-06-2020 21-08-2020

CCR5 inhibitor

33 Leronlimab Study to Evaluate the Efficacy and Safety of Leronlimab for
Mild to Moderate COVID-19

USA Active, not recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04343651 NCT04343651 13-04-2020 20-08-2020

Study to Evaluate the Efficacy and Safety of Leronlimab for
Patients With Severe or Critical Coronavirus Disease 2019
(COVID-19)

USA Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04347239 NCT04347239 15-04-2020 31-08-2020

Anti C5aR antibody

34 Avdoralimab Avdoralimab an Anti-C5aR Antibody, in Patients
With COVID-19 Severe Pneumonia (FORCE)

France Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04371367 NCT04371367 01-05-2020 01-05-2020

Prospective Study in Patients With Advanced or Metastatic
Cancer and SARS-CoV-2 Infection

France Suspended Phase-2 https://ClinicalTrials.gov/show/NCT04333914 NCT04333914 03-04-2020 16-06-2020
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Table 1 (continued )

Sr. No Drug Name Title of Study Country Current Status Phase of
Clinical Study

Link Registration No Entered Last update
posted date

Anti-CD147

35 Meplazumab Clinical Study of Anti-CD147 Humanized Meplazumab for
Injection to Treat With 2019-nCoV Pneumonia

China Recruiting Phase-1, Phase-2 https://clinicaltrials.gov/ct2/show/NCT04275245 NCT04275245 19-02-2020 19-02-2020

Complementary protein 5 blocker

36 Ravulizumab Efficacy and Safety Study of IV Ravulizumab in Patients With
COVID-19 Severe Pneumonia

USA Recruiting Phase-3 https://clinicaltrials.gov/ct2/show/NCT04369469 NCT04369469 30-04-2020 11-08-2020

mulTi-Arm Therapeutic Study in Pre-ICu Patients Admitted
With Covid-19 - Repurposed Drugs (TACTIC-R) (TACTIC-R)

UK Recruiting Phase-4 https://clinicaltrials.gov/ct2/show/NCT04390464 NCT04390464 15-05-2020 18-05-2020

37 Eculizumab CORIMUNO19-ECU: Trial Evaluating Efficacy and Safety of
Eculizumab (Soliris) in Patients With COVID-19 Infection,
Nested in the CORIMUNO-19 Cohort (CORIMUNO19-ECU)

France Recruiting Phase-2 https://clinicaltrials.gov/ct2/show/NCT04346797 NCT04346797 15-04-2020 27-04-2020

SOLIRIS® (Eculizumab) Treatment of Participants With
COVID-19

France Available Not mentioned https://clinicaltrials.gov/ct2/show/NCT04355494 NCT04355494 21-04-2020 18-08-2020

Eculizumab (Soliris) in Covid-19 Infected Patients (SOLID-
C19)

USA Available Not mentioned https://clinicaltrials.gov/ct2/show/NCT04288713 NCT04288713 28-02-2020 30-03-2020

NKG2A inhibitor

38 Monalizumab Prospective Study in Patients With Advanced or Metastatic
Cancer and SARS-CoV-2 Infection

France Suspended Phase-2 https://ClinicalTrials.gov/ct2/show/NCT04333914 NCT04333914 03-04-2020 16-06-2020

Anti-HER2

39 Pertuzumab An Expanded Access Study to Provide at Home Subcutaneous
Administration of Pertuzumab and Trastuzumab Fixed-Dose
Combination (PH FDC SC) for Patients With HER2-Positive
Breast Cancer During the COVID-19 Pandemic

USA Available Not mentioned https://clinicaltrials.gov/ct2/show/NCT04395508 NCT04395508 20-05-2020 02-09-2020

40 Trastuzumab An Expanded Access Study to Provide at Home Subcutaneous
Administration of Pertuzumab and Trastuzumab Fixed-Dose
Combination (PH FDC SC) for Patients With HER2-Positive
Breast Cancer During the COVID-19 Pandemic

USA Available Not mentioned https://clinicaltrials.gov/ct2/show/NCT04395508 NCT04395508 20-05-2020 07-07-2020

Anti ILT-7

41 VIB7734 -
Daxdilimab

Treatment and Prevention of Acute Lung Injury (ALI) in
Patients With COVID-19 Infection (ALI)

USA Recruiting Phase-1 https://clinicaltrials.gov/ct2/show/NCT04526912 NCT04526912 26-08-2020 02-09-2020

Other

42 CT-P59 To Evaluate the Safety, Tolerability and Pharmacokinetics of
CT-P59 in Healthy Subjects

Korea Recruiting Phase-1 https://clinicaltrials.gov/ct2/show/NCT04525079 NCT04525079 25-08-2020 25-08-2020

