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Synopsis
Neurologic complications of cancer may involve both the central nervous system (CNS) and
peripheral nervous system (PNS) manifesting as brain, leptomeningeal, intramedullary, intradural,
epidural, plexus, and skull base metastases. Excluding brain involvement, neurologic
complications affecting these other sites are relatively infrequent, but collectively they affect more
than 25% of patients with metastatic cancer causing significant morbidity and mortality. Early
diagnosis and intervention optimize quality of life and improve survival.
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Introduction

Metastatic cancer may involve both the central nervous system (CNS) and peripheral
nervous system (PNS). Metastatic complications of the CNS and PNS are relatively rare, but
collectively they affect around 25% of patients with cancer. The incidence and site of
metastatic involvement within the CNS and PNS differ based on the primary histology
(Table 1). Most patients diagnosed with metastatic complications involving the CNS and
PNS have widespread systemic disease, and some have more than one nervous system site
involved. These metastatic complications usually occur in the late stages of disease, but
rarely they are the presenting manifestation of malignancy. The number of patients suffering
from metastases to the nervous system is likely to increase with prolonged control of
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systemic disease. Most importantly, metastases to the CNS or PNS can result in significant
morbidity as well as mortality. This chapter will focus on leptomeningeal, intramedullary,
intradural, epidural, plexus, and skull base metastases. Brain metastases are discussed in
Chapter 10.

Leptomeningeal Metastases (LM)

Clinical Presentation—The most common presentation in patients with LM include
symptoms and signs involving several sites along the neuroaxis. The symptoms and signs of
LM are considered according to their regional anatomic localization: brain (cerebral), cranial
nerves (CN), and spinal cord (Table 2).

Pathophysiology—Mechanisms for the invasion of cancer cells to the leptomeninges
include arterial and venous hematogenous dissemination, as well as direct extension of
metastatic tumor from the brain, spinal cord, or cranial or peripheral nerves.! Direct seeding
of the cerebrospinal fluid (CSF) can occur in as many as 36% of patients after resection of a
posterior fossa brain metastasis.2 LM can cause elevated intracranial pressure (ICP) with or
without hydrocephalus.! Symptoms of elevated ICP can be prominent and are often
confused with direct LM involvement. Hydrocephalus develops due to obstruction of CSF
outflow by leptomeningeal tumor resulting in impaired CSF absorption.> However, elevated
ICP can also occur in the absence of hydrocephalus when the ventricular system is unable to
dilate due to diffuse subarachnoid tumor. As neuro-imaging can be disarmingly normal in
this situation, leptomeningeal metastases is commonly missed, leading to severe headache
and intractable nausea and vomiting. Increased baseline ICP prevents the brain from
adjusting to transient rises in pressure that occur normally with positional changes in
cerebral blood volume and vascular resistance. When these plateau waves occur in the
setting of elevated ICP, they lead to decreased cerebral blood flow causing the acute onset of
transient neurologic symptoms including headache, loss of consciousness, and even focal
findings such as weakness or paresthesias that are almost always precipitated by a change in
body position.1 They are often confused with seizures, and a delay in proper diagnosis can
be fatal.

Diagnosis—The gold standard for diagnosing LM is the identification of malignant cells in
the CSF.3 However, CSF cytologic examination has a high rate of false negatives, and
sensitivity of CSF cytology does not approach 90% until 3 LPs have been performed.3
Obtaining a large volume of CSF and rapid processing can improve the yield.3 Cisternal tap
has been shown to result in positive cytology in cases where lumbar tap was negative.# In
addition to cytology, CSF flow cytometry should be performed in patients with lymphoma or
leukemia, as it can be 2—3 times more sensitive at detecting LM.> The CSF profile often
demonstrates elevated protein, pleocytosis in about one-half of patients, and
hypoglycorrhachia in a minority.® An elevated opening pressure is present in at least 50% of
patients.® Biochemical and molecular markers (Table 3) can also be obtained in the CSF and
compared to serum concentrations to aid in the diagnosis of LM in specific settings.1:6 More
recently, circulating tumor cells (CTC) for epithelial primaries have been identified in the
CSF and have a 95% sensitivity, which is far superior to CSF cytology.’ Furthermore, CTCs
have been shown to be useful in monitoring response to treatment in breast cancer.® The best
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method for collecting CTCs from CSF is an ongoing area of research, so this approach is not
yet routinely used in clinical settings.

