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Abstract

Ibrutinib, a known Burton’s tyrosine kinase (BTK) and interleukin-2 inducible T-cell

kinase (ITK) inhibitor, is used for the treatment of B-cell disorders (chronic lympho-

cytic leukemia [CLL] and various other lymphomas) and chronic graft versus host dis-

ease following allogeneic hematopoietic cell transplantation. Because it is considered

an immunosuppressant, continuation of ibrutinib is often debated when patients have

an active infection, and this becomes an especially difficult decision in the setting of

coronavirus disease 2019 (COVID-19). Here, we describe a patient with CLL who was

on ibrutinib then developed severe COVID-19 infection requiring mechanical ventila-

tion. We elected to continue ibrutinib the same day he was intubated, reasoning that

BTK inhibition in myeloid immune cells has been shown to reduce or even reverse

influenza-mediated acute lung injury and that ITK inhibition in T cells has correlated

with reduction in viral replication, and therefore may have an advantage in this set-

ting. Ibrutinib also has been shown to block Src family kinases, which potentially could

result in reduction of viral entry and the inflammatory cytokine response in the lungs.

The patient was extubated after 9 days with a complex hospital course and eventually

discharged on room air. The only way to rationally inform these decisions and explore

similar potentially promising leads in this pandemic is to conduct carefully done clinical

trials.
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1 INTRODUCTION

Incidence and mortality due to severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2), which causes coronavirus disease 2019

(COVID-19), continue to rise globally. Known risk factors for increased

disease severity and mortality include older age, co-morbidities, and

immune suppression [1]. Cancer patients, especially those with hema-
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tologic disorders, are often on treatment regimens that suppress the

immune system, and have been shown to have worse outcomes when

infected with SARS-CoV-2 [2]. Questions about continuation of these

agents during COVID-19 is heavily debated.

Ibrutinib is an extremely potent inhibitor of Burton’s tyrosine kinase

(BTK), which is important for B-cell growth and proliferation. There-

fore, ibrutinib has been approved by the Food andDrugAdministration
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(FDA) for use in chronic lymphocytic leukemia (CLL), mantle cell lym-

phoma,marginal zone lymphoma, and chronic graft versus host disease

(GvHD). In the ILLUMINATE study, which led to FDA approval of ibru-

tinib as front-line therapy for CLL, ibrutinib decreased inflammatory

cytokines associated with infusion-related reactions when patients

received theanti-CD20antibodyobinutuzumab [3]. Ibrutinib’s immune

suppressive activitywas the basis of approval for chronicGvHD in allo-

geneic hematopoietic cell transplant patients (overall response rate

67%) [4]. However, there is concern that ibrutinib could exacerbate

infection in susceptible patients. Treon et al described six patients with

Waldenstrommacroglobulinemiawhowereon ibrutinib anddiagnosed

with COVID, and found that only one out of six patients required hos-

pitalization [5]. Here, we describe a patient with CLL on ibrutinib, who

developed severe COVID-19 infection, and we discuss the scientific

rationale that informed our decision-making process at the bedside.

2 CASE DESCRIPTION

Our patient is a 77-year-old male with CLL, 13q del diagnosed in

2005 and was started on ibrutinib 420 mg/day in March 2016 for

progressive disease. He has been stable for 4 years. He has required

intravenous immunoglobulin infusions for hypogammaglobulinemia

periodically every 1–2 months during the winter months. On March

11, 2020, he presented to an urgent care facility with 4 days of sore

throat, fevers up to 101◦F, slight dry cough after returning from an

overseas trip. He denied shortness of breath and had SpO2 of 96%.

Point of care influenza test was negative and strep antigen swab was

positive, and therefore COVID-19 testing was not sent.

Six days later (March 17, 2020), he presented to the emergency

room with progressive symptoms and oxygen saturation dropped to

89% on 2L nasal canula (NC). Nasal swab COVID-19 testing was

positive. He was admitted to the COVID-19 medical intensive care

unit (MICU) due to further increased oxygen demand. Ibrutinib was

stopped on admission. However, it was unclear if the patient was tak-

ing it the last few days when hewas feeling unwell.

On the second day of admission, he was intubated for progressive

acute hypoxemic respiratory failure, which was about 10 days after

his first reported symptoms. From the data reported fromWuhan, the

median onset of illness to invasive mechanical ventilation was 14.5

days (range 12–19 days) [1]. With his older age and underlying CLL,

there was concern that his clinical course would be more aggressive.

