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Chapter 2
Classification of brain tumors
(Classification of brain tumors)

Tumors arising within the skull or brain originate from the various cells that constitute the brain tissue, blood vessels, and meninges. Each tumor therefore differs in its characteristics and course, including its morphology, biological behavior, and prognosis. Brain tumors must be classified into groups and named to provide a common understanding and allow neuropathologists, neurosurgeons, and neurologists to exchange knowledge for the benefit of treatment and prognostication. Classification nevertheless remains problematic, and no system is universally accepted as the best. Even at present, agreement has not been reached on the names of several brain tumors. The same tumor may have different names, while different tumors sometimes share a name. This confusion occurs among tumors of neuroepithelial tissue. Differences in the names and definitions of individual brain tumors can make statistical comparisons of surgery, radiotherapy, and chemotherapy misleading.

Despite advances in techniques for identifying the specific characteristics of individual cell types by electron microscopy and immunohistochemistry, a complete classification of brain tumors is still not possible. Conventional microscopy and staining techniques remain necessary, including hematoxylin and eosin (H & E), phosphotungstic acid–hematoxylin (PTAH), and silver stains, to identify the tumor type.

Early attempts to classify brain tumors relied solely on gross appearances, using descriptions such as fatty, fleshy, bony, cystic, or spongy. These could not clearly identify the tumor type. Subsequently, following the discovery of the various cells of the nervous system during the first half of the nineteenth century by Schleiden, Schwann, and Virchow, and the introduction of microscopy, a histological classification(1) divided brain tumors into broad groups named after the predominant cell type. For example, a tumor composed mainly of glial cells was called a glioma.

History of brain tumor classification

The most difficult brain tumors to classify are those of the neuroepithelial group (also called neuroectodermal or medullary epithelium). From the earliest attempts until about 1930, at least four classifications of gliomas had been proposed: i) Bailey and Cushing (1926), ii) Roussy and Oberling, iii) Penfield, and iv) Bergstrand. Some tumor names were shared between these classifications and others differed, causing confusion. Of these four systems, Bailey and Cushing’s classification became the most widely known throughout the world.

Bailey and Cushing Classification

In 1926, Bailey and Cushing,(2) neurosurgeons with extensive knowledge of neuropathology, studied patients with gliomas using conventional stains and the metallic impregnation techniques of Roman Y Cajal and Del Rio Hortega. They demonstrated the various tumor cell types and compared them with normal cells from their earliest embryonic stages through maturation (cytogenesis or histogenesis). They believed that the cells of different gliomas arose from cells at different developmental stages, and named the tumors after the corresponding cell type at that stage. Bailey and Cushing divided cells developing from primitive medullary or neural epithelium into five groups: 1) choroid epithelium, 2) pineal parenchymal cells, 3) primitive spongioblasts, 4) medulloblasts, and 5) apolar neuroblasts.

[image: Figure 2.1 Development of cells from medullary epithelium and the types of brain tumors arising at different stages of cell development (Bailey and Cushing, 1926).]Figure 2.1 Development of cells from medullary epithelium and the types of brain tumors arising at different stages of cell development (Bailey and Cushing, 1926).
The developmental diagram of cells arising from medullary epithelium (Figure 2.1) shows medulloblasts as immature cells capable of giving rise to two further immature cell types: spongioblasts and neuroblasts. Taken together, the tumors arising at the different developmental stages of each group comprise 14 types (Table 2.1).

Table 2.1 Classification of gliomas according to Bailey and Cushing
1. Medulloepithelioma
2. Medulloblastoma
3. Pinealoblastoma
4. Pinealoma
5. Ependymoblastoma
6. Ependymoma
7. Neuroepithelioma
8. Spongioblastoma
a. multiforme
b. unipolare
9. Astroblastoma
10. Astrocytoma
a. protoplasmaticum
b. fibrillary
11. Oligodendroglioma
12. Neuroblastoma
13. Ganglioneuroma
14. Papilloma choroideum

Thus, tumors may arise at either immature or mature cellular stages. Bailey and Cushing also studied the location, age, survival time after surgical treatment, and biological behavior of each tumor type. They found that tumors arising at an undeveloped, immature cellular stage grew rapidly and were associated with short survival, whereas tumors arising at a mature cellular stage grew slowly and patients survived longer. Bailey and Cushing’s classification therefore provided an important foundation for neuropathological and clinical understanding and for prognosis. Most of these tumor names remain in use to the present day; only a few have changed, and new names have been proposed for some.

Medulloepithelioma denotes a malignant tumor arising from primitive cells and occurring in young children. This name remains in use.

Medulloblastoma is a malignant tumor located in the cerebellar vermis. It consists of primitive cells that can develop into undifferentiated (immature) cells along two pathways (bipotential differentiation): i) the unipolar spongioblast pathway, which develops into astroblasts and astrocytes, and ii) the unipolar neuroblast pathway, which subsequently develops into multipolar neuroblasts and ultimately neurons (Figure 2.1). Thus, a medulloblastoma may contain several cell types. Rorke(3,4) proposed renaming medulloblastoma, together with neuroblastoma, pineoblastoma, and ependymoblastoma, under the term primitive or undifferentiated neuroectodermal tumor (PNET), for the following reasons: 1) brain tumors with the same histology as medulloblastoma can occur elsewhere in the CNS—for example, in the pineal gland, where they are called pinealoblastomas, or in the cerebrum or spinal cord, where they are called neuroblastomas. Without knowing their site of origin, one cannot distinguish a medulloblastoma from a neuroblastoma or pinealoblastoma. 2) These tumors have the same biological behavior. 3) Wherever they occur, in addition to undifferentiated cells, they may contain astrocytes, oligodendrocytes, ependymal cells, neuronal cells, or mesenchymal cells such as smooth or striated muscle. Some tumors may contain more than one mature or immature cell type. 4) Cerebellar medulloblastoma is a heterogeneous tumor with various histological patterns.(5)

Pinealoblastoma is a malignant tumor composed of undifferentiated cells of the pineal gland. This name remains in use, although Rorke proposed placing it in the primitive neuroectodermal tumor group, like medulloblastoma. Tumors arising from mature (differentiated) pineal cells are still called “pineocytomas.” “Pinealoma” is a name used for tumors in this region that does not correctly identify their cellular origin.

