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Clinical Presentation of Central
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Introduction

Central nervous system (CNS) metastases are
associated with significant morbidity and mor-
tality and remain one of the most challenging
complications of systemic cancer. While intra-
parenchymal brain metastases represent the most
common site of CNS disease, other potential
locations in the brain include the pituitary gland,
ventricular system and choroid plexus, as well
as the spinal cord and leptomeninges [1]. In this
chapter we provide an overview of the clinical
presentation of CNS metastases including diag-
nostic workup and initial management.

Brain Metastases

Brain metastases are the most common intra-
cranial malignancy, occurring ten times more
frequently than primary brain tumors [2]. The
reported incidence of brain metastases varies,
ranging from 6% to 30% across various studies
[3-6]. The incidence is thought to be increasing,
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in part due to improved imaging techniques as
well as more effective systemic therapies result-
ing in longer overall survival [3]. The CNS is
considered a sanctuary site for disease. While
there have been advances in the treatment of
certain types of CNS metastases with targeted
therapies or checkpoint inhibitors, the majority
of chemotherapeutic agents have limited blood-
brain barrier penetration [7, 8]. Survival var-
ies greatly depending on the underlying cancer
subtype, burden of systemic disease, and other
patient-associated factors such as age and perfor-
mance status [9].

Brain metastases can present at any point
along the disease course. The Surveillance,
Epidemiology, and End Results (SEER) data-
base recently added information regarding the
presence or absence of brain metastases at the
time of initial diagnosis. Based on these data, the
incidence proportion of brain metastases in all
patients with newly diagnosed cancer was calcu-
lated to be about 2%. Brain metastases at diagno-
sis were most common (>10%) in small cell and
non-small cell lung cancer regardless of cancer
stage. Conversely, among all patients with breast
cancer, melanoma, and renal cancer, the incidence
at diagnosis was relatively low (0.4%, 0.7%, and
1.5% respectively). Compared to patients with
any stage cancer diagnosis, patients with sys-
temic metastases at baseline carried an increased
incidence of brain metastases at 12.1%. In this
population, the incidence of brain metastases was
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highest in patients with melanoma (28.2%), lung
adenocarcinoma (26.8%), small cell lung cancer
(23.5%), and renal cancer (10.8%) [10].

The presentation of brain metastases varies
dramatically, ranging from incidentally discov-
ered, asymptomatic lesions found during a stag-
ing workup to acute neurologic decompensation
requiring emergent intervention, particularly in
the case of hemorrhagic metastases. Depending
on the location, number, size, and degree of sur-
rounding edema, they can present with a diversity
of symptoms [11].

Focal Neurologic Deficits

Focal neurologic deficits are the presenting symp-
tom in 20-75% of patients with brain metastases
[11, 12]. The specific deficit depends on the loca-
tion of the tumor. Intraparenchymal metastases
are most often found along the grey-white junc-
tion or in watershed regions. This is thought to
reflect hematogenous dissemination of disease
with seeding of distal capillaries by tumor micro-
emboli [13, 14]. While some studies suggest the
majority of brain metastases (70-80%) are supra-
tentorial, other autopsy studies have found nearly
equal rates of disease in the posterior fossa and
cerebellum [15, 16]. Compared to other cancers,
breast and lung cancer metastases seem to have
a predilection for the cerebellum [17]. Although
limited by small sample size, a recent study quan-
tifying the spatial distribution of brain metastases
found that metastases were more common along
branches of the anterior cerebral artery, particu-
larly in the paracingulate gyrus [18].
Supratentorial metastases can involve any lobe
of the brain. Patients with symptomatic tumors
in the frontal lobes can present with contralat-
eral hemiparesis as well as personality changes
ranging from abulia to disinhibition. When the
dominant hemisphere is involved, a Broca’s-type
aphasia, characterized by difficulty expressing
language, can occur. Due to the spatial arrange-
ment of motor function along the homunculus,
weakness from cortical lesions may be very
specific, such as isolated hand weakness from
a metastasis in the hand knob. Lesions in the

medial motor cortex often affect the leg, while
more lateral lesions tend to involve the arm and
face to a larger degree [19].

The temporal lobes include the hippocampus,
limbic system, portions of the visual pathways,
and Wernicke’s area. Temporal lobe metastases,
particularly bilateral lesions, can present with
short-term memory impairment. If the domi-
nant hemisphere is affected, Wernicke’s apha-
sia, characterized by an inability to comprehend
language (also known as receptive aphasia),
can result. On exam, a contralateral superior
quadrantanopia may be detected if the optic
tracts are involved; however, this is not always
reported by the patient. Seizures are also very
common, particularly with medial temporal lobe
lesions [11, 19].

