resolve and do not result in persistent deficits, whereas the late delayed
toxicities are usually permanent and sometimes progressive.

Acute Toxicity  Acute cerebral toxicity usually occurs during RT to the
brain. RT can cause a transient disruption of the blood-brain barrier,
resulting in increased edema and elevated intracranial pressure. This is
usually manifest as headache, lethargy, nausea, and vomiting and can
be both prevented and treated with the administration of glucocorti-
coids. There is no acute RT toxicity that affects the spinal cord.

Early Delayed Toxicity Early delayed toxicity is usually apparent weeks
to months after completion of cranial irradiation and is likely due
to focal demyelination. Clinically it may be asymptomatic or take
the form of worsening or reappearance of a preexisting neurologic
deficit. At times a contrast-enhancing lesion can be seen on MRI/
CT that can mimic the tumor for which the patient received the
RT. For patients with a malignant glioma, this has been described as
“pseudoprogression” because it mimics tumor recurrence on MRI but
actually represents inflammation and necrotic debris engendered by
effective therapy. This is seen with increased frequency when chemo-
therapy, particularly temozolomide, is given concurrently with RT.
Pseudoprogression can resolve on its own or, if very symptomatic, may
require resection. A rare form of early delayed toxicity is the somno-
lence syndrome that occurs primarily in children and is characterized
by marked sleepiness.

In the spinal cord, early delayed RT toxicity is manifest as a
Lhermitte symptom with paresthesias of the limbs or along the spine
when the patient flexes the neck. Although frightening, it is benign,
resolves on its own, and does not portend more serious problems.

Late Delayed Toxicity Late delayed toxicities are the most serious
because they are often irreversible and cause severe neurologic deficits.
In the brain, late toxicities can take several forms, the most common of
which include radiation necrosis and leukoencephalopathy. Radiation
necrosis is a focal mass of necrotic tissue that is contrast enhancing
on CT/MRI and may be associated with significant edema. This may
appear identical to pseudoprogression but is seen months to years
after RT and is always symptomatic. Clinical symptoms and signs
include seizure and lateralizing findings referable to the location of
the necrotic mass. The necrosis is caused by the effect of RT on cere-
bral vasculature with resultant fibrinoid necrosis and occlusion of the
blood vessels. It can mimic tumor radiographically, but unlike tumor,
it is typically hypometabolic on a PET scan and has reduced perfusion
on perfusion MR sequences. It may require resection for diagnosis and
treatment unless it can be managed with glucocorticoids. There are
rare reports of improvement with hyperbaric oxygen or anticoagula-
tion, but the usefulness of these approaches is questionable.

Leukoencephalopathy is seen most commonly after WBRT as
opposed to focal RT. On T2 or FLAIR MR sequences, there is diffuse
increased signal seen throughout the hemispheric white matter, often
bilaterally and symmetrically. There tends to be a periventricular
predominance that may be associated with atrophy and ventricular
enlargement. Clinically, patients develop cognitive impairment, gait
disorder, and later urinary incontinence, all of which can progress
over time. These symptoms mimic those of normal pressure hydro-
cephalus, and placement of a ventriculoperitoneal shunt can improve
function in some patients but does not reverse the deficits completely.
Increased age is a risk factor for leukoencephalopathy but not for
radiation necrosis. Necrosis appears to depend on an as yet unidenti-
fied predisposition.

Other late neurologic toxicities include endocrine dysfunction
if the pituitary or hypothalamus was included in the RT port. An
RT-induced neoplasm can occur many years after therapeutic RT for
either a prior CNS tumor or a head and neck cancer; accurate diagno-
sis requires surgical resection or biopsy. In addition, RT causes accel-
erated atherosclerosis, which can cause stroke either from intracranial
vascular disease or carotid plaque from neck irradiation.

The peripheral nervous system is relatively resistant to RT toxici-
ties. Peripheral nerves are rarely affected by RT, but the plexus is more

(LIRS EREY NEUROLOGIC SIGNS CAUSED BY AGENTS COMMONLY USED IN
PATIENTS WITH CANCER

Acute encephalopathy (delirium)
Methotrexate (high-dose IV, IT)

Seizures
Methotrexate

Cisplatin Etoposide (high-dose)
Vincristine Cisplatin
Asparaginase Vincristine

Procarbazine Asparaginase

5-Fluorouracil (+ levamisole) Nitrogen mustard
Cytarabine (high-dose)

Nitrosoureas (high-dose or
arterial)

Carmustine
Dacarbazine (intraarterial or
high-dose)
[fosfamide Busulfan (high-dose)

Etoposide (high-dose) Myelopathy (intrathecal drugs)

Bevacizumab (PRES) Methotrexate
Chronic encephalopathy (dementia) Cytarabine
Methotrexate Thiotepa
Carmustine Peripheral neuropathy
Cytarabine Vinca alkaloids
Fludarabine Cisplatin
Visual loss Procarbazine
Tamoxifen Etoposide
Gallium nitrate Teniposide
Cisplatin Cytarabine
Fludarabine Taxanes
Cerebellar dysfunction/ataxia Suramin
5-Fluorouracil (+ levamisole) Bortezomib

Cytarabine
Procarbazine

Abbreviations: IT, intrathecal; IV, intravenous; PRES, posterior reversible encephalopathy
syndrome.

vulnerable. Plexopathy develops more commonly in the brachial
distribution than in the lumbosacral distribution. It must be dif-
ferentiated from tumor progression in the plexus, which is usually
accomplished with CT/MR imaging of the area or PET scan demon-
strating tumor infiltrating the region. Clinically, tumor progression is
usually painful, whereas RT-induced plexopathy is painless. Radiation
plexopathy is also more commonly associated with lymphedema of the
affected limb. Sensory loss and weakness are seen in both.

TOXICITY FROM CHEMOTHERAPY
Neurotoxicity is second to myelosuppression as the dose-limiting tox-
icity of chemotherapeutic agents (Table 118-4). Chemotherapy causes
peripheral neuropathy from a number of commonly used agents, and
the type of neuropathy can differ, depending on the drug. Vincristine
causes paresthesias but little sensory loss and is associated with motor
dysfunction, autonomic impairment (frequently ileus), and rarely cra-
nial nerve compromise. Cisplatin causes large fiber sensory loss result-
ing in sensory ataxia but little cutaneous sensory loss and no weakness.
The taxanes also cause a predominately sensory neuropathy. Agents
such as bortezomib and thalidomide also cause neuropathy.
Encephalopathy and seizures are common toxicities from che-
motherapeutic drugs. Ifosfamide can cause a severe encephalopathy,
which is reversible with discontinuation of the drug and the use of
methylene blue for severely affected patients. Fludarabine also causes
a severe global encephalopathy that may be permanent. Bevacizumab
and other anti-VEGF agents can cause posterior reversible encepha-
lopathy syndrome. Cisplatin can cause hearing loss and less frequently
vestibular dysfunction. Immunotherapy with anti-CTLA-4 mono-
clonal antibodies, such as ipilimumab, can cause an autoimmune

hypophysitis.
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