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Overview: Patients with cancer are living longer because of
earlier diagnoses and improvements in treatments. Unfortu-
nately, neurologic complications from cancer therapies are
an increasing source of morbidity and may play a role in
limiting potential treatments. Acute, subacute, and chronic
syndromes may affect the central or peripheral nervous sys-
tem. Although cytotoxic chemotherapy and radiation remain

NEUROLOGIC COMPLICATIONS of cancer therapies
are an important source of morbidity in oncology.
Cytotoxic chemotherapy, radiation, and novel therapies
have all been associated with side effects on the central
nervous system (CNS) and/or the peripheral nervous system
(PNS). In addition, the combination of neurotoxic treat-
ments increases the risk of neurologic complications. The
severity of these manifestations range from reversible, self-
limited conditions to severe, life-threatening disorders.
Some neurologic complications occur during treatment, but
others—such as cognitive dysfunction—do not become ap-
parent for months to years after completion of therapy. As
patients live longer, the incidence of these delayed compli-
cations will continue to rise. Neurotoxicities may also lead to
reduction of dosages or cessation of therapy, thus limiting
potential therapies. Treatment regimens must be optimized
to eradicate disease without excessive injury of normal
neural structures, especially when the nervous system is
directly affected by cancer. Because neural tissue repair is
limited, prevention and early recognition are keys to avoid-
ing permanent neurologic damage. Several compounds have
been proposed as neuroprotectants, but few have demon-
strated activity in clinical trials. Neurotoxicity from cancer
therapy should also be differentiated from other etiologies,
such as compression or infiltration by tumor, metastatic
disease, metabolic factors, nutritional deficiencies, infec-
tions, and paraneoplastic disorders.

Neurologic Complications of Cytotoxic Chemotherapy

Cytotoxic chemotherapy may adversely affect both the
CNS and PNS (Table 1). Peripheral neuropathy is the most
common neurologic complication of cancer therapy, with
vincristine, cisplatin, paclitaxel, oxaliplatin, and thalido-
mide as the most neurotoxic. CNS manifestations include
encephalopathy, cerebellar dysfunction, and cerebrovascu-
lar accidents. The main causes of central neurotoxicity are
methotrexate, cytarabine, and ifosfamide. Research into
chemotherapy-induced cognitive impairment has gained
momentum recently, but this area is still poorly understood.

PNS Disorders

Chemotherapy-induced peripheral neuropathy (CIPN) is
typically dose-dependent and appears after several courses.*
Many agents have been linked to neuropathy, including
vinca alkaloids, taxanes, platinum analogs, and thalido-
mide.??® The cumulative toxic dose associated with clinical
manifestations varies according to chemotherapy (greater
than 30 to 50 mg for vinca alkaloids, greater than 175 to
200 mg/m? for taxanes, and greater than 300 to 400 mg/m?
for platinum analogs).! Pathophysiology also varies accord-
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major sources of neurotoxicity, novel therapies—such as
small molecule tyrosine kinase inhibitors—have also been
associated with neurologic complications. Because treat-
ments for therapy-induced neurotoxicity are limited, aware-
ness of common neurologic complications is important to
prevent permanent damage.

ing to chemotherapy. Mechanisms include disruption of
microtubule assembly and axonal transport. CIPN is often
characterized by a painful sensory neuropathy, initially
presenting as paresthesias and dysesthesias in the fingers
and toes. The symptoms may spread proximally to affect
upper and lower extremities in a stocking-glove distribution.
Nerve conduction studies demonstrate a length-dependent
axonal pattern or a sensory neuronopathy, depending on the
mechanism of the peripheral neuropathy toxicity.! Other
patterns of PNS involvement include autonomic neuropathy
with vincristine, ataxic neuropathy with cisplatin, cranial
neuropathies with vinca alkaloids, proximal motor neurop-
athy with taxanes, and transient neuromyotonia with oxali-
platin.! The neurotoxic effects of chemotherapy may be
compounded by other causes of peripheral neuropathy, such
as diabetes, alcoholism, nutritional deficiencies (e.g., thia-
mine, vitamin B;,), metabolic disorders (e.g., hypothyroid-
ism), compressive injuries, and vascular damage. Therefore,
diagnostic workup should include a search for such disor-
ders, especially in patients with more severe manifestations
than anticipated from chemotherapy alone.