Patients with right parietal lesions often pres-
ent with visual spatial disturbance, specifically
left neglect. This may manifest itself as bumping
into things on the left or, in more extreme cases,
neglecting the left side completely. Patients may
report forgetting to close the car door on the
left or improperly clothing the left side of their
body. Often there is a lack of awareness of the
deficit, or anosognosia, seen with non-dominant
parietal lesions. Left parietal lesions can present
with acalculia. Contralateral hemisensory loss or
visual field deficits, specifically an inferior qua-
drantanopia, can also be seen. Occipital lesions
also present with a contralateral visual field cut,
typically involving the entire contralateral hemi-
field. Complex visual hallucinations have also
been reported [11, 19].

Infratentorial disease can present with ataxia
or gait impairment. Cerebellar hemispheric
lesions can cause ipsilateral dysmetria and
incoordination. Lesions affecting the cerebellar
vermis are more likely to contribute to truncal
instability instead of classic dysmetria. Given
the high density of motor and sensory path-
ways as well as cranial nerve nuclei that run
through the brainstem, even small lesions can
be highly symptomatic. Brainstem lesions can
cause contralateral hemiparesis and hemisen-
sory loss of the face, arm, and leg. If the lower
pons (below the facial nucleus) or medulla are
affected, patients may present with crossed find-
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ings including ipsilateral weakness of the face
and contralateral weakness in the body [19].

In the setting of intratumoral hemorrhage,
these deficits may be acute in onset; however,
in many patients, they progress over the course
of days to weeks. Progressive focal neurologic
deficits in any patient with known systemic can-
cer should trigger additional workup for CNS
metastases.

Cognitive Impairment

While not often considered a true focal neuro-
logic deficit, cognitive impairment is also com-
mon in patients with brain metastases [11]. This
can manifest as disorientation, confusion, mem-
ory impairment, and/or executive dysfunction.
One study evaluating whole brain radiotherapy
in patients with lung cancer found that 65% of
patients with brain metastases had cognitive
dysfunction prior to treatment [20]. In patients
with primary brain tumors, cognitive impair-
ment is one of the leading causes of disability
and caregiver distress. In caregivers of patients
with brain metastases, cognitive impairment was
associated with worse coping strategies, which
can negatively impact quality of life [21]. While
delirium or acute mental status changes are com-
mon in cancer patients, this is a less common pre-
sentation of brain metastases. In a series of 132
patients requiring neurology consults for altered
mental status, brain metastases were the underly-
ing etiology in only 15% of cases [22].

Headaches

Headaches are another common symptom of brain
metastases, reported by approximately 25-60%
of patients, particularly in the setting of multiple
lesions [1, 11]. These can result from increased
intracranial pressure (ICP) as well as traction
on the dura which contains pain fibers [23]. The
classic headache resulting from a brain tumor is
focal, worse in the morning, and exacerbated by
lying flat or Valsalva maneuvers. These head-
aches may also be associated with nausea and/

or vomiting [24]. However, a prospective study
of over 100 patients at Memorial Sloan Kettering
Cancer Center with brain tumors (both primary
and metastatic) found that the majority (77%)
described a tension-type headache that was most
often bifrontal or ipsilateral. Unlike classic ten-
sion-type headaches, these were more frequently
associated with nausea (40%) and worsened with
bending over (32%). In this series, the classic
morning headache was uncommon [25].

Headaches are also very common in the
general population, with an annual prevalence
approaching 60% [26]. In a cancer patient with
an underlying headache disorder, a change in the
frequency, severity, or character of their typical
headaches should prompt additional evaluation to
exclude brain metastases.

Seizures

Up to one-third of patients with brain metastases
present with seizures. In one retrospective study
of over 500 patients with surgically resected
metastases, multiple lesions, temporal and
occipital locations, and bone involvement were
all associated with preoperative seizures. Large
tumors (>5 cm) and those in locations other than
the frontal lobes were associated with uncon-
trolled seizures preoperatively (defined as requir-
ing more than one antiepileptic drug (AED)).
Headaches and cognitive dysfunction were also
commonly seen with seizures. In this cohort,
subtotal resection, >3 metastatic lesions, tempo-
ral lobe location, local recurrence, and no post-
operative chemotherapy were all associated with
seizures in the postoperative setting [27, 28].

