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Preface

Neuro-oncology has in the past decade undergone tremendous developments, so much
so that it is now a scientific field of vast proportions. Molecular and genetic biology,
on the one hand, and the improvements in imaging techniques, therapies, and general
management, on the other, have been highly instrumental in effecting this progress.
Despite all recent developments, descriptive pathology, however, with its many bio-
logical correlates — foremost among them immunohistochemistry — and, therefore,
histological diagnosis and prognostic assessment continue to be the reference points
for judging all new achievements in neuro-oncology.

Years of experience of patients with brain tumors and collaboration with neurosur-
geons, neuro-oncologists, neuro-radiologists, radiotherapists, and neurobiologists have
taught us that the pathologist supplying the histological diagnosis may in fact some-
times fail to get across the biological message. Sometimes this failure arises because it
is realy impossible for pathology to provide the expected nosographic definition of a
tumor. Sometimes, by contrast, it is due to real difficulties in understanding the lan-
guage of the pathologist. This is particularly true when the prognosis deducible from
the diagnostic label is not unequivocal. In attempting to be objective, the pathologist
counterbalance the lack of a clear-cut definition with a detailed histological descrip-
tion, which means that everything depends upon his partners’ ability to interpret this
information properly.

The aim of this book is thus to provide neuroligsts, neurosurgeons, neuro-oncolo-
gists and interested students of this subject with a broad knowledge base on the pathol-
ogy of brain tumors.

The book describes the pathology of brain tumors and its relationship to clinical and
biological features, taking particular account of the importance of the various problems
from a general neuro-oncological point of view. Such a treatment may risk giving the
impression that disproportionate attention is given to some topics, at the expence of
others. However, the aim of the book was to describe and discuss the various subjects
in the light of their clinical and biological importance during this historic period of de-
velopment. Accordingly, the initial chapters on ontogenesis and immunohistochemis-
try must be considered of valuable help. Today, as everybody knows, some diagnoses
are overused or even abused and some conditions are frequently overtreated. Such top-
ics have also been given due attention in this book.

I am deeply indebted to many colleagues who helped in preparing the volume: Dr.
Humberto Cravioto New York University for supplying pictures: Dr. Antonio Migheli
and Dr. Maria Claudia Vigliani of our Institute for their help in electron microscopy
and immunohistochemistry, Mrs. Maria Teresa Bertello and Dr. Angelo Attanasio for
their help in preparing the manuscript; and Mrs. Annalisa Ferraiolo for histological
preparations. I was helped with the English text by Dr. Marco L. Rossi, Charing Cross
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Hospital and Westminster Medical School, London, with the cooperation of Dr. Mar-
tin P. Carey, Queen Elizabeth II Hospital, Birmingham. Finally, my special thanks go
to Dr. Anthony Raimondi for his scientific editing of the book.

Torino, Januar 1993 Davide Schiffer



Contents

1 Cytogenesis of the Central Nervous System . . . . .. ... ........
1.1 Neurogenesis and Gliogenesis . . . . . ... ... ... .........
1.2 Gliogenesis in Adult Animals . . . . ... ... .............
1.3 Development of the CerebellarCortex . . . . . . . ... .. ... ....
1.4 Radial GliaandEpendyma . . . . ... ... ... ... .........

2 Factors of the Transformation Process . . . . . . ... ... ... ... ..
2.1 Molecular ASpects . . . . . . . .. ...
2.2 Familial Incidence of Tumors and Genetic Factors . . . . ... ... ..
23 Congenital Tumors . . . . . . . .. .o Lt
2.4 Risk Factors: Epidemiological Data . . . . . .. ... ..........

2.4.1 Family Characteristics . . . . . .. ... ... ... ........
242 Individual Factors . . . . . ... ... ... ... ...,
2.4.3 Multiple Sclerosis . . . . . ... ... oo Lo e
244 VITUS . . . . . e e e e
245 HeadInjuries . . . . . . . ... ... .. L
24.6 Irradiation . . . . . ... ... o
2.4.7 Nonprofessional Exogenous Exposures . . . . ... ... ... ..
2.4.8 Professional Exogenous Exposures . . . .. .. ... ... .. ..
249 Multiple Tumors . . . . . . . . . . .. ..

3 Experimental Tumors . . . . . .. ... ... ................
3.1 Chemical Carcinogenesis . . . . . . . . . . . o o v vt
3.1.1 Topically Acting Carcinogens . . . . . . . . ... ... ......
3.1.2 Resorptive Carcinogens . . . . . . . ... ... ... L.
3.1.2.1 Pathogenesis of Nitrosourea-Induced Tumors . . . . . . .

3.1.2.2 Cellular Composition . . .. ... ... ..........

3.1.2.3 Vascularization of ENU-induced Tumors . . . . . . . . ..

3.1.2.4 Utilizationof MNU-ENUModels . . . . . . ... ... ..

3.2 Viral Carcinogenesis . . . . . . v v v v bt e e e e e e e e e
3.3 Transplantable Animal Models . . . . . ... ... .. ..........
3.4 Gene Transfer Models of Neural Tumors . . . . . ... ... ......

4 Antigens of Phenotypic Expression and Differentiation Markers . . .. .
4.1 Brain Tumor-Associated Antigens . . . . . . . . ... ... .......
4.2 Antigens Employed in the Histological Diagnosis of Brain Tumors

421 GhalMarkers . . . . ... ... ...
42.1.1 S-100Protein . . . . . .. . ...
4.2.1.2 Glal Fibrillary Acidic Protein (GFAP) . . . .. ... ...

