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 Patient: Male, 72-year-old
 Final Diagnosis: Dasatinib induced pleural effusion
 Symptoms:	 Cough	•	shortness	of	breath
 Medication: —
 Clinical Procedure:	 Chest	computed	tomography	•	chest	xray	•	thoracentesis
 Specialty:	 Hematology	•	General	and	Internal	Medicine	•	Oncology	•	Pulmonology

 Objective: Unusual clinical course
 Background: Pleural effusions are frequently seen among patients with hematopoietic stem cell transplantation (HSCT). In 

the majority of cases, they are related to infections and volume overload. Medications have also been report-
ed to cause pleural effusion in the general population, albeit very rarely. Dasatinib-induced pleural effusion has 
been reported in patients with chronic myeloid leukemia but not in those with HSCT. We here report a case of 
dasatinib-induced pleural effusion following HSCT for acute lymphocytic leukemia (ALL). The proposed mech-
anism of dasatinib-induced pleural effusion involves build-up of fluid due to an immune-mediated vascular 
insult.

 Case Report: A 72-year-old man who received HSCT for ALL was treated with dasatinib to prevent a recurrence. After 6 
months, the patient was admitted to the hospital for pneumonia, which was observed as bilateral pleural ef-
fusion upon chest X-ray. After completing the antibiotics course, he developed recurrent pleural effusion dur-
ing hospitalization. Repeated thoracentesis of the fluid revealed an exudative lymphocytic effusion with neg-
ative culture and cytology. Dasatinib was withdrawn and the pleural effusion resolved gradually.

 Conclusions: In patients with dasatinib-induced pleural effusions following HCTS, withdrawal of the drug leads to symptom 
resolution, thereby avoiding unnecessary procedures. This case illustrates that dasatinib-induced pleural dis-
ease typically manifests with lymphocytic exudative fluid. Physicians should be aware that pleural effusion is 
a possible medication-related adverse effect, which may be missed in cases of infection in patients following 
HSCT.
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Background

Pleural effusions are common in patients who are undergo-
ing hematopoietic stem cell transplantation (HSCT), with a re-
ported incidence of approximately 10% based on a large ret-
rospective study [1]. The common causes of pleural effusion 
are infection and volume overload. Rare causes of pleural effu-
sion include malignancy and graft versus host disease (GVHD). 
Medication-induced pleural effusion among patients undergo-
ing HSCT has not been reported previously. Nevertheless, there 
is a higher incidence of pleural effusion in patients that are 
taking medications such as tacrolimus and mycophenolate as 
prophylaxis against GVHD [1].

The incidence of dasatinib-induced pleural effusion in chron-
ic myeloid leukemia (CML) ranges from 15-30% [2]. Dasatinib 
was first approved to treat CML but can also be used to prevent 
acute lymphocytic leukemia (ALL) relapse following HSCT [3]. 
Here, we report a case of dasatinib-induced recurrent pleural 
effusion in a patient with ALL following HSCT. To the best of 
our knowledge, this is the first case of this adverse effect in a 
patient who has undergone HSCT.

Case	Report

A 72-year-old man was diagnosed with Philadelphia chromo-
some-positive B-type ALL, through the detection of the pe-
ripheral BCR-ABL1 fusion gene via fluorescence in situ hybrid-
ization (FISH). The finding of more than 90% of blast cells in 
a bone marrow biopsy supported this diagnosis. The patient 
was initially treated with dasatinib and a hyperfractionated 
course of chemotherapy (cyclophosphamide, vincristine, doxo-
rubicin, and dexamethasone); however, this treatment was cut 
short due to infection. Dasatinib was continued with 1 cycle 
of POMP (6-mercaptopurine, vincristine, methotrexate, and 
prednisone), followed by 5 cycles of intrathecal chemotherapy

After treatment with dasatinib and during HSCT, the patient’s 
cerebral spinal fluid findings were normal, and no BCR/ABL 
fusion gene was detected in his peripheral blood. The patient 
then underwent myeloablative HSCT with a mismatched 7/8 
unrelated donor peripheral blood stem cell transplant using 
a conditioning regimen (fludarabine, cyclophosphamide, total 
body irradiation) followed by postsurgical cyclophosphamide 
with sirolimus and mycophenolate mofetil. Dasatinib was re-
sumed 4 months before presentation, and he had undetect-
ed BCR/ABL 2 weeks prior to admission.

