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a b s t r a c t 

Background: Coronavirus disease 2019 (COVID-19), an acute, sometimes severe respiratory illness caused 

by a novel coronavirus has led to a vast pandemic with an astonishing spread rate. Its treatment is un- 

known, its mortality is significant, and its socioeconomic complications are uncontrollable. Although there 

is still little known about the pathogenesis of the disease, severe cases of COVID-19 are usually associated 

with cytokine release syndrome and high serum levels of inflammatory cytokines, which are believed to 

be a major cause of mortality in these patients. Different pathways cause inflammation and the release 

of cytokines. One of these pathways is the Bruton tyrosine kinase (BTK) pathway, which is essential for 

the production of several anti-inflammatory cytokines. Theoretically, the inhibition of BTK signaling can 

reduce cytokine levels and subsequent anti-inflammatory effects. 

Objective: This review aims to investigate the role of the BTK pathway in the pathogenesis of COVID-19 

and the possible effects of its inhibition in the treatment of this disease. 

Methods: This narrative review provides information regarding the use of BTK inhibitors in patients 

with COVID-19 and discusses whether clinicians should consider these medications while managing their 

patients based on the literature. Data were gathered using the PubMed, Scopus, and Web of Science 

databases. 

Results: Some data support the use of BTK inhibitors for treating COVID-19. 

Conclusions: It is recommended that patients continue their medications in this class if they develop 

COVID-19 and were receiving these agents before the disease developed. The use of BTK inhibitors might 

enable patients to experience less severe immune responses to the COVID-19. Well-designed studies are 

needed to evaluate the effectiveness of BTKis in the management of COVID-19. (Curr Ther Res Clin Exp. 

2022; 82:XXX–XXX) © 2022 Elsevier HS Journals 

© 2021 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Coronaviruses are a large family of respiratory viruses that can 

ause a wide range of illnesses, from the common cold to the Mid- 

le East respiratory syndrome and severe acute respiratory symp- 
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oms (SARS). In late 2019, a new kind of coronavirus was named 

ARS-CoV-2 by the World Health Organization, and the resulting 

isease was called coronavirus disease 2019 (COVID-19). The con- 

ition has quickly become a pandemic and has involved almost ev- 

ry country in the world. 1 

The pathophysiology of COVID-19 has not yet been clearly de- 

ned. The recent evidence proposes that the excessive host im- 

une response may play a role in the pathogenesis of the disease. 2 

evere cases of COVID-19 are usually associated with cytokines re- 

ease syndrome and significant serum levels of inflammatory cy- 
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okines that are believed to be the leading cause of mortality for 

hese patients. 3 The Bruton tyrosine kinase (BTK) pathway is cru- 

ial for the production of several anti-inflammatory cytokines, 4 and 

nhibiting BTK signaling reduces cytokine levels and consequently 

as an anti-inflammatory effect. Im pairments to BTK signal regu- 

ation in lung macrophages may be a significant pathophysiologi- 

al component of SARS-CoV-2-induced lung injuries. Therefore, in- 

ibiting the BTK pathway may reduce the excessive and harmful 

mmune response in the severe form of COVID-19 and the respira- 

ory complications resulting from it. 