~d



VIII Contents

4.2.1.3 Glutamine Synthetase . . . . .. ... ........... 50

4.2.14 Carbonic Anhydrase . . . . ... .............. 50

4.2.1.5 MyelinBasicProtein . . . . ... ............. 51

4.2.1.6 Myelin-Associated Glycoprotein . . . . . ... ... ... 51

422 Neuronal Markers . . . .. ... ... ... .. .......... 51
4.2.2.1 Neuronal-Specific Enolase . ... ............. 51

4222 Neurofilaments . . . ... ... ... .. ......... 51

4.2.2.3 Synaptophysin and Chromogranin . . ... ... ..... 52

4.2.3 Markers Nonspecific for the Nervous System . . . . . .. ... .. 53
424 Vessel Markers . . . . . ... ... ... o 53
4.2.5 Other Intermediate Filaments . . . . . .. ... ... ....... 55
4.2.6 Epithelial Membrane Antigens . . . . . . ... ... ....... 58

5 Pathology of the Host-Tumor Interaction . . . . . ... ... ....... 59
5.1 Peritumoral Changes . . . . ... ... ... ... ............ 59
5.1.1 GlialReaction . . . . . ... ... ... ... ... ... 59
5.1.2 Included Neurons . . . . . ... ... ... ... 63
5.1.3 Ventricular Walls . . . . ... ... ... ... .. ....... 63

5.2 Regressive Eventsinthe Tumor . . . . .. .. ... ... .. ...... 64
53 CerebralEdema . . . ... ... ... ... ... 67
5.3.1 Definition and Pathogenesis . . . . . ... ... ... ....... 67
5.3.2 Morphological Changes and Sequelae . . . . . .. ... ... ... 69

54 Calcifications . . . . . . . . ... 72
5.5 Immune Response . . . . ... ... ... ... 75
6 Classification and Nosography of Neuroepithelial Tumors . . . . . . . . . 79

7 The Concept of Malignancy: Anaplasia, Cell Proliferation, Metastasis . . 89

7.1 General Considerations . . . . . . ... ... ... ... ..., 89
7.2 CellKinetics . . . . . v v v vt e e e e e 94
73 MetastasiS . . . . o . . i e e e e e e e e 98
7.4 Expansion and Invasiveness . . . . . ... .. ... ... ..., 100
8 Descriptive Epidemiology of Primary Nervous System Tumors . . . . . . 106
81 GeneralData . . . . . ... .. .. ... ... 106
8.1.1 Mortality . . . . . . . ... ... 106
812 Incidence . . . . . . .. .. e 106
8.2 Epidemiology of Intracranial Tumors . . . . . . ... ... ... ... .. 107
8.2.1 Histological Type . . . . . . . . . . . . ... 107
822 Age. . . .. e e 108
823 Sex . . .. 109
824 Race . . ... ... e 110

8.3 Epidemiology of Intraspinal Tumors . . . . . . ... ... ... ..... 110



Contents IX
9 AstrocyticTumors . . . . . . ... ... ... ... 111
9.1 Nosological Problems . . . . .. ... ... ... ... ... .... 111
9.2 Astrocytic Tumors of the Cerebral Hemispheres . . . . . . .. ... ... 112
9.2.1 ASITOCYIOMAS . .+« v v v v v e e e e e e e e e e 112
9.2.1.1 Fibrillary Variant . . . . . ... ... ... ... ..... 112

9.2.1.2 Protoplasmic Variant . . . . ... ... .......... 113

9.2.1.3 Gemistocytic Variant . . . .. ... ... ......... 114

9.2.1.4 Pilocytic Variant . . . . . . ... ... ... ... . ... 115

9.2.1.5 Anaplastic Variant . . . . . ... ... ... ... ... 119

9.2.1.6 Prognosis and Treatment of Hemispheric Astrocytomas . . 122

9.2.2 Glioblastoma Multiforme . . . ... ... ... ... ... .... 127
9.2.2.1 General Considerations . . . . . . ... ... ....... 127

9.2.2.2 Frequency, Age,Site . . . . . . .. ... 128

9.2.2.3 Macroscopic Appearance . . . . . . . . . . ... ... 129

9.2.2.4 Microscopic Appearance . . . . . . . . ... ... ... 129

9225 Tumor Spreading . . . . . . ... .. ... ........ 139

9.2.2.6 Differential Diagnosis . . ... ... ........... 139

9227 GiantCell Variant . . . . . . ... ... ... .+«..... 141

9228 Gliosarcoma . . . . . . ... ... 142

9.2.2.8.1 General considerations . . . . . ... ... ... 142

9.2.2.8.2 Frequency, Age, Site . . . . ... ... ... .. 143

9.2.2.8.3 Macro- and Microscopic Appearance . . . . . . 143

9.2.2.84 Prognosis . . . . .. . ... 148

9.2.2.9 Blood Vessel Architecture and Angiogenesis in Gliomas . 148

9.2.2.10 Cellular Kinetics . . . . . .. ... ... ... ...... 152

9.2.2.11 Metabolism . . . . . ... ... ... 154

9.2.2.12 Prognosis and Treatment . . . . . .. .. ... ..... 155

9.2.3 Gliomatosis Cerebri . . . . . ... ... ... ........... 157
9.2.4 Xanthoastrocytoma . . . . . .. ... ... ... ... 158
9.2.4.1 Macroscopic Appearance . . . . . . . . .. ... ... .. 158