Symptoms from CIPN often improve with drug discontin-
uation or dose reduction, but these options may not be
available for patients who depend on the chemotherapeutic
agent for disease control. Several agents—such as amifos-
tine, glutathione, and Org 2766 —have been investigated in
clinical trials as neuroprotectants, but data are insufficient
to warrant routine use in clinical practice.* Calcium and
magnesium infusions may reduce the severity of oxaliplatin-
induced chronic peripheral neuropathy without reducing
response rates.® Accumulating data also suggests that vita-
min E may reduce CIPN, but further studies are needed.®
Randomized, placebo-controlled, double-blinded studies of
tricyclic antidepressants, gabapentin, and lamotrigine for
established CIPN failed to demonstrate benefit over placebo.”

CNS Disorders

Several chemotherapy-induced CNS disorders are well
characterized.>*%7 An acute cerebellar syndrome with
ataxia may occur with high-dose cytarabine or fluorouracil.
Intrathecal methotrexate or liposomal cytarabine produces
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Table 1. Central and Peripheral Nervous System Complications of Common Chemotherapeutic Agents

Agent Central Nervous System Peripheral Nervous System
Carboplatin Cortical blindness, cortical infarcts Sensory neuropathy (less toxic than cisplatin)
Cisplatin Headache, encephalopathy, cortical blindness, focal deficits, strokes, seizures Sensory neuropathy
Cyclosporine Posterior reversible leukoencephalopathy syndrome
Cytarabine Acute cerebellar dysfunction with high dose Rarely associated with painful sensory neuropathy

Intrathecal administration: aseptic meningitis, myelopathy, encephalopathy, seizures
Fluorouracil Encephalopathy (risk increased for patients with a deficiency of dihydropyrimidine Rarely associated with neuropathy
dehydrogenase)
Acute cerebellar dysfunction
Ifosfamide Acute but reversible encephalopathy with high doses Severe, painful axonal neuropathy with high doses

Neuropsychiatric symptoms, such as depression
Rarely cognitive dysfunction

Interferon-alpha

Methotrexate Delayed leukoencephalopathy (with or without neurocognitive impairment)
Intrathecal administration: aseptic meningitis

Oxaliplatin

Paclitaxel Acute encephalopathy at very high doses

Tacrolimus (FK506)
Thalidomide

Posterior reversible leukoencephalopathy syndrome

Vincristine
symptoms

Encephalopathy, seizures, cortical blindness, athetosis, ataxia, parkinsonian-like

Intrathecal administration: anterior lumbosacral radiculopathy

Acute, reversible sensory neuropathy and neuromyotonia
Chronic sensory peripheral neuropathy

Sensory greater than motor length-dependent neuropathy
Acute pain syndrome with arthralgias and myalgias

Sensory, length-dependent neuropathy

Rorely sensorimotor neuropc:thy

Sensory greater than motor, length-dependent neuropathy
Autonomic neuropathy (especially paralytic ileus)
Mononeuropathies

Cranial nerve palsies

aseptic meningitis, which can be ameliorated with prophy-
lactic dexamethasone. Rarely, these intrathecal agents can
also produce transverse myelopathy or seizures. Leuko-
encephalopathy occurs commonly with high-dose metho-
trexate, but has also been described with vincristine,
fluorouracil, and ifosfamide. Specific agents—such as thymi-
dine for fluorouracil, methylene blue for ifosfamide, and
folinic acid for methotrexate—may minimize the encepha-
lopathy caused by these chemotherapies.® Posterior revers-
ible encephalopathy syndrome is typically associated with
uncontrolled hypertension or immunosuppressants, such as
cyclosporine and tacrolimus, but may also be caused by a
variety of combination and single anticancer agents, such as
gemcitabine, cisplatin, and cyclophosphamide.?