Ependymoblastoma is also a malignant tumor composed of primitive cells, like medulloblastoma and pinealoblastoma. Its distinguishing diagnostic feature is the presence of ependymal rosettes. It too occurs in children. Ependymoma remains an appropriate, well-defined name that is still in use.

Neuroepithelioma is a confusing name. It has been used for ependymoma(6) and for brain tumors composed of primitive cells that would more appropriately be called medulloepitheliomas. In addition, malignant tumors of the peripheral nervous system composed of primitive cells have also been called neuroepitheliomas.

Spongioblastoma has been renamed “glioblastoma.” It is malignant and contains cells of many forms, hence the name “glioblastoma multiforme.” Astroblastoma, astrocytoma, oligodendroglioma, neuroblastoma, ganglioneuroma, and choroid plexus papilloma have remained in use to the present day.
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Classification systems

ROUSSY AND OBERLING CLASSIFICATION

Five years after Bailey and Cushing’s report appeared, Roussy and Oberling(7) (1931) criticized their classification of brain tumors based on cytogenesis as an unproven hypothesis. They suggested that tumors arose through transformation of cells into tumor cells, and divided gliomas into five groups (Table 2.2). The first two groups each contained three subtypes; these tumors arose from glial cells, ependyma, and choroid plexus. The remaining three groups arose from neuronal cells, with neurospongiomas and neuroepitheliomas originating from primitive cells.

Table 2.2 Classification of gliomas according to Roussy and Oberling
	Gliomas : astrocytoma, oligodendroglioma, glioblastomas
	“Ependymochoroidal” tumors : ependymocytomas, ependymoblastomas, plexus papillomas
	Ganglioneuromas
	Neurospongiomas
	Neuroepitheliomas


PENFIELD’S CLASSIFICATION

Following Bailey and Cushing’s classification, Penfield(8) proposed a new classification of gliomas in 1931, retaining their principles with only minor modifications. Penfield divided gliomas into ten types (Table 2.3).

Table 2.3 Classification of gliomas according to Penfield, 1931
	Astrocytoma
	Glioblastoma multiforme
	Medulloblastoma
	Ependymoma
	Astroblastoma
	Spongioblastoma polare
	Oligodendroglioma
	Oligodendroblastoma
	Neuroepithelioma
	Pinealoma


BERGSTRAND’S CLASSIFICATION

In 1932, Bergstrand(9) studied and classified gliomas differently from other investigators. He separated them into “benign” and “malignant” groups according to their biological behavior in relation to clinical findings. Each group contained three subtypes. The remaining two groups were tumors with their own distinctive cellular characteristics (Table 2.4).

Table 2.4 Classification of gliomas according to Bergstrand
	Benign group	Astrocytoma fibrillare
	Astrocytoma protoplasmaticum
	Astrocytoma gigantocellulare


	Malignant group	Glioblastoma multiforme
	Glioblastoma fusiforme
	Glioblastoma protoplasmaticum


	Ependymoma
	Oligodendroglioma


RIO-HORTEGA’S CLASSIFICATION

In 1934, Rio-Hortega(10) proposed a classification of brain tumors based on cytogenesis, without considering clinical correlations or biological behavior. The important feature of Rio-Hortega’s method was the division of the development of medullary epithelium into two groups: 1) those related to gliomas, and 2) those related to paragliomas (Figure 2.2). Cell types were analyzed and distinguished by metallic impregnation, a technique that frequently produced errors. Because of these shortcomings, Rio-Hortega’s classification represented a step backward and did not gain popularity.

[image: Figure 2.2 Rio-Hortega’s classification of gliomas.]Figure 2.2 Rio-Hortega’s classification of gliomas.
Original pages 25–27
KERNOHAN’S CLASSIFICATION

In 1952, Kernohan and colleagues(11,12) proposed dividing the different types of gliomas into four grades, I to IV, according to malignancy, based on cellular differentiation. Grade I anaplasia corresponded to a benign tumor, grades III and IV to malignant tumors, and grade II was intermediate between the two.

Table 2.5 Classification of gliomas according to Kernohan


1. Astrocytoma
Astrocytoma = astrocytoma grade I
Astroblastoma = astrocytoma grade II
Polar spongioblastoma = (obsolete)
Glioblastoma multiforme = astrocytoma grade III and IV

2. Ependymoma
Ependymoma = ependymoma grade I
Ependymoblastoma = ependymoma grade II - IV
Neuroepithelioma = (obsolete)
Medulloepithelioma = ependymoma grade IV

3. Oligodendroglioma
Oligodendroglioma = oligodendroglioma grade I
Oligodendroblastoma = oligodendroglioma grade II-IV

4. Neuroastrocytoma
Neurocytoma, Ganglioneuroma, Gangliocytoma = Neuroastrocytoma grade I
Ganglioglioma, Neuroblastoma, Spongioneuroblastoma, Glioneuroblastoma = Neuroastrocytoma grade II - IV

5. Medulloblastoma
Medulloblastoma


Thus, grading can be applied to astrocytomas, ependymomas, oligodendrogliomas, and neuroastrocytomas. Medulloblastoma, however, is inherently malignant and does not need to be graded.