Magnetic resonance imaging (MRI) of the brain and spine is the imaging study of choice
when evaluating for LM with a sensitivity of 34—71%.° Definitive imaging characteristics of
LM include sulcal enhancement, CN deposits, pial enhancement over the spinal cord, and
nodular thickening of the cauda equina® (Figure 1); these findings can be diagnostic in a
patient with known cancer, even if the CSF cytology is negative.10 LM from hematologic
primaries are less apparent on MRI than solid tumor primaries.10 Imaging for LM should
always include the brain and the complete spine as the disease can be multi-focal. LP should
not be delayed for MRI due to concern for inciting pachymeningeal enhancement because
this is actually quite rare.11

Treatment

Radiation Therapy: Current practice for treatment of LM with RT is to irradiate
symptomatic areas for palliation. It is unclear if treating areas of bulky disease that are
asymptomatic prevents the development of symptoms. Craniospinal RT is not employed due
to its associated toxicities including bone marrow suppression which inhibits the ability to
deliver subsequent chemotherapy. Whole brain RT is typically reserved for patients who
develop hydrocephalus, hemispheric symptoms, or multiple cranial neuropathies, although
RT to the skull base may suffice to treat isolated cranial neuropathies.! However, even if RT
is symptomatically helpful, it may not prolong survival.12

Chemotherapy: Chemotherapy can be delivered systemically or intrathecally for LM. There
are no randomized trials comparing these methods of delivery. Depending on the agent,
systemic chemotherapy does not always achieve a therapeutic concentration in the CSF.
Intrathecal (IT) chemotherapy allows for the direct administration of drug into the CSF via
LP or Ommaya reservoir, although IT chemotherapy does not penetrate bulky disease.
Compared to LP, Intra-Ommaya (10) chemotherapy achieves better distribution throughout
the CSF, achieves therapeutic concentrations for a longer duration, and guarantees the drug
is delivered into the CSF compartment given that ~10% of injections via LP actually deliver
the drug into the epidural space, despite CSF return.2:13 For these reasons, along with the
ease of administration and patient tolerability, 10 delivery is preferred over LP delivery.

Methotrexate (MTX), thiotepa, and cytarabine are the primary agents given intrathecally.
Treatment response to MTX has been seen in 36—-75% of patients with LM from breast
cancer and some patients have survived more than 1 year with this approach.1415 The
primary toxicity associated with IT-MTX is neutropenia,14 but this can be prevented with
oral leucovorin 10 mg twice a day for a few days; leucovorin does not cross the blood-brain
barrier and cannot rescue the tumor cells in the CSF. IT combination regimens have failed to
show any improvement in response or survival over single agent usel®. IT cytarabine is
available in a standard formulation and was previously available in a depot formulation
(Depocyte)8 which allowed for every 2-week dosing. MTX and cytarabine are most effective
for LM from hematologic malignancies. IT thiotepa has similar response rates and toxicities
as MTX.8 The main side effects for IT chemotherapy are headache and arachnoiditis which
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are most severe with Depocyte and require pre- and post-instillation prophylactic
glucocorticoids®.

IT chemotherapy requires normal CSF flow dynamics to deliver the drug throughout the
CSF space. CSF flow can be studied using a radioisotope instilled into the ventricular
system via an Ommaya reservoir or by LP.16 Impaired CSF flow is associated with poor
outcome and an increased risk of neurotoxicities.1® Unfortunately, IT chemotherapy has
limited impact on the outcome of LM patients, except for those with hematologic
malignancies where it can be curative.l’