More recent evidence suggests that chemotherapy may
produce cognitive dysfunction.®!! This has been termed

KEY POINTS

e Neurologic complications from cancer therapies affect
quality of life and remain an important source of
dose-limiting toxicity.

e Anticancer treatments can adversely affect any part
of the nervous system, and some neurotoxic effects
can present years after completion of treatment.

e The neurotoxicities of chemotherapy and radiation
are widely known, but several newer targeted agents
(e.g., bortezomib and bevacizumab) are also associ-
ated with neurologic complications.

e Cognitive dysfunction from cancer therapies is an
active area of research, but the epidemiology and
pathophysiology are still poorly understood.

e Early recognition and prevention may help avoid
permanent neurologic damage.

“chemobrain” to describe the problems with memory and/or
concentration that occur during and after chemotherapy.®
Even though most patients improve after completing chemo-
therapy, subsets of patients continue to experience cognitive
impairments. Symptoms may be subtle, but they can ad-
versely affect quality of life. Neuropsychologic profiles sug-
gest disruption of frontal-subcortical networks, including
problems with short-term memory, executive function,
working memory, and sustained attention.'’ Studies have
demonstrated conflicting results and may be difficult to
interpret for a variety of reasons, including the lack of
cognitive evaluation before chemotherapy and inconsistency
in defining what constitutes cognitive dysfunction. In one
of the few prospective longitudinal studies with a control
group, the neuropsychologic performances of 85 women
with early-stage breast cancer receiving chemotherapy, 43
women receiving endocrine therapy and/or radiotherapy,
and 49 healthy controls were assessed at baseline, following
completion of chemotherapy, and at 18 months.'? After
controlling for age and intelligence, no significant differ-
ences in cognitive decline were seen between the groups.
Only a small minority of women receiving adjuvant treat-
ments experienced objective measurable change in their
concentration and memory, with women who experienced
treatment-induced menopause most at risk for a decline in
cognitive performance. However, the chemotherapy regi-
mens administered in this study were heterogeneous, and
many received a relatively low-dose regimen of fluorouracil,
epirubicin, and cyclophosphamide. Conditions that may
mimic or confound studies on cognitive dysfunction include
fatigue, anxiety, depression, stress, hormonal agents, opi-
oids, glucocorticoids, brain metastases, and antiepileptics.
Possible mechanisms include direct neurotoxic effects on the
CNS, including neural stem cells from chemotherapy,'®
anemia with cerebral hypoxia, oxidative stress, immune
dysregulation with release of cytokines, altered neurotrans-
mitter levels, induced hormonal changes, and genetic pre-
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Table 2. Risk Factors for Radiation-induced Nervous
System Injury

Treatment-related Factors Patient-related Factors

Fraction dose (> 200 cGy)
Cumulative dose (> 5,000 cGy)
Shorter overall treatment time

Age (< 7 years and > 60 years)

Genetic predisposition (neurofibromatosis,
ataxia telangiectasia)

Volume of brain irradiated Preexisting central nervous system damage

Hyperfractionation schedules Vascular risk factors (hypertension,
diabetes, smoking)

Duration of survival following completion

Concomitant or subsequenf
chemotherapy
Proximity to susceptible neural tissues of radiation

(hypothalamus, retina, optic nerves)

disposition.'®!! Data regarding prevention or treatment of
chemotherapy-induced cognitive impairment are limited.

Neurologic Complications of Radiation

Radiation neurotoxicity is a well-known complication of
cancer therapy. Although radiation treatment fields and
regimens are carefully planned to prevent damage to normal
neural structures, the effectiveness of radiotherapy is fre-
quently limited by the tolerance of the nervous system. The
incidence of radiation-induced nervous system complica-
tions varies according to several risk factors, including
cumulative radiation doses and doses per fraction (Table
2).14:15 Radiation can affect any part of the neuroaxis result-
ing in encephalopathies, myelopathies, brachial and lumbo-
sacral plexopathies, malignant peripheral nerve sheath
tumors, and a variety of other neurologic disorders. The
cerebrovascular system is also susceptible to delayed effects
from radiation producing vascular malformations, aneu-
rysms, accelerated atherosclerosis, and strokes.

