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Abstract

Tyrosine kinase inhibitors (TKIs) are the key agents for treatingCMLandBCR–ABL+ B-

ALL. Dasatinib is a potent second-generation TKI. Here, we have discussed the case of

a 51-year-old gentleman diagnosed with B-myeloid mixed-phenotype acute leukemia

with t(9;22)(q34.1;q11.2); BCR–ABL1p210, in complete hematological, cytogenetic,

andmolecular remission,whodevelopedchylothorax. Thoughpleural effusion is a com-

monly observed adverse effect of dasatinib therapy, chylothorax is rare. The ability of

Dasatinib to inhibit multiple families of tyrosine kinases could be considered the etiol-

ogy. Discontinuation of the drug resolved the symptom, but pleural effusion recurred

once Dasatinib was resumed. Chylothorax induced by Dasatinib is a differential to be

kept in mind, owing to the limited number of cases being reported.
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1 INTRODUCTION

Tyrosine kinase inhibitors (TKIs) are the cornerstone agents for treat-

ing CML and BCR–ABL+ B-ALL. Approved in 2006 by the FDA, Dasa-

tinib is a potent second-generation TKI, used as a first-line treat-

ment of CML and BCR–ABL+ B-ALL [1]. Pleural effusion is a com-

mon adverse effect occurring around 28%–33% of patients on long-

term therapy with Dasatinib [2]. Chylothorax is an extremely unusual

presentation with approximately 10 cases of Dasatinib-related chy-

lothorax reported in the literature. The exact pathophysiology of this

particularly rare occurrence remains unclear.Here,wediscuss a case of

Dasatinib-induced chylothorax in a 51-year-old male patient on Dasa-

tinib as maintenance for BCR–ABL+ B-ALL in clinical remission.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2021 The Authors. eJHaem published by British Society for Haematology and JohnWiley & Sons Ltd.

2 CASE

A 51-year-old gentleman with only known past medical history of

essential hypertension presented in June 2019, with severe anemia

symptoms of fatigue, exertional shortness of breath, and dizziness. Ini-

tial blood works showed remarkable leukocytosis (123.1 × 103/µl),
severe macrocytic anemia (Hgb: 5.0 gm/dl), and thrombocytopenia

(60 × 103/µl) with approximately 80% circulating blasts with a shift to

left, dysgranulopoiesis, andmonocytosis.

Bone marrow examination with immunophenotyping and cytoge-

netic was consistent with acute leukemia favoring B-myeloid mixed-

phenotype acute leukemia with t(9;22)(q34.1;q11.2); BCR-ABL1p210.

His initial computed tomography (CT) scan at diagnosis showed
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F IGURE 1 Chest X-ray on presentation showing bilateral pleural
effusion

bilateral axillary and mediastinal lymphadenopathy, and both lungs

were clear with no pleural effusion.

The disease was considered high risk, and we planned to start him

onHyper-CVADprotocol (two cycles), Dasatinib 140mg oral daily, and

allogeneic transplant.

He was started on induction treatment with Hyper-CVAD (hyper-

fractionated cyclophosphamide, vincristine, doxorubicin, and dexam-

ethasone, alternating with high-dose methotrexate, cytarabine, and

intrathecal methotrexate and cytarabine), side by side with TKI, Dasa-

tinib 140 mg oral daily. He received a total of three cycles of Hyper-

CVAD

Evaluation after two cycles confirmed complete hematological,

cytogenetic, and molecular remission. The patient had no matching

sibling donor, and he continued a third cycle of Hyper-CVAD and

Dasatinib with molecular follow-up every 3 months. The treatment

was well-tolerated, and he remained in hematological and molecular

remission.

In February 2021, around 20 months after starting Dasatinib, he

presented to the emergency department with shortness of breath,

fever, and cough. Physical examination revealed reduced breath-

ing sounds bilaterally with stony dullness up to midzone. Chest X-

ray showed bilateral moderate pleural effusion (Figure 1), drained

under ultrasound guidance to reveal a surprisingly looking milky fluid

(Figure 2).