Kernohan’s method became widely popular among pathologists and neurosurgeons because it was easy to use and also indicated prognosis. Nevertheless, it had several disadvantages:

	The grade obtained from a biopsy may not reflect the tumor’s true malignancy. It is well known that different parts of a glioma may differ in malignancy. The surface may show the features of a benign astrocytoma (grade I), while deeper regions show glioblastoma (grades III and IV). Examining only a small tissue specimen may therefore lead to an incorrect assessment of malignancy. The whole tumor must be examined to determine the grade and prognosis accurately. Furthermore, gliomas progressively become more malignant (higher grade) over time. Biopsy or repeat surgery after tumor recurrence demonstrates this increase in malignancy.


	Only astrocytoma shows a good correlation between its histological appearance (the various grades) and its clinical course. In practice, grading is therefore used mainly for astrocytomas. Oligodendrogliomas and ependymomas differ. In oligodendroglioma, histological appearances do not correlate with the postoperative clinical course, and experience suggests that histological differences are usually not great enough to require four grades. Similarly, high-grade malignancy is very rare in ependymoma, so attempts to grade it seem to have little practical importance.


	In tumors composed of several cell types (mixed-cell tumors), cytological grading makes accurate characterization difficult.(13)


	In some patients, the clinical circumstances may be more important for prognosis than the apparent malignancy of the tumor itself. Examples include tumors obstructing the cerebrospinal fluid pathways or involving vital brain centers, described as “malignant in location.” In these cases, grading has no significance.



RUSSELL & RUBINSTEIN CLASSIFICATION(14)
Russell and Rubinstein classified tumors derived from neuroepithelium as shown in Table 2.6.

Table 2.6 Classification of tumors of neuroepithelial tissue according to Russell and Rubinstein
A. Tumors of neuroglial cells
I. Astrocytic group
1. Astrocytoma
2. Astroblastoma
3. Polar spongioblastoma
II. Oligodendroglia
Oligodendroglioma
III. Ependymoma
1. Ependymoma
2. Subependymoma
3. Ependymoblastoma
IV. Anaplastic
Glioblastoma multiforme
B. Tumors of neuronal cells and primitive bipotential precursors
I. Medulloepithelioma
II. Medulloblastoma and cerebellar neuroblastoma
III. Cerebral neuroblastoma
IV. Gangliocytoma and ganglioglioma
C. Tumors of specialized tissue of central neuroepithelial origin
I. Neuroepithelial tumors of the retina
1. Retinoblastoma
2. Medulloepithelioma
3. Adult glioma (astrocytoma)
II. Glioma of the optic nerve and chiasm
III. Tumors of the neurohypophysis
1. Astrocytoma
2. Granular cell tumors
IV. Tumors of the parenchymal and glial cells of the pineal body
1. Pineoblastoma
2. Pineocytoma
3. Glioma
(a) Astrocytoma
(b) Glioblastoma
V. Tumors of the choroid plexus epithelium
1. Papilloma
2. Carcinoma
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WORLD HEALTH ORGANIZATION CLASSIFICATION

Although many tumor classifications had been proposed, they remained incomplete, controversial, and not universally accepted, particularly for tumors of the neuroepithelial group. In 1976, the World Health Organization therefore convened neuropathologists from more than 50 countries to develop a globally accepted classification covering all brain tumors. In 1979, the resulting new classification was published as Histological Typing of Tumors of the Central Nervous System,(15) as shown in Table 2.7.

