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CNS: Neoplasms
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Introduction:
o The most common neoplasms of the brain are metastases, which are 3 times
more common than primary neoplasms.
 Metastases should be suspected when there are multiple masses (the
same is true in other organs as well).
 The most likely primary neoplasm reflects the incidence of aggressive
neoplasms in general:
• Lung > breast > melanoma > kidney > GI tract
 Spread is presumed to be hematogenous and the earliest metastases are
found at the gray-white matter junction where the arteries narrow.
o Primary intracranial neoplasms are: glioma > meningioma > pituitary adenoma
o Primary neoplasms of the brain are:
 Glioma (60%, of which 80% are malignant)
 Meningioma (20%)
 Schwannoma (10%)
o Age:
 Adult tumors arise in the supratentorial brain. Tumors in childhood arise
in the infratentorial brain, so that they typically present with headache
and ataxia.
o Familial tumor syndromes in which the CNS is a primary organ of involvement:
 Tuberous sclerosis:
• An autosomal dominant disease characterized by hamartomas.
• There is a loss of tumor suppressor hamartin (from gene locus TSC
1) or tuberin (from gene locus TSC 2) that regulate mTOR, itself a
key regulator of protein synthesis
• In the CNS, the hamartomas have a potato-like appearance, and
so are called tubers. These cause seizures and have a risk of
neoplastic transformation.
• Other involved organs include:
o Skin: angiofibroma, Shagreen patch, ash-leaf patch
o Kidney: angiomyolipoma
o Lung: lymphangioleiomyomatosis
o Heart: rhabdomyomas
 Von Hippel-Lindau disease:
• An autosomal dominant disease with loss of function in tumor
suppressor VHL, allows for overactivity of HIF-1 with increased
growth factors VEGF and erythropoietin.
• Patients develop polycythemia and hemangioblastomas.
 Neurofibromatosis type II
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An autosomal dominant disease with loss of tumor suppressor
merlin.
• Merlin helps regulate contact inhibition of cells in nervous tissue.
• Patients develop bilateral schwannomas of cranial nerve VIII
o Paraneoplastic syndromes:
 In addition to mass effects and direct invasion of CNS tissue, a variety of
cancers develop antibodies to the neoplastic cells that cross react with
cells of the CNS.
 Examples of paraneoplastic syndromes include subacute cerebellar
degeneration with ataxia and limbic encephalitis with dementia.
Presentation of CNS neoplasms
o General symptoms:
 Headache: an expanding tumor mass and the edema associated with
aggressive neoplasms causes increased intracranial pressure (ICP).
• The headache of ↑ICP often occurs in the morning and may be
associated with nausea and vomiting.
 Personality changes, especially apathy and withdrawal.
o Neurologic defects:
 Usually are subacute (i.e. over 8-12 weeks) and progressive
 Commonly include hemiparesis, aphasia and visual field defects
o Seizures
Testing:
o Imaging, especially MRI with gadolinium: gadolinium enhances any pathology
with edema, which is found in aggressive 1° and 2° neoplasms as well as
inflammation.
 If there is central necrosis, the image shows a “ring-enhancing” lesion.
 Low grade gliomas do not enhance with gadolinium.
o Meningiomas arise in the dura and so can be recognized on imaging by their
dural attachment
 They are usually noninvasive and cause symptoms when they compress
the underlying brain.
•
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Primary tumors of the CNS
What 1° CNS tumors to learn

1° CNS tumors account for less than 2% of neoplasms in adults. Over 120 types of
neoplasms have been described and their diagnosis is a specialized field in pathology.
Only a few are worth learning and they are discussed below. For most doctors, patients
will present with suspicious symptoms and neuroimaging will show a tumor. A
neurosurgeon will biopsy the mass and a neuropathologist will make the diagnosis. One
can then look up the particulars of the specific neoplasm at that time.
If any pathology professor teaches the classification of CNS neoplasms to medical
students, they should complain to the dean. If the professor shows photomicrographs of
CNS tumors in class, they should be banned from teaching medical students.
o Glioblastoma (aka glioblastoma multiforme)
 Most common malignant primary brain tumor
 Pathophysiology:
• In the elderly (> 65 years), usually a new onset neoplasm which
can be called a 1° glioblastoma
o Sporadic, with no significant genetic or environmental risk
factors
• In the young, glioblastoma is usually a progression from a lower
grade astrocytoma, and is called a 2° glioblastoma
o 80% have mutation in isocitrate dehydrogenase (IDH) of
the TCA cycle
 Presentation:
• Symptoms: headache from raised ICP, seizure, neurologic deficit
• Signs: abnormal neurologic exam
• Testing: neuroimaging
o MRI with gadolinium: ring-enhancing lesion
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Glioblastoma: MRI with ring-enhancing lesion
There is a large mass in the right temporal region.
There is distortion of the anatomy with compression
of the left ventricle and structures pushed across
the midline.
The mass has a necrotic center with brightening of
the tissue around the center after gadolinium
injection due to prominent tumoral edema.
Other causes of ring-enhancing lesion:
- Metastases
- Abscess (including toxoplasma)

o Natural history:
 Prognosis: median survival is 15
months
 Treatment: maximum resection with preservation of neurologic function
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Meningioma
o Epidemiology:
 Increased incidence with age (peak at age 65 years).
 More common in women
o Pathophysiology:
 Most are sporadic and benign
 Arise from the dura mater and cause symptoms by pressing on adjacent
tissue.
• Arise uniformly over the dura
o Presentation:
 Depend on size and location.
 May be an incidental finding
o Natural history
 Most are benign and require treatment only if there are symptoms.
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Meningioma neuroimaging (MRI)
Note that the tumor arises from the dura.
Symptoms, if present, are caused by compression
of the underlying tissue and so vary by location. In
this classic image, the tumor arises in the falx
cerebri and would present as weakness of the leg
and/or foot drop.