Ventilationwas set for lungprotective strategy targeting a tidal volume

of 6 mL/kg ideal body weight with high positive end expiratory pres-

sure, coupled with aggressive airway clearance.

After an interdisciplinary discussion, ibrutinib was resumed at a

higher dose of 560mg (starting day2of admission). Although inhibition

of BTKwith ibrutinib is covalent, inhibition of other immune-mediated

kinases is noncovalent, and thus higher dose were used to achieve

enough inhibition [6]. He also received onedose of hydroxychloroquine

on admission, which was not continued, and two doses of tocilizumab

on days 5 and 6 for recurring fever and increasing C-reactive protein

(CRP). His fever resolved and CRP improved after tocilizumab (Fig-

ure 1A). D-dimer levels initially increased from 484 ng/mL on admis-

F IGURE 1 Laboratory data of CLL patient on ibrutinib with severe
COVID-19 infection. A, Maximum temperature in 24 hours (Tmax)
(blue) and C-reactive protein (orange). B, D-dimer (blue) and platelet
count (orange). C,White blood cell count (WBC) (blue) and absolute
lymphocyte count (ALC) (orange) in relation to day of hospitalization.
Green shaded areas: intubated. Yellow bar: ibrutinib use. T:
tocilizumab

sion to 6573 ng/mL, and declined after starting ibrutinib (Figure 1B).

Similarly, the platelet count that was as low as 47 K/μL on admission

improved to >100 K/μL. He also had normalization of leukopenia and

lymphopenia after ibrutinib (Figure 1C).

On day 11 (March 27, 2020), he was extubated to high flow nasal

canula (HFNC) and transferred to a COVID unit on day 14 of admis-

sion (March 30, 2020) on 2L NC. Unfortunately, he developed recur-

rent acute hypoxemic respiratory failure the following night (March

31, 2020) and was found to have a large mucous plug in his left main-

stem bronchus during reintubation and BAL. He developed leukocyto-

sis and BAL showed Gram-positive cocci, suggesting a new ventilator-

associated pneumonia (VAP). SARS-CoV-2 PCR remained positive but



598 LIN ET AL.

the clinical deteriorationwas thought to be due to theVAP and not due

to COVID-19. Hewas extubated 2 days later on day 17 of admission to

HFNC (April 2, 2020), andwas transferred to the floor. Hewasweaned

off oxygen 3 days later and discharged to an acute inpatient rehabili-

tation on April 14, 2020 (day 28). On discharge, he was switched from

ibrutinib 560mg to his previous 420mgdosing. After 2weeks of rehab,

the patient went home and has returned to his prior normal state of

health.

3 DISCUSSION AND LITERATURE REVIEW

This patient presented a difficult choice in management that is now

confronting clinicians and investigators who manage patients with

underlyingmalignancy andCOVID-19around theworld. Since thepan-

demic, several articles have been published regarding CLL and COVID-

19. Surveying 62 CLL specialists, Koffman et al found that only 44% of

experts favored unconditional continuation of treatment for COVID-

19 patients in the outpatient setting and down to 32.5% in non-ICU

inpatients [7]. Mato et al noted that patient with CLL whowere receiv-

ing BTK inhibitors and diagnosed with COVID-19 had similar survivals

(34%) compared with patients who did not receive BTK inhibitors

(35%); however, 79% of patients had their BTK inhibitor held at the

time of symptomatic COVID-19 diagnosis [8]. Most of the discontinua-

tion decisions were due to concerns of the increased infections risks

with BTK inhibitor use. On the other hand, hospitalization rate for

severe COVID-19 infections was significantly lower for CLL patients

whowere on ibrutinib prior to diagnosis comparedwith those on other

CLL-directed therapies or off therapy [9].