Six months after HSCT, the patient presented with a 10-day 
history of worsening shortness of breath and a cough. He did 
not report any orthopnea, paroxysmal nocturnal dyspnea, leg 
edema, or weight change. He also had a fever that had started 

the previous day. No complications following HSCT were not-
ed during periodic follow-up visits to an oncologist. He was a 
nonsmoker with no history of congestive heart failure or tu-
berculosis. His home medications included dasatinib (100 mg 
orally daily), sirolimus (1 mg orally daily), and acyclovir (one 
400-mg oral tablet daily). His vaccinations were up to date, 
and he had recently received a Hemophilus influenzae and a 
Pneumovax vaccine.

On physical clinical examination, the patient was febrile with 
a temperature of 39.5°C. He had tachycardia, tachypnea, and 
mild hypoxia with oxygen saturation of 89% on room air; there 
was no leg edema. He had bilateral course crackles with poor 
air entry bilaterally. His abdomen was soft on palpation and 
no ascites were noted.

Blood tests indicated a hemoglobin level of 10.5 gm/dL, mild 
acute kidney injury with a creatinine level of 1.5 mg/dL, and 
mild elevation of his liver enzyme levels. A chest radiograph 
and chest computed tomography (Figures 1, 2) showed a bi-
lateral pleural effusion with possible left-sided infiltration 
or pneumonia. A transthoracic echocardiogram showed nor-
mal left ventricular function with a small pericardial effusion. 
Pneumonia, bilateral pleural effusion, and small pericardial ef-
fusion were diagnosed in the patient. He was started on treat-
ment with broad-spectrum antibiotics, including vancomycin 
(1.5 mg every 12 h), cefepime (1 mg intravenously every 8 h), 
and metronidazole (500 mg intravenously every 8 h) for cov-
erage of anerobic bacteria.

The patient’s fever resolved on the second day of hospital-
ization, and his symptoms improved. His creatinine and liv-
er enzyme levels also improved. However, he had significant 
hypoxia with an increased oxygen requirement. Bilateral tho-
racentesis was performed to drain the pleural fluid, with ap-
proximately 1.5 L of fluid drained from each side. The results 
of the analysis of the pleural fluid are summarized in Table 1. 
The patient received a diagnosis of left-sided pneumonia and 
a bilateral exudative pleural effusion according to Light’s cri-
teria (Figure 3) with lymphocytic predominance. The pleural 
fluid culture and cytology were negative. All investigations 
for infection, including a blood culture, serum Legionella an-
tigen test, serum streptococcal antigen test, cytomegalovirus 
polymerase chain reaction, Histoplasma antigen test, and a 
(1®3)-b-d-glucan test, yielded negative results.

Despite completing a 5-day course of antibiotics, the patient 
continued to require oxygen supplementation; therefore, we 
decided to repeat the chest computed tomography, which 
showed reaccumulation of the pleural fluid, predominantly 
on the right side. Therapeutic thoracentesis was performed.
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Given this reaccumulation of the exudative pleural effusion 
after completing a course of antibiotics, we suspected medi-
cation-induced fluid accumulation as the cause of the recur-
rent pleural effusion and possible small pericardial effusion in 
the echocardiogram. The patient was on sirolimus, acyclovir, 

and dasatinib. Although any of these drugs could potential-
ly cause pleural effusion, we decided to stop dasatinib first 
because patients treated with dasatinib had the highest in-
cidence of pleural effusion. Since the patient was in remis-
sion with no ABL/BCR fusion detected, an alternative tyrosine 
kinase inhibitor was not deemed necessary. After dasatinib 
was withdrawn, oral prednisone of 40 mg daily was initiated. 

Figure 1.  Chest X-ray showing right-sided pleural effusion, with 
bilateral interstitial infiltrates more on the left side.

Figure 2.  Computed tomography of the chest with intravenous 
contrast showed bilateral pleural effusion with left-
sided infiltrates. The effusion on the right was larger 
than on the left.

Figure 3.  The definition and the main features of Light’s criteria 
adopted to diagnose pleural effusion into exudate and 
transudate based on the pleural fluid chemical profile. 
LDH – lactate dehydrogenase.

Light’s criteria rule

1 – Pleural �uid protein/serum protein ratio greather than 0.5
2 – Pleural �uid LDH/serum LDH ratio greather than 0.6
3 – Pleural �uid LDH greather than two-thirds the upper limit of the normal
        labotatory value of LDH

If any of the above
criteria are �uid

Exudate Transudate

If none of the above
criteria are ful�lled

Characteristics

Appearance Clear

Total nucleated cells/ML 1033

Differential cell count (%) 39 lymphocytes

16 macrophages

8 mesothelial cells

30 neutrophils

Red blood cell count/ML 2000

Total protein (g/dl) 3.1

Pleural fluid/serum protein ratio 0.51

LDH (IU/L) 280

LDH PF/ULNs 1.06

PH 7.48

Glucose (mg/dl) 102

Cytology Negative

Cultures (fungal/AFB/bacteria) Negative

Table 1.  Left pleural fluid analysis including cell count and 
differential, chemistry, culture, and cytology.