While some studies have suggested the pres-
ence or absence of seizures has no impact on
overall survival with brain metastases, they can
significantly impair quality of life. Each state
has laws limiting driving after seizures. Patients
also need to be maintained on AEDs, sometimes
indefinitely. Poorly controlled seizures are asso-
ciated with worse outcomes in patients with brain
metastases [29].

Numerous studies have demonstrated no ben-
efit to prophylactic AEDs in the primary preven-
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tion of seizures, with an increased risk of adverse
events [30, 31]. For this reason, the American
Academy of Neurology recommends against pro-
phylactic AED use for patients with brain tumors,
including metastases [32]. Despite this, prophy-
lactic AED use remains common in practice [33].
Many of the original studies focused on older
AEDs with more side effects, while newer drugs
such as levetiracetam are often better tolerated
with a more favorable risk-benefit profile [34, 35].
There are also data to suggest that primary pro-
phylaxis may be beneficial in a high-risk subset of
patients or in the perioperative period to decrease
the rate of early postoperative seizures [36, 37].
However, randomized controlled trials are limited
and this remains an area of controversy.

Uncommon Intracranial Metastases

Pituitary Metastases

Metastases to the pituitary gland are rare,
accounting for 0.14-3.6% of intracranial metas-
tases, although in autopsy series, the incidence
has been reported as high as 28%. Breast and
lung cancer are the most common cancers to
metastasize to the pituitary gland, but many other
cancers have been reported. Unlike adenomas,
which affect the anterior pituitary gland, metas-
tases tend to have a predilection for the posterior
pituitary [38, 39].

Over 80% of pituitary metastases are asymp-
tomatic. In patients who present with symptoms,
visual impairment has been reported in almost
50% of cases. The most common visual field
deficit seen with pituitary lesions is a bitemporal
hemianopia due to compression of the optic chi-
asm, which overlies the pituitary gland. Endocrine
dysfunction, specifically diabetes insipidus (DI)
and panhypopituitarism, was reported in over
one-third of cases each. Patients with diabetes
insipidus often present with increased thirst and
urine output. Panhypopituitarism can be more
difficult to diagnose as symptoms may be non-
specific including fatigue, lethargy, and ortho-
stasis. Headaches were also common, occurring
in 35% of patients. Pituitary apoplexy is a life-
threatening emergency characterized by hemor-

rhage into the pituitary gland. While this is of
concern with pituitary adenomas, it is rarely seen
with metastases [39].

Leptomeningeal Disease

The leptomeninges include the pia mater, sub-
arachnoid space, and arachnoid membrane
surrounding the brain and spinal cord [19].
Metastases to this space are typically a late-stage
complication of cancer. While leptomeningeal
disease (LMD) is most common in adenocarci-
nomas and hematologic malignancies, almost
any cancer can metastasize to the leptomeninges
[40, 41]. As the cerebral spinal fluid (CSF) flows
throughout the entire leptomeningeal space, bath-
ing the brain and spinal cord, the presentation
of LMD is highly variable and can range from
symptomatic hydrocephalus to isolated cranial
neuropathies, multifocal deficits, and/or seizures.

When LMD involves the cerebral leptomenin-
ges, patients often present with signs of elevated
ICP. Leptomeningeal metastases can interfere
with CSF reabsorption through the arachnoid
granulations, causing hydrocephalus, or limit
ventricular compliance such as in the setting of
diffuse subarachnoid tumor, resulting in elevated
ICP without radiographic hydrocephalus [42].
Patients often present with positional headaches,
worse in the morning or when bending over.
These can be associated with nausea or vomit-
ing and sometimes with neck pain and stiffness
[43]. Vision changes including blurry vision or
horizontal diplopia from a partial cranial nerve
VI palsy may also be seen. As ICP increases,
patients may become increasingly lethargic [41].
Other alterations in consciousness include sei-
zures or abrupt unresponsiveness precipitated by
changing position, a phenomenon known as pres-
sure or plateau waves [42].

Cranial nerve involvement from leptomen-
ingeal disease can manifest as vision changes,
numbness over the face, facial weakness, hearing
loss, tinnitus, or hoarseness [42, 43]. Involvement
of the spinal cord and cauda equina nerve roots
can contribute to radicular pain, bowel or blad-
der dysfunction, or focal numbness or weakness
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in the legs [41, 42]. A combination of symptoms
affecting multiple levels of the neuro-axis should
raise suspicion for LMD in a patient with meta-
static cancer [1].

