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From the preceding account of the classification of brain tumors, all brain tumors may be summarized in nine groups according to their tissue of origin:

	Tumors originating from neuroepithelial tissue or medullary epithelium, which develops into the various glial cells, ependymal cells, and choroid plexus.
	Tumors of nerve sheath cells, situated outside the CNS. Acoustic schwannoma is the most common tumor in this group.
	Tumors originating from mesoderm. This group includes tumors of the meninges, of which meningioma is the most common. Most are situated outside the brain; only a small proportion are located within the ventricles.
	Tumors originating from the blood vessels of the brain.
	Tumors originating from germ cells.
	Tumors caused by abnormal cellular development (malformative tumors).
	Tumors of the pituitary gland.
	Tumors metastatic to the brain from cancers in other organs.
	The final group consists of tumors arising outside the CNS and extending locally toward the brain tissue.


Of all these brain tumors, the group arising from neuroepithelial tissue is the most common, accounting for approximately 50% of all brain tumors. Its classification is also much more difficult than that of the other groups.

The pathology, including histology, of each group and type of brain tumor will now be described to clarify their classification and biological behavior, thereby helping to explain the clinical features of each tumor type.

Tumors of Neuroglial Cells

The human central nervous system contains several types of neuroglial cells, including astrocytes, oligodendrocytes, and ependymal cells. Each type may give rise to tumors in various parts of the brain, and the tumors are named after their cells of origin. Astrocytes themselves occur in several morphological forms: fibrillary, protoplasmic, gemistocytic, and piloid astrocytes. The tumors that arise from these cells differ in their common sites, malignancy, natural history, and clinical manifestations, as will be discussed in detail for each type.

Tumors of Astrocytic Cells

This is the most common group of tumors arising from neuroglial cells. They are called astrocytomas after their cells of origin and include both benign and malignant types. Bailey and Cushing(1) divided astrocytic cell tumors into astrocytoma, astroblastoma, and spongioblastoma multiforme. Kernohan and Sayre(2) subsequently divided astrocytomas into four grades of increasing malignancy, grade 1 being the most benign and grades 3 and 4 the most malignant. Table 3.1 compares astrocytomas in order of increasing malignancy across different classifications.

Table 3.1 Comparison of astrocytic tumors across different classifications	Bailey & Cushing	Kernohan	Ringertz	WHO
				Pilocytic astrocytoma
	Astrocytoma	Astrocytoma grade 1	Astrocytoma	Astrocytoma
	Astroblastoma	Astrocytoma grade 2	Anaplastic astrocytoma	Anaplastic astrocytoma
	Spongioblastoma multiforme	Astrocytoma grade 3	Glioblastoma multiforme	Glioblastoma multiforme (poorly differentiated glioma)
	Astrocytoma grade 4



Pilocytic astrocytoma in the WHO classification is regarded as the most benign tumor, being more benign than Kernohan grade 1 astrocytoma, and patients generally survive longer. Glioblastoma multiforme, equivalent to Kernohan grades 3 and 4 astrocytoma, was placed among poorly differentiated and embryonal tumors in the WHO classification of 1979, which remains a source of confusion. However, the latest WHO classification report (1993) places glioblastoma in the astrocytic tumor group.
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ASTROCYTOMA

Astrocytoma is a large group of tumors arising from astrocytic cells. These cells are at different stages of development, giving rise to astrocytomas with different gross appearances, histology, growth patterns, and clinical manifestations.

Astrocytomas can be classified in three ways.

1. By the type of astrocytic cell. Astrocytes include protoplasmic, fibrillary, gemistocytic, and pilocytic forms. Astrocytomas are therefore divided into five subtypes:

	1.1 protoplasmic astrocytoma
	1.2 fibrillary astrocytoma
	1.3 gemistocytic astrocytoma
	1.4 pilocytic astrocytoma
	1.5 subependymal giant cell astrocytoma


2. By degree of malignancy. Neoplastic astrocytic cells show varying degrees of malignancy, both histologically and clinically. Some tumors are benign and grow slowly; others grow rapidly and cause death within a short time. As already described, Kernohan divided astrocytomas into four grades:

	2.1 Astrocytoma grade 1 is the most benign type.
	2.2 Astrocytoma grade 2 has an intermediate degree of malignancy, corresponding to anaplastic astrocytoma or astroblastoma.
	2.3 Astrocytoma grades 3 and 4 are the most malignant types, equivalent to glioblastoma multiforme.


3. By their specific site in the brain, including cystic or solid cerebellar astrocytoma, juvenile pilocytic astrocytoma of the third ventricle, hypothalamus, or chiasm, and pontine astrocytoma. Tumors at these sites have characteristic clinical features and usually occur in children.

Natural History of Astrocytoma

The astrocytomas discussed here are grades 1 and 2. Grades 3 and 4, or glioblastoma multiforme, will be discussed separately. In general, astrocytoma is a benign tumor that grows slowly by gradual infiltration, taking years to produce clear symptoms. A tumor in a cerebral hemisphere may initially present with seizures, for which the patient continues to receive anticonvulsant treatment. Only later in the disease does loss of cerebral function develop, such as hemiparesis, accompanied by a relatively rapid rise in intracranial pressure. This may indicate malignant transformation of the tumor.

Age. Astrocytoma can occur at any age, but generally occurs between 30 and 40 years. Age at occurrence also depends on the site in the brain. Cerebral hemispheric tumors usually occur at about 30–40 years, whereas astrocytomas of the hypothalamus, cerebellum, pons, and chiasm are common in children.

Some astrocytomas occur in association with von Recklinghausen’s neurofibromatosis (Figure 3.1), usually pilocytic astrocytomas of the chiasm and hypothalamus. Subependymal giant-cell astrocytoma is commonly found in patients with tuberous sclerosis.

Pathology. The pathological appearance of astrocytoma depends on the type of astrocytic cell described above. It may be diffuse or circumscribed. Some tumors undergo cystic degeneration, producing small or large cysts. Large cysts may contain a mural nodule and have a better prognosis than infiltrative tumors. Most astrocytomas are infiltrative, with indistinct boundaries, so that tumor cannot be distinguished from normal brain.
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[image: Figure 3.1 A patient with von Recklinghausen’s neurofibromatosis and an associated astrocytoma.]

Figure 3.1 A patient with von Recklinghausen’s neurofibromatosis and an associated astrocytoma.
FIBRILLARY ASTROCYTOMA

This is more common than the other types and usually arises in the white matter of a cerebral hemisphere. Its infiltrative nature gives it an indistinct boundary, hence the descriptive name diffuse cerebral astrocytoma. It may also arise in the brain stem and cerebellum; cerebellar tumors tend to be well circumscribed. On gross inspection during surgery or sectioning of a fresh brain, the tumor is light gray with a pinkish tinge. After fixation, it is pale whitish-yellow (Figure 3.2), sometimes making it difficult to distinguish from white matter. When it extends into the cortex or basal ganglia, their normal color boundaries disappear (see Figure 3.3). The tumor feels firm and harder than normal brain because its cells contain abundant neuroglial fibrils. Some tumors contain cysts of varying sizes.
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[image: Figure 3.2 Fibrillary astrocytoma of the left frontal lobe. The gyri are pale and enlarged, the tumor margins are indistinct, and vessels are sparse. The cingulate gyrus is displaced beneath the falx to the opposite side.]

Figure 3.2 Fibrillary astrocytoma of the left frontal lobe. The gyri are pale and enlarged, the tumor margins are indistinct, and vessels are sparse. The cingulate gyrus is displaced beneath the falx to the opposite side.[image: Figure 3.3 Infiltrative astrocytoma with indistinct boundaries. The tumor extends into the cortex and basal ganglia, obliterating their normal color.]Figure 3.3 Infiltrative astrocytoma with indistinct boundaries. The tumor extends into the cortex and basal ganglia, obliterating their normal color.
HISTOLOGY

Fibrillary astrocytoma consists of small, uniformly sized stellate astrocytic cells, more numerous than in normal brain. The nuclei are larger than normal and show slight hyperchromatism. Mitotic figures are very rare. Blood vessels within the tumor are also sparse, and there is no endothelial proliferation such as that seen in glioblastoma multiforme. Special staining of fibrils by silver impregnation reveals numerous fibrils in the cell processes (Figure 3.4 A), a principal diagnostic feature. Fibrillary astrocytoma often undergoes extensive microcystic degeneration (Figure 3.5), which can sometimes create an appearance resembling oligodendroglioma.
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[image: Figure 3.4 A. Fibrillary astrocytic cells stained with Cajal stain to demonstrate fibrils in their processes.][image: Figure 3.4 B. Grade 1 astrocytoma. Astrocytic cells are more numerous than normal, with enlarged, hyperchromatic nuclei. No mitotic figures or endothelial proliferation are seen.][image: Figure 3.4 C. Grade 2 astrocytoma, with more astrocytic cells than grade 1 astrocytoma.]