Table 2.7 WHO classification of brain tumors (1979)
I. Tumors of Neuroepithelial tissue
A. Astrocytic tumors
1. Astrocytoma
(a) Fibrillary
(b) Protoplasmic
(c) Gemistocytic
2. Pilocytic astrocytoma
3. Subependymal giant-cell astrocytoma (ventricular tumor of tuberous sclerosis)
4. Astroblastoma
5. Anaplastic (malignant) astrocytoma
B. Oligodendroglial tumors
1. Oligodendroglioma
2. Mixed oligo-astrocytoma
3. Anaplastic (malignant) oligodendroglioma
C. Ependymal and choroid plexus tumors
1. Ependymoma
Variant:
(a) Myxopapillary ependymoma
(b) Papillary ependymoma
(c) Subependymoma
2. Anaplastic (malignant) ependymoma
3. Choroid plexus papilloma
4. Anaplastic (malignant) choroid plexus papilloma
D. Pineal cell tumors
1. Pineocytoma (pinealocytoma)
2. Pineoblastoma (pinealoblastoma)
E. Neuronal tumors
1. Gangliocytoma
2. Ganglioglioma
3. Ganglioneuroblastoma
4. Anaplastic (malignant) gangliocytoma and ganglioglioma
5. Neuroblastoma
F. Poorly differentiated and embryonal tumors
1. Glioblastoma
Variants:
(a) Glioblastoma with sarcomatous component (mixed glioblastoma and sarcoma)
(b) Giant-cell glioblastoma
2. Medulloblastoma
Variants:
(a) Desmoplastic medulloblastoma
(b) Medullomyoblastoma
3. Medulloepithelioma
4. Primitive polar spongioblastoma
5. Gliomatosis cerebri
II. Tumors of nerve sheath cells
A. Neurilemmoma (Schwannoma, neurinoma)
B. Anaplastic (malignant) neurilemmoma (schwannoma, neurinoma)
C. Neurofibroma
D. Anaplastic (malignant) neurofibroma (neurofibrosarcoma, neurogenic sarcoma)
III. Tumors of meningeal and related tissue
A. Meningioma
1. Meningotheliomatous (endotheliomatous, syncytial, arachnotheliomatous)
2. Fibrous (fibroblastic)
3. Transitional (mixed)
4. Psammomatous
5. Angiomatous
6. Hemangioblastic
7. Hemangiopericytic
8. Papillary
9. Anaplastic (malignant) meningioma
B. Meningeal sarcomas
1. Fibrosarcoma
2. Polymorphic cell sarcoma
3. Primary meningeal sarcomatosis
C. Xanthomatous tumors
1. Fibroxanthoma
2. Xanthosarcoma (malignant fibroxanthoma)
D. Primary melanotic tumors
1. Melanoma
2. Meningeal melanomatosis
E. Others
IV. Primary malignant lymphomas
V. Tumors of blood vessel origin
A. Haemangioblastoma (capillary haemangioblastoma)
B. Monstrocellular sarcoma
VI. Germ cell tumors
A. Germinoma
B. Embryonal carcinoma
C. Chorio-carcinoma
D. Teratoma
VII. Other malformative tumors and tumor-like lesions
A. Craniopharyngioma
B. Rathke’s cleft cyst
C. Epidermoid cyst
D. Dermoid cyst
E. Colloid cyst of the third ventricle
F. Enterogenous cyst
G. Other cysts
H. Lipoma
I. Choristoma
J. Hypothalamic neuronal hamartoma
K. Nasal glial heterotopia
VIII. Vascular malformations
A. Capillary telangiectasia
B. Cavernous angioma
C. Artereovenous malformation
D. Venous malformation
E. Sturge - Weber disease
IX. Tumors of the anterior pituitary
A. Pituitary adenoma
1. Acidophil
2. Basophil
3. Mixed acidophil-basophil
4. Chromophobe
B. Pituitary adenocarcinoma
X. Local extensions from regional tumors
A. Glomous jugulare tumor
B. Chordoma
C. Chondroma
D. Chondrosarcoma
E. Liposarcoma
F. Olfactory neuroblastoma
G. Adenoid cystic carcinoma
H. Others
1. Osteoma
2. Osteosarcoma
3. Nasopharyngeal tumors
XI. Metastatic tumors
XII. Unclassified tumors
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Considerations in brain tumor classification

The WHO classification still follows Bailey and Cushing’s approach. Glioblastoma is placed in the poorly differentiated and embryonal tumor group, together with medulloblastoma and medulloepithelioma. Some have objected that it should belong with anaplastic astrocytoma, as in Russell and Rubinstein’s classification of tumors of neuroepithelial tissue(14) (Table 2.6), which places glioblastoma multiforme among the anaplastic tumors of neuroglial cells. Russell and Rubinstein(14) further divided astrocytomas into eight types according to their cellular characteristics:

	Protoplasmic
	Fibrillary (a) diffuse (b) circumscribed
	Pilocytic
	Gemistocytic
	Subependymal giant cell
	Pleomorphic xanthoastrocytoma
	Desmoplastic cerebral astrocytoma of infancy
	Anaplastic


The first four types describe the distinctive features of the astrocytic cells. Subependymal giant-cell astrocytoma contains large cells and is frequently associated with tuberous sclerosis. Pleomorphic xanthoastrocytoma contains cells of various shapes (pleomorphism), often with intracellular fat. Desmoplastic cerebral astrocytoma of infancy occurs at the brain surface, is found only in children, and has characteristic dense adhesions (intense desmoplasia).(16) Anaplastic astrocytoma is a malignant glioma commonly found in adults. Its severity approaches that of glioblastoma, although its prognosis is usually better. In a grading system, it would be grade III.

The WHO meeting pointed out that tumors of neuroepithelial tissue may contain more than one cell type. For example, an astrocytoma may contain several types of astrocytic cells, or an oligodendroglioma may also contain astrocytic cells. Naming such a tumor after only one cell type is inaccurate and does not describe its true histology. A mixed name based on the observed cells is therefore necessary. A tumor containing astroblasts and oligodendrocytes is called an astroblast-oligodendroglioma. A tumor containing cells of different tissues, such as glioblastoma and sarcoma, is called a mixed glioblastoma and sarcoma. In their proposed classification of childhood brain tumors, Rorke et al.(3) assigned tumors containing several cell types to a separate mixed-glioma group (Table 2.8), with names reflecting the cells seen microscopically and thus indicating the tumor’s composition. Some contain three cell types, as in oligoastroependymoma. Although these names correctly identify the constituent cells, they become excessively long.

Confusion persists over the names and definitions of pineal tumors. The pineal gland contains parenchymal cells, including i) pineocytes and ii) glial cells or astrocytes, which can become neoplastic. WHO divides pineal tumors into pineocytoma or pinealocytoma, a tumor of mature cells, and pineoblastoma or pinealoblastoma, a tumor of immature cells. Both are very rare. Russell and Rubinstein also include glial tumors of the pineal gland—astrocytoma and glioblastoma (Table 2.6)—which are likewise very rare.