9.2.4.2 Microscopic Appearance . . . . . . . . . . . ... .. .. 159

9243 Prognosis . . . . . .. ..o e 161

9.2.5 Subependymal Giant Cell Astrocytoma (Tuberous Sclerosis) . . . 161
9.2.6 Astroblastoma . . . . .. ... ... 162

9.3 Astrocytic Tumors of the Midline . . .. ... ... ........... 165
9.3.1 Astrocytoma of the OpticNerve . . . . . ... ... ... ..... 165
9.3.2 Astrocytoma of the Chiasm . . . .. ... ... .......... 167
9.3.3 Brain Stem Astrocytomas . . . . . . . . ... ..o 168
9.3.4 Other Midline Astrocytomas . . . . . . .. .. ... .. ..... 170
9.3.5 Cerebellar Astrocytoma . . . . . . .. ... ... ... ..., 170
9.3.5.1 Nosographic Considerations . . . . .. ... ....... 170

9.3.5.2 Frequency, Age . . . . . . . . i 171

9.3.5.3 Macroscopic Appearance . . . . . . . . ... ... ... 171

9.3.5.4 Microscopic Appearance . . . . . . . . .. .. ... ... 171

9.3.5.5 Rosenthal’sFibers . . . . .. ... ... ......... 175

9.3.5.6 Malignant Transformation, Prognosis . . . . . ... ... 177



X Contents

9.4 Astrocytic Tumors of the Spinal Cord . . . . . . .. ... ....... 179
9.4.1 Frequency, Age . . . . . . . ... 179

9.4.2 Macroscopic and Microscopic Appearance . . . . . . .. .. .. 179

10 Oligodendroglial Tumors . . . .. .. ... ... ............. 181
10.1 Oligodendroglioma . . ... ... ... ................ 181
10.1.1 Frequency, Age, Site . . . . . . . . .. .. ... ... .. ... 181

10.1.2 Macroscopic Appearance . . . . . . . . . .. ... ... ... 181

10.1.3 Microscopic Appearance . . . . . . . . . . . ... ... ... 181

10.2 On the Presence of Astrocytes and the Problem of Mixed Gliomas . . 187
10.3 Anaplastic Oligodendroglioma and Prognosis . . . . .. ... . ... 189

11 Ependymal Tumors . . . . . .. ... ... ... ... .......... 193
11.1 Ependymoma . . . .. ... .. .. ... ... .. .......... 193
11.1.1 Classification Problems . . . . . .. ... .......... 193

11.1.2 Frequency, Age, Sex, Site . . . . ... ... ......... 195

11.1.3 Macroscopic Appearance . . . . . . . . . . . ... ... ... 196

11.1.4 Microscopic Appearance . . . . . . . . . . ... .. ..... 196

11.1.5 RegressiveEvents . .. .. .................. 201

11.1.6 Immunohistochemistry . . . . . .. ... ........... 203

11.1.7 Electron Microscopy . . . . . . . ... ... .. ....... 206

11.1.8 Anaplastic Ependymoma . . . . . ... ... ......... 209

11.1.9 Spread Via the Cerebrospinal Fluid . . . ... ........ 211

11.1.10 Treatment and Prognosis . . . ... ....... ... ... .. 211

11.2 Subependymoma . . . . . . . ... ... .. ... ... ... .. 212
11.3 Ependymoblastoma. . . . . . . . . . ... ... ... ... 215

12 Choroid Plexus Tumors . . . . . . .. ... ... ... .......... 217
12.1 Plexus-Papilloma . . ... .. ... .. ... ..., ... ..... 217
12.1.1 Frequency, Age,Site . . . . . . . . . .. ... ... ..... 217

12.1.2 Macroscopic Appearance . . . . . . . . . . .. ... .. ... 218

12.1.3 Microscopic Appearance . . . . . . . . .. .. ... ..... 218

12.2 Malignant Variant (Plexus Carcinoma) . . . . ... ... . ...... 220

13 Tumors Composed of NeuralCells . . . .. ... ............. 222
13.1 Ganglioglioma (Gangliocytoma) . . ... ............... 222
13.1.1 Frequency, Age,Site . . . . . .. ... ... .......... 222

13.1.2 Macroscopic Appearance . . . . . . . ... .......... 224

13.1.3 Microscopic Appearance . . . . . .. ... ... ....... 224

13.1.4 Malignant Transformation (Malignant Ganglioglioma) . . . . . 224

1315 Prognosis . . . . . . . . ... . 227

13.2 Dysplastic Gangliocytoma of the Cerebellum . . . . .. ... ... .. 227
13.3 Infantile Desmoplastic Ganglioglioma . . ... ............ 227
13.4 Central Neurocytoma . . . . ... ... ................ 228

13.5 Dysembryoplastic Neuroepithelial Tumors . . . .. ... ... .. .. 229



Contents X1

14 Pineal Gland Tumors . . . . . . . ... .. ... ... ... . . ..., 231
14.1 ThePineal Gland . . . . . . .. ... ... ... . ... ... .... 231
14.2 Pineocytoma . . . . . . . . ... ... 232

14.2.1 Macroscopic Appearance . . . . . . . .. . ... ... ... 232
14.2.2 Microscopic Appearance . . . . . . . . . o . o oo v 0. 232
1423 Prognosis . . . . . . o oo i i e e e 235
14.3 Pinealoblastoma . . . . . . . . . .. ... e 235
14.3.1 Macroscopic Appearance . . . . . . . . . . ..o e o0 . . 235
14.3.2 Microscopic Appearance . . . . . . . . .« o 000 o oo 237
1433 Prognosis . . . . . . o v vttt 240
14.3.4 Trilateral Retinoblastoma . . . . . ... ... ......... 240