IL, Interleukin. ILT, Immunoglobulin-like transcript. TNFα, Tumor Necrosis Factor alpha. CTGF, Connective Tissue Growth Factor. GM-CSF, Granulocyte Macrophage Colony Stimulating Factor. TNFSF, Tumor Necrosis
Factor Superfamily. CSF-1R, Colony Stimulating Factor 1 Receptor. IFN- Interferon, VEGF, Vascular Endothelial growth Factor. PD, Programmed Cell Death Protein. CD, Cluster of Differentiation. CCR, Chemokine Receptor.
NKG2A, Natural Killer Group 2 Member ACell Receptor. HER, Human Epidermal Growth Factor Receptor. C5aR, Complementary component fragment 5a receptor.
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7. Interpretation

A total of 125 clinical trials are registered for the repurposing of mAbs
in the management of ARDS in COVID-19 infected patients spread
throughout the world but the majority of trials registered in the USA,
France, and Italy (Figure 3). Detailed information regarding the name of
mAb, its target, and the status of registered or ongoing trial is summa-
rized in Table 1. It is very evident that though several mAbs are under
investigation in clinical trials targeting various cytokines IL-6, IL-1ra, IL-
8, IL-1β, IL-17A, IL-33, IFN-γ, TNF-α, P- selectin, connective tissue growth
factor (CTGF), plasma kallikrein, tumor necrosis factor superfamily
(TNFSF)14, GM-CSF, colony stimulating factor 1 receptor (CSF-1R), C–C
chemokine receptor type 5 (CCR5), cluster of differentiation (CD) 14 and
147, VEGF, programmed cell death protein-1 (PD-1), angiopoietin - 2,
human factor XIIa, complementary protein 5, natural killer cell receptor
G2A (NKG2A), human epidermal growth factor receptor 2 (HER2),
immunoglobulin-like transcript 7 (ILT7) receptor, complement compo-
nent fragment 5a receptor (C5aR) and viral attachment to the human cell
(Figure 4 and Table 2). However, the majority of mAb that are under
clinical trials are IL-6 inhibitors for healing patients with moderate and
severe COVID-19 (Figure 4). There are seven candidates that target IL-6
(tocilizumab, sarilumab, siltuximab, sirukumab, clazakizumab, olokizu-
mab, levilimab). The maximum clinical studies are undergoing on toci-
lizumab among all the mAbs candidates as well as mAbs targeting IL-6
(Figure 5 and Figure 6). Therefore, tocilizumab is considered to be the
most promising candidate for management of cytochrome storm in
COVID-19.

8. Discussion

It is evident that augmented levels of IL-6 were observed in patients
infected with SARS-CoV-2 and correlated with disease severity (Zhang
et al., 2020a, b, c, d, e; Aziz et al., 2020; Mojtabavi et al., 2020; Ji et al.,
2020; Udomsinprasert et al., 2020). Levels of IL-6 seem to be associated
with inflammatory response, respiratory failure, needing for mechanical
ventilation and/or intubation and mortality in COVID-19 patients (Her-
old et al., 2020). Therefore study shows that it is considered to be a
prognosticator in patients affected by SARS-CoV-2 (Grifoni et al., 2020).
IL-6 is crucial for the production of T helper 17 (Th17) cells in the den-
dritic cell-T cell interaction [Tanaka et al., 2016]. Thus augmented IL-6
may explicate the exaggeratedly activated Th17 cells seen in patients
infected with SARS-CoV-2 [Xu et al., 2020].

IL-6 is a small glycoprotein that has significant anti-inflammatory and
pro-inflammatory properties. The anti-inflammatory function of IL-6 is
mediated by classic signalling whereas trans-signalling is a key regulator
for the proinflammatory properties (Scheller et al., 2011). In
trans-signalling, IL-6 binds to the soluble form of the IL-6 receptor
(sIL-6R) and forms a complex with gp130 dimer. This complex can
Figure 4. Depiction of total number of ongoing clinical trials and
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activate IL-6-sIL-6R- Janus Kinase (JAK) -Signal transducer and activator
of transcription 3 (STAT3) signalling (Zhang et al., 2020a, b, c, d, e). This
leads to the secretion of VEGF, MCP-1, IL-8 and additional IL-6 along
with reduction of E-cadherin expression on endothelial cells. This series
of events ultimately aggravates the cytokine storm through increased
vascular permeability and leakage (Tanaka et al., 2016). Selective
blockage of this trans-signaling pathway is likely to have the beneficial
effect of blocking inflammation without the undesirable off-target effects
of broad immune suppression.