Figure 3.4 A. Fibrillary astrocytic cells stained with Cajal stain to demonstrate fibrils in their processes.
B. Grade 1 astrocytoma. Astrocytic cells are more numerous than normal, with enlarged, hyperchromatic nuclei. No mitotic figures or endothelial proliferation are seen.
C. Grade 2 astrocytoma, with more astrocytic cells than grade 1 astrocytoma.[image: pathology028 · Enhanced image]
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[image: Figure 3.5 A. Microcystic degeneration in an astrocytoma, showing numerous small white spaces.][image: Figure 3.5 B. A microcyst in astrocytoma at high power. Cells are compressed to the sides of the microcyst.]

Figure 3.5 A. Microcystic degeneration in an astrocytoma, showing numerous small white spaces.
B. A microcyst in astrocytoma at high power. Cells are compressed to the sides of the microcyst.
PROTOPLASMIC ASTROCYTOMA

This type usually arises in a cerebral hemisphere, often at the brain surface, because protoplasmic astrocytes are abundant in the cortex. The tumor is light gray, soft, and gelatinous, rather than firm like fibrillary astrocytoma, because it lacks glial fibrils (Figure 3.6). It can be readily removed by suction during surgery and bleeds little because its blood supply is limited. Its boundaries are indistinct, and it often contains numerous honeycomb-like cysts. In some cases a large cyst develops (Figure 3.7). This type of astrocytoma may also occur as a component of fibrillary astrocytoma.

HISTOLOGY
Protoplasmic astrocytoma consists of cells resembling protoplasmic astrocytes, but with more swollen cytoplasm and a rounded shape. Their processes are less conspicuous and shorter than normal. A characteristic feature is the consistent presence of microcystic degeneration (Figure 3.8).
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[image: Figure 3.6 Protoplasmic astrocytoma in the cortex. The tumor is light gray-yellow; the cortex is expanded and pale.]

Figure 3.6 Protoplasmic astrocytoma in the cortex. The tumor is light gray-yellow; the cortex is expanded and pale.[image: pathology031 · Enhanced image]
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[image: Figure 3.7 Protoplasmic astrocytoma presenting as a large cortical cyst.]

Figure 3.7 Protoplasmic astrocytoma presenting as a large cortical cyst.[image: pathology032 · Enhanced image]
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[image: Figure 3.8 Histology of protoplasmic astrocytoma. The cells contain more cytoplasm than normal, and their processes are less conspicuous and shorter than normal.]

Figure 3.8 Histology of protoplasmic astrocytoma. The cells contain more cytoplasm than normal, and their processes are less conspicuous and shorter than normal.
GEMISTOCYTIC ASTROCYTOMA

This type occurs only in the cerebral hemispheres(3) and is less common than the other types. The tumor is grayish and soft, like protoplasmic astrocytoma. Its boundaries are usually more distinct than those of other types, and it may contain cysts of various sizes.

HISTOLOGY
Gemistocytic astrocytoma consists of large cells with abundant pink-staining cytoplasm. Their nuclei are displaced to the periphery and vary in size. Neuroglial fibrils occur at the cell margins and in the usually short processes (Figure 3.9). Many gemistocytic astrocytomas show cells arranged around blood vessels in pseudorosettes, as seen in astroblastoma. This tumor may therefore be related to glioblastoma.(3)
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[image: Figure 3.9 Mixed gemistocytic astrocytoma. The cells have abundant pink-staining cytoplasm and eccentrically displaced nuclei. Oligodendrocytic cells with small, darkly staining nuclei are also present.]

Figure 3.9 Mixed gemistocytic astrocytoma. The cells have abundant pink-staining cytoplasm and eccentrically displaced nuclei. Oligodendrocytic cells with small, darkly staining nuclei are also present.
PILOCYTIC ASTROCYTOMA

As its name indicates, this tumor consists of hair-like cells. It is benign and occurs predominantly in children, most often in the cerebellum, brain stem, third ventricle, corpus callosum, and hypothalamus. These cells are actually fibrillary astrocytes, but when they form a tumor in a part of the brain containing fiber tracts, they adapt their shape to the length of those tracts. The tumor thus consists of elongated bipolar cells, with glial fibrils arranged in parallel rows resembling wavy locks of hair. Russell and Rubinstein(3) described two distinguishable forms of pilocytic astrocytoma: an adult type and a juvenile type.

The adult type consists of densely packed, parallel bipolar fibrillated cells without microcystic degeneration. It generally occurs in older adults and tends to become anaplastic.

The juvenile type is very common in children. It consists of slender elongated cells, usually aligned parallel to blood vessels. Special stains clearly demonstrate the neuroglial fibers, and microcystic degeneration tends to occur (Figure 3.10). Cerebellar tumors are usually circumscribed and may form large cysts.
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[image: Figure 3.10 Pilocytic astrocytoma of the cerebellum, composed of slender, hair-like cells. One area is densely cellular near blood vessels; another shows microcystic degeneration.]

Figure 3.10 Pilocytic astrocytoma of the cerebellum, composed of slender, hair-like cells. One area is densely cellular near blood vessels; another shows microcystic degeneration.
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Astrocytoma: Specific Types and Sites

SUBEPENDYMAL GIANT-CELL ASTROCYTOMA
This astrocytoma occurs in association with tuberous sclerosis, whose principal clinical manifestations are adenoma sebaceum (Figure 3.11), seizures, and intellectual disability. It occurs in children aged approximately 10–12 years. The tumors form small nodules along the wall of the lateral ventricle, usually on its floor near the foramen of Monro, and can therefore obstruct cerebrospinal fluid flow (Figure 3.12). When pneumoencephalography (PEG), involving the introduction of air into the ventricular system, was still performed, these tumors appeared like candle-wax drippings on the ventricular walls; this appearance was used as a basis for diagnosis.
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[image: Figure 3.11 Adenoma sebaceum in a patient with tuberous sclerosis.]

Figure 3.11 Adenoma sebaceum in a patient with tuberous sclerosis.[image: pathology038 · Enhanced image]
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[image: Figure 3.12 Subependymal giant-cell astrocytoma in the lateral ventricular wall (arrow), associated with tuberous sclerosis.]

Figure 3.12 Subependymal giant-cell astrocytoma in the lateral ventricular wall (arrow), associated with tuberous sclerosis.
HISTOLOGY
The tumor consists of large giant cells of varying sizes arranged around blood vessels in perivascular pseudorosettes. The cells have abundant cytoplasm, eccentrically placed nuclei, and few glial fibrils. They resemble gemistocytic astrocytes. Mitotic figures are very rare, and the vessels show no endothelial proliferation (Figure 3.13).

Subependymal giant-cell astrocytoma is a slow-growing tumor and usually has a good prognosis after surgical removal.
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[image: Figure 3.13 A. Subependymal giant-cell astrocytoma composed of large cells with abundant cytoplasm and prominent enlarged, eccentrically displaced nuclei. Some cells are multinucleated. | B. High-power view showing a large cell with coarse nuclear chromatin (arrow).]

Figure 3.13 A. Subependymal giant-cell astrocytoma composed of large cells with abundant cytoplasm and prominent enlarged, eccentrically displaced nuclei. Some cells are multinucleated.
B. High-power view showing a large cell with coarse nuclear chromatin (arrow).
CEREBELLAR ASTROCYTOMA
This benign tumor is common in young people, with its peak incidence at 8–15 years of age.(4) Approximately half occur in the vermis and half in a cerebellar hemisphere. There is a tendency to form a large cyst (Figure 3.14), with a clearly demarcated mural nodule projecting from its wall into the cyst cavity. The cyst contains straw-colored fluid with a high protein content that clots on standing. Its yellow wall usually consists of degenerated cells that no longer grow. Complete removal of the mural nodule can therefore cure the patient. In some cases no mural nodule is visible, but tumor surrounds the cyst wall. The tumor is soft, gray with a faint pink tinge, and usually has a discernible boundary. The surrounding cerebellar tissue is necrotic, providing a plane along which the tumor can readily be dissected out. Some tumors have no cyst and can become very large (Figure 3.15). Astrocytomas of the vermis may also contain cysts; these are generally multiple small cysts rather than one large cyst (Figure 3.16). Tumors in this region may extend into the fourth ventricle, cisterna magna, or cerebellar peduncle, or compress the midbrain, causing obstructive hydrocephalus.

[image: Figure 3.14 Cerebellar cystic astrocytoma.]Figure 3.14 Cerebellar cystic astrocytoma.[image: pathology042 · Enhanced image]
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[image: Figure 3.15 Large noncystic astrocytoma of a cerebellar hemisphere (large arrow). Note tonsillar herniation compressing the medulla (small arrow).]