15 Embryonal Tumors . . . . . .. ... ... ... ... ... ... 241
15.1 Medulloepithelioma . . . . ... . ... .. ... ........... 241
15.2 Medulloblastoma . . . . .. ... ... ... o e 241

15.2.1 Frequency, Age . . . . . . . . . i i 243
15.2.2 Macroscopic Appearance . . . . . . . . . . ... 243
15.2.3 Microscopic Appearance . . . . . . . . ..o . 243
15.2.3.1 Desmoplastic Variant . . . . . ... ... ...... 247

15.2.3.2 Melanotic Medulloblastoma . . . . ... .. ... .. 247

15.2.3.3 Medullomyoblastoma . . . . .. ... ... ..... 247

15.2.4 DNA Content and Pathology . . . . ... ... .. ... ... 251
15.2.5 The Problem of Differentiation . . . . ... ... ... .... 251
15.2.6 Prognosis, Recurrence, Metastasis . . . . . . ... ... .... 256

153 Neuroblastoma . . . . . . . . . vt v i it i e 257
15.3.1 Macroscopic Appearance . . . . . . . . . . . . ... 0 ... 257
15.3.2 Microscopic Appearance . . . . . . . . . ... 0. . 258
1533 Prognosis . . . . .« o v v it i e e 258

15.4 Polar Spongioblastoma . . . . . ... ... ... ........... 261
15.5 Appendix: Tumorsof theRetina . . . ... .............. 263
15.5.1 Retinoblastoma . . . . .. ... ... ... ... ... 263

16 Glomus Tumors, Paraganglioma. . . . . . . ... ... .......... 268
16.1 Site, Age . . . . . . e 268
16.2 Microscopic Appearance . . . . . . . . . . . oo 268
16.3 Prognosis. . . . . . . o i e e e 270

17 Tumors of the Cranial and Spinal Nerves . . . . . . ... ... ... .. 271
17.1 Neurinoma (Schwannoma) . . . .. .. ... ... ... ....... 271

17.1.1 Frequency, Age,Sex . . . . . . . .. ... ... . ... 271
1712 Site . . o o o e e e e 271
17.1.3 Macroscopic Appearance . . . . . . . . . . . .o oo u 274
17.1.4 Microscopic AppearanCe . . . . . . . v o v o v v v oo .. 275
1715 InVitroCulture . . . . . . o oo e e e 281
17.1.6 Prognosis, Malignancy . . . . . P 281
17.2 Neurofibroma . . . . . . . . . . . o e 282
17.2.1 Plexiform Neurofibroma . . . . . ... ... ... ... .... 282

17.2.2 Malignant Variant . . . . . . . . ... ... ... ... 284



X1 Contents
18 Tumors of the Meninges . . . . . . .. .. ... .............. 285
18.1 Meningiomas . . . . . . . . ... ... 285
18.1.1 General Considerations and Nomenclature . . . ... ... . 285
1812 FrequenCy . . . . . . . . . .. v i it 286
18.1.3 Age . . . . . . 287
18.1.4 Sex . . . . . . 287
18.1.5 Familial Tendency . . ... ... ............... 288
18.1.6  Association with Other Tumors . . . . . .. .. ... .... 288
18.1.7 Site . . . . . . e 288
18.1.8 Multiple Meningiomas . . . . . . ... ... ... ...... 292
18.1.9 Macroscopic Appearance . . . . . . . . .. ... .. ... 292
18.1.10 Microscopic Appearance . . . . . . .. . . .. .. ... ... 294
18.1.10.1 Angiomatous Meningioma . ... ... ... ... 298

18.1.10.2 Malignant Meningioma . . .. ... ........ 300

18.1.11 Metaplasia in Meningiomas . . . . ... ... ........ 303
18.1.12 Regressive Changes . . . . . ... ... ........... 306
18.1.13 Calcifications . . . . . .. .. .. .. .. ... . ... ..., 308
18.1.14 Electron Microscopy Study . . .. ... ... ........ 313
18.1.15 Receptors for Steroid Hormones . . . . .. .. .. ... ... 315
18.1.16 InVitroCulture . . . . . . ... ... ... .. ........ 316
18.1.17 Growth Modality . . . .. .. .. ... ............ 317
18.1.18 Metastasis . . . . . . . . ... ... 319
18.1.19 Imaging of Meningiomas . . . . . ... ............ 319
18.1.20 Prognosis, Treatment . . . . . . .. ... ........... 320

18.2 Other Mesenchymal Tumors in the Meninges . . . . . ... ... ... 321
18.2.1 Hemangiopericytoma . . . . .. ... .. ........... 321
18.2.2 Fibrosarcoma . . . . ... . ... ... . ... ...... 322
18.2.3 Primitive Melanoblastosis of the Leptomeninges . . . . . . . . 324
18.2.4 Malignant Fibrous Histiocytoma . . .. ... . ... ..... 327
18.2.5 Meningiomatosis or Meningoangiomatosis . . . . . . . . . .. 327
18.2.6 Primary Meningeal Sarcomatosis . . . . .. ... ... .... 329
18.2.7 Miscellaneous . . . . . .. ... ... ... ... ....... 329

19 Mesenchymal Tumors . . . . ... ..................... 330
19.1 Chordoma . . . . . .. ... ... ... ... 330
19.1.1 General Considerations . . . .. ... ............. 330
19.1.2 Macroscopic Appearance . . . . . . . . ... ... ... ... 331
19.1.3 Microscopic Appearance . . . . . . . . . . ... ... .... 331
19.1.4 Electron Microscopy . . . . . . . . v v v i v v i i 332
19.1.5 Differential Diagnosis . . . . . . .. .. ... ......... 334
19.1.6 Prognosis . . . . . . . ... ... 334