Spinal Metastases

Tumors involving the spine are divided into three
categories based on location: extradural, intradu-
ral extramedullary, and intradural intramedullary.
The vast majority of metastases are extradural
[44]. Extradural tumors often arise from the ver-
tebral bodies, most commonly in the thoracic
spine, and extend into the extradural space [42,
44]. Initially, these lesions may present with
severe back pain. Pain is often severe, worse at
night, and may wake the patient from sleep. Both
extradural and intradural extramedullary lesions
can present with cord compression. As the spinal
cord becomes compressed, patients can develop
focal neurologic deficits including weakness,
numbness, bowel or bladder dysfunction, or gait
impairment [43]. Approximately 5% of patients
with metastatic cancer initially present with cord
compression [45].

Intramedullary metastases are rare, with an
incidence of <2%. Although they may be the
presenting symptom of disease, intramedullary
metastases are typically seen in the setting of
known brain metastases or leptomeningeal dis-
ease [46]. Patients may present with spinal cord
syndromes, such as a Brown-Sequard syndrome,
characterized by ipsilateral weakness and vibra-
tory/proprioceptive loss and contralateral loss of
pinprick and temperature below the level of the
lesion. Pain, weakness, and sensory changes are
the most commonly reported symptoms; how-
ever, bowel or bladder dysfunction and spasticity
can also be seen. Typically patients have a rela-
tively rapid decline as the lesion increases in size,
but it is possible for diagnosis to be delayed [47].

Workup and Management

The imaging modality of choice for CNS
metastases is gadolinium-enhanced magnetic

resonance imaging (MRI) [12]. For patients pre-
senting with focal neurologic complaints, imag-
ing can be focused to the area of highest concern,
such as the brain alone or a particular spinal
level. In the case of patients with parenchymal
brain metastases identified on imaging, full CNS
staging is not always necessary if the patient is
otherwise asymptomatic. For patients present-
ing with leptomeningeal disease, workup should
include complete imaging of the neuro-axis
including brain and total spine, with and with-
out contrast. When there is clinical suspicion for
LMD but negative imaging, the gold standard for
diagnosis is a lumbar puncture for CSF analysis.
Multiple lumbar punctures may be necessary as
the sensitivity of CSF cytology does not exceed
90% until after three studies [48]. Extradural spi-
nal metastases arising from the vertebrae rarely
occur in isolation, so imaging the entire spine is
recommended [49]. Once CNS metastases are
identified, systemic restaging is recommended
as this has implications for both prognosis and
treatment options.

The initial management of a patient with
symptomatic brain metastases includes high-dose
dexamethasone to decrease edema and reduce
symptom burden. Steroids may not be necessary
in asymptomatic brain metastases without signif-
icant edema. Treatment options for patients with
brain metastases have evolved and may include a
combination of radiation, surgery, chemotherapy,
immunotherapy, or targeted agents. These will
be discussed extensively in the later chapters of
this book; however, the appropriate approach to
the management of each patient depends on the
burden of CNS disease, the extent of systemic
disease, and the options available for systemic
treatment [2, 50, 51].

References

1. Lee EQ. Nervous system metastases from systemic can-
cer. Continuum. 2015;21(2 Neuro-Oncology):415-28.

2. Patchell RA. The management of brain metastases.
Cancer Treat Rev. 2003;29(6):533—40.

3. Davis FG, Dolecek TA, McCarthy BJ, Villano
JL. Toward determining the lifetime occurrence of
metastatic brain tumors estimated from 2007 United



122

L. E.Donovan and R. S. Magge

11.

12.

13.

14.

15.

17.

18.

19.

20.

. Nathoo N, Chahlavi

. Martin AM, Cagney DN, Catalano PJ,

States cancer incidence data.
2012;14(9):1171-7.

Neuro-Oncology.

A, Barnett GH, Toms
SA. Pathobiology of brain metastases. J Clin Pathol.
2005;58(3):237-42.

. Nayak L, Lee EQ, Wen PY. Epidemiology of brain

metastases. Curr Oncol Rep. 2012;14(1):48-54.

et al.
Brain metastases in newly diagnosed breast can-
cer: a population-based study. JAMA Oncol.
2017;3(8):1069-77.

. Deeken JF, Loscher W. The blood-brain barrier and

cancer: transporters, treatment, and Trojan horses.
Clin Cancer Res. 2007;13(6):1663-74.

. Lockman PR, Mittapalli RK, Taskar KS, et al.