In addition to the pineal parenchymal and glial cells already mentioned, germ cells may be present within or adjacent to the gland. These can give rise to two tumor types: i) germinoma or atypical teratoma,(17) containing two cell types, is the most common tumor in the pineal region, although WHO places it among germ-cell tumors. In practice, it is often called pinealoma, a name that does not correctly reflect its cell of origin. ii) Typical teratoma is a true teratoma containing tissues or organ-like components derived from all three germ layers.

Krabbe(18) introduced the name pinealoma for a pineal tumor whose histology resembled the normal pineal gland of an infant. It contained two cell types: large, mature, lightly staining cells and small, darkly staining, lymphocyte-like cells. The cells formed separate groups with a mosaic appearance. Thus, in Krabbe’s usage, pinealoma meant a pineal tumor composed of two cell types.

In 1947, Friedman(19) concluded that most pineal tumors had the histology of germinoma or testicular seminoma, which, like pinealoma, also contained two cell types. It is now accepted that most tumors called pinealomas are actually germ-cell tumors, or germinomas, and the two names have often been used together or interchangeably.

However, Riverson and Zulch(20) and Sano(21) emphasized that pineal-region tumors containing two cell types could be divided into two kinds: one arising from pineal parenchyma and the other from germ cells. Zulch(22) gave detailed pathological and biological reasons for this distinction.

For ease of understanding, pineal tumors may therefore be classified as follows:

1. Tumors of pineal parenchymal cells
1.1 Pineocytoma (a single mature cell type)
1.2 Pineoblastoma (immature cells)
1.3 Pinealoma (two cell types, as in germinoma)
1.4 glioma :-
1.4.1 astrocytoma
1.4.2 glioblastoma
2. Germ-cell tumors
2.1 Germinoma (two cell types, as in pinealoma), or atypical teratoma
2.2 Teratoma or typical teratoma (cells or organ-like tissues derived from all three germ layers)


WHO divides tumors of nerve-sheath cells into two types, each with benign and malignant forms. Their familiar names have not changed: i) neurilemmoma or schwannoma, indicating the cell of origin, the Schwann cell. Thus, schwannoma is a more appropriate name than neurilemmoma or neurinoma. This tumor lies on the surface of the nerve and consists of densely packed spindle cells, arranged in parallel in some areas. ii) Neurofibroma is found in multiple neurofibromatosis, known in Thai as the “disease of a hundred thousand knots.” The nerve becomes a tumor composed of axons and collagenous fibers.

Among tumors of meningeal tissue, meningiomas are the most common and have distinctive features. Their name derives from their cell of origin, the meningothelial or arachnoidal cell. WHO divides meningiomas into nine subtypes (Table 2.7). The meningotheliomatous, fibrous, transitional, psammomatous, angiomatous, and hemangioblastic types are considered benign. The hemangiopericytic and papillary types tend toward malignant features, but are uncommon. The hemangioblastic type contains vessels indistinguishable from those of cerebellar capillary hemangioblastoma. Hemangioblastic meningioma, however, is attached to the meninges, is well circumscribed, and grows by expansion. The hemangiopericytic type is indistinguishable from hemangiopericytoma elsewhere in the body.

Russell and Rubinstein(14) divided meningiomas into three groups:

Group 1 comprises classical meningiomas:
1.1 Meningothelial (or syncytial) type
1.2 transitional type
1.3 fibroblastic type


This group includes further histological variants named for their appearances: psammomatous, microcystic (or humid), myxomatous, xanthomatous, lipomatous, granular, secretary, chondroblastic, osteoblastic, and melanotic.

All meningiomas in this group are non-malignant.

Group 2 comprises angioblastic meningiomas, subdivided into:
2.1 hemangioblastic type
2.2 hemangiopericytic type


Group 3 comprises malignant meningiomas, including the papillary type.

Primary malignant lymphomas are uncommon but of particular interest because they are often associated with various immunodeficiency states, including AIDS. Tumors often occur around blood vessels and may be multiple. Their cells of origin arise from metalophil microglial cells, reticular tissue within the CNS that is particularly abundant in gray matter, and from primitive reticulum cells in the meninges and perivascular sheaths.(17) Tumors in this group include reticulum-cell sarcoma, adventitial sarcoma, microglioma, Hodglin’s sarcoma, non-Hodgkin sarcoma, plasmocytoma, and others.

WHO divides vascular tumors into two types: i) hemangioblastoma and ii) monstrocellular sarcoma. Capillary hemangioblastoma is the more common type. Most occur in the cerebellum, with smaller numbers in the spinal cord, brainstem, and cerebrum. Although its name might suggest malignancy, it is in fact benign. It may occur as part of Lindau’s syndrome or von Hippel–Lindau disease. Monstrocellular sarcoma consists of reticular stroma and monster cells—large cells with multiple nuclei—and can be distinguished from glioblastoma.(23)

Russell and Rubinstein(24) divided vascular tumors of the brain into i) capillary hemangioblastoma and ii) angiosarcoma, which is malignant.

In 1985, Rorke LB and colleagues(3) reconsidered the WHO classification for childhood brain tumors (Table 2.8). They divided the vascular tumor group into three types: i) capillary hemangioblastoma, ii) hemangiopericytoma, and iii) neoplastic angioendotheliosis–angiosarcoma.

The WHO classification of germ-cell tumors and malformative tumors is appropriate. However, including vascular malformations in the brain-tumor classification is inappropriate because these abnormalities are not tumors and should therefore be excluded.

