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The COVID-19 pandemic, caused by the SARS-CoV-2 virus, has posed significant global 

challenges, impacting millions and straining healthcare systems. With over 600 million 

confirmed cases worldwide and a death rate of approximately 1% as of May 2024, 

there is an urgent need for effective treatments. Kinase inhibitors, traditionally used in 

cancer therapy, have emerged as promising candidates due to their multifaceted 

antiviral and immunomodulatory properties. By targeting key signaling pathways 

involved in viral replication, host immune response modulation, and inflammatory 

cascades, these inhibitors offer a comprehensive approach to combating SARS-CoV-2 

infection. This review explores the intricate mechanisms of action of kinase inhibitors, 

highlighting their antiviral potential, immunomodulatory effects, and synergistic 

interactions with existing treatments. We synthesize data from in vitro experiments, 

animal models, and clinical trials to provide a thorough understanding of the 

therapeutic landscape of kinase inhibitors in COVID-19. Notably, the FDA has approved 

Baricitinib in combination with remdesivir for hospitalized COVID-19 patients, 

demonstrating improved clinical outcomes and reduced recovery time. Other kinase 

inhibitors, such as Imatinib and Ruxolitinib, are undergoing clinical trials to assess their 

efficacy. Despite challenges, the repurposing of kinase inhibitors represents a viable 

strategy to mitigate the impact of COVID-19 and enhance patient outcomes.                                                  
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INTRODUCTION: 

COVID-19 is a global pandemic caused by the 

SARS-CoV-2 virus has created issues 

worldwide, affecting millions of people and 

straining healthcare systems [1]. There are over 

600 million confirmed cases worldwide and a 

fatality rate of around 1% as of May 2024. The 

search for effective medicines has made 

researchers to investigate repurposing existing 

pharmaceuticals, with kinase inhibitors 

appearing as a promising class of drugs [2]. 

These inhibitors, which have historically been 

employed in cancer therapy, have various 

antiviral and immunomodulatory effects that 

make them promising drugs to fight against 

COVID-19. Kinase inhibitors provide a holistic 

approach to dealing with SARS-CoV-2 

infection by targeting critical signaling 

pathways involved in viral replication, host 

immune response modulation, and 

inflammatory cascades [3]. 

Kinase inhibitors include various well-known 

drugs like imatinib, ruxolitinib, baricitinib, and 

tofacitinib [4], as well as newer drugs like 

sunitinib, dasatinib, and sorafenib, which have 

shown promise in preclinical studies for their 

ability to interfere with viral pathogenesis at 

various stages. These inhibitors disrupt viral 

internalization, inhibit replication of the genetic 

material, and prevent the cell-to-cell signal 

transduction. They also exhibit 

immunomodulatory effects to migitate the 

excessive inflammatory response showcasing 

their diverse strategies in combating COVID-

19 [4,5].  

This review explores the mechanisms of kinase 

inhibitors in treating COVID-19, focusing on 

their antiviral and immunomodulatory effects, 

and their potential synergy with existing 

treatments. By synthesizing data from in vitro 

studies, animal models, and clinical trials, it 

aims to provide a comprehensive understanding 

of their therapeutic potential. Promising results 

are emerging from ongoing clinical trials, 

including the FDA-approved use of baricitinib 

with remdesivir, and the evaluation of other 

inhibitors like imatinib and ruxolitinib for 

safety and efficacy in COVID-19 treatment. 

KINASE INHIBITORS AS POSSIBLE 

ANTIVIRAL AGENTS IN COVID-19 

Kinase inhibitors have emerged as promising 

antiviral agents against SARS-CoV-2, the virus 

responsible for COVID-19. These inhibitors 

target specific cellular signaling pathways 

crucial for the viral lifecycle, offering a 

multifaceted approach to combating the virus 

[6]. 

The initial step in SARS-CoV-2 infection 

involves the attachment of the viral spike 

proteins to the ACE2 receptor of the host cell, 

facilitating viral internalization [7]. Kinase 

inhibitors like AXL inhibitors (e.g., gilteritinib, 

cabozantinib) [8]and NAK inhibitors (e.g., 

imatinib, ruxolitinib, sunitinib) can disrupt this 

attachment process [9]. AXL inhibitors 

interfere with the binding of the viral spike 
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proteins to the ACE2 receptor, while NAK 

inhibitors target the clathrin-mediated 

endocytosis pathway used by the virus for 

cellular entry [10]. 

Once inside the host cell, SARS-CoV-2 hijacks 

the cellular machinery to replicate its genetic 

material and synthesize viral proteins. This 

replication process depends on various cellular 

signaling pathways, including mTOR-PI3K-

AKT, ABL-BCR/MAPK, and DNA damage 

response (DDR) pathways [11]. Kinase 

inhibitors targeting these pathways, such as 

mTOR-PI3K-AKT inhibitors (e.g., vistusertib, 

everolimus) [12], ABL-BCR/MAPK inhibitors 

(e.g., nilotinib, bosutinib) [13], and DDR 

inhibitors (e.g., berzosertib, olaparib) [14], have 

demonstrated the ability to stop the viral 

replication. By disrupting this essential 

signaling pathway, kinase inhibitors alter the 

ability of the virus to replicate and spread 

within the host cell. 