Biochemical analysis of the pleural fluid disclosed lympho-

cytic exudative effusion with a triglyceride level of 15.2 mmol/L

(1346.3 mg/dl). Thorough blood investigations and pleural fluid cytol-

ogy results were noncontributory toward the etiology of chylothorax.

The patient but had new-onset hyperlipemia and hypertriglyceridemia

in the blood, evidenced by total cholesterol of 7.07mmol/L (273mg/dl)

and triglyceride levels of 7.74 mmol/L (685 mg/dl). Flow cytometry

analysis on the pleural fluid did not demonstrate any clonal B-cell

population. Furthermore, CT scan of the thorax failed to point to an

F IGURE 2 Chylous fluid drained freely after thoracocentesis

etiology for the pleural fluid’s chylous nature or any features of resid-

ual disease (Figure 3). Dasatinib was held as the probable cause for

the pleural effusion, and he was started on prednisolone 30 mg daily

for 5 days, with appropriate diuresis. A total of 1160 and 1350 ml of

fluid was removed from right and left hemithoraces, respectively. Bone

marrow evaluation with immunophenotyping and cytogenetic and

molecular analysis confirmed the persistence of complete remission

(CR). FDG PET CT was also done to evaluate any possible cause for

the unusual effusion; however, results showed only the presence of

bilateral pleural effusion.

After resolution of the pleural effusion, the patient was finally dis-

charged home after switching to Imatinib.

3 DISCUSSION

The patient in this report presented with bilateral chylothorax. After

reviewing detailed history and investigations, no other etiology for the

chylothorax was identified other than Dasatinib.

Chylothorax is the accumulation of chyle in the pleural cavity caused

by its extravasation into the pleural space. It can be due to obstruc-

tion or injury to the thoracic duct or its tributaries or transdiaphrag-

matic flow from the peritoneal cavity. Pleural fluid is often milky in

appearance with triglycerides>1.24mmol/L (>110mg/dl) or the pres-

ence of chylomicrons [3,4]. Chylothorax is a lesser common pleural

effusionwith a broad differential centering around impaired lymphatic

drainage, most commonly due to trauma, malignancy, or lymphatic dis-

orders. Despite these numerous etiologies of chylothorax, Dasatinib

is the only drug described in the literature associated with such a

finding [5].

Dasatinib is a potent TKI with the ability to inhibit multiple tyrosine

kinases, including the SRC family of kinases in addition to BCR–ABL1.

It is an orally administered small molecule with additional inhibitory
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F IGURE 3 CT thorax showing significant bilateral pleural effusion with associated collapse/ consolidation of the bases of both lungs and areas
of ground-glass appearances and incomplete consolidations

activity for c-KIT, EPHA2, and platelet-derived growth factor receptor-

beta (PDGFR-B) [6–8].

In vitro, Dasatinib was found to be 325-fold more potent in inhibit-

ing the wild type of BCR–ABL1 compared to Imatinib, making it an

effective agent in Imatinib-resistant BCR–ABL1 mutants [9]. In the

two major long-term follow-up studies of Dasatinib—DASISION and

CA180-034, exudative pleural effusion occurred in about 30% of

patients, occurring anytime from the first year of therapy to up to 6

years into follow-up [2,10].

Dasatinib-induced chylothorax is particularly rare, and its patho-

physiology is poorly understood. A few of the proposed mechanisms

are related to the pharmacodynamics of the drug itself. Microscopic

disruption of the lymphatic channels rather than direct obstruction of

the thoracic duct could be considered the etiology of chylous effusion

in our patient [5]. The ability of Dasatinib to inhibit the tyrosine kinase

PDGFR-Band theSrc familyof kinasesmightbe the critical factor in the

pathophysiology of the development of chylothorax. PDGFR-B regu-

lates angiogenesis, lymphangiogenesis, mesangial and vascular smooth

cell proliferation, and pericyte recruitment of capillaries, the inhibition

of which results in impaired vascular remodeling [9,11,12].

