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Subdural hematoma in a patient taking imatinib for GIST: a
case report and discussion of risk with other

chemotherapeutics

Christian B. Theodotou?®, Ashish H. Shah®, Michael E. lvan® and

Ricardo J. Komotar®

Although anticancer drugs have existed for over 50 years,
targeted drugs have only recently been marketed, and their
side effects may not be completely understood. The patient
is a 56-year-old woman with a gastrointestinal stromal
tumor who presented with headache, nausea, and vomiting
lasting 2 weeks. An MRI to rule out brain metastasis found a
large right-hemispheric subdural hematoma without
metastases. She denied trauma, seizures, or alcohol abuse.
Laboratory test results were normal. Eight months prior, she
had begun a dose escalation of imatinib, which became the
suspected cause of her hemorrhage. The literature was
reviewed for reports of intracranial hemorrhage with
targeted chemotherapeutics excluding metastases,
anticoagulation, and trauma. Multiple events have been
documented but only one for imatinib with gastrointestinal
stromal tumor. Imatinib is believed to cause platelet
dysfunction (missed by standard testing), leading to

Introduction

Dose-dependent hemotoxicity from chemotherapeutic
agents was discovered early after their introduction to the
market in the 1940s [1]. In these early trials of therapy,
patients would routinely suffer from profound anemia,
leukopenia, and thrombocytopenia; however, these bar-
riers to treatment were countered to a certain extent by
the development of platelet transfusion in the 1960s and
granulocyte colony stimulating factors in the 1990s [1-4].
Nevertheless, to avoid these systemic hematopoietic
toxicities of traditional chemotherapeutics, targeted
therapies began to emerge such as imatinib, erlotinib,
and bevacizumab [1]. Although deemed generally
safe, these targeted molecular therapeutics may pose
additional risks that are not fully understood by clin-
icians. The following case report concerns a patient
who received one of these agents — imatinib — for a
gastrointestinal stromal tumor (GIST) and subsequently
suffered from an unprovoked acute subdural hema-
toma (SDH).

Case report

The patient is a 56-year-old woman who was diagnosed
with GIST in 2007 after presenting with fatigue, anemia,
and early satiety. Because of the size and location of the
tumor, neoadjuvant chemotherapy with imatinib was
administered at a dose of 400 mg daily, after which
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intracranial hemorrhage. Intracranial hemorrhage risk may
be under-reported and neurosurgical consultation for
immediate treatment and oncology for reinitiation of
chemotherapy are recommended. Anti-Cancer Drugs
27:259-263 Copyright © 2016 Wolters Kluwer Health, Inc.
All rights reserved.

Anti-Cancer Drugs 2016, 27:259-263

Keywords: chemotherapy, gastrointestinal stromal tumor, imatinib,
intracranial hemorrhage, subdural hematoma

Departments of *Surgery and PNeurological Surgery, University of Miami Miller
School of Medicine, Miami, Florida, USA

Correspondence to Ricardo J. Komotar, MD, Department of Neurological Surgery,
University of Miami Miller School of Medicine, 1321 NW 14th Street West
Building Suite 306 Miami, FL 33125, USA

Tel: +1 305 243 2427; fax: + 1 305 689 3320; e-mail: rkomotar@med.miami.edu

Received 8 October 2015 Revised form accepted 5 November 2015

resection was attempted. Over the next 7 years, the
tumor progressed, and the patient continued on higher
dosages of imatinib.

Because of worsening headaches and intermittent nausea
and vomiting over 2 weeks, the patient underwent an
MRI (Fig. 1a and b), which showed a right-hemispheric
acute SDH. The patient remained neurologically intact
without any sign of any focal neurological deficit. The
patient denied any history of recent trauma or seizures,
and the patient was not taking any antiplatelet medica-
tion or anticoagulant. Platelet count, coagulation, and
liver function studies were normal on admission. Imatinib
was stopped and the patient did not have any further
progression of SDH (computed tomography; Fig. 1c). A
right frontotemporal craniotomy was performed to evac-
uate the SDH and its associated membranes. The patient
tolerated the procedure well and was discharged home in
a stable condition.