Our reasoning for continuing the ibrutinib in this patient was based

on data that suggested that there might be reduction in viral replica-

tion by IL-2 inducible kinase (ITK) inhibition and that BTK inhibition

might reduce acute lung injury. A key feature of patients with severe,

progressiveCOVID-19 appears to be a cytokine storm that contributes

to a series of complications, including lung injury, DIC, and myocardial

complications. Similar to COVID-19 infections, autopsy specimens of

SARS-CoV-1 patients showed that angiotensin converting enzyme 2

(ACE2) positive cells had increased expression of tumor necrosis factor

(TNF)-α, IL-1β, IL-6, C-X-Cmotif chemokine 10 (CXCL10) or interferon

γ-induced protein 10 kDa (CXCL10/IP10), andmonocyte chemoattrac-

tant protein-1 (MCP-1) that appeared causally related to theacute lung

injury and pathogenesis observed [10]. Therefore, selective immuno-

suppressionmaymodulate this response and improve outcomes.

Roschewski et al described 19 patients with COVID-19 that was

given another BTK inhibitor, acalabrutinib, off label [11]. They found

that overall 10 out of the 19 patients who were hospitalized and

needed supplemental oxygen or intubation were successfully dis-

charged on room air. These patients had improved lymphocyte count

similar to our patient after starting acalabrutinib. However, these

patients were not previously on BTK inhibitors and did not have an

underlying hematologic malignancy.

BTK inhibition reduces lung injury. In addition to expression on B cells,

BTK is expressed in myeloid immune cells including macrophages,

monocytes, and neutrophils [12]. BTK binds and activates the toll-like

receptor 4 (TLR4) pathway in these cells [13,14], which leads to induc-

tion of proinflammatory cytokines by theNFkB pathway [15]. Silencing

BTK by intratracheal delivery of BTK siRNA caused suppression in

NFkB, p38 MARK, and iNOS signaling pathways, which resulted in

protection of acute lung injury (ALI) and acute respiratory distress

syndrome (ARDS) in a murine sepsis model [16]. Mice that received

BTK siRNA showed less interstitial lung edema and inflammatory cell

infiltration 12 hours after establishment of bacterial sepsis. Isolated

alveolar macrophages had reduced TNF-α, IL-1β, and IL-6 secretion

when stimulated by lipopolysaccharides (LPSs), a bacteria-derived

TLR4 agonist. Similarly, Krupa et al showed that BTK blockade in

alveolar neutrophils reduced lung edema, alveolar septa thickening,

and inflammatory infiltration compared with untreated mice in an ALI

model [17]. Ibrutinib inhibition of BTK has also been shown to reduce

myeloid cell inflammatory response during pneumococcal pneumonia

induced ALI [18].

Furthermore, inhibitionofBTKby ibrutinib rescuedmice from lethal

influenza-induced ALI [19]. In an influenza A virus-associated lung

injury model, all mice treated with saline died or lost more than 30% of

bodyweight,while ibrutinib-treatedmice had aweight loss nadir at day

4 and recovered to normal by day 8–9. The ibrutinib-treated mice had

less inflammatory cell recruitment on histology and reduced appear-

ance of ground glass opacities on CT. Thesemice also showed less total

protein andWBC inBAL fluid. Taken together, these results support the

notion that BTK inhibition maybe a new drug target for viral-induced

ARDS.

ITK inhibition reduces viral replication. ITK activation causes T-

cell activation, cytokine release, and rapid proliferation [20]. T-cell-

mediated immunity plays a role in clearance of viral infections [21].

ITK is upregulated on T-cell membranes after infection with influenza.

Importantly, g shRNA that targets and downregulates ITK leads to inhi-

bition of influenza replication in infected T cells. Ibrutinib is an irre-

versible inhibitor of ITK and inhibits the formation of Th2 immunity,

while Th1 CD4 T cell and CD8 T cells remain mostly active due to

other redundant tyrosine kinases [22]. In CLL patients, as in our patient

above, ibrutinib may maintain interferon- γ production from Th1 cells

but with a reduction in IL-4 secreting Th2 T cells in peripheral blood.

Furthermore, ibrutinib was able to rescue antigen-specific CD8 T-cell

response in an immune suppressive leukemia mouse model (EuTCL1).

CD8 T cells in CLL patients on chronic ibrutinib had less PD1 expres-

sion, allowing them tobemore active [23]. In addition, up to 74%ofCLL

patients on ibrutinibwere able to achieve seroprotective titer antibody

response to influenza after receiving the vaccine [24]. These results

suggest that ITK blockade with ibrutinib can reduce viral replication

while maintaining important Th1 immunity to synergistically lead to

elimination of the virus.