-

5

Vestibular schwannoma (aka acoustic neuroma):
o Introduction:
 While this is an intracranial neoplasm, it is not a tumor of the CNS as it
arises in cranial nerves, which are considered to be peripheral nerves
(except CN I and II, which are part of the CNS)
 Derive from the Schwann cell that produces the myelin sheath of
peripheral nerves (so it is not a “neuroma”) in the vestibular branch of
cranial nerve VIII (so it is not “acoustic” in origin).
 Found in adults (peak age 50 years)
o Pathophysiology:
 90% are unilateral
 90% arise in the cerebellopontine angle
 Most are benign
 Bilateral Schwannomas are seen in neurofibromatosis Type II.
• This is a disease with a loss of function of the protein merlin.
• Merlin regulates cell migration and contact inhibition.
o Presentation:
 Symptoms rise from involvement of cranial nerve VIII:
• Cochlear (acoustic) nerve: Loss of hearing and tinnitus
• Vestibular nerve: Vertigo and instability
 Physical exam:
• Cochlear (acoustic) nerve: sensorineural pattern deafness (Rinne
and Weber tests)
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• Vestibular nerve: no testing works very well
Imaging:
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MRI can identify tumors as small as 1-2 mm. involvement of CN
VIII is identified by its location in the inner auditory canal with
variable extension into the cerebellopontine angle.

Vestibular schwannoma (MRI)
Arise in Schwann cells of the nerve sheath
in the vestibular portion of CN VIII. They
form in the internal auditory canal in the
region, extending out into the
cerebellopontine angle.



-

7

Treatment: surgical

Craniopharyngiomas:
o Arise in remnants of Rathke pouch, an embryologic structure of the pituitary
gland
o Pathology: a cystic-solid tumor mass. The cyst fluid is
described as having a “motor oil” appearance.
o Most commonly seen in children
o Present with headaches, visual impairment and
hypopituitarism
Car engine
o Neuroimaging shows a suprasellar, solid-cystic tumor
“motor oil”
o Treatment: surgery and irradiation
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CNS neoplasms of childhood:
-

-
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Primary CNS tumors are the second commonest neoplasms of childhood after
hematologic neoplasia, especially acute lymphoblastic leukemia (ALL).
They are the commonest cause of mortality from cancer, due to advances in the
treatment of ALL.
Most arise in the infratentorial space (aka posterior fossa)
Presentation:
o Symptoms:
 Headache from ↑ICP. Headache is common first thing in the morning
and may be relieved by vomiting.
 Nausea and vomiting
 Ataxia
o Physical exam:
 Papilledema
 Cerebellar ataxia
 Hydrocephalus if sutures have not fused
o Testing: neuroimaging for mass
Pathology:
o Pilocytic astrocytoma:
 Most common CNS tumor of childhood
 A low grade glioma (i.e. a tumor arising in a glial cell)
 Curable with complete resection
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o Medulloblastoma:
 Most common malignant neoplasm of childhood
 Treatment consists of maximal resection with radiation and
chemotherapy.
 70% 5 year survival, usually with significant morbidity.

Cancer of childhood
In 2019, there were an estimated 11,060 cases of cancer with children with 1190 deaths.
Compare that to adults with 1.2 million cases of cancer and 615,000 deaths. While heart
wrenching, childhood cancer is not a significant public health problem in the USA.
Accidents are the number 1 cause of death in childhood. The pediatric cancers worth
generally knowing include:
1.
2.
3.
4.
5.
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ALL (32%)
CNS (18%)
Abdominal masses (non-endemic Burkitt lymphoma, neuroblastoma, Wilms tumor)
Osteosarcoma (commonest sarcoma)
Retinoblastoma (model disease for molecular neoplasia)
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CNS: Neoplasms
Do You Know It?
1. How does one differentiate 1° from metastatic CNS neoplasia on an MRI or CT scan?

2. What is the most likely 1° tumor causing CNS metastases?

3. How do CNS neoplasms present?

4. What is a “ring-enhancing” lesion?

5. How are the pathophysiology of a glioblastoma likely to be different between a 35 year
old and a 75 year old patient?

6. What is the most likely tumor and its presentation for this MRI?
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6. If a patient present with tinnitus and loss of hearing in his right ear, what would these findings on
physical examination indicate?

7. What features of headache in a child suggest neoplasm?
•
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What specific signs would the directed physical exam look for?
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