Systemically administered chemotherapies for LM include cytarabine, MTX, and thiotepa.
Penetration of the CNS by cytarabine and MTX can be achieved with high dose regimens,
and thiotepa is known to cross the blood-brain barrier. However, these are not usually active
agents against the most common solid tumors that cause LM, such as lung and breast cancer.
There is also some evidence that administration of drugs or regimens optimal for the primary
tumor, regardless of their ability to penetrate the blood-CSF barrier, is the best approach.
The presence of tumor in the CSF causes some disruption of the blood-CSF barrier allowing
penetration of drugs that typically do not cross into the CNS.17

Targeted and Immunotherapies: A significant number of small series have documented
response of LM to targeted therapies and immunotherapies. In non-small cell lung cancer
(NSCLC), therapies directed at inhibition of ALK fusion proteins and EGFR mutations
using alectinib and afatinib, respectively, have produced responses in patients with LM.18.19
A larger study found that patients with EGFR-mutant NSCLC LM had prolonged survival
with treatment of tyrosine kinase inhibitors.12 Changing the dose and schedule to facilitate
access of some agents into the CSF, such as using a pulsatile high dose schedule for
erlotinib, an EGFR inhibitor, can also control CNS disease including LM, even when there is
progression on the standard dosing schedule.2% Choice of agent can also be adjusted on the
basis of whether resistance mutations have been acquired within the CNS compartment.
These mutations may be identified in the CSF using cell-free DNA technology and can
guide treatment decisions.?!

There are now multiple reports of LM responding to immunotherapy. Patients with NSCLC
LM have responded to nivolumab, a monoclonal antibody to programmed cell death-1
(PD-1) that prevents down regulation of the immune system.22 In a series of 39 melanoma
patients with LM, 21 received targeted therapy with BRAF inhibitors (vemurafenib/
dabrafenib) or immunotherapy with antibodies to CTLA-4 (ipilimumab) with or without
radiation, and were found to have increased survival with long term survivors.23

Surgery: Surgical intervention for LM is reserved for those patients who develop elevated
ICP (with or without hydrocephalus) and require the placement of a ventriculoperitoneal
shunt which can be lifesaving. A shunt prevents the delivery of chemotherapy via an
Ommaya reservoir, and should never be turned off to facilitate 10 drug delivery.

Prognosis—Untreated patients with LM have rapid progression of disease and die within
4-6 weeks.24 With the initiation of treatment for LM, patients can see small improvements
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in survival that vary depending on histology, but the majority have continued neurologic
deterioration that leads to death. Patients with leukemia can obtain complete eradication of
LM and have a median overall survival (mOS) of 11.3 months.2> Those with breast cancer
who respond to IT chemotherapy have a mOS greater than one year.1® Patients with
melanoma have a mOS of 4.7 months, and lung cancer a mOS of only 1.8 months.25
Survival at 1-year is seen in 48% of patients with lymphoreticular and breast cancers, 26%
in melanoma, and 18% in lung cancer.2®

Favorable prognostic factors for response to IT treatment include controlled systemic disease
at diagnosis, low initial CSF protein (likely a surrogate for good CSF flow), and concomitant
systemic chemotherapy.14 Poor prognostic factors include having a lung or melanoma
primary, 12 months or less from diagnosis of primary to LM, KPS <70, age =50, lack of
cytologic response in CSF, and lack of concurrent systemic chemotherapy.1’ In a few
studies, the use of systemic chemotherapy has been associated with increased OS on
multivariable analysis.17-25

Intramedullary Metastases

Pathophysiology—Intramedullary metastases (IMM) primarily arise by direct
hematogenous dissemination or by direct extension from LM in the subarachnoid space.l
IMM tends to be evenly distributed along the cervical, thoracic, and lumbar spine26,
although some studies have shown the thoracic or lumbar spine to be more involved.2-29
When accounting for the length of spinal segments, the lumbar spine is disproportionally
involved in IMM.30 Up to 33% of patients with IMM have multifocal intramedullary
disease.?’