Ibrutinib also targets other kinases, which may contribute to better

outcomes in viral infections. Src family kinase (SFK) inhibition blocks

single-stranded RNA virion assembly and entry. Ibrutinib is known to

inhibit HCK, part of the SRC family of kinases, which is expressed

in lung tissue. Targeting of SFK with saracatinib led to inhibition of

Middle East respiratory syndrome coronavirus (MERS-CoV) replica-

tion [25]. HCK regulatesADAM17 [26], which can cleaveACE2, freeing
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SARS-CoV-2 to bind to ACE2 receptors. It is reasonable to hypothesize

then that ibrutinib can minimize SARS-CoV-2 replication and entry by

inhibition of SFK andHCK. In addition, HCK activation inmacrophages

leads to extensive pulmonary inflammation, and therefore, inhibitionof

HCK couldminimize ALI [27].

Ibrutinib may be harmful in the setting of active infection. Concerns

of ibrutinib worsening infections are valid. The immunosuppressive

activity of ibrutinib has been associated with an increased incidence

of invasive aspergillosis. This may be associated with BTK involve-

ment in the TLR-9 endosomal associated response to aspergillosis in

macrophages, which is critical to clearance of this fungus [28]. There

is also an increase in atypical Pneumocystis jirovecii infections with

patients on ibrutinib and use of prophylactic antibiotics has been rec-

ommended by some [29]. Furthermore, there is some evidence that

ibrutinib can worsen bleomycin-associated pulmonary fibrosis [30].

However, Cubillos-Zapata et al found that during the first cycle of ibru-

tinib therapy, phospho-ERK1/2 protein levels and antigen presentation

in CD14+ cells, which are mainly macrophages, increased to normal

levels when stimulated with bacterial stimuli (LPS). These CD14+ cells

could provide somebacterial infection protection forCLL patients [31].

4 CONCLUSION

By targeting BTK, ITK, and others kinases and intermediates, ibrutinib

has the potential to minimize inflammation and prevent ALI or ARDS

and to reduce viral replication. In our case, the patient was restarted

on ibrutinib and had improvement in D-dimer levels and absolute lym-

phocyte count fairly quickly. However, it is important to note that

due to the use of tocilizumab and other medications, it is difficult to

link his apparent recovery to directly ibrutinib. Although logically BTK

inhibitors should have efficacy in preventing or treating ALI in COVID-

19, further studies in animalmodels aswell as clinical trials are required

to define the optimal role of ibrutinib in patients with life-threatening

viral infections.

ACKNOWLEDGMENTS

The authors would like to thank the superior care and amazing com-

passion provided by theMICU, emergency department and hospitalist

attendings, residents, interns, and our nurses, who are truly angels, as

well as transport, maintenance, security, and supportive staff at North-

western Medicine during this unprecedented time. Without their ded-

ication and bravery, we could not survive this.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Adam Yuh Lin and Leo I. Gordon were the main authors of the

manuscript. Michael J. Cuttica andMichael G. Ison contributed to edit-

ing and scientific discussion of the manuscript. Leo I. Gordon, Michael

J. Cuttica, andMichael G. Ison provided care to the patient described in

the article.

ORCID

AdamYuhLinMDPhD https://orcid.org/0000-0001-9359-882X

Michael J. CutticaMD https://orcid.org/0000-0002-0084-8760

MichaelG. IsonMDMS https://orcid.org/0000-0003-3347-9671

Leo I. GordonMD https://orcid.org/0000-0003-1666-7064

REFERENCES

1. Zhou F, Yu T, DuR, FanG, Liu Y, Liu Z, et al. Clinical course and risk fac-

tors formortality of adult in patientswithCOVID-19 inWuhan, China:

a retrospective cohort study. Lancet. 2020;395:1054–62.

2. Liang W, Guan W, Chen R, Wang W, Li J, Xu K, et al. Cancer patients

in SARS-CoV-2 infection: a nationwide analysis in China. LancetOncol.

2020;21:335–7.

3. Greil R, Tedeschi A,Moreno C, Anz B, Larratt L, SimkovicM, et al. Ibru-

tinib decreases obinutuzumab-induced secretion of cytokines associ-

atedwith infusion-related reactions in patientswithCLL: analysis from

the ILLUMINATE study. Hematol Oncol. 2019;37:210–2.

4. MiklosD,CutlerCS, AroraM,Waller EK, JagasiaM, Pusic I, et al. Ibruti-

nib for chronic graft-versus-host disease after failure of prior therapy.