19.2 Chondroma . . . . ... ... ... ... 334
193 Chondrosarcoma . . . . . . . . .. ... ... ... .. 335
19.4 Osteoma . . . . . .. .. ... e 337
19.5 Osteosarcoma . . . . . . . . ... e 338



Contents X
20 Vascular Tumors . . . . . . . . . .. . e 339
20.1 Capillary Hemangioblastoma . . . . . . ... ... ... ....... 339
20.1.1 Biological Data . . . . . .. .. ... ... 339
20.1.2 Macroscopic Appearance . . . . . . . . . .. ... ow ... 340
20.1.3 Microscopic Appearance . . . . . . . . . . . . o o oo uu 341
20.1.4 RegressiveEvents . . . . . ... ... ... L. 346
20.1.5 Electron Microscopy Study . . . . . ... ... ..o 346
20.1.6 Metastasis, Recurrences, Prognosis . . . . . . ... .. .... 347
20.1.7 Associated Polycythemia . . . . ... ... ... ....... 347
20.1.8 Differential Diagnosis . . . . . . . . . . ... oo 348

21 Tumors and Dysontogenetic Lesions . . . . . ... ... ... ...... 349
21.1 Germ Cell Tumors . . . . . . o o v v it e e e e e 349
21.1.1 Frequency, Age,Sites . . . . . . . . . oo i it e e 350
21.1.2 Pathogenesis . . . . . . .. . . .. ... ... 350
21.1.3 Germinoma . . . . . ..o e e e 351
21.1.3.1 Macroscopic Appearance . . . . . . . . . ... ... 351

21.1.3.2 Microscopic Appearance . . . . . . . .. ... ... 351

21.1.3.3 Prognosis, Treatment . . . . . .. ... ....... 353

21.1.4 Embryonal Carcinoma . . . . . . . . . v v v v 353
21.1.5 Choriocarcinoma . . . . . . . . . v v it e 355
21.1.6 Endodermal Sinus Tumor . . . . . .. ... ... ... .... 355
21.1.7 Teratocarcinoma . . . . . . . . . . .. ..ottt 355
21.1.8 Immunohistochemical and Chemical Characterization . . . . . 356

212 Teratoma . . . . . . . v v it e e e e e e e e e e e 356
21.2.1 Frequency, Age,Site . . . . . . . ... .. ... .. ...... 356
21.2.2 Macroscopic Appearance . . . . . . . . ... 356
21.2.3 Microscopic Appearance . . . . . . . . . ..o . 357
21.2.4 Prognosis,Recurrence . . . . . . ... 359

21.3 Tumors withMuscle Cells . . . . . . . . . ... .. .o o .. 359
21.3.1 Medullomyoblastoma . . . .. ... ... ........... 359
21.3.2 Primitive CNS Rhabdomyosarcoma . . . . . . ... ... ... 361
2133 Other Tumors . . . . . . . . .. vt v i 364
21.3.4 Rhabdoid Tumors . . . . . . ... ... ... ......... 365

21.4 Dermoepidermoid Cysts . . . . . . . . ... ... oo 365
21.4.1 Nosography, Pathogenesis . . . . . . ... ... ... ..... 365
21.4.2 Frequency, Age,Site . . . . . . . . . o oo 366
21.4.3 Macroscopic Appearance . . . . . . . . . ... ... . 367
21.4.4 Microscopic Appearance . . . . . . . . .o.oeu e oa oL 368
21.4.5 Prognosis, Sequelae . . . . . . . ... ..o 369

21.5 Craniopharyngioma and Epithelial Cysts . . . . .. .. .. ... ... 370
21.5.1 Embryogenetic Aspects . . . . .. ... ... *370
2152 Incidence . . . . . . .. 372
21.5.3 Site . . o o e e e e e 372
21.5.3.1 Intraventricular Tumors . . . . ... ... ... ... 373