yrosine kinases and their role in the immune system 

Tyrosine kinase is an enzyme whose role is to transfer a phos- 

hate group from the adenosine triphosphate molecule to a pro- 

ein. This enzyme acts as an off–on key in many cellular activi- 

ies. 5 Tyrosine kinases are a subset of protein kinases whose role is 

o bind phosphate groups to other amino acids such as serine and 

hreonine. The phosphate group is attached to the amino acid ty- 

osine in proteins, and the phosphorylation of proteins by kinases 

s the main stage in cell signal transduction. 5 

he function of tyrosine kinases 

Tyrosine kinases catalyze the phosphorylation of tyrosine 

esidues in proteins. The phosphorylation of tyrosine residues, in 

urn, alters the function of proteins existing in them. 6 The phos- 

horylation of tyrosine residues controls a wide range of proper- 

ies existing in proteins, such as enzyme activity, intracellular lo- 

alization, and interactions between molecules. Moreover, tyrosine 

inases are used in many signal transduction cascades in which 

xtracellular signals are transmitted through the cell membrane to 

he cytoplasm and often to the nucleus, where gene expression 

ay be modified. Finally, mutations can activate some tyrosine ki- 

ases, leading to an unstoppable functional state that may play a 

ole in the onset or progression of cancer. 7 

Tyrosine kinases are involved in various processes, pathways, 

nd functions, and they are responsible for several critical events 

n the body. Receptor tyrosine kinases are involved in intermem- 

rane signaling, whereas intracellular tyrosine kinases play a role 

n signal transmission to the nucleus. Tyrosine kinase activity in 

he nucleus includes cell cycle control and the properties of tran- 

cription factors. Thus, tyrosine kinase activity is involved in mito- 

enesis (the induction of mitosis in a cell). The proteins available 

n the cytosol and the nucleus are phosphorylated in the tyrosine 

esidues during this process. 7 

TK 

BTK has a vital role in producing mature B cells because it is 

ssential for the transmission of signals from the pre-B cell re- 

eptor, which is formed after the successful rearrangement of the 

eavy chain immunoglobulin. 8 It, also, has a role in the activation 

f mast cells via immunoglobulin E receptor with high affinity. 9 

TK contains a pleckstrin-homology domain that binds trisphos- 

hate (PIP3- 3,4,5) to phosphatidylinositol. Binding BTK induces 

IP3 to phosphorylate phospholipase C, which in turn hydrolyzes 

IP2 (an inositol phosphatidyl) to the 2-second messengers, inos- 

tol triphosphate, and diacylglycerol, which subsequently regulates 

he activities of the downstream proteins in B cell. 9 

yrosine kinase inhibitors and COVID-19 

Nicolson et al 10 showed that the use of tyrosine kinase in- 

ibitors can simultaneously reduce clotting and inflammatory re- 

ponses effectively. It has also been observed in influenza mouse 
2 
odels that BTK inhibitors (BTKis) can save mice from acute fa- 

al lung injuries. Sick mice with respiratory failure that had not 

eceived the medication were in complete contrast to mice re- 

eiving ibrutinib according to tomography and histology findings 

ompatible with lung injury. The control mice lost weight and 

ied, whereas all ibrutinib-treated mice regained their weight and 

urvived. The main point was that decreased infiltration of in- 

ammatory cells; proinflammatory cytokines; and chemoattrac- 

ants such as interleukin 1b, interleukin 6 keratinocyte-derived 

hemokine/chemokine C-X-C motif ligand 1 (KC/CXCL1), tumor 

ecrosis factor alpha, and monocyte chemoattractant protein- 

 (MCP-1), were observed in the lung tissues of mice treated 

ith ibrutinib. 11 The serum samples collected from patients with 

hronic lymphocytic leukemia (CLL), Waldenström’s macroglob- 

linemia (WM), and chronic graft versus host disease (GVHD) 

fter ibrutinib monotherapy indicated significant reductions in 

roinflammatory cytokines and chemoattractants, which are highly 

resent in the lungs of SARS-CoV-2 and SARS-CoV-1 patients. 12 

herefore, the dysregulation of the BTK signal in lung macrophages 

ay be a leading pathophysiological component of SARS-CoV-2- 

elated lung damage. 13 Thus, inhibiting the BTK pathway could re- 

uce the excessive and inappropriate immune response associated 

ith severe COVID-19 and prevent related respiratory complica- 

ions. In a review article written by Otsuka and Senio, 14 the au- 

hors suggest treating patients with COVID-19 with administration 

f BTKis. The Figure 1 shows the proposed role of the BTK pathway 

n COVID-19. 