Clinical Presentation—At least one-half of patients have brain metastases26:29:31.32 and
it is common for LM to be present31:32, The most common presenting symptoms are pain,
sensory changes, and weakness.32 Pain can be localized or radicular39:32, and weakness can
be bilateral or unilateral32. Although bladder and bowel dysfunction may occur later, several
studies show that more than 50% of patients had bladder/bowel dysfunction at presentation.
30,32 A sensory level and spasticity are common.30 Brown Sequard syndrome (characterized
by ipsilateral weakness and loss of vibration/proprioception as well as contralateral loss of
pain/temperature sensation) can be the presenting manifestation of IMM.32 The clinical
presentation of patients with IMM is characterized by a rapid neurologic decline resulting in
paraparesis or paraplegia.2% Symptoms can be present anywhere from 7 to 63 days prior to
the diagnosis of IMM.28:29

Diagnosis—The diagnosis of IMM is made by spine MRI with contrast (Figure 2). On
MRI, IMM may be nodular or ring enhancing:27:32; hemorrhage and intratumoral cystic
changes are rare33. In a patient with known cancer, differentiating between IMM, LM,
radiation myelopathy, and paraneoplastic myelopathy based on imaging can be difficult.
However, radiation myelopathy and necrotizing myelopathy are usually painless and
insidious, whereas pain occurs early in IMM and is accompanied by rapid evolution of
symptoms.34 CSF studies are not helpful in differentiating intramedullary lesions, unless LM
are confirmed in the CSF.
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Treatment/Prognosis—Treatment options include steroids, RT, surgical resection,
chemotherapy, or a combination of these approaches.30:32:34 RT is effective at ameliorating
symptoms.3* Several studies have explored surgery and micro-surgical approaches followed
by RT with improvement in OS and function26:31 but was limited to patients with a high
functional status. Some advocate for surgical resection in patients with a solitary IMM from
a radio-resistant primary with well controlled systemic disease, although this is an
uncommon situation,26:31

The mOS of patients with IMM ranges from 12 to 31 weeks.28:32 Some breast cancer
patients fare better22:32, but other reports suggest that lung or breast primary was associated
with inferior survival®®. On spinal MRI, multiple IMM, involvement of 3 segments or
greater, and visualization of any systemic involvement were associated with decreased
survival.3> The presence of LM was not associated with inferior survival.3°

Intracranial Dural Metastases

Pathophysiology—Intracranial dural metastases (IDM) are calvarial metastases with
direct extension to the epidural and subdural spaces or direct involvement of the subdural
space from hematogenous spread.! Direct extension from a skull metastasis explains the
predilection of those cancers which commonly spread to bone to affect the dura.38

Clinical Presentation—IDM usually present with bulky dural disease causing mass
effect, edema, and compression of underlying parenchyma; rarely it can lead to a subdural
hematoma (SDH) or effusion which may require cytologic evaluation for a definitive
diagnosis.! Alteration in mental status, visual complaints, hemiparesis, and seizures are seen
frequently. Eleven percent of patients may be asymptomatic with IDM identified on imaging
done for other purposes.3®

Diagnosis—IDM is diagnosed by brain MRI with contrast, and the lesions enhance
homogeneously with an associated dural tail3? (Figure 3). The main differential is a
meningioma, but IDM often have more irregular borders and underlying edema than a
typical meningioma; this can be a challenging differential diagnosis, especially in women
with breast cancer who have an increased incidence of meningioma.38 Dynamic
susceptibility contrast-MR/perfusion weighted imaging can assist as relative cerebral blood
volume is low in most IDMs but elevated in meningiomas.3” Other imaging characteristics
seen with IDMs include skull metastases, bony erosions, vasogenic edema, brain invasion,
venous sinus compression or occlusion, and a SDH/effusion. A single lesion is most
common, but diffuse dural involvement can also be seen.36 Those with a SDH/effusion may
also exhibit brisk enhancement, and there are frequently nodules along the dura or marked
underlying edema to suggest this is not a benign process.

Treatment and Prognosis—There is no standard treatment for IDM, but surgical
resection, RT, chemotherapy, and combinations of these 3 modalities are utilized depending
upon the clinical situation. RT has been associated with improved OS while metastatic lung
cancer and low KPS were associated with worse outcomes.3¢ The mOS of patients with
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IDM is 9.5 months with a progression-free survival of 3.7 months36. Chemotherapy may
play an important role as dural disease is outside the blood-brain barrier.