Discussion

Acute nontraumatic SDHs in nonelderly/noncoagulo-
pathy patients are rare events and should be investigated
thoroughly for a proposed etiology. In this case, the SDH
did not appear to have an obvious cause such as recent
head trauma, thrombocytopenia, or therapeutic anti-
coagulation. Given the patient’s age (56 years, without a
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Fig. 1

(a) T1-weighted and (b) T2-weighted MRI of the brain showing a right-hemispheric subdural hematoma with midline shift and impending uncal
herniation. (c) Computed tomography scan of the brain showing holohemispheric acute on subacute subdural hematoma with midline shift, subfalcine

herniation, and impending uncal herniation.

history of alcohol abuse), the likelihood of an unprovoked
acute SDH remains low. After review of the patient’s
current medication side-effect profiles, there was some
clinical suspicion that the SDH may have been related to
imatinib, which has previously been described to increase
the risk for central nervous system hemorrhage [5].

Because of this, we conducted a search of the literature to
identify whether other clinicians had reported similar
events with imatinib. A clinical trial by Demetri e7 a/. [6]
that tested two dosages of imatinib in 147 patients with
GIST found no instance of SDH or cerebral hemorrhage.
To our knowledge, there has only been one prior
reported case of a GIST patient treated with imatinib
subsequently suffering an SDH [7]. In their case, Feki
et al. [7] reported a similar situation in which a 44-year-old
imatinib-treated GIST patient with no history of trauma
or anticoagulation medication administration developed
an SDH and subsequently died. With many novel che-
motherapeutic agents on the market, identification of
severe adverse events such as SDH is essential. We
identify and discuss below multiple reports of targeted
chemotherapeutics with possible associations with SDH
(Table 1).

Imatinib

Imatinib mesylate (Gleevec; Novartis, Basel, Switzerland)
is a tyrosine kinase (TK) inhibitor that has been indicated
for the treatment of Philadelphia chromosome positive
(Ph+) chronic myelogenous leukemia (CML), GISTs,
and Ph+ acute lymphoblastic leukemia (ALL) [11,18].
Tyrosine kinase inhibitors interrupt the normal cellular
signaling processes involved in growth and maintenance
of the cell by blocking ATP-binding sites on TKs.

Imatinib specifically targets the TKs often found in CML
(BCR-ABL) and GIST (¢-KIT, platelet-derived growth
factor receptor-a) cells [18]. A long-term study of CML
patients receiving imatinib found complete cytogenetic
response in 87% of patients and an overall survival rate
of 89% at 5 years [19]. In GIST, a median overall survival
of 57 months has been reported in patients receiving
imatinib [20].

Multiple studies have reported SDHs as adverse events
in patients receiving imatinib. Daniels ¢z @/. [11] con-
ducted a clinical trial with 119 patients with idiopathic
pulmonary fibrosis using imatinib for its blocking action
on PDGFR, which would inhibit proliferation of fibro-
blasts, theoretically the cause of idiopathic pulmonary
fibrosis [11]. The researchers in this investigation noted
two patients with nontraumatic SDHs but did not discuss
whether intervention was indicated or conducted [11].
Hoeper ez al. [12] also investigated imatinib as a treat-
ment for pulmonary arterial hypertension through a ran-
domized placebo-controlled trial with 202 patients. They
observed SDHs in eight of their patients who were
anticoagulated, but as with the previous study, no inter-
ventions were discussed [12].

Song e al. [5] carried out a retrospective analysis of CML
patients who were treated with imatinib and found that
seven of 121 patients suffered an SDH, four of whom
required surgical intervention. None of the patients with
SDHs were anticoagulated or thrombocytopenic, and the
authors point to an unknown mechanism separate from
the currently accepted theory that thrombocytopenia
from imatinib leads to SDH.
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Kim er al. [13] reported a case of CML treated with
imatinib, in which the patient subsequently developed
SDH without thrombocytopenia or coagulopathy. The
authors suggest a possible platelet aggregation abnorm-
ality as a cause [13]. In addition, Patel ez /. [14] reported
on three patients with imatinib-treated Ph + ALL, all of
whom experienced an SDH. These patients were all
thrombocytopenic, had been receiving additional agents,
and had undergone multiple lumbar punctures for intra-
thecal chemotherapy. However, as with the previous case
report, the authors note that platelet dysfunction may still
be involved. On the basis of the three multipatient stu-
dies using imatinib (Song ¢ a/. [5], Daniels ¢z /. [11], and
Hoeper e al. [12]), the reported rate of intracranial
hemorrhage with imatinib may be between 1.9% (two of
103 in the study by Hoeper ez /. [12]) and 5.7% (seven of
121 in the study by Song ez a/. [5]).