Figure 3.15 Large noncystic astrocytoma of a cerebellar hemisphere (large arrow). Note tonsillar herniation compressing the medulla (small arrow).[image: pathology043 · Enhanced image]
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[image: Figure 3.16 Astrocytoma of the vermis. One component contains small cysts of varying sizes (arrowhead); another is a solid, lobulated mass extending into the fourth ventricle (arrow), compressing the cerebellum and pons and obstructing cerebrospinal fluid flow.]

Figure 3.16 Astrocytoma of the vermis. One component contains small cysts of varying sizes (arrowhead); another is a solid, lobulated mass extending into the fourth ventricle (arrow), compressing the cerebellum and pons and obstructing cerebrospinal fluid flow.
HISTOLOGY
Cerebellar astrocytoma has the features of pilocytic astrocytoma described earlier.

OPTIC NERVE GLIOMA
This tumor occurs in children. Approximately 50% are associated with neurofibromatosis,(5,6) and approximately 20% with café-au-lait spots.(7) It grows slowly and may arise in one or both optic nerves, or begin at the chiasm. Involvement of an optic nerve causes fusiform enlargement (Figure 3.17). A tumor in the orbital portion of the optic nerve may form a mass, causing proptosis and loss of vision on that side. Some extend through the optic foramen into the intracranial optic nerve, producing a dumbbell shape. The optic foramen becomes enlarged, as can be seen on an optic-foramen radiographic view. Tumors arising in the optic chiasm may extend into both optic nerves (Figure 3.18A), or along the optic tracts into the hypothalamus (Figure 3.18B), causing loss of vision in both eyes and loss of hypothalamic function. Conversely, hypothalamic gliomas may extend into the optic chiasm. Rarely, the tumor extends beyond the optic system. The operative photograph illustrates a large tumor covering the suprasellar region, with no recognizable shape of the optic nerves or optic chiasm remaining (Figure 3.19).
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[image: Figure 3.17 Left optic nerve glioma. The optic nerve is fusiform; part of its anterior portion has been removed.]

Figure 3.17 Left optic nerve glioma. The optic nerve is fusiform; part of its anterior portion has been removed.[image: pathology049 · Enhanced image]
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[image: Figure 3.18 A. Bilateral optic nerve gliomas extending into the hypothalamus.][image: Figure 3.18 B. Midline section of the brain showing optic nerve glioma extending into the hypothalamus.]

Figure 3.18 A. Bilateral optic nerve gliomas extending into the hypothalamus.
B. Midline section of the brain showing optic nerve glioma extending into the hypothalamus.[image: pathology051 · Enhanced image]
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[image: Figure 3.19 Operative view of a large optic nerve glioma filling the suprasellar region (long arrow). The normal shape of the optic nerve is completely lost. The internal carotid artery (short arrow) and its branches are displaced laterally.]

Figure 3.19 Operative view of a large optic nerve glioma filling the suprasellar region (long arrow). The normal shape of the optic nerve is completely lost. The internal carotid artery (short arrow) and its branches are displaced laterally.
HISTOLOGY
Most optic nerve gliomas have the features of pilocytic astrocytoma already described, as do those occurring in the hypothalamus (Figure 3.20).
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[image: Figure 3.20 Pilocytic astrocytoma of the optic nerve. The cells are slender and hair-like, with microcysts in some areas.]

Figure 3.20 Pilocytic astrocytoma of the optic nerve. The cells are slender and hair-like, with microcysts in some areas.
HYPOTHALAMIC GLIOMA
Most of these tumors are pilocytic astrocytomas. They are common in children and grow slowly, but cause manifestations of hypothalamic hormonal dysfunction before symptoms of hydrocephalus. Later in the disease they may compress the foramen of Monro and obstruct cerebrospinal fluid flow. The tumor is gray with a slight pink tinge and may be gelatinous, with internal foci of hemorrhage. A large tumor may spread into the interpeduncular fossa, abut the uncus of the temporal lobe, or invade and destroy the optic chiasm (Figures 3.21A and B).
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[image: Figure 3.21 A. Gelatinous hypothalamic glioma extending into the optic nerves and chiasm, obscuring the shape of these structures. It also extends into the medial temporal lobe. | B. Midline section of the brain showing hemorrhage within the hypothalamic glioma.]

Figure 3.21 A. Gelatinous hypothalamic glioma extending into the optic nerves and chiasm, obscuring the shape of these structures. It also extends into the medial temporal lobe.
B. Midline section of the brain showing hemorrhage within the hypothalamic glioma.
BRAIN STEM GLIOMA
Most are benign astrocytomas and occur predominantly in children; very few are glioblastomas multiforme. The pons and midbrain are more commonly affected than the medulla. The tumor infiltrates between the fibers of the brain stem, enlarging and firming the pons (Figure 3.22) because of its abundant glial fibers. This appearance is termed a hypertrophic pons, and cystic degeneration is uncommon. The tumor may initially arise on one side of the brain stem or on both sides simultaneously. It subsequently extends into the midbrain and medulla, destroying cranial nerve nuclei at different levels and causing loss of function detectable clinically. In some cases the tumor grows beyond the brain stem on either side of the basilar artery, extending anteriorly to abut the clivus and leaving a groove for the basilar artery between its two sides (Figure 3.23). At the same time the basilar artery is displaced posteriorly. Vertebral angiography demonstrates this appearance, with the basilar artery straightened and displaced backward away from the clivus.
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[image: Figure 3.22 Pontine glioma. The enlarged pons displaces the fourth ventricle posteriorly without obstructing cerebrospinal fluid flow. The tumor remains within the pons and contains no cyst.]

Figure 3.22 Pontine glioma. The enlarged pons displaces the fourth ventricle posteriorly without obstructing cerebrospinal fluid flow. The tumor remains within the pons and contains no cyst.[image: pathology057 · Enhanced image]
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[image: Figure 3.23 Brain stem glioma growing beyond the brain stem (large arrow) to abut the clivus, separating the basilar artery (small arrow) from the clivus. The normal shapes of the pons and midbrain are completely lost.]

Figure 3.23 Brain stem glioma growing beyond the brain stem (large arrow) to abut the clivus, separating the basilar artery (small arrow) from the clivus. The normal shapes of the pons and midbrain are completely lost.
Because a pontine glioma grows along fiber tracts, it does not initially obstruct cerebrospinal fluid flow through the fourth ventricle. Patients therefore have no manifestations of raised intracranial pressure early in the disease; long-tract and cranial nerve signs appear first. Obstruction of the fourth ventricle and aqueduct of Sylvius may occur late in the course.

Gliomas of the midbrain tend to obstruct the aqueduct of Sylvius and cause obstructive hydrocephalus relatively early, particularly when they arise near the central gray matter, because the aqueduct is a very narrow CSF passage (Figure 3.24). In some cases a glioma arises on one side and subsequently extends into the thalamus, producing unilateral signs (Figure 3.25).

[image: Figure 3.24 Glioma of the midbrain tegmentum. The aqueduct of Sylvius (arrowhead) is compressed shut, causing obstructive hydrocephalus.]Figure 3.24 Glioma of the midbrain tegmentum. The aqueduct of Sylvius (arrowhead) is compressed shut, causing obstructive hydrocephalus.[image: Figure 3.25 A · Book image]
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[image: Figure 3.25 A. Right-sided midbrain glioma (arrow). | B. Transverse section from the same patient showing extension into the right thalamus. Note hemorrhage in the areas of anaplasia.]

Figure 3.25 A. Right-sided midbrain glioma (arrow).
B. Transverse section from the same patient showing extension into the right thalamus. Note hemorrhage in the areas of anaplasia.
HISTOLOGY
Most are pilocytic astrocytomas, as described above. Their cells resemble those of fibrillary astrocytoma of the cerebral hemisphere: they are small and contain abundant glial fibrils. Within the fiber tracts of the brain stem, they assume a bipolar shape and align along the tracts, a characteristic of pilocytic astrocytoma.

Tumors in this location may show anaplasia, making them difficult to distinguish from glioblastoma. Anaplastic areas are usually small, soft regions containing necrosis and foci of hemorrhage.(8)
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ANAPLASTIC ASTROCYTOMA

Anaplastic astrocytoma, or malignant astrocytoma, is intermediate between benign astrocytoma and glioblastoma multiforme in both histology and the rapidity of symptom development. It corresponds to grade 2 astrocytoma in Kernohan’s classification, or astroblastoma in the classification of Bailey and Cushing. Most occur in people aged 30–40 years and arise more often in the cerebral hemispheres than elsewhere, although they may also occur in the cerebellum and spinal cord. The tumor is usually situated in the cortex and subcortical white matter.

The tumor usually has a discernible boundary. It is soft and gray with a faint pink tinge. Its cut surface is homogeneous and may contain cysts of varying sizes. A large tumor may contain foci of necrosis, but there is no calcification.