Epidural Spinal Cord Compression

Pathophysiology—Epidural spinal cord compression (ESCC) is caused by cancer that
affects the epidural space by extension from the vertebral bodies or other bony spinal
elements, infiltration through a foramen, or direct hematogenous dissemination to the
epidural space.! Epidural disease due to direct extension from vertebral metastases occurs in
85-90% of ESCC.1 The posterior vertebral body is the most common location of metastatic
involvement leading to anterior cord compression.3? In addition, metastatic involvement of
the vertebral body can lead to vertebral collapse with spinal instability and potential
herniation of bone, metastatic disease, and/or disc causing cord compression.! Paravertebral
metastases can invade the epidural space via the intervertebral foramina, but this mechanism
accounts for only 10-15% of ESCC, and is usually due to lymphoma or neuroblastoma.
Compression typically occurs along the lateral cord and the bone is normal; thus, MRI is the
only imaging modality that can visualize this ESCC.1 Direct metastases to the epidural space
via hematogenous spread is very rare and seen exclusively in leukemia and lymphoma.l

Clinical Presentation—ESCC is a neurologic emergency due to the possibility of sudden
paraparesis which can occur unexpectedly, is difficult to reverse, and is likely due to a
venous infarction of the spinal cord. Patients with ESCC experience back pain, weakness,
sensory changes, and autonomic dysfunction (Table 4), but significant diagnostic delays are
frequent. In one study, the median times from onset of radicular pain, weakness, sensory,
and bladder problems to diagnosis were 40, 21, 13, and 3 days, respectively.*? More striking
is that in patients without a diagnosis of malignancy, the diagnosis was delayed by an
additional 4 weeks.*1

Diagnosis—The differential diagnosis for ESCC includes epidural abscess/hematoma, a
primary epidural tumor, or vertebral collapse from any etiology, such as osteoporosis. MRI
is the definitive imaging modality due to its high sensitivity and specificity at detecting
metastatic ESCC, and it can detect multiple sites of ESCC! (Figure 4). Multiple sites of
epidural spinal metastases are seen in about 30% of patients, necessitating whole spine
imaging in all patients.*2 The most common location for cord compression is the thoracic
spine followed by the lumbosacral, and then the cervical level 4042 CT myelogram is useful
in cases where MRI is contraindicated.

Treatment—Treatment for ESCC is palliative and includes relieving pain, preserving or
improving neurological function, stabilizing the spine, and addressing the tumor.

Steroids: High dose steroids are the first treatment in the acute management of malignant
ESCC.*3 Glucocorticoids reduce local edema at the site of compression and can improve
neurological function. Although the subject of several randomized trials, there continues to
be no standard dosing regimen, but in clinical practice an initial dose from 10-100 mg of
dexamethasone is used, followed by a maintenance dose of 16-96 mg per day with a rapid
taper following treatment.*3
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Surgery: Surgery should be directed to the site of the disease with the goal of extirpating the
tumor mass. Thus, anterior and antero-lateral approaches are the optimal approaches given
that most disease arises from the vertebral body. A randomized trial comparing tumor
resection plus RT versus RT alone for management of ESCC found that patients who
underwent surgical resection and RT were more likely to regain ambulation and retain it for
a longer duration of time compared to RT alone. These patients were also more likely to
maintain continence, have reduced pain and steroid use, and have improved 0S.# Therefore,
surgery should be considered in patients with ESCC who have a reasonable overall
prognosis.** In addition, other considerations may prompt a surgical approach as the first
step such as spinal instability necessitating stabilization, deterioration during RT, need to
establish a pathologic diagnosis, radioresistant tumors, and recurrence where additional RT
is not an option.3°

Radiation Therapy: RT should be given to all patients who are non-surgical candidates
with ESCC and should be considered as first line therapy in patients with highly
radiosensitive tumors such as myeloma, lymphoma, Ewing sarcoma, neuroblastoma, or
seminoma.3® RT, particularly short course RT, is also advocated in patients with a poor
prognosis as it is non-invasive and completed rapidly in an outpatient setting.#> RT should
also follow surgery.

