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ABSTRACT

Introduction: As the coronavirus disease (COVID-19) spreads worldwide, awaiting the devel-
opment of a vaccine, researchers are looking among the arsenal of available drugs, for a
potential cure or medication to improve patients’ outcome. A highly elevated levels of
cytokines in COVID-19 patients requiring ICU admission, has suggested that a “cytokine
storm” was associated with disease severity.

Methods: We summarize published key findings about imatinib, aiming to rationalize its use as
a potential pharmacologic treatment for COVID-19.

Results: Data from cellular, animal models and clinical trials, showed a beneficial role of
tyrosine kinase inhibitors in the regulation of inflammation, the maintenance of endothelial
barrier integrity, as well as the expression of antiviral properties. This data is especially derived
from imatinib, the most studied Abl family kinase inhibitor, that is currently in clinical use for
multiple medical conditions.

Discussion: Based on this encouraging data, we hypothesize that imatinib might be beneficial for
the treatment of patients with SARS-CoV-2 pneumonia, in the aim of preventing disease progression
into the severe phenotype of hypoxic respiratory failure and acute respiratory distress syndrome. This
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concept can be considered for evaluation in a randomized controlled study.

1. Introduction

The recently identified coronavirus disease 2019
(COVID-19), which first appeared in Wuhan, China,
in December 2019, has rapidly increased in epidemic
scale to become a worldwide major health threat[1].
The virus has shown a high transmission rate with
a heterogeneous spectrum of clinical presentations;
from mild flu-like symptoms to severe pneumonia,
hypoxemic respiratory failure and acute respiratory
distress syndrome (ARDS)[1].

ARDS is a life-threatening lung condition, associated
with profound hypoxia requiring mechanical ventilation
and accounting for mortality of most viral respiratory
infections[2].

Medication aiming to prevent disease progression into
severe phenotypes might have a major impact on
patients’ outcome and on the optimizing of medical
resources utilization.

1.1. The pathogenesis of COVID-19

Angiotensin-converting enzyme 2 (ACE2), which has
a protective role against acute lung injury (ALI)[3], is
the main cellular receptor for SARS-CoV2[4]. When
bonded by the virus spike protein, ACE2 is down-
regulated, leading to an increase in angiotensin II

and an increased pulmonary vascular permeability,
pulmonary edema, and reduced lung function [5,6].

1.2. SARS-CoV-2 mediated inflammatory
response

The SARS-CoV-2 mediated inflammatory response
can be explained by various mechanisms. The initial
rapid viral replication causes massive epithelial and
endothelial cell death, subsequently causing vascular
leakage. Also, the viral infection induces pyroptosis of
macrophages and lymphocytes, which can be trigger-
ing the production of exuberant pro - inflammatory
cytokines and chemokines[7].

An antibody-dependent enhancement mechanism
has also been proposed, promoting cellular uptake of
infectious virus-antibody complexes, facilitating
a persistent viral replication in the lungs, leading to
an extensive inflammatory response[7].

1.3. Role of cytokines in disease progression

Cytokines are a group of structurally unrelated pro-
teins that are categorized based on their binding to
distinct receptors, including the tyrosine kinase super-
family, which are important mediators of the signaling
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cascade and key role determinants of diverse biologi-
cal processes[8].

Patients infected with SARS-COV-2 who showed
severe symptoms requiring ICU admission had higher
levels of cytokines than did those not requiring ICU
admission. This is suggesting that a “cytokine storm”
was associated with the severity of the disease and its
progression into ARDS[9].

1.4. Current proposed treatments for COVID-19

Currently, there are no specific antiviral drugs or
vaccines for the control of COVID-19. Symptomatic
& supportive treatment strategies are recommended in
clinical practice.

Meanwhile, based on previous experience during
the outbreak of SARS-CoV & MERS-CoV, medication
with potential benefit have been proposed, aiming to
either abolish viral replication or to prevent disease
progression.

Treatment with hydroxychloroquine[10], and the
combination of lopinavir/ritonavir have been pro-
posed for their antiviral properties[11]. Limited data
derived from pilot studies are available about the effi-
cacy of these proposed molecules in the treatment of
SARS-COV-2 infection.

The use of systemic anti-inflammatory drugs to
reduce cytokine storm is also a potential therapeutic
strategy. Corticosteroids were used frequently for pos-
sible benefit on reducing inflammation-induced lung
injury. However, current evidence has shown no effect
on mortality but rather delay in viral clearance, calling
for further studies to assess the validity of their sys-
tematic use[12].

Interleukin-6 inhibitors, interferon beta, and beva-
cizumab are proposed biological treatments, aiming to
prevent severe damage to lung tissue caused by the
cytokine release[13].

1.5. Potential role of protein tyrosine kinases in
pulmonary disease

Protein tyrosine kinases (PTK) play a critical role in
cellular homeostasis and adaptation to the external
environment through diverse cellular processes, such
as proliferation, differentiation, migration, inflamma-
tion, and maintenance of cellular barrier integrity
[14,15]. Given these key regulatory functions, PTKs
dysregulation might play an important role in the
pathogenesis of many pulmonary diseases, with over-
lap in various disease states, suggesting their wide-
range role as potential therapeutic targets[16].

1.5.1. Background on imatinib

In the early 2000s, successful tyrosine kinase inhibi-
tion by imatinib leads to its FDA approval for the
treatment of chronic myelogenous leukemia (CML)
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and provided strong evidence that targeting kinases
was not only feasible but could be game-changing[17].