HISTOLOGY
Because the tumor is more cellular than benign astrocytoma, its boundary with normal brain can be clearly distinguished. Its cells are small and pleomorphic (Figure 3.26) and are arranged around vessels in perivascular pseudorosettes (Figure 3.27). The spindle-shaped cell bodies lie away from the vessels, with processes extending toward the vessel walls, an appearance resembling ependymoma. Occasional mitotic figures are present. The vessels do not show the endothelial proliferation seen in glioblastoma. In some cases anaplastic astrocytoma grows in the subpial region, producing the characteristic appearance called Scherer’s secondary structure (Figure 3.28).

The diagnosis of anaplastic astrocytoma depends on histological distinctions from both benign astrocytoma (well-differentiated astrocytoma) and glioblastoma. It differs from benign astrocytoma in being more cellular and pleomorphic and in frequently forming pseudorosettes. It is distinguished from glioblastoma multiforme by the necrosis and endothelial proliferation found in glioblastoma. Glioblastoma cells have a variety of shapes, as indicated by the name “multiforme.”

Anaplastic astrocytoma grows more rapidly than benign astrocytoma and may progress to grade 3 astrocytoma, altering the prognosis. The patient’s condition then deteriorates relatively rapidly.
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[image: Figure 3.26 A. Anaplastic astrocytoma composed of pleomorphic tumor cells, some undergoing mitosis. A giant cell with a large nucleus and coarse chromatin is visible in the center. | B. Anaplastic astrocytoma stained by the immunoperoxidase technique for glial fibrillary acidic protein (GFAP).]

Figure 3.26 A. Anaplastic astrocytoma composed of pleomorphic tumor cells, some undergoing mitosis. A giant cell with a large nucleus and coarse chromatin is visible in the center.
B. Anaplastic astrocytoma stained by the immunoperoxidase technique for glial fibrillary acidic protein (GFAP).[image: pathology066 · Enhanced image]
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[image: Figure 3.27 Perivascular pseudorosette (Scherer’s secondary structure), one of the features of anaplastic astrocytoma.]

Figure 3.27 Perivascular pseudorosette (Scherer’s secondary structure), one of the features of anaplastic astrocytoma.[image: pathology067 · Enhanced image]
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[image: Figure 3.28 Anaplastic astrocytoma cells growing in the subpial region of the cortex, termed Scherer’s secondary structure.]

Figure 3.28 Anaplastic astrocytoma cells growing in the subpial region of the cortex, termed Scherer’s secondary structure.
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GLIOBLASTOMA MULTIFORME

Glioblastoma multiforme, or grade 3 and 4 astrocytoma in Kernohan’s classification, is the most malignant type of tumor and may be called a cancer of the brain. It grows rapidly, and patients die within a short time, on average within one year. This tumor accounts for approximately half of all gliomas.(9) It commonly occurs at approximately 45–55 years of age. The frontal lobe is the most frequent site, followed by the temporal and parietal lobes, respectively; the occipital lobe is least often affected.

Pathology
The tumor may arise in white matter near the cortex or at a greater depth, enlarging the affected region of the brain. Because it grows rapidly, it tends to have a macroscopically discernible boundary (Figure 3.29), although its margins always contain cellular infiltration invisible to the naked eye. The surrounding brain is edematous. Consequently, intracranial pressure rises rapidly, and mass effect and brain herniation develop relatively early. Deep tumors may spread from one hemisphere to the other through the corpus callosum, producing a butterfly appearance (Figure 3.30), and then grow into a large mass in the opposite hemisphere (Figure 3.31).
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[image: Figure 3.29 Glioblastoma multiforme with a relatively clear boundary and edema of the surrounding brain.]

Figure 3.29 Glioblastoma multiforme with a relatively clear boundary and edema of the surrounding brain.[image: pathology071 · Enhanced image]
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[image: Figure 3.30 Glioblastoma multiforme extending along the corpus callosum on both sides, producing a butterfly appearance.]

Figure 3.30 Glioblastoma multiforme extending along the corpus callosum on both sides, producing a butterfly appearance.[image: pathology074 · Enhanced image]
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[image: Figure 3.31 Glioblastoma multiforme extending from one side through the corpus callosum and growing in both cerebral hemispheres. The cut surface has a moth-eaten appearance in necrotic areas and contains foci of hemorrhage.]

Figure 3.31 Glioblastoma multiforme extending from one side through the corpus callosum and growing in both cerebral hemispheres. The cut surface has a moth-eaten appearance in necrotic areas and contains foci of hemorrhage.
The cut surface of the tumor is gray-pink and contains numerous cream-colored, moth-eaten cavities representing necrosis. Foci of hemorrhage may also be present (Figure 3.32), particularly in highly vascular areas. A large tumor may contain an extensive area of central necrosis (Figure 3.33). Cysts occasionally form; their fluid is reddish-brown rather than the straw color seen in astrocytoma, because they commonly result from hemorrhage. These findings correspond to the CT appearance: central low density represents necrosis, surrounded by high-density, strongly enhancing tumor. Outside this lies a zone of tumor-cell infiltration and brain edema (Figure 3.34). Both the pathological and CT appearances are important in diagnosing this tumor.
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[image: Figure 3.32 Hemorrhage within a glioblastoma multiforme of the frontal lobe.]

Figure 3.32 Hemorrhage within a glioblastoma multiforme of the frontal lobe.[image: pathology079 · Enhanced image]
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[image: Figure 3.33 Large glioblastoma with extensive central necrosis.]

Figure 3.33 Large glioblastoma with extensive central necrosis.[image: pathology079a · Enhanced image]
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[image: Figure 3.34 CT appearance of glioblastoma with central necrosis, seen as central low density surrounded by high-density tumor. Low density around the mass represents edematous brain. This appearance is important in diagnosing this tumor.]

Figure 3.34 CT appearance of glioblastoma with central necrosis, seen as central low density surrounded by high-density tumor. Low density around the mass represents edematous brain. This appearance is important in diagnosing this tumor.
DISSEMINATION OF GLIOBLASTOMA
Metastasis may occur through the CSF, forming discrete masses rather than the diffuse dissemination seen with medulloblastoma. It usually occurs after surgical removal of the tumor. The author observed dissemination from a glioblastoma multiforme originating in the temporal lobe. At surgery, the superficial portion of the tumor was firmly adherent to the dura mater; separating the dura from the tumor caused profuse bleeding. Its gray color with a faint purple tinge led to an intraoperative diagnosis of meningioma (Figure 3.35), but histological examination showed glioblastoma multiforme. This case demonstrates that localized infiltration of the leptomeninges can occur, causing the dura to adhere firmly to the tumor. This may increase its blood supply from meningeal vessels, and branches of the middle meningeal artery may enlarge, as in meningioma. In the author’s experience, glioblastoma has not been observed to extend through the dura.
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[image: Figure 3.35 Operative view of a glioblastoma multiforme at the brain surface. The tumor (arrow) adheres firmly to the dura mater (arrowhead), resembling a meningioma.]

Figure 3.35 Operative view of a glioblastoma multiforme at the brain surface. The tumor (arrow) adheres firmly to the dura mater (arrowhead), resembling a meningioma.
Five months after surgery, the patient developed symptoms of spinal cord compression and a mass involving a left rib (Figures 3.36A and B). Spinal surgery and excision of the rib mass revealed glioblastoma at both sites. The patient subsequently died. At autopsy, some tumor remained in the temporal lobe, and another mass was present at the medial aspect of the temporal lobe base (Figure 3.37). The spinal cord showed one large tumor mass and another smaller mass near its surface (Figure 3.38).
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[image: Figure 3.36 A. Tumor involving a left rib in a patient who underwent surgery for temporal lobe glioblastoma multiforme five months earlier. | B. Glioblastoma multiforme in the excised rib specimen.]

Figure 3.36 A. Tumor involving a left rib in a patient who underwent surgery for temporal lobe glioblastoma multiforme five months earlier.
B. Glioblastoma multiforme in the excised rib specimen.[image: Figure 3.37 Residual temporal lobe glioblastoma (arrowhead) and a disseminated tumor mass growing at the base of the brain (arrow).]Figure 3.37 Residual temporal lobe glioblastoma (arrowhead) and a disseminated tumor mass growing at the base of the brain (arrow).[image: pathology092 · Enhanced image]
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[image: Figure 3.38 Two spinal cord glioblastoma deposits in a patient operated on for temporal lobe glioblastoma five months earlier. One mass is large (arrow); the other is small (arrowhead).]

Figure 3.38 Two spinal cord glioblastoma deposits in a patient operated on for temporal lobe glioblastoma five months earlier. One mass is large (arrow); the other is small (arrowhead).
This case demonstrates that glioblastoma may disseminate through the CSF and the bloodstream. It is well known that the human brain has no lymphatic drainage, so this is not a route of spread. Glioblastoma presumably destroys blood vessels, as suggested by vascular occlusion with necrosis and by rupture of vessels with intratumoral hemorrhage. Tumor cells may therefore be released into the bloodstream. Nevertheless, metastasis from glioblastoma is very rare.