Cranial irradiation is an important component of primary
and metastatic brain tumor management, but can cause
acute, subacute, and chronic complications. Acutely, pa-
tients may experience progressive fatigue and signs of in-
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creased intracranial pressure attributed to disruption of the
blood—brain barrier and cerebral edema. These symptoms
may respond to corticosteroids. Subacute effects occurring 6
to 12 weeks following radiation include reversible general-
ized weakness and somnolence caused, in part, by transient
demyelination. The most severe complications of radiation
neurotoxicity are delayed or chronic.

Delayed cerebral radionecrosis (Fig. 1) occurs months to
years after radiation to brain parenchyma, either directly
from cranial irradiation or indirectly as in the case of
temporal lobe necrosis following radiation for head and neck
cancer.'® Although best characterized following external
beam radiation, cerebral radionecrosis may be relatively
more common after stereotactic radiosurgery or interstitial
brachytherapy.'® In patients with glioblastoma, the combi-
nation of temozolomide with fractionated radiotherapy in-
creases the risk of an intracranial radiation reaction and can
produce changes on imaging that mimic tumor progres-
sion.'® Presenting signs and symptoms are nonspecific and
include headaches, confusion, seizures, or focal neurologic
deficits. Both vascular and glial damage have been impli-
cated in the pathophysiology.!” Cerebral radionecrosis may
be difficult to distinguish from tumor recurrence. Occasion-
ally, biopsy is needed for definitive diagnosis. Clinical im-
provement has been reported in small series following
treatment with corticosteroids, anticoagulation, hyperbaric
oxygen therapy, or bevacizumab, but further studies are
needed.'®

The more common manifestation of delayed radiation
injury is cognitive dysfunction. Varying degrees of cognitive
impairment have been reported, although as many as 12% of
patients may develop frank dementia.'® Cognitive dysfunc-
tion may not become apparent for several years. In a
longitudinal study of low-grade gliomas, comparing irradi-
ated patients with nonirradiated patients, no differences in
cognitive function were detected at a mean of 6 years after

Fig 1. Post contrast T1-weighted (A) and FLAIR (B) MRI show geographic enhanc

it with v

genic edema caused by radiation necrosis.

One year before presenting with confusion and seizures, this patient received radiation to the right temple for poorly differentiated squamous

cell carcinoma.

Abbreviations: FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging.
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diagnosis.2° Yet, re-evaluation of the same cohort at a mean
of 12 years after diagnosis did reveal cognitive disabilities in
53% of the patients who had radiation, compared with 4% of
the patients who were radiotherapy-naive.?! Typically, in
patients with radiation-induced cognitive dysfunction, neu-
ropsychologic testing reveals deficits in memory, visual
motor processing, quantitative skills, and attention.!* Brain
magnetic resonance imaging may demonstrate leukoenceph-
alopathy, progressive brain atrophy, or radiation necrosis,
but patients with mild-to-moderate cognitive dysfunction
often have normal-appearing neuroimaging.'*'® The under-
lying pathology may be related to inflammation, metabolic
derangements, and long-term damage of various neural cell
types, including stem and progenitor cells.'* In addition,
cranial irradiation can profoundly inhibit neurogenesis in
the hippocampus, an area of the brain essential to learning
and memory.'® Both methylphenidate and donepezil im-
prove cognition in brain tumor patients.'*22 Ventriculoperi-
toneal shunting may benefit patients with radiation-induced
hydrocephalus.?®

Because of concerns regarding long-term toxicity of whole-
brain radiation (WBRT), many have advocated withholding
adjuvant WBRT in patients with limited brain metastases
and good performance status in favor of more aggressive
local therapy, such as surgery and stereotactic radiosur-
gery.?*?5 However, patients who do not receive adjuvant
WBRT have a higher rate of intracranial relapse, which can
worsen neurologic, as well as cognitive, function. Phase III
studies are currently underway to evaluate the effect of adju-
vant WBRT on quality of life, neurocognition, and survival.