Dasatinib and other protein-kinase inhibitors

Dasatinib (Sprycel; Bristol-Myers Squibb, New York,
New York, USA) is a TK inhibitor that is used for
imatinib-resistant CML. Gratacap e a/. [21] treated
human platelets with dasatinib and then activated them
with thrombin, adenosine diphosphate, or collagen and
found that platelet aggregation was inhibited at low
concentrations of thrombin and collagen, but adenosine
diphosphate-induced aggregation was not significantly
affected. Disruption of the platelet immunoreceptor
tyrosine-based activation motif was noted as a possible
mechanism by the authors and therefore could be asso-
ciated with the cause of SDH [21].

Mustafa Ali and colleagues reported a case of a sponta-
neous SDH that occurred in a 29-year-old woman with
Ph+ ALL who was treated with dasatinib. With no
history of trauma, anticoagulation, or metastasis to the
brain, the authors discussed the possibility of platelet
dysfunction being the cause for the SDH [16].

Other protein-kinase inhibitors include chemother-
apeutics such as nioltinib, sunitinib, and erlotinib [10].
Aichberger ez al. [15] assessed the incidence of occlusive
peripheral arterial disease in 24 patients receiving nilo-
tinib for CML and observed one case of SDH. This
patient was found to be thrombocytopenic, and further
nilotinib was withheld [15]. Egron e @/ [10] retro-
spectively analyzed all serious adverse events with the
protein Kkinase inhibitors imatinib, sorafenib, erlotinib,
sunitinib, dasatinib, lapatinib, nilotinib, and everolimus
over a 2-year period and found one event of subdural
hematoma (in a sample of 271 patients) in a patient
receiving off-label treatment with dasatinib for acute
myeloid leukemia.

Bevacizumab

Bevacizumab is a monoclonal antibody used in the
treatment of certain cancer types because of its action on
vascular endothelial growth factor [8]. Several links

between bevacizumab and central nervous system
hemorrhage have been reported. Takahashi ez @/ [8]
reported a case of a 78-year-old patient with colon cancer
who was treated with an undescribed chemotherapeutic
and bevacizumab and was found to have a chronic SDH
on a follow-up PET scan. The patient underwent burr-
hole drainage initially, but after the hematoma failed to
drain, it was evacuated. There was no discussion on the
causal mechanism [8]. Wong ¢z a/. [9] reported on two
patients with metastatic breast cancer to the brain, one
treated with bevacizumab and the other with sunitinib (a
T'K inhibitor that targets the vascular endothelial growth
factor receptor). In both cases, the SDHs did not occur
during therapy but after the discontinuation of therapy.
The authors postulated that cessation of the anti-
angiogenic chemotherapy led to a compensatory proan-
giogenic state that resulted in leakage from the capillaries
and subsequent subdural collection [9].

Intracranial hemorrhage has also occurred with bev-
acizumab in combination with gefitinib, an epidermal
growth factor receptor inhibitor. Ichihara e a/ [17]
reported that one of 42 patients receiving a regimen of
bevacizumab and gefitinib for non-small-cell lung cancer
developed an unspecified intracranial hemorrhage. Other
than discontinuation of treatment, no other intervention
was specified, and the cause was not discussed. As this
time, the causal relationship between bevacizumab and
intracranial hemorrhage has yet to be substantiated.
However, clinicians should exercise caution when con-
tinuing bevacizumab in the presence of intracranial
hemorrhage, just as initiation of bevacizumab is delayed
after tumor resection because of the potentially increased
risk for hemorrhage [22,23].

Conclusion

Multiple reports have identified isolated spontaneous
SDHs and intracranial hemorrhages occurring after the
use of newer targeted chemotherapeutic agents, parti-
cularly TKIs and imatinib. On the basis of multipatient
studies in the existing literature, the rate of imatinib-
related intracranial hemorrhage in the absence of other
obvious causes may be between 1.9 and 5.7% [5,11,12].
Such bleeding has been observed to occur with its use
under different disease settings, and the incidence of
intracranial hemorrhage with its use may still be under-
reported. If these agents are the cause for SDH, as sus-
pected, discontinuation of the chemotherapeutic is the
reported course of action in the literature, with referral
and evaluation by a neurosurgeon [13,15,17]. Our case
highlights the importance of being vigilant for symptoms
and signs of SDHs and intracranial hemorrhages when
using these drugs. Because of the rapid introduction of
these agents into the market, unfamiliarity may pose a
significant challenge, and an oncologist and neuro-
surgeon should be consulted before restarting che-
motherapy after a hemorrhage.
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