Adenomas of the anterior pituitary were originally divided into three types according to the staining of intracellular granules under conventional light microscopy: acidophilic, basophilic, and chromophobe adenoma. Immunohistochemical examination now allows pituitary adenomas to be classified according to the hormones produced by the tumor cells.(25,26) They are named after these hormones: prolactin-cell adenoma, growth-hormone-cell adenoma, mixed growth-hormone- and prolactin-cell adenoma, adrenocorticotropic-hormone-cell adenoma, and undifferentiated-cell adenoma.(27)

Brain-tumor classification will not remain static. It will continue to change as new concepts and scientific information emerge. Childhood brain tumors in particular differ somewhat from those in adults and may consequently have different names. Some childhood tumors contain embryonic or poorly differentiated cells with unusual appearances, causing confusion in naming. They also often contain several different cell types (heterogeneity), which creates further nomenclature problems.(28,29) In 1985, a meeting was held to revise the WHO classification for childhood brain tumors, using light microscopy, electron microscopy, and immunocytochemical techniques as guides. The following classification was proposed:
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Table 2.8 Classification of Brain Tumors in Children (Rorke, L.B.(3))
I. Tumors of neuroepithelial tissue
A. Glial tumors
1. Astrocytic tumors
a. Astrocytoma (fibrillary, protoplasmic, gemistocytic, pilocytic and xanthomatous)
b. Anaplastic astrocytoma
c. Subependymal giant cell tumors (tuberous sclerosis)
d. Gigantocellular glioma
2. Oligodendroglial tumors
a. Oligodendroglioma
b. Anaplastic oligodendroglioma
3. Ependymal tumors
a. Ependymoma
b. Anaplastic ependymoma
c. Myxopapillary ependymoma
4. Choroid plexus tumors
a. Choroid plexus papilloma
b. Anaplastic choroid plexus tumor (carcinoma)
5. Mixed gliomas
a. Oligoastrocytoma
1. Anaplastic oligoastrocytoma
b. Astroependymoma
1. Anaplastic ependymoastrocytoma
c. Oligoastroependymoma
1. Anaplastic oligoastroependymoma
d. Oligoependymoma
1. Anaplastic oligoependymoma
e. Subependymoma-subependymal glomerate astrocytoma
f. Gliofibroma
6. Glioblastomatous tumors
a. Glioblastoma multiforme
b. Giant cell glioblastoma
c. Gliosarcoma
7. Gliomatosis cerebri
B. Neuronal tumors
1. Gangliocytoma
2. Anaplastic gangliocytoma
3. Ganglioglioma
4. Anaplastic ganglioglioma
C. “Primitive” neuroepithelial tumors
1. Primitive neuroectodermal tumor, not otherwise specified (NOS)
2. “Primitive” neuroectodermal tumor, with:
a. Astrocytes
b. Oligodendrocytes
c. Ependymal cells
D. Neuronal cells
E. Other (melanocytic, mesenchymal)
F. mixed cellular elements
3. Medulloepithelioma
a. Medulloepithelioma, NOS
b. Medulloepithelioma with:
1. Astrocytes
2. Oligodendrocytes
3. Ependymal cells
4. Neuronal cells
5. other (melanotic, mesenchymal)
6. Mixed cellular elements
D. Pineal cell tumors
1. “Primitive” neuroectodermal tumor (see C above) (Pineoblastoma)
2. Pineocytoma
II. Tumor of meningeal and related tissues
A. Meningiomas
1. Meningioma, NOS
2. Papillary meningioma
3. Anaplastic meningioma
B. Meningeal sarcomatous tumors
1. Meningeal sarcoma, NOS
2. Rhabdomyosarcoma or leiomyosarcoma
3. Mesenchymal chondrosarcoma
4. Fibrosarcoma
5. Others
C. Primary melanocytic tumors
1. Malignant melanoma
2. Melanomatosis
3. Melanocytic tumors, miscellaneous
III. Tumors of nerve sheath cells
A. Neurilemmoma (schwannoma, neurinoma)
B. Anaplastic neurilemmoma (schwannoma, neurinoma)
C. Neurofibroma
D. Anaplastic neurofibroma (neurofibrosarcoma, neurogenic sarcoma)
IV. Primary malignant lymphomas
Classify according to local current standards
V. Tumors of blood vessel origin
A. Hemangioblastoma
B. Hemangiopericytoma
C. Neoplastic Angioendotheliosis-angiosarcoma
VI. Germ cell tumors
A. Germinoma
B. Embryonal carcinoma
C. Choriocarcinoma
D. Endodermal sinus tumor
E. Teratomatous tumors
1. Immature teratoma
2. Mature teratoma
3. Teratocarcinoma
F. Mixed
VII. Malformative tumors
A. Craniopharyngioma
B. Rathke’s cleft cyst
C. Epidermoid cyst
D. Dermoid cyst
E. Colloid cyst of third ventricle
F. Enterogenous or bronchial cyst
G. Cyst, NOS
H. Lipoma
I. Granular cell tumor (choristoma)
J. Hamartoma
1. Neuronal
2. Glial
3. Neuronoglial
4. Meningioneurinomatosis
VIII. Tumors of neuroendocrine origin
A. Tumor of anterior pituitary
1. Adenoma
2. Pituitary carcinoma
B. Paraganglioma
IX. Local extensions from regional tumors
type to be specified according to primary diagnosis
X. Metastatic tumors
XI. Unclassified tumors
The classification of childhood brain tumors in Table 2.8 differs from the WHO classification in the following respects.