Neurologic Complications of Novel Therapies

Advances in our molecular understanding of tumorigene-
sis and progression have lead to an explosion of novel
therapies, including small molecule receptor tyrosine kinase
inhibitors and monoclonal antibodies targeting specific
pathways. These agents represent the majority of anticancer
drugs currently in clinical trials. As our clinical experience
with targeted agents expands, toxicities are uncovered. A
few agents thus far have been associated with neurologic
complications.

Bortezomib, a proteosome inhibitor used in the treatment
of multiple myeloma, causes injury to the dorsal root gan-
glion and a small-fiber sensory neuropathy that is one of its
main dose-limiting toxicities.'®?® The incidence ranges from
30% to 40%, and the prevalence increases through the first
five treatment cycles.?® Neuropathic pain is more prominent
than sensory loss or paresthesias. Examination may be
relatively normal, but can reveal loss of pain and tempera-
ture distally with preservation of vibration sense, muscle
strength, and ankle reflexes. As with other small-fiber

neuropathies, nerve conduction studies may be unremark-
able. Most patients experience resolution or improvement of
their neuropathy symptoms with dose reduction or drug
discontinuation.

Antiangiogenesis agents that target vascular endothelial
growth factor (VEGF) and its receptor (VEGFR) have
emerged as important therapies in several cancers. Three
U.S. Food and Drug Administration—approved agents that
primarily inhibit the VEGF/VEGFR pathway are a monoclo-
nal antibody against VEGF (bevacizumab) and two tyrosine
kinase inhibitors (sunitinb and sorafenib). Neurotoxicities
associated with VEGF/VEGFR inhibitors include arterial
thrombotic events, bleeding events, posterior reversible en-
cephalopathy syndrome, and optic neuropathy.'¢27-2% Two
distinct types of hemorrhages are associated with anti-
VEGF/VEGFR agents: (1) mild spontaneous mucocutaneous
bleeding and (2) serious tumor-related bleeding.?” Until
recently, patients with brain metastases were often ex-
cluded from clinical trials of VEGF/VEGFR inhibitors be-
cause of the concern for intratumoral hemorrhage. However,
the risk of CNS hemorrhage may not be as high as antici-
pated. Two recent retrospective studies of anti-VEGF ther-
apy found relatively low rates of intracranial hemorrhage,
even in the presence of CNS metastases.??>® Bevacizumab
can likely be given in patients with brain metastases, but
caution should be used in tumors with a strong hemorrhagic
tendency, such as renal cell carcinoma.'® In patients with
high-grade gliomas, the risk of hemorrhage in bevacizumab-
treated patients appears to be only slightly elevated over the
baseline risk.?! Bevacizumab can also be safely combined with
anticoagulation in this patient population.>?

Imatinib, a tyrosine kinase inhibitor of becr-abl used to
treat Philadelphia chromosome-positive leukemia and c-kit
used to treat gastrointestinal stromal tumors, has been
associated with muscle cramps and myalgias.'®*® Symp-
toms are typically mild to moderate and respond to dose
reduction or treatment with calcium, magnesium, or qui-
nine. Cramps usually occur in the hands, feet, calves, and
thighs. Rarely, imatinib has been associated with rhabdo-
myolysis.?* The mechanism for these musculoskeletal man-
ifestations is unknown.

Conclusion

As cancer therapies improve and life expectancies in-
crease, patients are encountering treatment-related neuro-
logic complications with increasing frequency. The ongoing
challenge is to find treatment regimens that can control
disease without damaging normal neural structures. Fur-
ther research is needed to adequately prevent and treat
neurologic complications from cancer therapy.
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