21.54 Clinical Aspects . . . . . . . ... ... 374



X1V

22

23

Contents

21.5.5 Macroscopic Appearance . . . . . . . . .. ... ... .. 374
21.5.6 Microscopic Appearance . . . . . . . . . . . . o0 u .. 375
21.5.6.1 Electron Microscopy and Immunohistochemistry . . . 381
21.5.6.2 Calcification . . .. ... ... ... ......... 383
21.5.6.3 CysticComponent . . . . ... ... ......... 384
21.5.7 Adjacent Tissue . . . .. ... ... ... ... .. 387
21.5.8 Relationships of Craniopharyngioma with
Rathke’s Fissure Cyst . . . . ... ... ... ......... 387
21.5.9 Prognosis, Treatment . . . . . . . .. ... ... ....... 390
21.6 Neuroepithelial and Nonneuroepithelial Cysts . . . . . ... ... .. 391
21.6.1 Colloid Cyst of the Third Ventricle . . . ... ... ... ... 391
21.6.1.1 Frequency, Age, Site . . . . . ... ... ....... 392
21.6.1.2 Macroscopic Appearance . . . . . . . ... .. ... 392
21.6.1.3 Microscopic Appearance . . . . . . . ... ... ... 392
21.6.2 Spinal Enterogenous Cysts . . . . .. ... ... ....... 393
21.6.3 Arachnoid Cysts . . . . . . .. ... ... .. ... 393
207 LApoma . . . . .. e 393
21.7.1 Frequency, Age,Site . . . . . . . . .. ... . 395
21.7.2 Macroscopic Appearance . . . . . . . . . . . ... ... ... 396
21.7.3 Microscopic Appearance . . . . . . . . . .. ... ... ... 396
21.7.4 Prognosis, Treatment . . . . .. ... ............. 396
21.8 Hamartomas, Ectopias and Ectopic Tumors . . . . . .. ... ... .. 397
21.8.1 Hamartoma of the Hypothalamus . . . . ... ......... 397
21.8.2 Granule Cell Tumors . . . . . ... ... ........... 397
21.8.3 Meningeal Gliomas . . . . ... ... ... .......... 399
21.8.4 Ectopic Gliomas and Neural Hamartomas . . . . . ... .. .. 399
21.9 Vascular Malformations . . . . . . . .. ... ... ... 400
21.9.1 Capillary Telangectasia . . . . . ... ... ... ....... 401
21.9.2 Cavernous Angioma . . . . . . . . .. ... ... ... 401
21.9.3 Arteriovenous Malformation. . . . . . .. ... ... ... .. 402
21.9.4 Venous Malformations . . . . . . ... ... ... ....... 404
Phacomatosis and Dysgenetic Syndromes . . . . . ... ... ...... 405
22.1 Tuberous Sclerosis (Bourneville’s Diasease) . . . . .. ... ... .. 405
22.2 Neurofibromatosis or Von Recklinghausen’s Disease . . . . ... .. 407
22.2.1 Associated Lesions of a Dysplastic Nature . . . .. ... ... 408
223 VonHippel —LindauDisease . . . . . ... ... ........... 409
22.4 Sturge —Weber Syndrome . . . . . ... ... 410
22.5 Other Dysgenetic Syndromes . . . . . . ... ... .......... 410
Lymphomas . . . . . . . ... ... ... ... ... . ... 411
23.1 Frequency, Age, Site . . . . . . . . . . ... 412
23.2 Macroscopic Appearance . . . . . . . . ..o i e 413
23.3 Microscopic Appearance . . . . . . . .. ... ..., 413
23.4 Epidural Lymphomas . . . . .. ... ... .. ... ........ 421
23.5 Lymphomasin AIDS . . . ... ... .. ... .. ... 421

23.6 Prognosis, Treatment . . . . . ... ... .. .. ........... 422



Contents XV

24 Metastases . . . . . .. ... e e 423
24.1 Frequency . . . . ... ... 423
242 SEX .. e 424
243 AZe . .. 424
24.4 Metastatic Pathways . . . . . . ... o o o o oL 424
24.5 MacroscopiCc ApPpPearance . . . . . . . . ... e e u e e 425
24.6 Microscopic Appearance . . . . . . . ... .. i i e 425
24.7 Differential Diagnosis . . . . .. .. ... ... L. 426
248 Prognosisand Therapy . . . . . . . .. ... ... .. ... ..... 427
249 Carcinomatous Meningitis . . . . . ... .. ... ... ... .. 427
24.10 Spinal Metastases . . . . . . . ... i e 429

25 Biological Basis of Therapies . .. ... .................. 430
25.1 Radiotherapy . . . . . . . . . . . . ... . 430

25.1.1 Cellular Responses to Ionizing Radiations . . . . ... .. .. 430
25.1.2 Therapeutic Studies with low LET Radiations on Experimental
Brain Tumors . . . . ... ... ... ... ... 432
25.1.3 Methods of Improving the Therapeutic Ratio in the
Radiotherapy of Brain Tumors . . . . ... ... ....... 432
25.1.3.1 Alterated Fractionation . ... ... ......... 432
25.1.3.2 Brachytherapy . . . . ... .. ... ... ...... 433
25.1.3.3 Association with Chemotherapy Agents . . . . . .. 433
25.1.3.4 Radiosensitizers . . . . . ... ... ... ... ... 433
25.1.3.5 Hyperthermia . . . . ... ... ... ........ 434
25.1.3.6 Photoradiation Therapy . . . . ... ... ...... 435
25.1.3.7 High LET Radiation . . . . . . ... ......... 435
25.1.3.8 Radioprotectors . . . . ... ... .. ... ..... 435
252 Chemotherapy . . . . . . . . .. .. ... 436
252.1 General Concepts . . . . . . .. ... ... ... ..., 436
25.2.2 Chemosensitivity and Chemoresistance in Brain Tumors . . . . 436
25.2.3 Drug Delivery to Brain Tumors . . . . ... ... ....... 438
25.2.3.1 Intra-CSF and Interstitial Chemotherapy . . . . . .. 439
25.2.3.2 Transient and Reversible
Blood-Brain Barrier Modification . . ... ... .. 440
25.2.3.3 Carrier Systems and Liposomes . . . . . .. ... .. 440
25.3 Immunotherapy . . . . . . . . ... L o oo 441

26 Effects of Treatment on Brain Tumors and Normal Nervous Tissue . . . 443

26.1 Effects of Radiotherapy and/or Chemotherapy on

Human Brain Tumors . . . . .. ... ... ... ........... 443
26.2 Effects of External Radiotherapy on Human Brain . . . . . . ... .. 444
26.3 Effects of Brachytherapy on Human Brain . . . . . . ... ... ... 450
26.4 Effects of External Radiotherapy on Human Spinal Cord

andfor Nerve Roots. . . . . . . . . . . . . . . .. . . ... .. ... 452

26.5 Pathogenesis of Adverse Effects on Radiotherapy on the Normal
Nervous Tissue . . . ... .. ... ... ... ... ... . ... 453



XVI Contents

26.6 Effects of Chemotherapy on Human Brain and Spinal Cord . . . . . . 454
26.7 Effects of Treatments on Normal Nervous Tissue in the Acute