Heterogeneous blood-tumor barrier permeability
determines drug efficacy in experimental brain metas-
tases of breast cancer. Clin Cancer Res. 2010;16(23):
5664-78.

. Sperduto PW, Chao ST, Sneed PK, et al. Diagnosis-

specific prognostic factors, indexes, and treatment
outcomes for patients with newly diagnosed brain
metastases: a multi-institutional analysis of 4,259
patients. Int J Radiat Oncol Biol Phys. 2010;77(3):
655-61.

. Cagney DN, Martin AM, Catalano PJ, et al. Incidence

and prognosis of patients with brain metastases at
diagnosis of systemic malignancy: a population-based
study. Neuro-Oncology. 2017;19(11):1511-21.

Noh T, Walbert T. Brain metastasis: clinical manifes-
tations, symptom management, and palliative care.
Handb Clin Neurol. 2018;149:75-88.

Kaal EC, Taphoorn MJ, Vecht CJ. Symptomatic man-
agement and imaging of brain metastases. J Neuro-
Oncol. 2005;75(1):15-20.

Massague J, Obenauf AC. Metastatic coloniza-
tion by circulating tumour cells. Nature. 2016;
529(7586):298-306.

Hwang TL, Close TP, Grego JM, Brannon WL,
Gonzales F. Predilection of brain metastasis in gray
and white matter junction and vascular border zones.
Cancer. 1996;77(8):1551-5.

Tsukada Y, Fouad A, Pickren JW, Lane WW. Central
nervous system metastasis from breast carcinoma.
Autopsy study. Cancer. 1983;52(12):2349-54.

. Ghia A, Tome WA, Thomas S, et al. Distribution of

brain metastases in relation to the hippocampus:
implications for neurocognitive functional preserva-
tion. Int J Radiat Oncol Biol Phys. 2007;68(4):971-7.
Bender ET, Tome WA. Distribution of brain metasta-
ses: implications for non-uniform dose prescriptions.
Br J Radiol. 2011;84(1003):649-58.

Yanagihara TK, Lee A, Wang TJC. Quantitative
analysis of the spatial distribution of metastatic brain
lesions. Tomography. 2017;3(1):16-22.

Blumenfeld H. Neuroanatomy through clinical cases.
2nd ed. Sunderland: Sinauer Associates; 2010.

Mehta MP, Rodrigus P, Terhaard CH, et al. Survival
and neurologic outcomes in a randomized trial
of motexafin gadolinium and whole-brain radia-

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

tion therapy in brain metastases. J Clin Oncol.
2003;21(13):2529-36.

Saria MG, Courchesne N, Evangelista L, et al.
Cognitive dysfunction in patients with brain metas-
tases: influences on caregiver resilience and coping.
Support Care Cancer. 2017;25(4):1247-56.

Tuma R, DeAngelis LM. Altered mental status in
patients with cancer. Arch Neurol. 2000;57(12):
1727-31.

Taylor LP. Mechanism of brain tumor headache.
Headache. 2014;54(4):772-5.

Headache Classification =~ Committee of  the
International Headache Society (IHS). The interna-
tional classification of headache disorders, 3rd edn.
Cephalalgia. 2018;38(1):1-211.

Forsyth PA, Posner JB. Headaches in patients with
brain tumors: a study of 111 patients. Neurology.
1993;43(9):1678-83.

Stovner LJ, Andree C. Prevalence of headache in
Europe: a review for the Eurolight project. J Headache
Pain. 2010;11(4):289-99.

Pojskic M, Bopp MHA, Schymalla M, Nimsky C,
Carl B. Retrospective study of 229 surgically treated
patients with brain metastases: prognostic factors,
outcome and comparison of recursive partitioning
analysis and diagnosis-specific graded prognostic
assessment. Surg Neurol Int. 2017;8:259.

Wu A, Weingart JD, Gallia GL, et al. Risk factors
for preoperative seizures and loss of seizure control
in patients undergoing surgery for metastatic brain
tumors. World Neurosurg. 2017;104:120-8.
Cacho-Diaz B, San-Juan D, Salmeron K, Boyzo C,
Lorenzana-Mendoza N. Choice of antiepileptic drugs
affects the outcome in cancer patients with seizures.
Clin Transl Oncol. 2018;20(12):1571-6.
Lobos-Urbina D, Kittsteiner-Manubens L, Pena J. Is
primary prevention with antiepileptic drugs effec-
tive in brain tumors or brain metastases? Medwave.
2017;17(Suppl1):e6871.