BTK inhibitors, including ibrutinib, acalabrutinib, and zanubru- 

inib, are commonly used to treat CLL, WM, and GVHD. It has 

een shown that they have potent anti-inflammatory effects, lead- 

ng to decreased levels of inflammatory cytokines, which are usu- 

lly present in severe COVID-19. 15 

Thousands of patients with CLL, B-cell lymphoma, and chronic 

VHD, who have developed less severe complications of COVID-19 

re now being treated with tyrosine kinase inhibitors. 16 In a study 

erformed by Reda et al 17 on 2902 patients from 6 treatment cen- 

ers for CLL patients, it was shown that the symptoms of COVID-19 

ad developed in < 1% of patients taking ibrutinib. Scarfo et al 18 

lso concluded that BTKis had a protective effect against the devel- 

pment of severe forms of COVID-19 in patients with CLL. 

brutinib 

Ibrutinib is a first-generation BTKi that inhibits the function of 

 cell antigen receptors and cytokines via the selective and irre- 

ersible inhibition of BTK. As a result, it can inhibit malignancies 

ue to the abnormal proliferation of B cells. Ibrutinib showed ben- 

ficial effects against lung injury in COVID-19 hypoxic patients in 

 retrospective case series conducted by Treon et al. 12 The authors 

escribed the treatment results of 6 patients with WM who had 

eceived ibrutinib and had developed COVID-19. Five of these 6 pa- 

ients had mild symptoms, did not need to be admitted to the hos- 

ital, and recovered quickly. One of these 6 patients required ad- 

ission and mechanical ventilation. However, he eventually recov- 

red completely. By accepting the limitations of this small study, 

he authors hypothesized that ibrutinib might protect against lung 

amage in patients infected with SARS-CoV-2, and suggested that 

TKis be continued in patients with WM infected with COVID-19. 12 

In a case report conducted by Lin et al, 19 ibrutinib showed 

eneficial effects against acute lung injury in a patient with CLL 

nd COVID-19. However, in that study, the patient was receiving 

ocilizumab as well. Currently, there are 3 ongoing clinical trials 

NCT04375397, NCT04665115, and NCT04439006) evaluating the 

ffectiveness of ibrutinib in patients with COVID-19. 20-22 Ibrutinib 

s available as an oral once-daily formulation and is approved to 

reat CLL, WM, marginal zone lymphoma, and chronic GVHD. 23 
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Figure 1. Macrophage cell and proposed Bruton tyrosine kinase (BTK)-dependent signaling pathways of hyperinflammation in severe COVID-19. ACE = angiotensin-converting 

enzyme; ASC = apoptosis-associated speck-like protein containing a caspase recruitment domain (CARD); BTKi = BTK inhibitor; Fc γ = Fc-gamma; I КBa = inhibitor of kappa 

light chain gene enhancer in B cells alpha; INF = interferon; IRF7 = interferon regulatory factor 7; IL = interleukin; MYD88 = myeloid differentiation primary response 88; 

NF- КB = nuclear factor- κB; NLRP3 = NLR family pyrin domain containing 3; TNF = tumor necrosis factor; TLR = toll-like receptors. 
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calabrutinib 

Acalabrutinib (a second-generation BTKi) was approved in Oc- 

ober 2017 to treat recurrent mantle cell lymphoma; also, 95% im- 

rovement has been reported regarding its use for recurrent cases 

f CLL. Acalabrutinib and its active metabolite, ACP-5862, form a 

ovalent bond with cysteine at the active site of BTK and inhibit 

TK enzymatic activity. 24 

Roschewski et al 25 conducted an observational study using acal- 

brutinib on 19 hospitalized patients who needed supplemental 

xygen due to severe COVID-19. Initially, 18 of these patients re- 

uired additional oxygen, but within 3 days, improvements in their 

xygenation were noted. The biomarkers of inflammation (eg, in- 

erleukin 6 and C-reactive protein) returned to their normal levels 

n most of the treated patients within 10 to 14 days. At the end 

f treatment, 8 patients (72.7%) out of the 11 who needed supple- 

ental oxygen were breathing comfortably in room air. Four pa- 

ients (50%) out of 8 were extubated under a ventilator. Finally, 25% 

f intubated patients breathed comfortably in room air at the end 

f their treatment without any significant side effects. 25 Currently, 

 clinical trial (NCT044 9794 8) is ongoing to evaluate the efficacy of 

calabrutinib with the best care in COVID-19 patients. 26 Acalabru- 

inib is available as a twice-daily oral formulation. 

anubrutinib 

Zanubrutinib is a second-generation BTKi recommended to treat 

antle cell lymphoma and can be taken orally after using another 

TKi family drug. It is believed that zanubrutinib has fewer toxic- 

ties than the first-generation class. 27 There is currently 1 clinical 

rial evaluating the effectiveness of zanubrutinib in COVID-19 hos- 
3 
italized patients (NCT04382586). 28 Zanubrutinib is available as an 

ral formulation that can be administered once or twice daily. 