During the assembly phase of the viral 

lifecycle, newly synthesized viral components 

are packaged into mature virus particles [15]. 

Kinase inhibitors that interfere with translation, 

membrane trafficking, and stress response 

pathways may disrupt the assembly of 

infectious viral particles. By precisely targeting 

these cellular processes, kinase inhibitors have 

the potential to inhibit the assembly and release 

of mature virus particles, thereby diminishing 

viral infectivity and transmission [16,17]. 

The mature virus particles that are released 

from the host cell represent a critical stage in 

the viral lifecycle that kinase inhibitors can also 

target [18]. JAK inhibitors (e.g., baricitinib, 

tofacitinib) [19] and BTK inhibitors (e.g., 

acalabrutinib, zanubrutinib) [20] have shown 

the potential to modulate signaling pathways 

involved in this process and impede the virus 

ability to exit the host cell and infect 

neighboring cells. 

The repurposing of FDA-approved kinase 

inhibitors for COVID-19 treatment offers 

several advantages, including established safety 

profiles and availability for clinical use. Many 

kinase inhibitors, such as imatinib, ruxolitinib, 

baricitinib, tofacitinib, and silmitasertib, are 

currently undergoing clinical trials to assess 

their efficacy against SARS-CoV-2. 

Combining kinase inhibitors with other 

therapies may enhance their therapeutic 

potential [21]. 
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Fig. 1: Mechanism of PKI as an antiviral agent in Covid-19 

KINASE INHIBITORS AS POSSIBLE 

IMMUNOMODULATORY AGENTS IN 

COVID-19 

Kinase inhibitors have become crucial in the 

fight against COVID-19, particularly for their 

role as immunomodulators targeting the 

cytokine storm [22]. The cytokine storm, 

marked by the excessive release of pro-

inflammatory cytokines like IL-2, IL-6, IL-8, 

and TNF-α, significantly contributes to severe 

COVID-19 complications such as acute lung 

injury and ARDS. These inhibitors work by 

blocking specific kinases, disrupting viral 

replication, and aiding COVID-19 management 

[23]. They interfere with cytokine signaling 

pathways and immune effector pathways, 

potentially reducing the risk of cytokine storms 

and associated tissue damage, which is vital in 

preventing multiorgan failure and death in 

severe cases [24]. Prominent kinase inhibitors 

include Baricitinib, a JAK inhibitor approved 

for use with remdesivir, Imatinib, a tyrosine 

kinase inhibitor under investigation, and 

Ruxolitinib, another JAK inhibitor being 

explored for managing hyperinflammation. 

Silmitasertib and Tofacitinib are also being 

studied for their roles in COVID-19-related 

inflammation [25][26]. 

JAK inhibitors like baricitinib have shown to 

improve severe pneumonia and reduce 

mortality by regulating cytokine signals such as 

IL-6, IL-12, IFN-γ, and GM-CSF, reducing 

JAK-dependent cytokine storms [26]. These 
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inhibitors target cytokine signaling, immune 

effector pathways, and inflammation, 

decreasing the production of pro-inflammatory 

cytokines and inhibiting immune cell activation 

[22][27]. Clinical trials are ongoing to evaluate 

the effectiveness and safety of kinase inhibitors 

in managing the cytokine storm in severe 

COVID-19, aiming to reduce inflammation and 

improve patient outcomes [28][29]. Besides 

COVID-19, kinase inhibitors are promising in 

cancer treatment by targeting kinases involved 

in cell growth, proliferation, and survival. The 

repurposing of kinase inhibitors from cancer 

treatment to COVID-19 management 

underscores their potential to modulate key 

signaling pathways in multiple diseases 

[29][30]. Continued research is essential to 

optimize the use of kinase inhibitors in COVID-

19 therapy. 

 

 

 

Fig. 2: Mechanism of formation of Cytokine storm and its complications. 

 

PRECLINICAL AND CLINICAL 

EVIDENCE OF KINASE INHIBITORS IN 

COVID-19 TREATMENT 

Kinase inhibitors have emerged as potential 

therapeutic agents in the fight against COVID-

19. These inhibitors, including Imatinib, 

Ruxolitinib, Silmitasertib, and Tofacitinib, 

show promise in targeting virus-associated 

proteins and symptoms like pneumonia, 

fibrosis, and inflammation [26]. By disrupting 

the virus's life cycle and modulating the 

immune response, they offer a multifaceted 

approach to combating COVID-19. Baricitinib, 

a Janus kinase (JAK) inhibitor, has received 

FDA approval for use with Remdesivir for 
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hospitalized COVID-19 patients. JAK 

inhibitors like Baricitinib demonstrate dual 

anti-viral and anti-inflammatory properties, 

making them attractive for repurposing in 

COVID-19 treatment. They can mitigate the 

hyperinflammatory response in severe cases, 

improving patient outcomes [19,21,26]. 