Although imatinib was originally designed to inhibit
the BCR-ADI fusion protein, it also inhibits several other
kinases including c-Abl, Abl-related gene (Arg), c-kit, and
platelet-derived growth factor receptor (PDGFR),
involved in regulating vascular permeability[18]. These
properties are suggesting that imatinib may have pleio-
tropic effects on vascular function; a potential role in
attenuating inflammation and restoring vascular integrity
in inflammatory vascular leak syndromes[18].

1.6. Preclinical studies on imatinib in pulmonary
disease

In a clinically relevant animal model of ALI, imatinib
attenuated LPS and ventilator-induced lung injury
(VILI). Imatinib significantly decreased bronchoal-
veolar lavage (BAL) proteins and total cells, with
a substantial, more than 50% & 88% decrease in total
neutrophils TNF-a, respectively [19]. Additionally,
despite being given 4 h after the onset of injury,
imatinib retained its protective effects and attenuated
vascular leak as measured by the significant reduction
of BAL total protein & albumin content[19].

The results of this study suggest that imatinib
attenuates the inflammation and the vascular leak
induced by LPS when combined with VILI and that
these protective effects outweigh its potentially dele-
terious effect in VILI alone, previously reported by the
same working group[20].

Evidence from multiple groups has confirmed the
ability of imatinib to attenuate vascular permeability
induced by diverse stimuli including thrombin, histamine,
VEGEF, LPS, and reactive oxygen species (ROS) [21,22].

1.7. Clinical experience with imatinib in
pulmonary disease

A series of case reports has supported the potential role of
targeting Abl kinases to regulate vascular permeability, in
which imatinib therapy was associated with rapid resolu-
tion of pulmonary and systemic vascular leak. [23-25]

In a randomized controlled trial (RCT) on 62
patients with severe asthma, the use of imatinib inhib-
ited mast cells over activation and was correlated with
physiological improvements[26].

In a multicentric RCT conducted in 71 centers (14
countries) with 201 patients with pulmonary artery
hypertension, imatinib showed a significant improve-
ment in pulmonary artery pressure parameters, higher
reduction in ProBNP levels, as well as clinical
improvement evaluated by 6 MW test[27].

In contrast, long-term imatinib treatment in
patients with idiopathic pulmonary fibrosis (IPF) did
not significantly improve functional capacity nor
patients survival versus placebo[28].
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Additionally, contrary to its barrier-protective effects,
periorbital, subcutaneous edema, as well as pleural and
pericardial effusions have been reported as side effects in
patients receiving imatinib in certain clinical contexts[17].

1.8. Anti-viral properties of imatinib

The potential antiviral properties of imatinib have been
previously demonstrated in pre-clinical laboratory studies,
where it showed a potent inhibitory effect on SARS-CoV
& MERS-CoV, replication in vitro, mainly through its
AbI2 protein kinase inhibition [29,30].

The antiviral activity of imatinib seems to occur at
the early stages of infection, after cellular internaliza-
tion and endosomal trafficking, by inhibiting fusion of
the virus at the endosomal membrane[30].

1.9. Potential imatinib-related pulmonary
complications

A potential risk of pulmonary complications arising
from the use of TKIs has been previously reported.
Despite the benefits of TKIs in diseases such as pul-
monary hypertension and pulmonary fibrosis, few
case reports have paradoxically highlighted their cap-
ability to induce interstitial lung disease (ILD). [31]
Imatinib is generally well tolerated, and grade 3 and 4
non-hematologic toxicities are uncommon[32]. In
a retrospective analysis of approximately 5500 patients
given imatinib for hematological disorders in Japan, 27
patients were diagnosed to have developed drug - induced
ILD [33,34]. The median period until development of ILD
was 49 days (range: 10-282 days) and the median daily
dose of imatinib was 400 mg (range: 200-600 mg) at the
time ILD was diagnosed. None has developed diffuse
alveolar damage pattern. Most of these patients responded
well to corticosteroid treatment, dose reduction, or dis-
continuation of the imatinib treatment. [33]

1.10. Other Protein Kinases inhibitors with
anti-inflammatory effect

Since the development of targeted TKIs, they largely
changed the treatment options for diverse disease con-
ditions, ranging from cancer to inflammatory and auto-
immune diseases [33,35]. The first developed targeted
TKI was imatinib in 2001, yet other TKIs have been also
clinically studied for their anti-inflammatory effect and
potential use in pulmonary diseases, including ninteda-
nib, dasatinib, nilotinib, sorafenib, and saracatinib[16].
Among these, nintedanib has received the FDA
approval in 2014, for the treatment of IPF[36].

Potent Janus Kinase inhibitors; baricitinib & ruxoliti-
nib, have been suggested as possible treatment for SARS-
COV-2 infection[13]. However, concerns were raised
about their inhibition of a variety of inflammatory

cytokines including INF-a, which plays an important
role in curbing virus activity[13].

2. Conclusion

Data from cellular, animal models, and clinical trials
showed a beneficial role of TKI in the regulation of
inflammation, the maintenance of endothelial barrier
integrity, as well as the expression of antiviral properties.
This encouraging data is especially derived from imati-
nib, the most studied Abl family kinase inhibitor, that is
currently in clinical use for multiple medical conditions.
We hypothesize that imatinib might be beneficial for the
treatment of SARS-CoV-2 infection and can be consid-
ered for evaluation in a randomized controlled study in
COVID-19 patients with moderate and severe pneumo-
nia, for the prevention of disease progression into ARDS.
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