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Summary

Posterior reversible encephalopathy syndrome (PRES) is a clinical/radiological syndrome
characterized by symptoms that can include seizure, headache, impaired vision and hypertension,
and can be confirmed by magnetic resonance imaging. Numerous reports have emerged that
describe PRES in cancer patients. The list of medications linked to PRES can include traditional
cytotoxic chemotherapeutics (e.g., cisplatin, cyclophosphamide, and high-dose corticosteroids),
newer agents that target the vascular endothelial growth factor pathway (e.g., bevacizumab,
sunitinib, and pazopanib), and supportive care mediations (e.g., granulocyte colony stimulating
factors and erythropoietin). We report, for the first time, a case of PRES that is secondary to
treatment with enzalutamide, a potent androgen receptor antagonist used in the treatment of
metastatic castration-resistant prostate cancer. Enzalutamide is approved for the treatment of both
docetaxel-pretreated and chemotherapy-naive metastatic castration-resistant prostate cancer.
Enzalutamide has been previously linked to the increased risk of seizures. Clinicians should be
aware that, in rare cases, patients treated with enzalutamide could potentially be at risk for PRES.
If symptoms suggestive of PRES arise in patients receiving enzalutamide, the drug should be
discontinued immediately and the diagnostic process should be initiated.
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Introduction

Posterior reversible encephalopathy syndrome (PRES, also known as reversible posterior
leukoencephalopathy syndrome) is a rare but serious clinical/radiological syndrome. Patients
may present with clinical symptoms that include confusion, altered consciousness, seizures,
headache, impaired vision, and acute hypertension.[1,2] However, because many of the
clinical signs and symptoms of PRES are nonspecific, diagnosis is confirmed by
neuroimaging findings. Magnetic resonance imaging (MRI) typically demonstrates bilateral
hyperintensity on T2-weighted and fluid-attenuated inversion recovery (FLAIR) images,
which is indicative of subcortical edema in parietal and occipital lobes.[2,3] Fortunately,
PRES is reversible in the majority of patients who are diagnosed and appropriately treated,
with clinical signs and symptoms dissipating and MRI findings normalizing within days to
weeks.[1-4]

Enzalutamide is an oral, next-generation anti-androgen that inhibits binding of androgen
ligands to the androgen receptor (AR) and prevents both AR translocation into the nucleus
and DNA binding and co-activator recruitment at the transcription complex.[5] After the
phase Il AFFIRM trial demonstrated a positive efficacy and safety profile for enzalutamide,
it was approved by the U.S. FDA in August 2012 for the treatment of docetaxel-pretreated
metastatic castration-resistant prostate cancer (NCRPC).[6] The AFFIRM study revealed
that rates of fatigue, diarrhea, hot flashes, musculoskeletal pain, headache, and seizure were
higher in the enzalutamide-treated patients. In September 2014, the FDA expanded the
approval for enzalutamide to include treatment of chemotherapy-naive mCRPC based on
results from the phase Il PREVAIL trial.[7] In the PREVAIL study, rates of fatigue,
arthralgia, back pain, hot flushes, and hypertension were higher in the enzalutamide-treated
patients. Here we report, for the first time, a case of enzalutamide-induced PRES.

Case Report

A 76-year-old man was started on androgen deprivation with leuprolide acetate for diffuse
bone metastases two years prior to this admission. His past medical history was significant
for chronic renal insufficiency (baseline creatinine of 2.0 mg/dl) and a history of multiple
urinary tract infections, but no history of hypertension, headache, seizure, or stroke. After 17
months on androgen deprivation therapy, the serum prostate-specific antigen (PSA) level
increased from 1.6 ng/ml to 8.7 mg/ml. Due to the development of mMCRPC, the patient was
initially treated with sipuleucil-T, and then with enzalutamide (160 mg once daily). After
four months of treatment with enzalutamide, the PSA level decreased from 14.9 ng/ml to 0.7
ng/ml.

After four months of enzalutamide treatment, the patient presented to the emergency
department with complaints of altered mental status that worsened during preceding two-
week period. He presented with confusion and experienced word-finding difficulty. The
patient’s medication regimen included enzalutamide, calcium, vitamin D, and hydrocodone-
acetaminophen (taken as needed). Physical examination revealed elevated blood pressure of
188/97 mm Hg. The patient exhibited moderate to severe cognitive linguistic deficits,
including impaired memory skills, reasoning skills, auditory comprehension, executive
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functioning, and written expression. A brain MRI revealed significantly abnormal T2/
FLAIR signals, which is indicative of diffuse vasogenic edema (more severe in the left
hemisphere) involving the occipital, temporal, parietal, and frontal lobes. There was also
involvement of the corpus callosum, and a 7-mm left-to-right midline shift was observed.
Multiple foci of microhemorrhage were observed throughout the brain; however, there was
no evidence of acute infarct or extra-axial fluid collection. No discreet masses, indicative of
new brain metastases, were detected (Figure 1A).