Currently, conventional RT is often replaced by stereotactic body radiation therapy (SBRT),
especially in the post-operative setting. Conventional RT requires a relatively large treatment
field encompassing one to two vertebral bodies and includes normal spinal cord. However,
SBRT allows for the delivery of conformal high dose RT in a single dose or
hypofractionated doses, which allows for the safe and effective delivery of RT without spinal
cord toxicity and minimal systemic toxicities.*® Local recurrence rates of less than 5% at 1
year have been reported in patients who underwent surgery followed by high-dose
hypofractionated SBRT, irrespective of tumor radiosensitivity46, leading to advocating for
this approach in consensus guidelines®’. SBRT also limits bone marrow toxicity compared
to conventional RT, providing the opportunity for multi-modality treatment with
chemotherapy.

The success of SBRT in the treatment of ESCC has led to the implementation of a surgical
procedure termed “separation surgery” which is followed by SBRT. This procedure allows
for decompression and stabilization, but focuses on providing a separation between the
spinal cord and the tumor, as opposed to achieving a gross total resection.*® This allows for
SBRT to be delivered safely and avoids the risks associated with a gross total resection while
providing long term disease control 46

Systemic therapies: Systemic therapies such as chemotherapy, hormonal therapy, and
immunotherapy have a limited role in the treatment of ESCC. Most treatments directed at
ESCC including surgery and RT are focal, and patients often need chemotherapy, hormonal
therapy, or immunotherapy for active systemic disease. However, in certain situations where
ESCC is due to highly chemosensitive primaries, such as lymphoma or seminoma, it may be
treated with systemic treatment, provided the patient has few or no neurologic signs.*6 There
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may also be a role for combining RT with immunotherapy which may result in a more robust
immune response leading to better clinical outcomes.*8

Emerging Therapies: A phase | study in patients with progressive epidural disease despite
surgery and RT found that spinal intra-arterial chemotherapy (melphalan) was safe and
feasible, and effective at stabilizing epidural disease.*® MR-guided spinal laser interstitial
thermal therapy is also being explored as a less invasive alternative to surgery for ESCC; it
achieved significant decompression months after the procedure in a select patient
population.® Percutaneous kyphoplasty does not treat ESCC, but it is safe and effective for
spinal metastases®!, and may be useful in preventing ESCC. It is also useful for vertebral
body compression fractures that can occur with long-term follow up after SBRT.

Prognosis: In patients with ESCC the most important factor that predicts ambulatory status
following treatment is the patient’s ambulatory function prior to treatment.** Some patients
who are non-ambulatory at presentation can regain ambulation, particularly if surgery is the
first intervention. In regards to survival, visceral metastases, other bony metastases, tumor
type, motor function prior to and after treatment, rapidity of motor symptoms, interval
between diagnosis and development of ESCC, sphincter dysfunction, number of epidural
metastases, and number of vertebral bodies involved can all influence survival in patients
with ESCC. In general, patients with lung cancer fare poorly, while breast, prostate, and
myeloma/lymphoma patients can have prolonged survival.l Most of the factors influencing
survival in patients with ESCC reflect the aggressive nature of the primary tumor, as the
majority of patients with ESCC die from their systemic disease.! The mOS in patients with
ESCC is 2.9 — 10 months®2:23 with significantly lower survival times in non-ambulatory
patients.