HISTOLOGY
The tumor comprises cells of various shapes, as indicated by the name “multiforme”: fibrillary astrocytes, gemistocytes, pleomorphic astrocytes, and the most pleomorphic cells, termed large bizarre cells. Cells are especially numerous around the central necrotic region. At the periphery, tumor cells infiltrate the edematous brain, which is often left behind when the tumor mass is surgically removed.

Histological appearances may vary from one area to another. Some areas resemble anaplastic astrocytoma, while others contain densely packed, small, poorly differentiated cells. Around the margins of necrotic regions, cells are arranged in overlapping rows, termed palisading (Figure 3.39A). Around small foci of necrosis, however, the surrounding cells form rosette-like structures. Some areas contain large, unusually shaped, multinucleated cells, called bizarre giant cells (Figure 3.39B). An essential histological feature of glioblastoma is vascular endothelial proliferation: extensive proliferation of vascular endothelial cells produces coiled structures resembling renal glomeruli (Figure 3.39C). This is important in distinguishing glioblastoma from benign astrocytoma and anaplastic astrocytoma.

The diagnosis of glioblastoma multiforme is therefore not difficult. Its principal histological features can be summarized as follows:
	i) Cells of varying shapes, appearances, and sizes, including bizarre multinucleated giant cells
	ii) Necrosis and cellular palisading
	iii) Vascular endothelial proliferation
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[image: Figure 3.39 A. Tumor cells arranged around areas of necrosis (pseudopalisades), a characteristic of glioblastoma multiforme. | B. Glioblastoma multiforme composed of anaplastic tumor cells of varying sizes and shapes (pleomorphic), including large, bizarre multinucleated cells (arrow). | C. Glomeruloid vessels resulting from endothelial proliferation, a hallmark of glioblastoma multiforme.]

Figure 3.39 A. Tumor cells arranged around areas of necrosis (pseudopalisades), a characteristic of glioblastoma multiforme.
B. Glioblastoma multiforme composed of anaplastic tumor cells of varying sizes and shapes (pleomorphic), including large, bizarre multinucleated cells (arrow).
C. Glomeruloid vessels resulting from endothelial proliferation, a hallmark of glioblastoma multiforme.
Original pages 91–92
TUMORS OF OLIGODENDROCYTIC CELLS
OLIGODENDROGLIOMA

This tumor arises from oligodendrocytes, a type of neuroglial cell. It is benign and the slowest-growing tumor in the glioma group. It accounts for approximately 5% of all gliomas,(10) although Zulch reported a frequency as high as 18.8%.(11) It is most common between 35 and 40 years of age. It may also occur in children, usually in deep structures such as the thalamus.

The cerebral hemispheres are the most frequent location, particularly the frontotemporal region. The cerebellum and spinal cord are very rarely involved.

Pathology
Oligodendroglioma arises in the subcortical white matter and tends to extend into the cortex without a clear boundary, enlarging it and giving it a pale yellow color. In some cases the tumor penetrates locally into the meninges, producing an appearance resembling meningioma. Deep portions usually form a soft, relatively well-demarcated, gray-pink mass. Areas of mucinous change have a gelatinous appearance. The cut surface may show foci of necrosis and cystic degeneration. An important feature is scattered calcification within the tumor, seen histologically in 90% of cases(12) and readily visible on skull radiographs or CT. Most calcification lies toward the tumor margins.

HISTOLOGY
The tumor consists of densely packed, uniform, round cells with absent or very scant cytoplasm. Their round or oval nuclei are centrally placed and stain deeply. The cytoplasm appears clear, with a distinct cell membrane, resembling a fried egg. Large collections of these cells produce a honeycomb appearance (Figure 3.40), characteristic of oligodendroglioma. It must be distinguished from astrocytoma with microcystic degeneration by recognizing these characteristic features and by metallic impregnation staining, in which the nuclei do not stain.

[image: Figure 3.40 Oligodendroglioma composed of cells with a characteristic “fried-egg” or “honeycomb” appearance.]Figure 3.40 Oligodendroglioma composed of cells with a characteristic “fried-egg” or “honeycomb” appearance.
Oligodendroglioma frequently coexists with astrocytoma. If the astrocytoma component is substantial, the tumor may be termed a mixed oligo-astrocytoma. Its blood vessels are capillaries, generally without endothelial proliferation, although they may show calcification. Calcification may also occur throughout the tumor.

Original pages 92–99
TUMORS OF EPENDYMAL CELLS
EPENDYMOMA

Ependymoma arises from ependymal cells. It is slow-growing and benign, but often behaves malignantly because of its location in the ventricular wall, which makes it difficult to approach. This is particularly true of tumors arising in the floor of the fourth ventricle, where important centers include cranial nerve nuclei and the respiratory and cardiac centers. Complete surgical removal is therefore impossible and carries a high risk. Unlike astrocytoma, this tumor does not usually undergo malignant transformation.

Age. Ependymoma occurs predominantly in children and adolescents, with a peak incidence at 8–15 years of age.(13) In children, ependymoma of the cerebral hemisphere is the most common tumor among all gliomas.

Sites. Most ependymomas arise from the ependyma of the ventricular walls. The fourth ventricle is the most common site, followed, in order, by the lateral ventricle, third ventricle, aqueduct of Sylvius, spinal cord, cauda equina, cerebellopontine angle, and extraventricular hemisphere.

Pathology
Ependymoma is gray-pink, soft, and well demarcated. It is sometimes nodular, resembling cauliflower or the human placenta. Because it arises from ependymal cells of the ventricular wall, most ependymomas project into a ventricle and obstruct CSF flow. In some cases, however, the tumor grows into the cerebral tissue; these tumors are also well demarcated (Figure 3.41), homogeneous, and may contain cysts. Ependymomas of the fourth ventricle invariably cause obstructive hydrocephalus. Patients present with manifestations of raised intracranial pressure before other symptoms. The tumor may originate in the floor, roof, or side of the fourth ventricle. Obstruction of CSF flow enlarges the anterior portion of the fourth ventricle, aqueduct, third ventricle, and lateral ventricles (Figure 3.42). The tumor may extend downward to the foramen magnum or the upper cervical subarachnoid space (Figure 3.43), or through the foramen of Luschka to form a mass at the cerebellopontine angle. Foci of hemorrhage may be visible within some tumors (Figure 3.44). An ependymoma arising from the floor of the fourth ventricle cannot be completely removed by the surgeon; a portion adherent to the ventricular floor usually has to be left behind. Attempts to dissect it away may cause the patient’s death.

In some cases, small foci of [a term is missing in the printed source] may be found within the tumor, most often in ependymomas of the cerebral hemisphere.
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[image: Figure 3.41 Ependymoma of the lateral ventricle extending into the cerebral tissue. Note the intratumoral foci of hemorrhage, which are frequently seen in ependymoma.]

Figure 3.41 Ependymoma of the lateral ventricle extending into the cerebral tissue. Note the intratumoral foci of hemorrhage, which are frequently seen in ependymoma.[image: pathology107 · Enhanced image]
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[image: Figure 3.42 Ependymoma of the fourth ventricle compressing the cerebellum and brain stem and obstructing cerebrospinal fluid flow. The proximal fourth ventricle, aqueduct of Sylvius, third ventricle, foramen of Monro, and lateral ventricle are enlarged.]

Figure 3.42 Ependymoma of the fourth ventricle compressing the cerebellum and brain stem and obstructing cerebrospinal fluid flow. The proximal fourth ventricle, aqueduct of Sylvius, third ventricle, foramen of Monro, and lateral ventricle are enlarged.[image: Figure 3.43 Ependymoma of the fourth ventricle extending downward to the foramen magnum and upper cervical region.]Figure 3.43 Ependymoma of the fourth ventricle extending downward to the foramen magnum and upper cervical region.[image: pathology109 · Enhanced image]
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[image: Figure 3.44 Ependymoma filling the fourth ventricle. The tumor is pinkish and soft, and frequently contains hemorrhage (arrow).]

Figure 3.44 Ependymoma filling the fourth ventricle. The tumor is pinkish and soft, and frequently contains hemorrhage (arrow).
HISTOLOGY
Ependymoma consists of densely packed cells of uniform size. They have scant cytoplasm and oval or round nuclei with distinct nuclear membranes and abundant chromatin networks. The cells form characteristic arrangements that are used to diagnose this tumor: prominent perivascular pseudorosettes are widespread(15) (Figures 3.45A and B). These comprise a pink-staining, anuclear zone around each blood vessel. This zone consists of processes extending from the surrounding nucleated cell bodies toward the vessel wall, without footplates.
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[image: Figure 3.45 A. Ependymoma with cells arranged in pseudorosettes, a characteristic feature of this tumor. Cells with small nuclei surround the vessels. | B. High-power view of ependymoma pseudorosettes.]