Lymphocytic Leukemia of Childhood . . . . . . . ... ... ... .. 455

26.8 Second Malignancies . . . .. .. ... ... ... 455

References . . . . . . . . . . . ... 456

SubjectIndex . . . . . . . ... 589



1 Cytogenesis of the Central Nervous System

1.1 Neurogenesis and Gliogenesis

In humans, during embryonal development, at the 18th day of intrauterine (i.u.) life, a
thickening of the ectoderm (the neural placode) forms in the midline of the embryo. This
thickening, induced by the notochord and by the parachordal mesoderm, subsequently
infolds to form the neural groove. This latter closes on the 22nd day, giving rise to the
neural tube. Before closure, the edges of the groove proliferate to form the neural crests
from which cells of the dorsal roots and sympathetic ganglia, Schwann cells, melano-
cytes, and cells of the adrenal medulla originate.

The neural tube closes anteriorly at the level of the nasal-frontal groove (anterior
neuropore) on the 28th-29th day of i.u. life and posteriorly at the L1-L2 level (poster-
ior neuropore) on the 25th-27th day. Although still a matter of debate, the currently ac-
cepted view is that mesenchymal tissue, from which spinal meninges derive, interposes
itself between the epiblast and the neural tube.

In the cephalic part, the neural tube is formed from three vesicles (caudal, intermediate, and
rostral), respectively called rhomboencephalic, mesencephalic, and prosencephalic. The neural
tube gives origin to the spinal cord; the rhomboencephalic vesicle to the medulla oblongata, pons,
and cerebellum; the mesencephalic vesicle to mesencephalon; the prosencephalic vesicle to dien-
cephalon and telencephalon. An early groove between the neural tube and the rhomboencephalic
vesicle, followed by ventral displacement of the encephalic anlage, gives rise to a cervical flexure
which becomes the boundary between the spinal cord and encephalon. When the embryo is 11mm
in length, the rhomboencephalic vesicle folds anteriorly, thereby forming a caudal and a cranial
part. The former thickens ventrally, forming the myelencephalon from which the medulla oblon-
gata develops. As the latter grows, it forms the metencephalon, from which the pons then develops.
The dorsal part of the metencephalon undergoes a remarkable development and becomes the cere-
bellum.

When the embryo is 14 mm in length, the prosencephalic vesicle forms two symmetrical ou-
tpouchings anteriorly. These represent the anlage of the cerebral hemispheres. The posterior part
of the prosencephalon becomes diencephalon. The median structure which links the two pouches
develops into the lamina terminalis. In the ventral part of the diencephalon, two symmetrical out-
pouchings develop, externalize, and thus give rise to the retinal anlage which remains bound to the
diencephalon through peduncles, i.e., the optic nerves. The anlage of the hypophysis is formed in
the midline of the diencephalon. Thus, all the anlage of the definitive segments of the central ner-
vous system are present in the 15-mm embryo.

The fundamental parts of the central nervous system (CNS) are visible externally by the
fourth month of gestation. The hypothalamus, mammillary bodies, tuber cinereum, and the hypo-
physeal peduncle develop from the ventral diencephalon; the two optic thalami originate from the
dorsal part of the diencephalon. The telencephalon, which together with the diencephalon forms
the prosencephalon, increases in volume and thus obscures the diencephalon. Its surface, initially
smooth, becomes ever richer in folds, forming the sulci and gyri, including the anlage of the Syl-
vian fissure (which appears at the end of the third month of gestation).
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Fig.1.1a,b. Rat embryo on the 14th day of i.u. life. Germinal layer: a H&E, x200; b BrdU label-
ing, PAP-DAB, x200

The growth of the neural tube and of its derivatives is related to the existence of the ectoder-
mal matrix, which is composed of stem cells capable of multiplication. The development consists
initially of an increase in the number of matrix elements. Subsequently, as the differentiation pro-
cess proceeds, the growth is mostly related to an increase in cell volume.

Most of our knowledge of the early phases of neural cytogenesis is based on studies
carried out in rats [2319]. In the rat on the 12th day of i.u. life, the neuroepithelium of
the telencephalon consists of pseudostratified epithelium, i.e., the ventricular zone.

In the ventricular zone, the stem cells multiply and subsequently migrate, giving
rise to neurons and glial cells. In the first stages of development, the germinal cells of
the neural tube are in asynchronous phases of the mitotic cycle, and all become labeled
with [*H]thymidine or bromodeoxyuridine (BrdU). The multiplication process of the
germinal cells is characteristically accompanied by a mechanism of the to-and-fro
movement of the nucleus. Nuclei in S phase are situated in the most external part of the
layer while those in G,—M phase are situated close to the lumen (Fig.1.1a,b). The dura-
tion of the cycle is 7-10 h, while that of the S phase alone is 6 h. Later, these values in-
crease to 20 and 10 h, respectively. The mitotic elements may begin to divide before
reaching the luminal surface (subsuperficial prophases), where they complete the mito-
tic cycle, or they may complete division without reaching the luminal surface (nonsu-
perficial mitoses) [2670].