Among all IL-6 inhibitors, Tocilizumab (trade name RoActemra) is
highly evaluated in clinical trials for management of COVID-19 patients
with alarming signs of cytokine storm (Figure 6) and therefore preferred
and recommended as a potential treatment option for critically ill pa-
tients with COVID-19 (Zhang et al., 2020a, e). Tocilizumab a recombi-
nant humanized monoclonal antibody directed against IL-6 receptor and
inhibiting its signal transduction pathway is approved by FDA for the
treatment of cytokine storm associated with several inflammatory and
autoimmune diseases, such as giant cell arteritis, rheumatoid arthritis,
systemic juvenile idiopathic arthritis and polyarticular juvenile idio-
pathic arthritis. It is the first and only IL-inhibitor approved by FDA for
the treatment of CAR-T cell-induced cytokine release syndrome (CRS)
(Atal and Fatima, 2020; Tocilizumab: Drug information - UpToDate,
2020). It is effective and safe for treating both paediatric (with two or
more years of age) as well as adults. Tocilizumab is being studied for
managing ARDS in severe ill patients with COVID-19 alone or in com-
bination with other antiviral therapies like hydroxychloroquine,
remdesivir and favipiravir and broad spectrum antibiotics in several
clinical trials (Antwi-Amoabeng et al., 2020; Borku Uysal et al., 2020;
Campochiaro et al., 2020; Christou et al., 2020; Farooqi et al., 2020;
Jordan et al., 2020; Mazzitelli et al., 2020; Moreno-P�erez et al., 2020;
Quartuccio et al., 2020; Toniati et al., 2020; Trujillo et al., 2020; Wang
et al., 2020). These clinical studies concluded that intravenous admin-
istration of Tocilizumab at a dose of 8 mg/kg results in reduced serum
IL-6 level and rapid clinical improvement of COVID-19 pneumonia with
ARDS (Toniati et al., 2020) in majority of participants. Other IL-6 in-
hibitors, siltuximab and sarilumab also studied clinically for the man-
agement of COVID-19 (Maes et al., 2020). FDA approved siltuximab for
multicentric Castleman's disease while FDA approves sarilumab for
rheumatoid arthritis similar to that of Tocilizumab (Atal and Fatima,
2020).

Clazakizumab is an investigational humanised monoclonal antibody
against IL-6, which is also considered a potential candidate for the
management of cytochrome strom associated with COVID-19. Although
not yet FDA approved, It is primarily registered for phase II clinical trials
for the treatment of kidney transplant recipients with late antibody-
mediated rejection. Clinical trials of clazakizumab for treating critical
cases of COVID-19 are under investigation (Vaidya et al., 2020). Oloci-
zumab is also an investigational monoclonal antibody against IL-6.
mAbs Candidate for different biological targets of COVID-19.



Table 2. Registered phase wise clinical trials for different biological targets of Therapeutic Monoclonal Antibodies in management of COVID-19 associated Cytokine
Storm.

