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A Rare but Fatal Complication Probably due to Imatinib: Cerebral Edema
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Abstract

cerebral edema was due to imatinib.

Imatinib mesylate is a tyrosine kinase inhibitor that strongly inhibits the tyrosine kinases like BCR-ABL1, KIT and
PDGFRB and is used in the treatment of chronic myeloid leukemia. As well as its proven effectiveness its frequent
side effects are also well known. Apart from its other side effects its commonly encountered side effect in daily clinical
use is edema. Although the path-physiology of this process has not yet been well understood, its strong blocking
action on PDGFRB is thought to be responsible. In this case report we are presenting a chronic myeloid leukemia
patient with cerebral edema who unfortunately died. To our knowledge, she has been the third patient who was
reported due to this complication of imatinib. As we could not estimate another cause we strongly deduced that the
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Introduction

Imatinib mesylate (STI571) is a selective inhibitor of the tyrosine
kinases like BCR-ABL1, KIT and PDGFRB (platelet derived growth
factor-beta subunit) [1]. Imatinib is the first molecule that is used
directly to the target using its tyrosine kinase inhibiting property
[2]. By the published results of the International Randomized Study
of Interferon vs. STI 571 (IRIS) study in 2002, imatinib has gained
acceptance in the treatment of the newly diagnosed chronic myeloid
leukemia (CML) patients. By the first line treatment with imatinib
the haematologic response obtained reaches to 98% and the complete
cytogenetic response reaches to 65-85% [3-5]. Moreover imatinib is
shown to be effective in the blastic phase of CML for a short time [6].
Imatinib is also used with success in the treatment of the gastrointestinal
stromal tumors (GIST) [7,8].

Imatinib is usually well tolerated however mild to moderate
adverse effects are not infrequent (less than 10%). The most commonly
encountered adverse effects of imatinib are muscular pain cramps,
myelosuppression, nausea, vomiting, cutaneous lesions and periorbital
or pretibial edema [3,5,9-11]. Localized fluid retentions or edema from
mild to moderate level usually respond well to diuretics and sodium
restriction however more rare but more serious adverse effects of
imatinib have been described; optic disc edema [12,13], intramuscular
edema [14], pleural or pericardial effusions [15] and intra-articular
effusion [16] are among these. Another very rare adverse effect which
can be fatal as well and that is most possibly related to imatinib is
cerebral edema [17]. In this manuscript we are presenting a CML
patient with cerebral edema who had been given imatinib.

Case Report

A 36 year old woman was diagnosed to have CML at the chronic
phase and she was put on imatinib therapy 400 mg/d on the 30th of
October, 2008. She applied to the haematology out-patient ward 15
days after the commencement of therapy with the complaint of having
headache. Her headache had increased during the last few days with
resistance to the analgesics. Furthermore she started to have nausea
and vomiting, as well. As her headache was specially localized in
the periorbital area and as she started to complain of blurred vision,
increasing light sensitivity she was consulted by an ophthalmologist
that unveiled bilateral grade 4 papilledema. She underwent a cranial
CT on the same day with the suspicion of leukemic involvement or

any other intracranial event (29 November, 2008) however nothing but
cerebral edema was found and hence the patient was hospitalized in
the neurology department. The control cerebral CT that was performed
on the 1st of December, 2008 showed cerebellar tonsillar herniation
in addition to the findings of cerebral edema (Figure 1). The patient
was not receiving any other drugs at the time and there was no other
known pathology (i.e. intoxication, vasculitis, metabolic disease,
intracranial haemorrhage) that could have been held responsible for
cerebral edema. So we thought that imatinib would be responsible for
the edema and hence the drug was discontinued immediately and she
was put on an anti-edema therapy (mannitol 150 cc, 4 times a day and

Figure 1: Cranial CT (01.12.2008): Effacement in cerebral sulcii and gyrii.
The ventricles appear compressed, loss of the gray-white matter junction and
lenticular nucleus differentiation. These findings are concordant with brain
edema.
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diasomide tablet, 250 mg, 4 times a day).The cranial MRI performed
on the 3rd of December, 2008 displayed cerebral edema, volume
increase in the white matter and T2 signal augmentation (Figure 2).
There were no signs of vasculitis, thrombosis or leukemic involvement.
Dexametasone 4 mg, twice a day was added to the treatment protocol.
The patient was consulted with the neurosurgery department in terms
of a surgical therapy but she was not considered to be suitable for a
surgical intervention. As the patient’s headaches subsided 4 days after
her hospitalization, she was discharged on the 15th of December, 2008
with the prescription of dexametasone 4 mg twice a day. We planned
to start another tyrosine kinase inhibitor instead of imatinib however
9 days after her discharge the patient applied to the emergency service
with a severe headache. CT scan taken again on the 23rd of December,
2008 displayed the findings consistent with diffuse cerebral edema.
The patient lost her consciousness in a short while and on the 25th of
December, 2008 she died after respiratory arrest which was followed by
a cardiac arrest.