Wu AS, Trinh VT, Suki D, et al. A prospective ran-
domized trial of perioperative seizure prophylaxis
in patients with intraparenchymal brain tumors. J
Neurosurg. 2013;118(4):873-83.

Stevens GH. Antiepileptic therapy in patients with
central nervous system malignancies. Curr Neurol
Neurosci Rep. 2006;6(4):311-8.

Dewan MC, Thompson RC, Kalkanis SN, Barker
FG 2nd, Hadjipanayis CG. Prophylactic antiepileptic
drug administration following brain tumor resection:
results of a recent AANS/CNS Section on Tumors
Survey. J Neurosurg. 2017;126(6):1772-8.
Zachenhofer I, Donat M, Oberndorfer S, Roessler
K. Perioperative levetiracetam for prevention of sei-
zures in supratentorial brain tumor surgery. J Neuro-
Oncol. 2011;101(1):101-6.

Gokhale S, Khan SA, Agrawal A, Friedman AH,
McDonagh DL. Levetiracetam seizure prophy-
laxis in craniotomy patients at high risk for post-
operative seizures. Asian J Neurosurg. 2013;8(4):
169-73.



Clinical Presentation of Central Nervous System Metastases

123

36.

37.

38.

39.

40.

41.

42.

Goldlust SA, Hsu M, Lassman AB, Panageas KS,
Avila EK. Seizure prophylaxis and melanoma brain
metastases. J Neuro-Oncol. 2012;108(1):109-14.
Joiner EF, Youngerman BE, Hudson TS, et al.
Effectiveness of perioperative antiepileptic drug pro-
phylaxis for early and late seizures following onco-
logic neurosurgery: a meta-analysis. J Neurosurg.
2018;130:1274-82.

He W, Chen F, Dalm B, Kirby PA, Greenlee
JD. Metastatic involvement of the pituitary gland: a
systematic review with pooled individual patient data
analysis. Pituitary. 2015;18(1):159-68.

Javanbakht A, D’Apuzzo M, Badie B, Salehian
B. Pituitary metastasis: a rare condition. Endocr
Connect. 2018;7:1049-57.

Mittica G, Senetta R, Richiardi L, et al. Meningeal
carcinomatosis underdiagnosis and overestima-
tion: incidence in a large consecutive and unselected
population of breast cancer patients. BMC Cancer.
2015;15:1021.

Nayar G, Ejikeme T, Chongsathidkiet P, et al.
Leptomeningeal disease: current diagnostic and thera-
peutic strategies. Oncotarget. 2017;8(42):73312-28.
DeAngelis LM, Posner JB, Posner JB. Neurologic
complications of cancer. 2nd ed. Oxford/New York:
Oxford University Press; 2009.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Mendez JS, DeAngelis LM. Metastatic complications
of cancer involving the central and peripheral nervous
systems. Neurol Clin. 2018;36(3):579-98.

Van Goethem JW, van den Hauwe L, Ozsarlak O,
De Schepper AM, Parizel PM. Spinal tumors. Eur J
Radiol. 2004;50(2):159-76.

Schiff D, O’Neill BP, Suman VJ. Spinal epidural
metastasis as the initial manifestation of malignancy:
clinical features and diagnostic approach. Neurology.
1997;49(2):452-6.

Schiff D, O’Neill BP. Intramedullary spinal cord
metastases: clinical features and treatment outcome.
Neurology. 1996;47(4):906—-12.

Lee SS, Kim MK, Sym SJ, et al. Intramedullary spi-
nal cord metastases: a single-institution experience. J
Neuro-Oncol. 2007;84(1):85-9.

Glantz MJ, Cole BF, Glantz LK, et al. Cerebrospinal
fluid cytology in patients with cancer: minimizing
false-negative results. Cancer. 1998;82(4):733-9.
Shah LM, Salzman KL. Imaging of spinal metastatic
disease. Int J Surg Oncol. 2011;2011:769753.

Lin X, DeAngelis LM. Treatment of brain metastases.
J Clin Oncol. 2015;33(30):3475-84.

Aizer AA, Lee EQ. Brain metastases. Neurol Clin.
2018;36(3):557-77.



	8: Clinical Presentation of Central Nervous System Metastases
	Introduction
	Brain Metastases
	Focal Neurologic Deficits
	Cognitive Impairment
	Headaches
	Seizures
	Uncommon Intracranial Metastases
	Pituitary Metastases

	Leptomeningeal Disease

	Spinal Metastases
	Workup and Management

	References