Nerve Plexuses

Brachial Plexus—Metastasis to the brachial plexus occurs primarily from lymphatic
spread, but direct invasion can occur as well.1:54 It is thought that the spread via lymphatics
from the lung and breast to the lateral axillary lymph nodes leads to preferential involvement
of the lower trunk (C8 and T1) due to their proximity. Compression or invasion via Pancoast
tumors (apical lung tumors) are common and also lead to lower plexus involvement.>® The
upper trunk is usually involved only when tumor extends to involve the whole plexus.>#45°

Patients with neoplastic brachial plexopathy often start with severe pain (75%) followed by
sensory abnormalities and weakness of the affected arm.>* The pain usually begins in the
shoulder girdle, radiates to the elbow, down the medial forearm, and into the fourth and fifth
digits.>* Patients typically complain of hand weakness.! Horner syndrome is seen in
approximately 50% of patients due to the close proximity of the sympathetic ganglion to the
frequently involved T1 nerve root.>* Horner syndrome often suggests there has been
extension of the tumor into the cervical-thoracic epidural space which requires this area be
imaged along with the plexus itself. Weakness, atrophy, and sensory changes primarily
localize to the C7, C8, and T1 nerve roots.>*
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Lumbosacral Plexus—Mechanisms of metastatic lumbosacral plexopathy include direct
extension by an abdominopelvic primary (accounting for 70%), soft or bony tissue
metastases causing compression, extra-abdominal metastasis directly to the plexus, lymph
node or muscle involvement with compression, and tumor extension to the plexus along
nerves.126 The lower plexus (L5-S3) is involved in approximately one-half of cases
followed by 30% involving the upper plexus (L1-L4), and 20% affecting the entire plexus.>®

As seen in brachial plexopathies, lumbosacral plexopathies also begin with pain, followed
by numbness/paresthesias, and weakness within weeks to months.>6 Pain typically has an
achy or pressure-like quality that is more commonly local or radicular, but can be referred;
incontinence is rare.8 Examination demonstrates asymmetric weakness that can progress to
focal paralysis.>® Reflexes are lost and asymmetric early in the course.56 A positive straight
leg test is common and gait difficulty correlates with the level of lumbosacral plexus
involvement.>6

Diagnosis—MRI identifies plexus metastases and should include the cervical spine when a
Horner syndrome is present>’ (Figure 5). CT is excellent for detecting plexus involvement
when MR is not possible. PET and PET-CT may be helpful when other imaging modalities
are negative but clinical suspicion for a plexopathy is high®’, especially with direct invasion
of nerves as seen in neurolymphomatosis. Electromyography and nerve conduction studies
(EMG/NCS) can localize a peripheral nerve lesion.%8 In cases where history, exam, imaging,
and EMG/NCS fail to provide a diagnosis, surgical exploration can be useful.

The most clinically relevant diagnostic dilemma is differentiating a neoplastic plexopathy
from radiation plexopathy in a patient who has received prior RT that encompassed the
involved plexus (Table 5)°*%8, The incidence of radiation plexopathy is approximately 1.2%
and can develop months to years after RT.>’

Treatment—Treatment options for malignant plexopathies include RT, and rarely

chemotherapy. Pain management includes analgesics, nerve blocks, cordotomy, and
rhizotomy if uncontrolled.>* Despite improvement in pain, most suffer progressive

neurological decline.>®

Skull Base Metastases

Pathophysiology—The most common mechanism of skull base metastasis is
hematogenous spread including both arterial and venous routes.>® However, direct extension
and perineural invasion of adjacent cranial nerves can occur from head and neck primaries.%0

Clinical Presentation—Patients with skull base metastases present with CN deficits.
Seven clinical skull base syndromes!-29:61-63 (Taple 6) have been identified due to their
stereotyped presentations as a result of compression of CN and vascular structures that are
adjacent to the associated basal foramina and sinuses that comprise the skull base.

Diagnosis—The diagnosis of skull base metastases is made with an MR16%:64 or CT
(Figure 6); however, in some patients, MRI and CT are negative despite a high clinical
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Conclusion

suspicion for skull base metastases. A PET scan may be helpful. A lumbar puncture cannot
diagnose skull base metastases, but it is recommended to exclude co-existent LM.