Figure 3.45 A. Ependymoma with cells arranged in pseudorosettes, a characteristic feature of this tumor. Cells with small nuclei surround the vessels.
B. High-power view of ependymoma pseudorosettes.
Ependymoma may also show two other patterns of cellular arrangement: ependymal tubules and the papillary type.

Ependymal tubules resemble epithelial tubes, with a lumen like the central canal. This pattern is often found in tumors of the aqueduct of Sylvius.

The papillary type resembles choroid plexus papilloma and may be difficult to distinguish from it. The distinguishing principle is that the papillary stroma in papillary ependymoma consists of neuroglial fibers and lacks the vessels found in choroid plexus papilloma (Figure 3.46). In addition, the cells surrounding the stroma may form several layers.(14) Papillary ependymoma is frequently seen in ependymomas of the cerebellopontine angle.

[image: Figure 3.46 Ependymoma with cells arranged in the papillary pattern.]Figure 3.46 Ependymoma with cells arranged in the papillary pattern.
ANAPLASTIC EPENDYMOMA OR EPENDYMOBLASTOMA

This is a malignant, rapidly growing ependymoma that may arise in either the cerebrum or the posterior fossa. Histology shows increased cellularity and variation in cell shape (polymorphism). The cellular arrangements characteristic of ependymoma are lost, although they remain recognizable in some areas. The nuclei stain more deeply, and mitotic figures are numerous (Figures 3.47A and B). The vessels may show endothelial proliferation.
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[image: Figure 3.47 A. Ependymoblastoma composed of numerous cells of varying shapes (polymorphism) around blood vessels. | B. High-power view of ependymoblastoma showing dense cellularity and mitosis.]

Figure 3.47 A. Ependymoblastoma composed of numerous cells of varying shapes (polymorphism) around blood vessels.
B. High-power view of ependymoblastoma showing dense cellularity and mitosis.
Dissemination. Because the tumor is closely related to the ventricular system, it often disseminates through the cerebrospinal fluid, particularly after surgery. Nodules may develop in the spinal subarachnoid space or basal cisterns.

Original pages 99–101
CHOROID PLEXUS TUMORS
CHOROID PLEXUS PAPILLOMA

This benign tumor arises from the epithelium of the choroid plexus. It is very rare, accounting for only 0.5–0.6% of all brain tumors.(16) Most occur in children during the first decade of life.

The tumor must arise within a ventricle containing choroid plexus. It is most common in the lateral ventricle, followed by the fourth and third ventricles, respectively. Lateral ventricular papillomas are common in children under two years of age(17) and usually arise in the trigone. Fourth ventricular papillomas are more often found in adults.

Pathology
Choroid plexus papilloma is well demarcated and gray-red because of its abundant blood supply. Its irregular surface resembles cauliflower (Figure 3.48); it is soft to palpation and easily torn. The tumor is attached to normal choroid plexus and invariably receives its blood supply from a choroidal artery. During removal, these vessels must be coagulated and divided to reduce blood loss. Choroid plexus papilloma may obstruct the ventricular system or produce excessive cerebrospinal fluid, causing relatively rapid development of hydrocephalus. Some tumors may contain calcification.
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[image: Figure 3.48 Choroid plexus papilloma within a ventricle, causing obstructive hydrocephalus. Note the cauliflower-like surface of the tumor.]

Figure 3.48 Choroid plexus papilloma within a ventricle, causing obstructive hydrocephalus. Note the cauliflower-like surface of the tumor.
HISTOLOGY
The tumor comprises papillae lined by a single row of columnar or cuboidal epithelial cells, with vascular connective-tissue stroma (Figure 3.49). This appearance may resemble papillary ependymoma. The distinction is that the stroma of choroid plexus papilloma consists of connective tissue containing blood vessels, whereas that of papillary ependymoma consists of neuroglial fibers. Mitotic figures are not found in the cells of choroid plexus papilloma.
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[image: Figure 3.49 Choroid plexus papilloma showing characteristic branching papillae composed of columnar epithelial cells and connective-tissue stroma containing blood vessels.]

Figure 3.49 Choroid plexus papilloma showing characteristic branching papillae composed of columnar epithelial cells and connective-tissue stroma containing blood vessels.
Dissemination. Although it is not malignant, its friability allows cells to detach and disseminate through the CSF.

MALIGNANT CHOROID PLEXUS PAPILLOMA

There are no distinctive gross pathological features separating it from the benign type. However, Lewis,(18) and Russell and Rubinstein(19) proposed the following criteria for diagnosing malignant choroid plexus papilloma: 1) extension into adjacent brain with cellular infiltration, making the tumor boundary indistinct; 2) loss of the papillary pattern in infiltrating portions, with malignant cellular change; and 3) cellular pleomorphism, numerous mitoses, and occasional large multinucleated cells.

Dissemination. Malignant choroid plexus papilloma frequently spreads along the cerebrospinal fluid pathways, producing rapidly growing masses in the subarachnoid space that compress the spinal cord and brain stem.

Original pages 101–107
PRIMITIVE NEUROECTODERMAL TUMORS
MEDULLOBLASTOMA

Medulloblastoma is a malignant tumor arising from primitive and poorly differentiated cells in the cerebellum. The origin of cerebellar medulloblastoma remains unsettled, but three possible sources have been proposed:(20)

i) The fetal granular layer of Obersteiner, or external granular cell layer. These embryonic cells are distributed throughout the cerebellar cortex at birth and gradually diminish and disappear during the first year of life. They develop and migrate to become neurons and may also give rise to neuroglial cells. Remnants of these cells may develop into tumors.

ii) Cell rests in the posterior medullary velum. From examinations of cerebella from embryos, fetuses, and infants ranging in age from eight weeks to five years, Raaf and Kernohan(21) hypothesized that the external granular layer originates from a germinal bud in the posterior medullary velum. Normally, this germinal bud disappears one month after birth. In abnormal cases, however, these immature cells persist and microscopically resemble medulloblastoma cells. Primitive cells arising at the roof of the fourth ventricle migrate upward and laterally to form the external granular layer. Medulloblastoma may therefore arise anywhere along this migration pathway. Consequently, childhood medulloblastomas occur in the midline, whereas those in adults are located in a cerebellar hemisphere.

iii) Internal granular neurons. Evidence comes from animal experiments involving local administration of carcinogenic hydrocarbons(23) and injection of oncogenic viruses to induce tumors.(24)

Medulloblastoma is regarded as a malignant cerebellar tumor of children and young adults, occurring most often at approximately 7–12 years of age.(25) It accounts for about 20% of all childhood brain tumors, ranking second after cerebellar astrocytoma.

Pathology
Most tumors arise in the inferior cerebellar vermis, beginning at the roof of the fourth ventricle and extending into the surrounding vermis. They appear relatively well demarcated (Figure 3.50). Nevertheless, cells at the tumor margin infiltrate the surrounding brain. In some cases, tumor is visible on the surface of the cerebellar folia and leptomeninges (Figure 3.51). The medulloblastoma mass is soft and gray with a faint pink tinge, or gray-white. Large tumors develop central necrosis, and small cysts may be present (Figure 3.52). Calcification is usually absent. The tumor extends into the fourth ventricle and posterior portion of the aqueduct of Sylvius, obstructing the CSF pathways (Figure 3.53). In some cases, tumor projects outward and fills the cisterna magna, causing obstructive hydrocephalus. Adult medulloblastomas usually occur in the lateral and superior parts of the cerebellum. They are well circumscribed and firmer than midline tumors. Sometimes they grow onto the surface of a cerebellar hemisphere in an en plaque pattern, covering the cerebellar folia so that neither the folia nor the subarachnoid space remains visible.
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[image: Figure 3.50 Medulloblastoma in the cerebellar vermis. The tumor originates at the roof of the fourth ventricle and is well demarcated. Note that it has not extended into the fourth ventricle.]

Figure 3.50 Medulloblastoma in the cerebellar vermis. The tumor originates at the roof of the fourth ventricle and is well demarcated. Note that it has not extended into the fourth ventricle.[image: pathology128 · Enhanced image]
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[image: Figure 3.51 Spread of medulloblastoma onto the surface of the cerebellar folia and leptomeninges. Note the pale pink-gray color of the tumor.]

Figure 3.51 Spread of medulloblastoma onto the surface of the cerebellar folia and leptomeninges. Note the pale pink-gray color of the tumor.[image: Figure 3.52 Medulloblastoma extending into the fourth ventricle, with central necrosis and a cyst.]Figure 3.52 Medulloblastoma extending into the fourth ventricle, with central necrosis and a cyst.[image: pathology126 · Enhanced image]
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[image: Figure 3.53 Medulloblastoma filling the fourth ventricle (arrow), causing obstructive hydrocephalus. The tumor compresses the cerebellar peduncle (arrowhead) and brain stem.]