LDH – Lactate dehydrogenase; LDH PF/ULNs – pleural fluid/
upper limits of normal serum; AFB – acid fast bacilli.
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The patient was discharged from the hospital without requir-
ing oxygen, and his chest X-ray on discharge date showed no 
signs of pleural effusion (Figure 4). A repeat echocardiogram 
2 weeks later upon the patient’s follow-up with his primary 
oncologist showed trivial pericardial effusion. Given the un-
detectable BCR/ABL, dasatinib was still withheld at this time. 
He had no complaints or abnormal laboratory test results in 
the following 6 months of follow-up.

Discussion

Pleural effusion following bone marrow transplantation can be 
classified as early onset (less than 100 days following HSCT) 
or late onset (more than 100 days following HSCT) effusion 
(Figure 5). Infections and volume overload can cause pleural 
effusion in either period, but they are more common with ear-
ly-onset pleural effusion [4]. Engraftment syndrome is more 
commonly associated with early-onset pleural effusion, where-
as serositis caused by GVHD is more common in late-onset 
pleural effusion. Fluid overload is the most common noninfec-
tious cause of pleural effusion [4]. Chronic GVHD can manifest 
as a polyserositis-like pericardial effusion with pleural effusion 
and ascites [4,5]. Hepatic veno-occlusive disease, a clinical syn-
drome that can occur in patients who have undergone che-
motherapy and radiation therapy, is characterized by jaundice, 
abdominal pain, and hyperbilirubinemia, and it can be com-
plicated by multiorgan failure and a polyserositis-like pleural 
effusion [4,6]. Malignant pleural effusion is rare after HSCT, 
but it can be seen in refractory non-Hodgkin’s lymphoma [4].

Drug-related pleural disease is a rare cause of pleural effu-
sion, in general, and it has not been reported in patients who 

have undergone HSCT until now. Many medications can cause 
exudative pleural effusions, with the exception of cardiovas-
cular medications, which can cause transudative pleural effu-
sions [7]. The possible mechanisms of drug-related pleural dis-
ease could be a direct toxic effect, allergic reaction, or chemical 
inflammation [7,8]. Drug-induced effusions are usually bilater-
al and dose related. Some medications such as valproic acid 
can cause an eosinophilic pleural effusion, and other medica-
tions such as dasatinib can cause lymphocytosis. Most drug-
induced pleural effusions resolve after the causative medica-
tion is stopped [7,8].

Several medications that can cause pleural effusion in HCST 
patients such as mammalian target of rapamycin (mTOR) in-
hibitors (eg, sirolimus) to prevent GVHD [7,8] or mycopheno-
late or tyrosine kinase inhibitors (eg, dasatinib).

Our patient was taking 3 medications that can potentially 
cause pleural effusion: acyclovir, sirolimus, and dasatinib [7,8]. 
Fluid accumulation-like pleural effusion has been described as 
a possible adverse effect of mTOR inhibitors such as everoli-
mus and sirolimus. The possible mechanisms include inhibi-
tion of lymphangiogenesis by inhibiting vascular endothelial 
growth factor, which is responsible for endothelial lymphat-
ic proliferation [9].

There has been 1 case of a patient treated with acyclovir who 
presented with fever and, upon chest X-ray, showed pleural 

Figure 4.  After bilateral thoracentesis, a chest X-ray on the 
discharge date showed complete resolution of the right 
pleural effusion.

Figure 5.  Possible causes of pleural effusion in hematopoietic 
stem cell transplant patients divided into early and 
late etiology based on 100 days cutoff. GVHD – graft 
versus host disease; HSCT – hematopoietic stem cell 
transplantation.

Etiology of pleural effusion in HSCT patients
100 Days

Early onset

Infections

Malignancy

Medications

� – Tyrosine kinase inhibitors: Dasatinib
� – mTOR inhibitors: Everolimus

Volume overload

Engraftment
syndrome

Sinusoidal
obsrtuction syndrome

Serositis type
GVHD

Late onset
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effusion and pulmonary infiltrates [10]. The cause of the con-
dition was diagnosed by exclusion of infections and pulmo-
nary embolism, and the pleural effusion resolved after acy-
clovir was stopped.