Src family of kinases are well expressed on the hematopoietic cells

in the lung tissue and mediate the pleural epithelium’s vascular per-

meability and stability [13,14]. Both these actions are compromised by

the ability of Dasatinib to inhibit multiple tyrosine kinases. The pleural

fluid’s lymphocytic predominance in all the cases alsopoints toward the

possibility of an immune-mediated mechanism for this adverse event

[15].

Dasatinib-induced pleural effusions are managed with various

strategies, including temporary interruptions, diuretics, and/or low-

dose steroids and thoracocentesis [16]. Discontinuation of the drug

resolved the symptom, and around 70% of the patients had a recur-

rence of pleural effusion once Dasatinib was resumed. The develop-

ment of pleural effusion was also found to be dose related [17]. A dose

of 100 mg daily was found to have lower pleural effusion incidences

than higher doses [18]. The other management strategies included

daily dose reduction or, as an alternative option, an on/off treatment

with a weekend drug holiday was also found to be effective [19]. With

persistence or recurrence of pleural effusion, the patient was chal-

lengedwith a different TKI instead ofDasatinib such as Imatinib, which

was associatedwith amuch lesser pleural effusion incidence [20].Most

of the cases of Dasatinib-induced chylothorax in the literature were

bilateral and ultimately led to the discontinuation of the drug. Rein-

troduction of Dasatinib despite reducing the dose or short drug hol-

idays resulted in the recurrence of the chylothorax. Dasatinib was

later switched to another appropriate TKI, as most strategies failed

(Table 1).

Dasatinib also impacts glucose–lipid metabolism compared

with Imatinib, which could explain the hyperlipidemia this patient

developed. Many studies have investigated abnormal glucose–lipid

metabolism of nilotinib and ponatinib, significantly associated with

increased cardiovascular events and metabolic syndrome. However,

the data on Dasatinib are limited. A small retrospective study of 370

patients on Imatinib, Nilotinib, and Dasatinib found the increased

onset of hyperglycemia and hypertriglyceridemia in Nilotinib and
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Dasatinib compared with Imatinib, the mechanism of which is not fully

understood or studied. But it could be attributed to the development

of insulin resistance. c-ABL gene, in in vitro studies, was involved in

the insulin receptor (IR) signaling pathway, enhancing the IR metabolic

pathway [21,22].

The exudative and chylous nature of the fluid was managed with

caution in our patient. With the background of Ph+ B-ALL in CR, a

new-onset chylothoraxwouldwarrant detailedworkup, asmalignancy-

induced thoracic duct obstruction is the leading cause (61% are lym-

phoproliferative malignancies) and most important differential to be

considered in any patient with chylothorax [23].

4 CONCLUSION

Thoughpleural effusion is a commonlyobservedadverseeffect of dasa-

tinib therapy, chylothorax is particularly rare. The ability of Dasatinib

to inhibit multiple families of tyrosine kinases could be considered the

etiology of this rare occurrence. However, new-onset chylothorax in a

patient on Dasatinib should be managed with caution, not overlook-

ing other commonetiologies. Chylothorax inducedbyDasatinibmaybe

kept inmind, owing to the limitednumber of cases being reported. Con-

sidering the therapeutic range and advantage of Dasatinib over other

TKIs, especially for Imatinib-intolerant and Imatinib-resistant BCR–

ABL1 mutants, dosage adjustment in addition to other conservative

management needs to be ideally tried first before discontinuing the

drug or switching to a different agent. Our patient was already on the

daily dosage regimen and also on the lower dose. Hence, changing to

Imatinib was thought to be ideal, with a short duration of steroids,

diuretics, and bilateral thoracocentesis to relieve the symptoms. He

was also started on statin for hyperlipidemia developed. The diverse

spectrumofmetabolic adverse events ofDasatinib is not fully explored.

More studies are needed to ascertain the need for regular monitoring

for the development of adverse impact of Dasatinib on glucose–lipid

metabolism so as to address the cardiovascular risks early.
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