The patient was admitted to the hospital where enzalutamide was discontinued. He was
treated with dexamethasone. He was also treated with an antihypertensive regimen of
hydralazine 25 mg three times daily and carvedilol, which was subsequently switched to
amlodipine 10 mg daily, and hydralazine treatment was continued. His blood pressure
returned to normal levels within three days. His neurological examination results and
mentation improved steadily throughout his one-week hospitalization period, and he became
fully oriented and conversational. He was discharged from the hospital on a regimen than
included amlodipine, hydralazine and dexamethasone 2 mg twice daily. The dexamethasone
was subsequently discontinued after one week. A follow-up brain MRI, performed five
weeks after discharge, revealed significant improvement of abnormal T2/FLAIR signals
bilaterally in the frontal, temporal, and occipital lobes, with only mildly abnormal signal still
detected in the posterior lobe (Figure 1B). The MRI also revealed no midline shift or mass
lesions and no evidence of intracranial hemorrhage, acute infarct, or extra-axial fluid
collection. Four months after this episode of PRES, the patient was reported to be doing
well, without recurrence of any neurologic symptoms. The patient had remained off
enzalutamide and had not required any additional treatment for mCRPC other than
continuing androgen deprivation therapy.

Discussion

The development of PRES has been correlated previously with hypertensive conditions
ranging from severe acute hypertension to pre-eclampsia/eclampsia and hypertensive
emergencies. Moreover, it has been associated with acute porphyria, Guillain-Barré
syndrome, thrombotic thrombocytopenic purpura, solid organ transplant, and cancer.[2,3] In
addition, PRES has been associated with the use of cyclosporine, erythropoietin, intravenous
immunoglobulin, high-dose dexamethasone, and traditional cytotoxic chemotherapeutics
(e.g., carboplatin, cisplatin, cyclophosphamide, cytarabine, doxorubicin, and gemcitabine).
[2,3,8-10] Recently, several case reports have emerged linking PRES to targeted anti-tumor
agents that inhibit vascular endothelial growth factor and its receptors.[11]

The hypothesized etiologies of medication-induced PRES are poorly understood. One
proposed model of pathogenesis centers on cerebral vascular autoregulation failure and
endothelial dysfunction, which can often be secondary to medication-induced injury. Acute
and severe cases of hypertension, resulting from injury to the vascular endothelium, may
exceed cerebral vascular autoregulation. Sudden elevations in blood pressure, which exceed
cerebral vascular autoregulation, cause pathological vasodilation of arterioles and result in
blood-brain barrier dysfunction. Ultimately, blood-brain barrier dysfunction can lead to
extravasation of fluids into the brain parenchyma.[1,4,12,13] A lack of adrenergic
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innervation in the posterior cerebral circulation appears to render that area vulnerable to
vasogenic edema.[12]

The mechanisms underlying the development of PRES as a result of exposure to
enzalutamide are unknown. We propose that enzalutamide-induced inhibition of gamma-
aminobutyric acid A (GABAAa)-gated chloride channels may explain the onset of PRES.
One of the rare, yet serious, adverse events observed in the AFFIRM study was seizure that
occurred in 5 (0.6%) out of 800 patients in the enzalutamide arm (while none of 399 patients
in the placebo arm experienced seizure).[6] Animal studies suggest that lowered seizure
threshold is a consequence of the ability of enzalutamide to cross the blood-brain barrier
where it results in off-target inhibition of GABA-gated chloride channels.[14] The
AFFIRM study also revealed that the incidence of hypertension was twice as high in patients
treated with enzalutamide than in those treated with placebo (6.6% versus 3.3%,
respectively).[6] The GABA, inhibition in areas of the brain responsible for maintenance of
sympathetic vasomotor tone (e.g., the paraventricular nucleus of the hypothalamus) has been
shown to increase arterial blood pressure.[15] Another proposed alternate cause of PRES is
related to cerebral vasospasm that leads to cerebral ischemia.[16] In preclinical models, the
inhibition of GABA receptors has been associated with increased regional cerebral blood
flow and blood-brain barrier disruption in cerebral ischemia.[17] These data support the
hypothesis that off-target inhibition of GABA receptors by enzalutamide, especially in
areas of the central nervous system (CNS) that are responsible for sympathetic tone, may
lead to hypertension that exceeds cerebral vascular autoregulation and ultimately results in
vasogenic edema. Furthermore, the blood-brain barrier disruption that occurs during this
process may result in increased CNS concentrations of enzalutamide and, therefore, may
accelerate the development of PRES. It is also possible that enzalutamide may induce PRES
through an “off-target” effect on molecules other than GABA receptors in the CNS.

To our knowledge, this is the first reported case of enzalutamide-induced PRES. The
patient’s clinical signs and symptoms and the MRI findings led to the diagnosis of PRES
and the subsequent discontinuation of enzalutamide with a favorable clinical outcome.
Prompt recognition and treatment of PRES are imperative because its clinical sequelae are
not always reversible and can become both life-threatening and permanent.[18] Clinicians
should be alert to the possibility of PRES, in addition to seizure, as an adverse event of
enzalutamide that involves the CNS.
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Figure 1.
Brain MRI of the patient with PRES. (LA) The MRI at initial presentation revealed

hyperintense signals on T2 sequences bilaterally in the occipital, parietal, temporal, and
frontal lobes, which are indicative of diffuse vasogenic edema. Involvement of the corpus
callosum, resulting in a 7-mm left-to-right midline shift, was also noted. (1B) After five
weeks, a repeat MRI showed nearly complete resolution of abnormalities.
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