Figure 3.53 Medulloblastoma filling the fourth ventricle (arrow), causing obstructive hydrocephalus. The tumor compresses the cerebellar peduncle (arrowhead) and brain stem.
Dissemination
Tumor cells disseminate through the cerebrospinal fluid. Tumor may therefore be found throughout the subarachnoid space of the brain and spinal cord, forming gray sheets that cover the brain and obscure the normal tissue. This is considered characteristic of medulloblastoma. In some cases, tumor cells spread retrogradely into the third ventricle. Extension into the fourth ventricle produces stagnation of cerebrospinal fluid, permitting this upward retrograde spread.

HISTOLOGY
The tumor consists of very densely packed small cells with scant cytoplasm and indistinct borders. The nuclei are round or oval, vary in size, and stain darkly (Figure 3.54). Mitoses are very frequent. Generally, the cells show no particular arrangement, but in some areas they form rosettes around a space. Homer Wright described these cells as carrot-shaped, with their nuclei toward the outside and their cytoplasm extending toward the center of the rosette (Figure 3.55).
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[image: Figure 3.54 A. Medulloblastoma (primitive neuroectodermal tumor) comprising densely packed small cells with scant cytoplasm and no particular arrangement. Mitosis is present.][image: B. The same tumor stained immunocytochemically with a monoclonal antibody to detect neurofilament protein. Pale-staining cells are seen in patches.]

Figure 3.54 A. Medulloblastoma (primitive neuroectodermal tumor) comprising densely packed small cells with scant cytoplasm and no particular arrangement. Mitosis is present.
B. The same tumor stained immunocytochemically with a monoclonal antibody to detect neurofilament protein. Pale-staining cells are seen in patches.[image: Figure 3.55 Characteristic Homer Wright rosettes, found in primitive neuroectodermal tumors (medulloblastoma) and neuroblastoma.]Figure 3.55 Characteristic Homer Wright rosettes, found in primitive neuroectodermal tumors (medulloblastoma) and neuroblastoma.
DESMOPLASTIC MEDULLOBLASTOMA
This is a variant of medulloblastoma. Tumor cells frequently infiltrate the subarachnoid space(26) and leptomeninges, stimulating a connective-tissue reaction. It is therefore called desmoplastic medulloblastoma (desmoplastic meaning “producing adhesion”). Its distinctive appearance consists of pale-staining islands of reticulin-free tumor adjacent to reticulin-rich cells densely arranged along connective-tissue trabeculae (Figure 3.56).

[image: Figure 3.56 Desmoplastic medulloblastoma, with tumor cells arranged longitudinally along connective-tissue fibers.]Figure 3.56 Desmoplastic medulloblastoma, with tumor cells arranged longitudinally along connective-tissue fibers.
Original pages 107–117
Pineal Gland Tumors

Tumors arising in the pineal region may be divided into two groups:

1. Those arising from the parenchymal cells of the pineal gland, which develop and differentiate from neuroepithelial cells. The gland contains two cell types: parenchymal cells, or pinealocytes, and astrocytes. Thus, true tumors of the pineal gland comprise:

	1.1 Pineoblastoma, a tumor of primitive pinealocytes
	1.2 Pineocytoma, a tumor of well-differentiated pinealocytes
	1.3 Astrocytoma and glioblastoma, arising from the astrocytic cells of the pineal gland


2. Those arising from germ cells, including:
	2.1 Germinoma (also called atypical teratoma or pinealoma), the most common type
	2.2 Teratoma, a true teratoma containing multiple tissue types derived from ectoderm, mesoderm, and endoderm


The nomenclature of pineal tumors has long been confusing. Krabbe introduced the name “pinealoma” in 1923 because the tumor contains two types of cells: large pale-staining cells in groups separated by small dark-staining cells resembling lymphocytes. These cells form a mosaic pattern resembling that of the fetal pineal gland. (The small cells disappear later in the neonatal period, while the remaining cells become pinealocytes.)(25) The term pinealoma continued to be used for tumors of the pineal gland.

Friedman(27) subsequently pointed out that most pineal tumors have histology identical to germinoma or seminoma of the testis. The term germinoma has therefore become accepted for pineal tumors containing these two cell types. Most neurosurgeons, however, still prefer the name pinealoma.

PINEOCYTOMAS (pinealocytoma)
This very rare tumor arises from pinealocytes. Most cases occur in adults and are benign.

Pathology. Pineocytoma is a well-demarcated tumor of the pineal gland. Cystic degeneration and calcification may be present. Like other tumors in this region, it projects into the third ventricle and compresses the quadrigeminal plate and aqueduct of Sylvius, causing obstructive hydrocephalus (Figure 3.57).

[image: Figure 3.57 A well-demarcated pineal tumor compressing the quadrigeminal plate and aqueduct of Sylvius and projecting into the posterior third ventricle, causing obstructive hydrocephalus. Areas of cystic degeneration of varying sizes are visible on the cut surface.]Figure 3.57 A well-demarcated pineal tumor compressing the quadrigeminal plate and aqueduct of Sylvius and projecting into the posterior third ventricle, causing obstructive hydrocephalus. Areas of cystic degeneration of varying sizes are visible on the cut surface.
HISTOLOGY
The tumor consists of medium-sized, uniformly shaped (isomorphous) cells. Connective tissue separates groups of cells, as in the normal pineal gland. Importantly, the mosaic arrangement of two cell types characteristic of germinoma is absent.

PINEOBLASTOMAS
This uncommon malignant tumor consists of densely packed, poorly differentiated cells resembling those of medulloblastoma.

Pathology. The tumor is poorly demarcated and extends into surrounding brain. It is soft and gray-pink, with possible foci of hemorrhage or cyst formation. Dissemination of tumor cells to the leptomeninges and CSF has been found in every case examined at autopsy.(28)

PINEALOMA OR GERMINOMA
This tumor arises from germ cells and is the most common of all pineal tumors. Pinealoma accounts for approximately 0.5–0.7% of all intracranial tumors in the Western hemisphere,(29) 4–5% in Japan, and 4.14% in Thailand.(30) Although pinealoma, or germinoma, most often arises in the pineal gland, it may also occur along the midline of the brain, including the suprasellar region, third ventricle, and brain stem (see examples). Such tumors are called ectopic pinealomas (Figures 3.58 and 3.62).

[image: Figure 3.58 Posterior fossa surgery showing a tumor in the pontomedullary region. Examination identified an ectopic pinealoma (germinoma).]Figure 3.58 Posterior fossa surgery showing a tumor in the pontomedullary region. Examination identified an ectopic pinealoma (germinoma).
Age. Most patients are between 10 and 30 years of age, and males are affected more often than females.

Pathology. The tumor is well circumscribed, with a gray-pink cut surface, and is soft and friable to palpation (Figure 3.59). It can readily be removed by suction during surgery. Intratumoral hemorrhage may occur and cause death from brain-stem compression (Figure 3.60). Large tumors frequently infiltrate adjacent brain, particularly the quadrigeminal plate, aqueduct of Sylvius, posterior wall of the third ventricle, and anterior cerebellar vermis (Figure 3.61). Occasionally, pinealoma in the pineal gland coexists with an ectopic pinealoma in the suprasellar region in the same patient (Figure 3.62 A, B). The suprasellar tumor is well demarcated and compresses the optic chiasm, floor of the third ventricle, and pituitary stalk. In some cases, upward extension obstructs the foramen of Monro, causing hypothalamo-pituitary dysfunction and hydrocephalus.

[image: Figure 3.59 Germinoma of the pineal gland.]Figure 3.59 Germinoma of the pineal gland.[image: Figure 3.60 Hemorrhage within a pineal tumor.]Figure 3.60 Hemorrhage within a pineal tumor.[image: Figure 3.61 A large pinealoma extending into the third ventricle, vermis, and region anterior to the brain stem.]Figure 3.61 A large pinealoma extending into the third ventricle, vermis, and region anterior to the brain stem.[image: pathology138 · Enhanced image · A]A
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[image: Figure 3.62 A. Pinealoma in the pineal gland accompanied by ectopic pinealoma.][image: B. Ectopic pinealoma at the chiasm and inferior hypothalamus (arrow) in the same patient.]

Figure 3.62 A. Pinealoma in the pineal gland accompanied by ectopic pinealoma.
B. Ectopic pinealoma at the chiasm and inferior hypothalamus (arrow) in the same patient.
Calcification within pinealoma is regularly encountered and can be seen on skull radiographs and CT in nearly every case.

HISTOLOGY
Pinealoma has a distinctive histological appearance, comprising two clearly different cell types. The large cells are round or polygonal, with distinct cell membranes, clear cytoplasm, central nuclei with vesicular nucleoplasm, and relatively large nucleoli. The other cells are small and dark-staining, presumed to be lymphocytes. They lie within the vascular connective-tissue stroma of the tumor (Figure 3.63). Mitoses may be seen in the large cells.