Blood. 2017;130:2243–50.

5. Treon SP, Castillo JJ, SkarbnikAP, Soumerai JD, Ghobrial IM,Guerrera

ML, et al. The BTK inhibitor ibrutinib may protect against pulmonary

injury in COVID-19-infected patients. Blood. 2020;135:1912–5.

6. Yang G, Buhrlage SJ, Tan Li, Liu X, Chen J, Xu L, et al. HCK is a survival

determinant transactivated bymutatedMYD88, and a direct target of

ibrutinib. Blood. 2016;127:3237–52.

7. Koffman B, Mato A, Byrd JC, Danilov A, Hedrick B, Ujjani C,

et al. Management of <scp>CLL</scp>patients early in the

<scp>COVID</scp>-19 pandemic: an international survey of

<scp>CLL</scp>experts. Am JHematol. 2020;95:E199–203.

8. MatoAR,Roeker LE, LamannaN,Allan JN, Leslie L, Pagel JM, et al.Out-

comes of COVID-19 in patients with CLL: a multicenter, international

experience. Blood. 2020;136:1134-43.

9. Scarfò L, Chatzikonstantinou T, Rigolin GM, Quaresmini G, Motta

M, Vitale C, et al. COVID-19 severity and mortality in patients with

chronic lymphocytic leukemia: a joint study by ERIC, the European

Research Initiative onCLL, andCLL campus. Leukemia. 2020;34:2354-

63.

10. He L, Ding Y, Zhang Q, Che X, He Y, Shen H, et al. Expression of

elevated levels of pro-inflammatory cytokines in SARS-CoV-infected

ACE2+ cells in SARS patients: relation to the acute lung injury and

pathogenesis of SARS. J Pathol. 2006;210:288–97.

11. Roschewski M, Lionakis MS, Sharman JP, Roswarski J, Goy A, Mon-

ticelli MA, et al. Inhibition of Bruton tyrosine kinase in patients with

severe COVID-19. Sci Immunol. 2020;5:eabd0110.

12. MohamedAJ, Yu L, BäckesjöC-M,Vargas L, Faryal R, AintsA, et al. Bru-

ton’s tyrosine kinase (Btk): function, regulation, and transformation

with special emphasis on the PH domain. Immunol Rev. 2009;228:58–

73.

13. Zemans RL, Arndt PG. Tec kinases regulate actin assembly and

cytokine expression in LPS-stimulated human neutrophils via JNK

activation. Cell Immunol. 2009;258:90–7.

14. Gilbert C, Levasseur S, Desaulniers P, Dusseault A-A, ThibaultN, Bour-

goin SG, et al. Chemotactic factor-induced recruitment and activation

of Tec family kinases in human neutrophils. II. Effects of LFM-A13, a

specific Btk inhibitor. J Immunol. 2003;170:5235–43.

15. Jefferies CA, O’neill LAJ. Bruton’s tyrosine kinase (Btk)—the critical

tyrosine kinase in LPS signalling. Immunol Lett. 2004;92:15–22.

16. Zhou P, Ma B, Xu S, Zhang S, Tang H, Zhu S, et al. Knockdown of Bur-

ton’s tyrosine kinase confers potent protection against sepsis-induced

acute lung injury. Cell BiochemBiophys. 2014;70:1265–75.

17. Krupa A, Fol M, Rahman M, Stokes KY, Florence JM, Leskov IL, et al.

Silencing Bruton’s tyrosine kinase in alveolar neutrophils protects

https://orcid.org/0000-0001-9359-882X
https://orcid.org/0000-0001-9359-882X
https://orcid.org/0000-0002-0084-8760
https://orcid.org/0000-0002-0084-8760
https://orcid.org/0000-0003-3347-9671
https://orcid.org/0000-0003-3347-9671
https://orcid.org/0000-0003-1666-7064
https://orcid.org/0000-0003-1666-7064


600 LIN ET AL.

mice fromLPS/immune complex-induced acute lung injury. Am J Phys-

iol - Lung Cell Mol Physiol. 2014;307:L435–48.

18. De Porto AP, Liu Z, De Beer R, Florquin S, De Boer OJ, Hendriks

RW, et al. Btk inhibitor ibrutinib reduces inflammatory myeloid cell

responses in the lung during murine pneumococcal pneumonia. Mol

Med. 2019;25:3.