Clinical trials have shown that JAK inhibitors 

can reduce mortality rates, enhance clinical 

recovery, shorten recovery time, and decrease 

the need for invasive mechanical ventilation in 

hospitalized patients. These inhibitors are 

associated with a lower risk of serious adverse 

events, highlighting their potential as safe and 

effective treatment options [31]. Kinase 

inhibitors, particularly JAK inhibitors, are 

being investigated for targeting cytokine storms 

and inflammation in COVID-19 pneumonia. 

By modulating the immune response and 

reducing excessive inflammation, these 

inhibitors can improve outcomes for patients 

with severe pneumonia. The repurposing of 

existing kinase inhibitors leverages their 

established safety profiles and mechanisms of 

action, potentially expediting effective 

therapies [32]. The versatility of kinase 

inhibitors in targeting various aspects of 

COVID-19 pathogenesis underscores their 

potential as valuable treatment additions. 

Continued research and clinical trials are 

essential to further understand their efficacy, 

safety, and optimal use in managing COVID-

19. 

CHALLENGES OF USING KINASE 

INHIBITORS FOR COVID-19 

TREATMENT 

When considering kinase inhibitors for 

COVID-19 treatment, several challenges need 

to be addressed [21]. Current investigations rely 

heavily on preclinical studies and anecdotal 

data, requiring rigorous, large-scale clinical 

trials for robust evidence [33,34]. Kinase 

inhibitors approved for malignancies may 

increase infection risk in COVID-19 patients, 

necessitating careful consideration of safety 

profiles and drug interactions [35,36]. Their 

pharmacokinetic properties present challenges, 

as some require long-term dosing and may not 

optimally target affected organs like the lungs 

[37,38]. 

Combining kinase inhibitors with antivirals and 

IL-6 blocking agents shows promise, but issues 

with drug interactions, safety, and dosing must 

be addressed. Selecting inhibitors with 

favorable pharmacokinetic profiles for safe co-

administration is crucial [39,40]. The diverse 

disease severity and comorbidities among 

COVID-19 patients necessitate tailored 

treatments to optimize outcomes. 

Despite these challenges, kinase inhibitors have 

potential benefits in targeting the viral life cycle 

and inflammatory response, making them 

promising for COVID-19 treatment. Continued 

research and clinical trials are essential to 

overcome these challenges and determine the 

most effective use of kinase inhibitors in 

managing COVID-19. 

FUTURE DIRECTIONS OF USING 

KINASE INHIBITORS FOR COVID-19 

TREATMENT 

The future directions of using kinase inhibitors 

for COVID-19 treatment involve several key 
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aspects that are crucial for advancing this 

therapeutic approach. Repurposing FDA-

approved kinase inhibitors shows promise in 

combating COVID-19 by targeting the viral life 

cycle and the inflammatory response associated 

with the disease. This approach aims to reduce 

viral propagation and alleviate severe 

symptoms. 

Combining kinase inhibitors with other 

therapies, such as antivirals or targeted 

treatments, has demonstrated potential in 

clinical trials for COVID-19. This combined 

strategy enhances efficacy against the virus and 

its complications, providing a more 

comprehensive treatment approach. Exploring 

novel options like combination therapy and 

targeting specific proteins linked to the virus or 

lung health could yield positive outcomes in 

managing COVID-19 infections. 

Additionally, investigating the JAK-STAT 

signaling system, which contributes to hyper-

immune activation in COVID-19 patients, 

offers a promising avenue for future research. 

Repurposing FDA-approved and experimental 

drugs that target this pathway may help in 

mitigating the inflammatory response seen in 

severe COVID-19 cases, potentially preventing 

conditions like acute respiratory distress 

syndrome (ARDS) and multiple organ failure. 

CONCLUSION 

Repurposing kinase inhibitors presents a 

promising strategy for combating COVID-19 

by targeting viral replication, modulating 

immune responses, and reducing inflammation. 

Despite the potential benefits, challenges such 

as understanding the precise mechanisms, 

managing side effects, and ensuring long-term 

safety remain. Ongoing research and clinical 

trials continue to explore the potential of these 

inhibitors, offering hope for advancements in 

therapy. Combining kinase inhibitors with 

other treatments and tailoring strategies to 

individual patient needs may significantly 

improve outcomes in the fight against COVID-

19. However, more clinical trials are necessary 

to evaluate their long-term efficacy and safety. 

Additionally, there is a need to investigate 

combination therapies and explore newer, more 

selective kinase inhibitors. Future research 

should focus on better understanding the 

mechanisms of action and optimizing the 

therapeutic use of these inhibitors in viral 

infections. 
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