Treatment/Prognosis—Treatment of skull base metastases consists of RT and rarely
chemotherapy, but the treatment relies strongly on the histology of the primary. Stereotactic
radiosurgery has been utilized for both the initial treatment of a skull base metastasis and
recurrence.5® Long delays from symptom onset to treatment result in significantly inferior
symptomatic improvement. In general, most patients improve following treatment.%°

The individual metastatic neurological complications presented in this chapter are
infrequent, but together they affect more than 25% of patients with metastatic tumor and can
significantly affect a patient’s duration and quality of life. The diagnosis is often challenging
as the differential diagnosis is extensive, but localization is possible through history,
neurological exam, and modern imaging techniques. For each of them, early diagnosis and
intervention are essential to optimize outcomes and have the best opportunity for improved
survival.
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Key Bullet Points

Metastates may involve the central and peripheral nervous systems with
involvement of the brain, leptomeninges, spinal cord, epidural space, plexus,
and skull base.

Excluding the brain parenchyma, metastases to these spaces collectively
affect more than 25% of patients with metastatic cancer.

Metastates to the CNS and PNS can result in significant morbidity and
mortality, often causing pain, disability and compromising quality of life.

Early diagnosis and treatment are essential to optimize quality of life and
survival.
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Figure 1. Leptomeningeal Metastases
(A) Metastatic breast cancer with leptomeningeal disease lining the cerebellar folia on axial,

T1 post-contrast imaging. (B) Leptomeningeal disease coating the spinal cord on sagittal, T1
post-contrast imaging.
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Figure 2. Intramedullary Metastases
(A) Sagittal, T1 post-contrast imaging reveals an enhancing intramedullary metastasis at

C2/C3 in a patient with adenoid cystic carcinoma of the submandibular gland. (B)
Surrounding vasogenic edema is best appreciated on sagittal, T2.
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Figure 3. Dural Metastases
Enhancing, dural metastasis along the left hemisphere in a patient with metastatic prostate

cancer. Note the irregular border of the lesion abutting brain and the marked mass effect.
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Figure 4. Metastatic Epidural Spinal Cord Compression
(A) Sagittal, T1 post-contrast image showing extensive epidural disease arising from the

vertebral body causing spinal cord compression at C6/C7 in a patient with metastatic breast
cancer. (B) Cord compression is better visualized on T2.
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Figure 5.
Brachial Plexus Metastasis: Post-gadolinium MRI demonstrating a right brachial plexus

metastasis in a patient with breast cancer.
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Figure 6.
Skull Base Metastases: Enhancing metastasis involving the left occipital condyle with

hypoglossal canal involvement in a patient with breast cancer.
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Table 3

Cerebrospinal Fluid Evaluation Based on Suspected Malignancy.

Tests/Markers Specific Tumor Associations (if applicable)

All Cancers/Unknown
Stanadard:
Cell Count with Differential

Glucose
Protein
Cytology
If Available:
Cell-Free DNA
Solid Tumors
Standarad:
CEA Gl/Lung
AFP Germ Cell
BHCG Germ Cell
Melanin Melanoma
CA 125 Ovarian
CA15-3 Breast
5-HIAA Carcinoid
PSA Prostate
CA19-9 Adenocarcinoma
If Available:
Circulating Tumor Cells Epithelial Tumors

FISH (interphase cytogenetics)

Protein S-100 Melanoma
HMB45 Melanoma
TTF1 Lung/Thyroid

MAGE, MART-1, tyrosinase ~ Melanoma

Hematologic Cancers

Standard:
B-2 microglobulin Lymphoma
LDH Lymphoma

Flow Cytometry

IgH Gene Rearrangement
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Presenting Complaints and Physical Exam Findings in Patients with Epidural Spinal Cord Compression.

Table 4

Presenting Complaint

Frequency

Back Pain

- Local or radicular pain

61-96%65667

- Exacerbated when supine, cough, sneeze, movement or Valsalva

- Wakes patients at night, sleep in a seated position to alleviate pain

Weakness 2-3704,66.67
Sensory Changes 0967

- not a common complaint, but more commonly found on exam
Bowel and Bladder Incontinence 0—20,56.67
Gait Disturbance/Ataxia 2087
Physical Exam Finding Frequency

Weakness

Sensory Levels and Deficits

Autonomic Dysfunction

Ataxia

87-969%768
78-909768
57-699763
14%57
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