	Gliomas found in children often contain several types of cells. Such tumors are sufficiently common in children to constitute a group termed “mixed glioma,” which includes both malignant and nonmalignant tumors. They are named according to their constituent cell types, for example glioastrocytoma, oligoependymoma, oligoastroependymoma, and astroependymoma. Subependymoma, which the WHO classification places in the ependymoma group, is classified as a mixed glioma in the childhood classification because it actually consists of astrocytes and ependymal cells(30) and is nonmalignant.


	In the WHO classification, glioblastoma multiforme is placed among the poorly differentiated and embryonic tumors (Table 2.7), rather than among tumors derived from astrocytic cells. This group is removed in the classification of childhood brain tumors, and a new group termed glioblastomatous tumors is established, comprising glioblastoma multiforme, giant cell glioblastoma, and gliosarcoma.


	A new group of childhood tumors is established under the name “primitive neuroectodermal tumor” (PNET), or poorly differentiated neuroepithelial tumors. These are the most common tumors in children and occur chiefly in the midline of the cerebellum, although they may arise elsewhere in the CNS, including the pineal gland. They consist of poorly differentiated neuroepithelial cells: small cells with round, deeply staining nuclei and scant cytoplasm, with numerous mitotic figures. Tumors composed of such primitive cells include medulloblastoma, pinealoblastoma, ependymoblastoma, and central neuroblastoma. Without knowing the site of the tumor, it is impossible to diagnose its type, because all consist of similar primitive cells and have similar biological behavior. They are therefore grouped as primitive neuroectodermal tumors (PNETs). If the location is known, however, the tumor can be named accordingly; for example, a tumor known to arise in the pineal gland is called pinealoblastoma.
In addition, a tumor in this group may contain astrocytes, oligodendrocytes, ependymal cells, neuronal cells, or mesenchymal cells. The name of the accompanying cell type is then added, for example primitive neuroectodermal tumor with astrocytes.
Nevertheless, this group of tumors remains controversial.(31,32)


	Tumors arising from immature pineal parenchymal cells are classified as primitive neuroectodermal tumors. When such a tumor arises in the pineal gland, the diagnosis is pinealoblastoma. The name pineocytoma remains unchanged.


	The hemangiopericytoma type of meningioma is placed among tumors of blood vessel origin, so that this group comprises hemangioblastoma, hemangiopericytoma, and neoplastic angioendotheliosis–angiosarcoma. All vascular malformations are excluded.