We believe that ibrutinib may be associated with better pa- 

ient adherence considering its once-daily dosing. However, its use 

ay be associated with more severe adverse effects. Zanubrutinib 

s also available as a once-daily formulation. Moreover, fewer ad- 

erse effects may be developed regarding its use because it is a 

econd-generation BTKi. It is recommended to wait for the results 

f ongoing clinical trials before making a firm choice among these 

gents for treating COVID-19. 

ide effects of BTKis 

The use of first-generation BTKis (eg, ibrutinib) is associated 

ith bleeding disorders, infections, atrial fibrillation, and diarrhea. 

ontrarily, second-generation BTKis are associated with less toxic 

ide effects than ibrutinib. 23 The second-generation BTKis (eg, acal- 

brutinib and zanubrutinib) were designed to increase efficacy and 

educe adverse events. 

It is noteworthy that the use of BTKis requires careful consider- 

tion of their effects on the host’s immune system. A high rate of 

erious infectious complications has been identified following their 

se in some prospective clinical trials in patients with cancer. In 

 study, infectious complications occurred in 56% of patients who 

eceived ibrutinib alone and 52% of those who received a combi- 

ation treatment including ibrutinib. Approximately 1 in 5 patients 

eveloped pneumonia, which was the leading cause of death due 

o infection. Many cases of pneumonia occurred due to opportunis- 

ic factors. 29 However, these adverse effects are primarily reported 

n patients in cancer. Considering the short-term course of treat- 

ent of these agents in COVID-19, the significance of these ad- 
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Table 1 

Summary of the mentioned Bruton tyrosine kinase inhibitor characteristics and the ongoing clinical trials evaluating their effects in patients with COVID-19. 

Medication FDA approval Available form Approved or recommended 

indications 

Ongoing clinical trials in COVID-19 Side effects 

Ibrutinib November 13, 2013 70 and 140 mg 

capsules 

MCL, CLL, SLL 

WM, MZL, GVHD 

3 Studies 

Ibrutinib for the treatment of 

COVID-19 in patients requiring 

hospitalization 

Study of oral ibrutinib capsules to 

assess respiratory failure in adult 

participants with severe acute 

respiratory syndrome 

Coronavirus-2 and Pulmonary 

Injury 

Ibrutinib for the treatment of 

patients with b-cell malignancies 

who are infected with coronavirus 

disease 2019 

Low platelet count, 

diarrhea, 

neutropenia, 

anemia, fatigue, 

musculoskeletal 

pain, muscle 

spasms, joint pain, 

swelling of the 

extremities, fever, 

upper respiratory 

tract infection 

Acalabrutinib October 31, 2017 100 mg capsules MCL 

CLL 

SLL 

1 Study 

Acalabrutinib study with best 

supportive care in participants 

hospitalized with COVID-19 

Headache, nausea, 

vomiting, 

abdominal pain, 

diarrhea, tiredness, 

or muscle aches 

Zanubrutinib November 14, 2019 80 mg capsules MCL 1 Study 

COVID-19 infection and 

pulmonary distress treatment 

with zanubrutinib in hospitalized 

participants 

Headache, nausea, 

vomiting, 

abdominal pain, 

diarrhea, tiredness, 

or muscle aches 

Vecabrutinib 

(SNS-062) 

Preclinical and clinical 

investigation 

CLL No 

Evobrutinib Preclinical and clinical 

investigation 

Multiple sclerosis No 

Fenebrutinib Preclinical and clinical 

investigation 

Rheumatoid arthritis 

systemic lupus 

erythematosus, and 

chronic spontaneous 

urticaria 

No 

Spebrutinib Preclinical and clinical 

investigation 

Rheumatoid arthritis 

(Phase II) and B-cell 

lymphoma (Phase I) 