Discussion

Here we are presenting a patient with CML in whom a fatal outcome
ensued on the 15th day of her therapy with imatinib. The patient was
suffered from increased intracranial pressure symptoms and signs as
mentioned above. The cerebral edema and tonsillar herniation of the
patient was confirmed by cranial CT and MRI studies (Figures 1,2).
The exact etiology of the edema that is related to imatinib has not yet
been understood very well. Fluid retention and edema is an anticipated
adverse effect of imatinib therapy especially when doses around 600-
800 mg/day are used. In clinical practice this is usually observed as
periorbital and pretibial edema or as a gain in body weight. This side
effect of the drug is sometimes not even taken notice of as it is usually
mild or is treated by the administration of diuretics [5,6]. Nevertheless
rarely encountered types of edema which may be peculiar to an organ
or generalized may be life threatening.

The patient was on imatinib therapy due to CML in the chronic
phase and as she was not receiving another drug therapy the brain
edema was strongly thought to be due to imatinib. In literature there
are two other reported cases that developed cerebral edema while on
imatinib therapy. Both of the cases were taking imatinib at a dosage
of 600 mg/day at the time of initiation of symptoms unlike our patient

Figure 2: Cranial MRI with no contrast injection- diffusion MRI (03.12.2008):
Volume increase and T2 signal augmentation in brain stem, mesencefalon,
cerebellar hemispheres, corpus callosum and supratentorial subcortical white
matter. Cerebellar tonsillar herniation is visible (white arrow).

who was taking 400 mg/day imatinib. As discussed earlier, edema is
much frequently observed at higher doses of imatinib such as 600-800
mg/day. Symptoms of cerebral edema developed 3 months and 4 weeks
after the initiation of therapy in these two cases, respectively. Our
patient had been taking imatinib for 15 days when she was diagnosed
with cerebral edema. In one of the cases, imatinib was stopped after
cerebral edema ensued and after recovery of symptoms imatinib was
restarted at 400 mg/day, but cerebral edema recurred and he died one
month later like our patient. But in the other case, after disappearance
of cerebral edema imatinib was restarted at 300 mg/day without
reappearance of cerebral edema and she even tolerated imatinib at a
dosage of 800 mg/ day (17).

As other types of edemas associated with imatinib, the etiology
of brain edema has not been ascertained yet. There are some studies
purporting the reason for edema and fluid retention to be due to
PDGEFR inhibition by the use of imatinib. One of these studies puts
forward the regulation of the interstitial fluid homeostasis by the
PDGFR via P13K (phosphatidylinositol-3’ kinase). Stimulation of
the P13K activity lowers the intratumoral fluid pressure [18]. Many
tumoral formations have interstitial hypertension that complicates the
entrance of the antitumoral drugs into the tumoral tissue. It has been
purported that interstitial fluid pressure is increased by the expression
of the PDGFR-P signal and as this expression is inhibited by imatinib
the interstitial hypertension is lowered and the solutes’ transport
through the capillaries to the interstitium is increased [19]. This has
been demonstrated by the increase of the passage of 51Cr-EDTA
through the capillaries into the interstitium [19]. According to this it
can be adduced that the decrease in the pressure of the interstitium
may lead to fluid transfer to the interstitium and give rise to the edema
formation. A recent study has demonstrated in humans with various
solid tumors that the blockage of PDGFR-f by CDP-860 (humanized,
PEGylated di-Fab’) have led to fluid retention and edema [20]. All
these studies bring forward that the inhibition of PDGFR-f plays a
role in fluid retention and edema formation. The investigation of the
signal transmission association between the PDGFR-B, P13K and
Na/K ATPase may prove to be quite interesting. We believe that there
are some differences between fluid retention in cavities and edema
formation. Fluid retention in cavities may be due to an alteration in the
capillary permeability of an unknown reason.

The edema associated with imatinib is formed by the accumulation
of fluid in the interstitial tissue however it is not very clear whether
brain edema is due to an increase in the interstitial or intracellular fluid.
This context has not been described in the previous brain edema cases
either [17]. We were unable to clarify this controversy as no autopsy and
histologic studies could have been performed on the patient, however
the MRI study did not put forward any findings in favor of hemorrhage
or leukemic infiltration. It is not clear and not well understood why
fluid retention and edema formation is not encountered in all patients
under imatinib therapy or why the localizations differ from person to
person. This can be associated with a second triggering mechanism
may be present. Polymorphisms of PDGFR genes do not appear to play
a role in patient’s susceptibility to clinically severe edema formation
during treatment with imatinib [21].

Conclusion

The clarification of the mechanism inducing this problem will help
to prevent the formation of such fatal side effects. Furthermore the
possibilities for the use of other tyrosine kinase inhibitors in patients in
whom edema is formed by the use of imatinib needs to be investigated.
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