Dasatinib is a tyrosine kinase inhibitor that is used to treat 
CML and Philadelphia chromosome-positive ALL to prevent 
relapse [3]. Dasatinib typically causes exudative pleural effu-
sion similar to that caused by infections and can therefore be 
missed. A common reaction to dasatinib is fluid accumulation, 
which may present as pleural effusion, pericardial effusion, or 
ascites [11]. Pleural effusion is found in 10-35% of CML pa-
tients taking dasatinib, and the risk increases with high-dose 
and high-frequency administration [12]. Dasatinib-associated 
pleural effusion is typically exudative with lymphocytic pre-
dominance [13]. Chylothorax is a less common complication 
of dasatinib therapy [14].

The mechanism of dasatinib-induced pleural effusion is un-
clear, but it is related to the immune system based on obser-
vational studies of patients with large granular lymphocytosis, 
both in the peripheral blood and in the pleural effusion, which 
were identified as natural killer cells and cytotoxic T cells [15]. 
However, these observational studies were conducted on pa-
tients with CML and not on patients who had undergone HSCT. 
Another possible pathophysiological mechanism could be sec-
ondary to tyrosine kinase inhibitors inhibiting platelet-derived 
growth factor, which is normally involved in angiogenesis and 
maintaining vessel integrity. Leaky vessels could be a possible 
histological mechanism underlying fluid accumulation [16].

The risk factors for dasatinib-induced pleural effusion in CML 
have been investigated. In general, the incidence of dasatinib-
induced pleural effusion is higher in patients with a history of 
cardiac disease, pre-existing autoimmune disease, or a rash 
while on therapy [17]. We propose additional risk factors, as 
illustrated by patients on mTOR inhibitors and mycophenolate 
in addition to dasatinib following HSCT being at higher risk.

The main treatment options for effusions include dose reduc-
tion, temporary drug interruption, or switching to an alterna-
tive tyrosine kinase inhibitor [18]. Therapy withdrawal after 
pneumonia treatment is the primary recommendation in the 
context of recurrent pleural effusion. Therefore, in the present 
case, we decided to stop dasatinib, as it is associated with a 
higher incidence of pleural effusion than sirolimus. Additionally, 
we did not try to decrease the dose or use alternative tyro-
sine kinase inhibitors such as imatinib or bosutinib, since the 
patient’s ALL was in remission with no BCR/ABL fusion gene 
detected in FISH. Thoracentesis is strongly recommended in 
patients with massive bilateral pleural effusions with hypox-
ia [12] and to exclude alternative causes, especially in patients 
with a high risk of infection secondary to recent HSCT, as in 

the present case. Steroids may be beneficial, especially in pa-
tients with mild to moderate effusions, but diuretics appear 
to be ineffective [1,12].

In our patient, the diagnosis of dasatinib-induced recurrent 
pleural effusion was suspected after we treated infections 
and excluded continuing infection and malignancy as possible 
causes by means of analysis of pleural fluid obtained through 
thoracentesis. The patient’s exudative lymphocyte-predomi-
nant pleural effusion was attributed to dasatinib; however, his 
triglyceride level in the pleural fluid was not tested to exclude 
chylothorax. We stopped dasatinib therapy because of recur-
rent pleural effusion. The patient’s condition improved signif-
icantly, and he was discharged without oxygen requirement.

Conclusions

Although pleural effusion is a known complication of allogenic 
HSCT, drug-induced pleural effusion in patients who have un-
dergone HSCT has not been described previously. Dasatinib-
induced pleural effusion in HCST patients may differ from the 
effusion that develops in CML patients based on the follow-
ing 4 points. First, there is a wide range of causes of pleural 
effusion in HSCT compared with CML. Second, the risk of in-
fection could be higher in HSCT than in CML; therefore, tho-
racentesis is strongly suggested for patients who have un-
dergone HSCT to exclude infection. Third, closer monitoring 
may be needed when patients start on tyrosine kinase inhib-
itors following HSCT. Fourth, complete drug withdrawal rath-
er than dose reduction or use of alternative tyrosine kinase 
inhibitors could be appropriate in HSCT patients if ALL is in 
remission. This case demonstrates that it is also important 
to consider drugs as a cause of recurrent effusion following 
HSCT. Physicians may not be aware of the potential for drug-
induced pleural disease because new drugs are continuous-
ly being introduced and there is limited clinical experience or 
knowledge about their adverse effects. Therefore, accurate 
medication reconciliation by reviewing home medications and 
adverse effects can prevent patients with pleural disease from 
undergoing unnecessary procedures such as drainage using 
an indwelling pleural catheter and could minimize the dura-
tion of hospital stay after the common causes of pleural effu-
sion have been eliminated.
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