No 

Tirabrutinib 

ONO-4059 

Preclinical and clinical 

investigation 

NHL No 

HM71224 Preclinical and clinical 

investigation 

Autoimmune diseases No 

ABBV-105 Preclinical and clinical 

investigation 

Lupus erythematosus No 

LOXO-305 Preclinical and clinical 

investigation 

CLL, SLL, NHL No 

Orelabrutinib (ICP- 

022) 

Preclinical and clinical 

investigation 

Diffuse large B cell 

lymphoma; Lymphoma; 

marginal zone B-cell 

lymphoma; multiple 

sclerosis; WM 

No 

CLL = chronic lymphocytic leukemia; FDA = Food and Drug Administration; GVHD = chronic graft versus host disease; MCL = mantle cell lymphoma; ML = Marginal zone 

lymphoma; NHL = non-Hodgkin’s lymphoma; SLL = small lymphocytic lymphoma; WM = Waldenström’s macroglobulinemia. 
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erse effects is not especially prominent. The Table 1 summarizes 

he BTKi characteristics and the ongoing clinical trials evaluating 

heir effects in COVID-19 patients. 

anagement of patients with cancer during the pandemic 

As the number of patients with COVID-19 being treated with 

TKis increases, the prospective continuation or discontinuation 

TKis should be considered in these patients. During the outbreak 

f COVID-19, the risk of increased secondary infections and im- 

aired humoral immunity due to decreased B-cell activity regard- 

ng using these agents might favor discontinuing BTKis. However, 

he potential benefits of reducing the severe inflammatory reac- 

ion due to SARS-CoV-2 by weakening macrophage tendency to M1 

tatus seem to outweigh the potential risk of humoral immunod- 

ficiency. Despite the increased risk of secondary infections, it is 

ecommended that BTKis are continued in patients with COVID-19 

nd cancer. 30 Another point to consider is that BTKis are not eval- 
4 
ated as monotherapy of COVID-19 management regardless of the 

atients’ comorbidities. Hence, they should not be used in this re- 

ard. 

In a study conducted by the CLL Association, there was a con- 

ict among CLL experts regarding the administration of BTKis: 40% 

f the experts agreed with the continuation of BTKis, whereas the 

ther 60% believed that they should be discontinued in patients 

ith COVID-19 or continued only in specific clinical scenarios. The 

otential protective anti-inflammatory effects of the BTKis against 

he theoretical risk of suppressing the humoral immune system 

ave to be considered to ensure the right decision is made. 31 

In a study conducted on 8 patients with CLL and COVID-19 at 

he same time, it was shown that despite these patients’ immune 

isorders, the administration of BTKis led most of them to be dis- 

harged from the hospital and reduced the need for their admis- 

ion to an intensive care unit. 16 Also, in a study conducted by 

hong et al 15 on patients with concomitant cancer and SARS-CoV- 

 infection, it was suggested that despite the increased infection 
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ate in these patients, continuing treatment with tyrosine kinase 

nhibitors should be considered. 

In another meeting held to decide the best treatment for pa- 

ients with WM during the COVID-19 pandemic, it was recom- 

ended that treatments with tyrosine kinase inhibitors should be 

ontinued even if the patient is utilizing other forms of therapy 

nd had COVID-19. 31 

onclusions 

BTK plays an essential role in the activation of B cells and 

ithout its activation, these cells would not be able to play an 

ppropriate role in immune reactions. BTK also plays a role in 

acrophage function. In COVID-19, the overactivation of immune 

ells causes the overproduction of cytokines, resulting in cytokine 

torms. This phenomenon increases the severity of the disease and 

an lead to acute respiratory distress syndrome. The use of BTKis 

an help patients experience less severe responses to the SARS- 

oV-2 virus and overcome the disease by inhibiting this process. 

ell-designed studies, especially multicentered double-blind clini- 

al trials, are needed to evaluate the effectiveness of BTKis in the 

anagement of COVID-19. Currently, we have to wait for the re- 

ults of ongoing clinical trials before making any firm treatment 

ecisions. 
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