A meeting was held in Houston, Texas, in 1988, prompted by the view that new research findings obtained through immunohistochemistry, electron microscopy, and molecular biology should lead to a revised classification of brain tumors. The results of the meeting were reported in 1989.(33) Many changes can be seen, particularly among poorly differentiated brain tumors. Diagnosis using the techniques described above moves the classification of brain tumors more toward histogenesis, in contrast to the earlier classification according to appearances under the microscope. Another meeting was subsequently held in Zurich, Switzerland, in 1990, and its results were reported as “The New WHO Classification of Brain Tumors” by Kleihues, P., et al.(34) (Table 2.9).
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Table 2.9 WHO Histological Typing of CNS Tumours (1993)
1. Tumors of Neuroepithelial Tissue
1.1 Astrocytic tumours
1.1.1 Astrocytoma
1.1.1.1 variants: Fibrillary
1.1.1.2 Protoplasmic
1.1.1.3 Gemistocytic
1.1.2 Anaplastic (malignant) astrocytoma
1.1.3 Glioblastoma
1.1.3.1 Variants: Giant cell glioblastoma
1.1.3.2 Gliosarcoma
1.1.4 Pilocytic astrocytoma
1.1.5 Pleomorphic xanthoastrocytoma
1.1.6 Subependymal giant cell astrocytoma (Tuberous sclerosis)
1.2 Oligodendroglial tumours
1.2.1 Oligodendroglioma
1.2.2 Anaplastic (malignant) oligodendroglioma
1.3 Ependymal tumours
1.3.1 Ependymoma
1.3.1.1 Variants: Cellular
1.3.1.2 Papillary
1.3.1.3 Clear cell
1.3.2 Anaplastic (malignant) ependymoma
1.3.3 Myxopapillary ependymoma
1.3.4 Subependymoma
1.4 Mixed gliomas
1.4.1 Oligo-astrocytoma
1.4.2 Anaplastic (malignant) oligo-astrocytoma
1.4.3 Others
1.5 Choroid plexus tumours
1.5.1 Choroid plexus papilloma
1.5.2 Choroid plexus carcinoma
1.6 Neuroepithelial tumours of uncertain origin
1.6.1 Astroblastoma
1.6.2 Polar spongioblastoma
1.6.3 Gliomatosis cerebri
1.7 Neuronal and mixed neuronal-glial tumours
1.7.1 Gangliocytoma
1.7.2 Dysplastic gangliocytoma of cerebellum (Lhermitte-Duclos)
1.7.3 Desmoplastic infantile ganglioglioma
1.7.4 Dysembryoplastic neuroepithelial tumour
1.7.5 Ganglioglioma
1.7.6 Anaplastic (malignant) ganglioglioma
1.7.7 Central neurocytoma
1.7.8 Paraganglioma of the filum terminale
1.7.9 Olfactory neuroblastoma (Aesthesioneuroblastoma)
1.7.9.1 Variant: Olfactory neuroepithelioma
1.8 Pineal parenchymal tumours
1.8.1 Pineocytoma
1.8.2 Pineoblastoma
18.3 Mixed/transitional pineal tumours
1.9 Embryonal tumours
1.9.1 Medulloepithelioma
1.9.2 Neuroblastoma
1.9.2.1 Variant: Ganglioneuroblastoma
1.9.3 Ependymoblastoma
1.9.4 Primitive neuroectodermal tumours (PNET’s)
1.9.4.1 Medulloblastoma
1.9.4.1.1 Variants: Desmoplastic medulloblastoma
1.9.4.1.2 Medullomyoblastoma
1.9.4.1.3 Melanotic medulloblastoma
2. Tumours of Cranial and Spinal Nerves
2.1 Schwannoma (Neurilemmoma, Neurinoma)
2.1.1 Variants: Cellular
2.1.2 Plexiform
2.1.3 Melanotic
2.2 Neurofibroma
2.2.1 Circumscribed (solitary)
2.2.2 Plexiform
2.3 Malignant peripheral nerve sheath tumour (MPNST) (Neurogenic sarcoma, Anaplastic neurofibroma, “Malignant schwannoma”)
2.3.1 Variants: Epithelioid
2.3.2 MPNST with divergent mesenchymal and/or epithelial differentiation
2.3.3 Melanotic
3. Tumours of the Meninges
3.1 Tumours of meningothelial cells
3.1.1 Meningioma
3.1.1.1 Variants: Meningothelial
3.1.1.2 Fibrous (fibroblastic)
3.1.1.3 Transitional (mixed)
3.1.1.4 Psammomatous
3.1.1.5 Angiomatous
3.1.1.6 Microcystic
3.1.1.7 Secretory
3.1.1.8 Clear cell
3.1.1.9 Chordoid
3.1.1.10 Lymphoplasmacyte-rich
3.1.1.11 Metaplastic
3.1.2 Atypical meningioma
3.1.3 Papillary meningioma
3.1.4 Anaplastic (malignant)) meningioma
3.2 Mesenchymal, non-meningothelial tumours
Benign neoplasms
3.2.1 Osteocartilaginous tumours
3.2.2 Lipoma
3.2.3 Fibrous histiocytoma
3.2.4 Others
Malignant neoplasms
3.2.5 Hemangiopericytoma
3.2.6 Chondrosarcoma
3.2.6.1 Variant: Mesenchymal chondrosarcoma
3.2.7 Malignant fibrous histiocytoma
3.2.8 Rhabdomyosarcoma
3.2.9 Meningeal sarcomatosis
3.2.10 Others
3.3 Primary melanocytic lesions
3.3.1 Diffuse melanosis
3.3.2 Melanocytoma
3.3.3 Malignant melanoma
3.3.3.1 Variant: Meningeal melanomatosis
3.4 Tumours of uncertain histogenesis
3.4.1 Hemangioblastoma (Capillary hemangioblastoma)
4. Lymphomas and Hemopoietic Neoplasms
4.1 Malignant lymphomas
4.2 Plasmacytoma
4.3 Granulocytic sarcoma
4.4 Others
5. Germ Cell Tumours
5.1 Germinoma
5.2 Embryonal carcinoma
5.3 Yolk sac tumour (Endodermal sinus tumour)
5.4 Choriocarcinoma
5.5 Teratoma
5.5.1 Immature
5.5.2 Mature
5.5.3 Teratoma with malignant transformation
5.6 Mixed germ cell tumours
6. Cysts and Tumour-like Lesions
6.1 Rathke cleft cyst
6.2 Epidermoid cyst
6.3 Dermoid cyst
6.4 Colloid cyst of the third ventricle
6.5 Enterogenous cyst
6.6 Neuroglial cyst
6.7 Granular cell tumour (Choristoma, Pituicytoma)
6.8 Hypothalamic neuronal hamartoma
6.9 Nasal glial heterotopia
6.10 Plasma cell granuloma
7. Tumours of the Sellar Region
7.1 Pituitary adenoma
7.2 Pituitary carcinoma
7.3 Craniopharyngioma
7.3.1 Variants: Adamantinomatous
Papillary
8. Local Extensions from Regional Tumours
8.1 Paraganglioma (Chemodectoma)
8.2 Chordoma
8.3 Chondroma
Chondrosarcoma
8.4 Carcinoma
9. Metastatic Tumours
10. Unclassified Tumours
This latest classification of brain tumors represents several further advances since the first WHO classification was reported in 1979. Several new groups and types of brain tumors have been added, including pleomorphic xanthoastrocytoma in the astrocytic tumor group, and dysplastic gangliocytoma, desmoplastic infantile ganglioma, dysembryoplastic neuroepithelial tumor, and central neurocytoma in the neuronal and mixed neuronal-glial tumor group. Several variants of certain tumors have also been added. Glioblastoma, formerly classified among poorly differentiated and embryonal tumors, is now included with astrocytic tumors. Astroblastoma, polar spongioblastoma, and gliomatosis cerebri, however, are separated into the group of neuroepithelial tumors of uncertain origin. Mixed gliomas form a new separate subgroup of gliomas. The embryonal tumor group includes neuroblastoma, ependymoblastoma, primitive neuroectodermal tumors (PNETs), and medulloblastoma. The diagnosis primitive neuroectodermal tumor is to be regarded as a designation for cerebellar medulloblastoma and also for tumors with the same histological appearance as medulloblastoma that arise in parts of the brain other than the cerebellum. The classification of childhood brain tumors remains largely unchanged. Hemangioblastoma is placed among tumors of uncertain histogenesis.

Summary. Brain tumors can be classified into 11 major groups on the basis of cell type, morphology, nature, and biological behavior. The classification will continue to change as new scientific evidence accumulates in the future.
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