Biological Target Name of mAbs Total no. of Clinical
Trials going on

Early
Phase-1

Phase-1 Phase-2 Phase-3 Phase-4 Phase not
mentioned

IL-6 receptors Inhibitor 65 1 - 38 16 3 7

Tocilizumab 44 - 24 12 2 _ 6

Sarilumab 11 - 7 2 1 1 _

Sirukumab 3 - 1 1 - - 1

Clazakizumab 1 - 1 - - - -

Olokizumab 4 - 4 - - - -

Siltuximab 1 - 1 - - - -

Levilimab 1 - - 1 - - -

GM-CSF Inhibitor 7 - 1 5 1 - -

Lenzilumab 1 - - - 1 - -

Mavrilimumab 3 - - 3 - - -

TJ003234 1 - 1 - - - -

Gimsilumab 1 - - 1 - - -

Otilimab 1 - - 1 - - -

TNFα Inhibitor Infliximab/Infliximab-abda 1 - - 1 - - -

P-selectin Blocker Crizanlizumab 1 - - 1 - - -

CTGF Inhibitor Pamrevlumab 1 - - 1 - - -

CSF-1R Inhibitor Axatilimab 1 - - 1 - - -

IL-1β Blocker Canakinumab 4 - - 1 2 - 1

TNFSF14 Inhibitor CERC-002 - An anti-LIGHT fully human
monoclonal antibody

1 - - 1 - - -

Anti CD14 4 - 2 1 1 - -

REGN10933 þ REGN10987 combination therapy 3 - 2 - 1 - -

Atibuclimab (IC-14) 1 - - 1 - - -

IL-1ra Inhibitor Anakinra 8 - - 5 3 - -

IL-8 Inhibitor HuMax IL8 (BMS-986253) 1 - - 1 - - -

IFN-γ Neutralizer Emapalumab 1 - - 1 - - -

Plasma kallikrein Inhibitor Lanadelumab 1 - 1 - - - -

Block viral entry LY3819253 2 - 1 1 - - -

VEGF Inhibitor Bevacizumab 2 - 1 - - - 1

IL-33 Inhibitor Astegolimab 1 - - 1 - - -

IL-17A Inhibitor Secukinumab 1 - - 1 - - -

PD-1 receptor Binder 5 - - 5 - - -

Nivolumab 4 - - 4 - - -

Pembrolizumab 1 - - 1 - - -

Human Factor XIIa antagonist Garadacimab 1 - - 1 - - -

Angiopoietin - 2 Inhibitor LY3127804 1 - - 1 - - -

Complementary Protein 5 blocker 5 - - 1 1 1 2

Ravulizumab 2 - - - 1 1 -

Eculizumab 3 - - 1 - - 2

NKG2A Inhibitor Monalizumab 1 - - 1 - - -

Anti-HER2 1 - - - - - 1

Pertuzumab 1 - - - - - 1

Transtuzumab 1 - - - - - 1

Anti ILT-7 VIB7734 -Daxdilimab 1 - 1 - - - -

CCR5 inhibitor Leronlimab 2 - - 2 - -

Anti C5aR antibody Avdoralimab 2 - - 2 - - -

Anti-CD147 Meplazumab 1 - 1 - - - -

Other CT-P59 1 - 1 - - - -

IL, Interleukin. ILT, Immunoglobulin-like transcript. TNFα, Tumor Necrosis Factor alpha. CTGF, Connective Tissue Growth Factor. GM-CSF, Granulocyte Macrophage
Colony Stimulating Factor. TNFSF, Tumor Necrosis Factor Superfamily. CSF-1R, Colony Stimulating Factor 1 Receptor. IFN- Interferon, VEGF, Vascular Endothelial
growth Factor. PD, Programmed Cell Death Protein. CD, Cluster of Differentiation. CCR, Chemokine Receptor. NKG2A, Natural Killer Group 2 Member ACell Receptor.
HER, Human Epidermal Growth Factor Receptor. C5aR, Complementary component fragment 5a receptor.
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Figure 5. Representation of number of clinical trials undergoing for each mAbs for repurposing in Covid-19 management.

Figure 6. Phase wise representation of ongoing clinical trials of various mAbs candidates targeting IL-6 inhibition.
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Tocilizumab and sarilumab are under evaluation in phase IV clinical
trials, and siltuximab is in phase III for COVID-19 patients.

Apart from that canakinumab (monoclonal antibody against human
IL-1β), anakinra (recombinant human IL-1R antagonist), and emapalu-
mab (monoclonal antibody against human IFN-γ) are promising mAbs to
treat the cytokine storm associated with severe forms of COVID-19.

A novel monoclonal antibody cocktail REGN10933 and REGN10987
intervening under clinical Phase-III is futurized to be considered as the
most promising therapeutic strategy amongst all as it is able to thwart
SARS-CoV-2 at the initial phase only by targeting the spike protein on its
surface (Renn et al., 2020).

Therapeutic monoclonal antibodies are also exploring targets other
than cytokines for the prevention and treatment of COVID-19.

9. Conclusion

Several mAbs are under investigation in clinical trials targeting
various cytokines IL-6, IL-1ra, IL-8, IL-1β, IL-17A, IL-33, IFN-γ, TNF-α, P-
selectin, CTGF, plasma kallikrein, TNFSF14, GM-CSF, CSF-1R, CCR5,
CD14, CD147, VEGF, PD-1, Angiopoietin - 2, human factor XIIa, com-
plementary protein 5, NKG2A, HER2, ILT7 receptor, C5aR and viral
attachment to the human cell. However, elevated levels of pro-
inflammatory cytokine IL-6 were observed to be a constant indicator of
poor outcome in critically ill COVID-19 patients with pneumonia and
ARDS. Cytokine IL-6 is the best-documented cytokine that correlates well
with viral load, severity, criticality, and prognosis of patients with
COVID-19. Most of the clinical studies conducted so far are targeting IL-6
for the management of severe stage of COVID-19. There are seven can-
didates that target IL-6 (tocilizumab, sarilumab, siltuximab, sirukumab,
clazakizumab, olokizumab, levilimab). Among these the maximum
clinical studies are reported on tocilizumab. Therefore, tocilizumab is
considered to be the most promising candidate for management of cy-
tochrome storm in COVID-19.
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