[image: Figure 3.63 The characteristic appearance of germinoma (pinealoma): two cell types, large pale-staining cells and small dark-staining cells resembling lymphocytes, arranged in a mosaic pattern. Note mitosis in the large cells.]Figure 3.63 The characteristic appearance of germinoma (pinealoma): two cell types, large pale-staining cells and small dark-staining cells resembling lymphocytes, arranged in a mosaic pattern. Note mitosis in the large cells.
TERATOMAS
These germ-cell tumors contain tissues derived from ectoderm, mesoderm, and endoderm. Pineal-region teratomas may arise within or beside the pineal gland. They are the most common intracranial teratomas. Teratomas may also occur in the suprasellar region, ventricles, and spinal cord.

These tumors commonly occur during the first 20 years of life, with a peak between 10 and 20 years. Most occur in males; females are affected so rarely that pineal-region teratoma may be regarded as a tumor particularly of males.

Pathology. The tumor is usually well demarcated. Its outer surface may be irregular or finely lobulated. The cut surface reveals numerous small cysts of varying sizes containing cloudy white fluid from cellular desquamation. Some areas show old and recent hemorrhage. Cyst contents may be dark brown or green, and necrosis may be present in some areas. The tumor is generally firm to palpation; cartilage, pieces of bone, or hair may be found (Figure 3.64 A, B).

[image: pathology161 · Enhanced image · A]A

[image: pathology162 · Enhanced image · B]B
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[image: Figure 3.64 A. A pineal teratoma extending as a large mass to the base of the brain and displacing the brain stem to the left. The tumor contains patches of hemorrhage. | B. The cut surface of the teratoma in the same patient shows numerous small cysts containing cloudy white fluid, with hemorrhage in some areas. The center of the tumor has the color of bone. Note the severe compression of the midbrain.]

Figure 3.64 A. A pineal teratoma extending as a large mass to the base of the brain and displacing the brain stem to the left. The tumor contains patches of hemorrhage.
B. The cut surface of the teratoma in the same patient shows numerous small cysts containing cloudy white fluid, with hemorrhage in some areas. The center of the tumor has the color of bone. Note the severe compression of the midbrain.
HISTOLOGY
The histology resembles that of teratomas elsewhere in the body. Groups or cysts of squamous epithelium are common. Cartilage and glandular structures lined by mucus-secreting columnar cells may be interspersed within mesenchymal stroma. Muscle fibers are often present, and glial and neuronal cells may be found in some areas (Figure 3.65 A, B).

[image: pathology162a · Enhanced image · B (left) · A (right)]B (left) · A (right)

[image: pathology162b · Enhanced image · D (left) · C (right)]D (left) · C (right)
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[image: Figure 3.65 A. A portion of teratoma showing gland-like structures lined by mucus-secreting columnar cells. | B. The squamous epithelial component of the teratoma. | C. A portion of the pineal teratoma containing muscle fibers. | D. Another portion of the same tumor showing cartilage and mucus-producing glands.]

Figure 3.65 A. A portion of teratoma showing gland-like structures lined by mucus-secreting columnar cells.
B. The squamous epithelial component of the teratoma.
C. A portion of the pineal teratoma containing muscle fibers.
D. Another portion of the same tumor showing cartilage and mucus-producing glands.
Original pages 117–122
TUMORS OF NERVE SHEATH CELLS

These tumors arise from cells surrounding the axons of peripheral nerves as they leave the central nervous system. Normally, the axons of both cranial and spinal nerve roots are surrounded by 1) Schwann cells, 2) fibroblasts forming part of the epineurium and endoneurium, and 3) perineurial cells. Which of these three cell types gives rise to nerve-sheath tumors was long debated. After electron microscopy became available for examining tumor cells, Schwann cells became generally accepted as the fundamental cells of origin.(31) Nerve-sheath tumors may be divided into schwannomas and neurofibromas; Schwann cells are the essential cellular component underlying both.

SCHWANNOMAS OR NEURINOMAS
These tumors occur in cranial and spinal nerves. The terms neurinoma and neurilemmoma are also used interchangeably. The tumor arises from Schwann cells surrounding the axons of peripheral nerve roots.

Intracranial schwannomas account for 8% of all brain tumors and approximately 80–90% of tumors in the cerebellopontine angle.(32) They commonly occur in middle age. Schwannomas favor sensory rather than motor nerves. Most intracranial tumors involve the acoustic nerve, particularly its vestibular branch. Far fewer involve the trigeminal nerve, and involvement of other cranial nerves is even rarer. Multiple cranial and spinal nerves may be affected in the same patient with von Recklinghausen’s disease (known in Thai as the “hundred-thousand-nodule disease”). In the spine, the lumbar region is most often affected.

ACOUSTIC SCHWANNOMA OR NEURINOMA
Schwannomas are well-circumscribed, slowly growing tumors that impair brain function by compressing adjacent brain tissue. Acoustic neurinomas in the cerebellopontine angle usually begin at the internal auditory meatus, enlarging it visibly on skull radiographs. As the mass grows, it compresses nearby structures: cranial nerves V, VII, IX, X, and XI; the cerebellar peduncle, particularly the middle cerebellar peduncle; the pons (Figure 3.66); the fourth ventricle; and, late in the disease, the CSF outlets (Figure 3.67), causing hydrocephalus. Large tumors often have a posterior arachnoid cyst (Figure 3.68), clearly visible at surgery and often containing vessels supplying the tumor. This structure must be opened to reach the tumor. Small tumors have no visible arachnoid cyst. Patients with von Recklinghausen’s disease may have bilateral acoustic neurinomas. Large tumors push the cerebellar tonsils downward through the foramen magnum, usually farther on the tumor side than on the opposite side.

[image: Figure 3.66 A large acoustic tumor. Note its well-demarcated boundary and compression of the cerebellar peduncle and pons. The internal tissue has a color resembling an omelet.]Figure 3.66 A large acoustic tumor. Note its well-demarcated boundary and compression of the cerebellar peduncle and pons. The internal tissue has a color resembling an omelet.[image: Figure 3.67 An acoustic tumor with a yellow cut surface and numerous small cysts. The tumor compresses the cerebellar peduncle, pons, and fourth ventricle.]Figure 3.67 An acoustic tumor with a yellow cut surface and numerous small cysts. The tumor compresses the cerebellar peduncle, pons, and fourth ventricle.[image: Figure 3.68 A large acoustic tumor, often covered by an arachnoid cyst that is regularly seen when approaching the tumor during surgery.]Figure 3.68 A large acoustic tumor, often covered by an arachnoid cyst that is regularly seen when approaching the tumor during surgery.
Pathology
Fresh tumors appear gray-yellow externally, with a relatively modest blood supply, and are not very firm. Some large tumors are soft because of central degeneration. The cut surface is yellow, resembling an omelet, and the tissue is readily removed by suction during surgery. Numerous small cysts and, in some cases, foci of old hemorrhage may be present.

Some acoustic neurinomas are confined to the intracranial cavity, producing no change in the size of the internal auditory meatus. Others grow within the internal auditory canal or extend into the inner ear.(33) Some occupy both the intracranial cavity and the internal auditory canal, producing a dumbbell shape.

HISTOLOGY
The histological patterns of schwannoma may be divided into Antoni A and Antoni B types.

ANTONI A TYPE
This type consists of densely interlacing, elongated spindle-shaped tumor cells. The nuclei are also spindle-shaped, small, and intensely dark-staining (Figure 3.69). Fine intracellular fibers run parallel to the long axis of the cells and show distinct argyrophilia with silver staining. In some areas, tumor cells form palisades: rows of cells separated by pale-staining spaces (Figure 3.70), considered characteristic of this tumor. In other areas, whorls of varying sizes may occur, resembling the layers of an onion in cross-section, as in transitional meningioma. This appearance is common in schwannomas associated with von Recklinghausen’s neurofibromatosis.(34)

[image: Figure 3.69 Acoustic schwannoma (Antoni A type), consisting of elongated spindle-shaped tumor cells overlapping and arranged along their long axes.]Figure 3.69 Acoustic schwannoma (Antoni A type), consisting of elongated spindle-shaped tumor cells overlapping and arranged along their long axes.[image: Figure 3.70 The characteristic appearance of acoustic schwannoma (Antoni A type): rows of tumor cells separated by pale-staining spaces, called palisading.]Figure 3.70 The characteristic appearance of acoustic schwannoma (Antoni A type): rows of tumor cells separated by pale-staining spaces, called palisading.
ANTONI B TYPE
These areas are intermingled with Antoni A tissue and contain loosely arranged pleomorphic tumor cells. The palisading seen in Antoni A areas is absent. The cells are often stellate. Microcystic degeneration is regularly found in Antoni B tissue (Figure 3.71).

[image: Figure 3.71 Acoustic schwannoma (Antoni B type), with loosely arranged pleomorphic tumor cells and extensive microcystic degeneration.]Figure 3.71 Acoustic schwannoma (Antoni B type), with loosely arranged pleomorphic tumor cells and extensive microcystic degeneration.
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