19. Florence JM, Krupa A, Booshehri LM, Davis SA, Matthay MA, Kur-

dowska AK. Inhibiting Bruton’s tyrosine kinase rescues mice from

lethal influenza-induced acute lung injury. Am JPhysiol - LungCellMol

Physiol. 2018;315:L52–8.

20. Gomez-Rodriguez J, Kraus ZJ, Schwartzberg PL. Tec family kinases Itk

andRlk/Txk in T lymphocytes: cross-regulation of cytokine production

and T-cell fates. FEBS J. 2011;278:1980–9.

21. Hatta Y, Hershberger K, Shinya K, Proll SC, Dubielzig RR, Hatta M,

et al. Viral replication rate regulates clinical outcome and CD8 T Cell

responses during highly pathogenic H5N1 influenza virus infection in

mice. PLoS Pathog. 2010;6:e1001139.

22. Dubovsky JA, Beckwith KA, Natarajan G, Woyach JA, Jaglowski

S, Zhong Y, et al. Ibrutinib is an irreversible molecular inhibitor

of ITK driving a Th1-selective pressure in T lymphocytes. Blood.

2013;122:2539–49.

23. Parry HM, Mirajkar N, Cutmore N, Zuo J, Long H, Kwok M, et al.

Long-term ibrutinib therapy reverses CD8+ T cell exhaustion in

B cell chronic lymphocytic leukaemia. Front Immunol. 2019;10:

1–7.

24. Sun C, Gao J, Couzens L, Tian X, Farooqui MZ, Eichelberger MC, et al.

Seasonal influenza vaccination in patients with chronic lymphocytic

leukemia treatedwith ibrutinib. JAMAOncol. 2016;2:1656.

25. Shin J, Jung E, Kim M, Baric R, Go Y. Saracatinib inhibits middle

east respiratory syndrome-coronavirus replication in vitro. Viruses.

2018;10:283.

26. Lee J-H, Ostalecki C, Zhao Z, Kesti T, Bruns H, et al. HIV activates the

tyrosine kinase Hck to secrete ADAMprotease-containing extracellu-

lar vesicles. EBioMedicine. 2018;28:151–61.

27. ErnstM, IngleseM, Scholz GM,Harder KW, Clay FJ, Bozinovski S, et al.

Constitutive activation of the Src family kinase Hck results in spon-

taneous pulmonary inflammation and an enhanced innate immune

response. J ExpMed. 2002;196:589–604.

28. Bercusson A, Colley T, Shah A, Warris A, Armstrong-James D.

Ibrutinib blocks Btk-dependent NF-ĸB and NFAT responses in

human macrophages during Aspergillus fumigatus phagocytosis. Blood.
2018;132:1985–8.

29. Ahn IE, Jerussi T, Farooqui M, Tian X, Wiestner A, Gea-Banacloche

J. Atypical Pneumocystis jirovecii pneumonia in previously untreated

patients with CLL on single-agent ibrutinib. Blood. 2016;128:1940–3.

30. Gu Y, Huang B, Yang Y, Qi M, Lu G, Xia D, et al. Ibrutinib exacer-

bates bleomycin-induced pulmonary fibrosis via promoting inflamma-

tion. Inflammation. 2018;41:904–13.

31. Cubillos-Zapata C, Avendaño-Ortiz J, Córdoba R, Hernández-Jiménez

E, Toledano V, Pérez De Diego R, et al. Ibrutinib as an antitumor

immunomodulator in patients with refractory chronic lymphocytic

leukemia. Oncoimmunology. 2016;5:e1242544.

How to cite this article: Lin AY, CutticaMJ, IsonMG, Gordon

LI. Ibrutinib for chronic lymphocytic leukemia in the setting of

respiratory failure from severe COVID-19 infection: Case

report and literature review. eJHaem. 2020;1:596–600.

https://doi.org/10.1002/jha2.98

https://doi.org/10.1002/jha2.98

	Ibrutinib for chronic lymphocytic leukemia in the setting of respiratory failure from severe COVID-19 infection: Case report and literature review
	Abstract
	1 | INTRODUCTION
	2 | CASE DESCRIPTION
	3 | DISCUSSION AND LITERATURE REVIEW
	4 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTIONS
	ORCID
	REFERENCES