Still later, some cells no longer take up label. They enter a postmitotic phase and
constitute young neurons which migrate to the marginal zone. This zone appears on the
13th day (in the rat) and progressively increases in thickness. On the 16th day, it divi-
des into a superficial part, which will become the anlage of laminae I-VI (cortical plate),
and a deep part, the subcortical zone, which will become the subventricular and inter-
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Fig.1.2a,b. Rat embryo on the 18th day of i.u. life: a /, cortical plate; 2, intermediate zone; 3, sub-
ventricular zone; H&E, x200; b mitoses in the cortical plate, H&E, x400

mediate zones (Fig.1.2a). In these zones, the number of mitoses decreases from inside
outwards (Fig.1.2b). Between the 17th and 21st days of i.u. life, the neurons continue to
migrate towards the cortical plate. In this plate there are initially no mitoses because
neurons migrate after the cessation of mitotic activity. Later, mitoses appear in glial
cells. The cells in contact with the pia in the marginal zone are glial in nature, a fact con-
firmed by their ability to express specific antigens such as glial fibrillary acidic protein
(GFAP) and C1 [2319]. The subventricular and intermediate zones become the white
matter. They contain astrocytic cells in mitosis. Generally, glial cells form; they also
migrate after neuronogenesis is completed.

There is a relationship between the time of migration of neurons and their subse-
quent localization in the cortex. Neurons which arrive first in the superficial part of the
marginal zone are displaced downwards by neurons arriving later, so that the pyramidal
cells of the deep layers are those which matured earlier. However, this rule does not
apply to the cells of Cajal-Retzius, the first cells to mature and place themselves in the
marginal zone, where they subsequently form neurons with an as yet unknown function.
In man, the Cajal-Retzius cells develop and mature before the neurons of the cortical
plate arrive [433].

It is not known whether neurons and glial cells are produced by the same germinal
cells, or whether they originate from different cells, even though they are histological-
ly indistinguishable from one another [847, 2998, 2761]. The exact timing of divergen-
ce of the glial and neuronal cellular elements remains a matter of debate. According to
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Fig.1.3. Rat embryo on the 1st day of e.u. life. GFAP-positive dividing cells. PAP-DAB, x1000

His (1889) [1145], the germinal zone is composed of two cell lines: the “Keimzellen”
or “germinal cells,” which will give rise to neurons, and the “spongioblasts,” which will
give rise to the glia. Schaper (1897) [2467] was of the opinion that a single, mitotically
active cell population produces “indifferent” cells. Upon migrating into the marginal
zone, these give rise to neurons and glial cells. More recently, autoradiographic studies
hawve demonstrated that in the germinal zone there is a homogeneous population of di-
viding cells, and that glial cells of a given structure are generated only after the produc-
tion of neurons has ceased [848, 849]. The general concept is, therefore, that the matrix
produces neurons first and later glia.

These concepts have been shaken by the observation that in rodents there are two
cell populations with different generation times [2953]. Moreover, in monkeys the ra-
dial glia, or ependymoglia, and Bergmann’s glia already exist during the latest stages of
neuronogenesis [2261, 2263, 2531]. The radial glia is situated in the ependymal layer
and gives off long processes which reach the pia mater and the capillaries. This glia
functions as a guide for the migration of neurons. The precursors of neurons and glial
cells, therefore, coexist in the first stages of development. In Macaca mulatta it has been
demonstrated that, by the 80th day of i.u. life, which corresponds to the peak of neuro-
nogenesis, the germinal matrix contains a large number of proliferating GFAP-positive
cells mixed with proliferating negative cells [1632]. Two mitotically active cell popu-
lations are, therefore, present at the same time. This has been confirmed by electron mi-
Croscopy.

The localization of GFAP in cells that are actively dividing demonstrates that the
acquisition of glial differentiation features by matrix elements is not incompatible with
mitotic activity (Fig.1.3). The coexistence of differently committed precursor cells in
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the fetal rat brain is supported by the observation that single embryonal cells, taken from
the septal forebrain region of rat on the 14th day of gestation, give in microcultures
clones of neurons, glial cells, or both cytotypes. The heterogeneity of the clones proba-
bly depends on intrinsic properties of the precursor cells [2822].

Glial cells which have migrated into the intermediate zone, the commissures, and
the fiber tracts continue to proliferate, whereas neurons do not. This finding is of great
importance from the point of view of carcinogenesis.

Another still debated problem is the histogenetic relationship between astrocytes
and oligodendrocytes, taking into account that, in broad terms, the latter do not appear
in the neocortex before birth [579, 2757]. It has yet to be established whether the two
glial types appear simultaneously or consecutively, and whether they derive from the
same or from different precursors. In the corpus callosum of the mouse, oligoden-
drocytes have been observed to appear before astrocytes. They could have either origi-
nated from different precursors or subsequently transformed into astrocytes [2671]. On
the other hand, others have suggested that astrocytes arise before the oligodendrocytes
[2920]. Less likely is the possibility that the two types of glia originate from different
precursors [1274].

The differentiated oligodendrocytes are of three varieties: with a clear, an interme-
diate, or a dark nucleus [1935]. It is possible that these represent three stages of matu-
ration, the first type deriving from oligodendroblasts which, in turn, arise from glio-
blasts. However, it is not known whether these glioblasts are identical to those which
give rise to astrocytes [2757, 2658, 1246]. The differentiation of the oligodendrocytes
is a postnatal process, but it has not been established whether it occurs in an identical
fashion at all sites. Differentiation is connected with myelination, and, for example, it
occurs earlier in the spinal cord than in the optic nerve. The period of rapid proliferat-
ion of the interfascicular oligodendrocytes in the first stages of development has been
called myelination-gliosis [1274] and accompanies or precedes myelin formation. The
optic nerve, which originates from the optic peduncle, an extension of the neural tube,
represents an ideal site for the study of this problem. In fact, only astrocytes and oligo-
dendrocytes (and no other type of glia or neurons) arise from the optic peduncle.

In short-term cultures, GFAP-positive astrocytes and galactocerebroside-positive
oligodendrocytes are identifiable. In turn, the astrocytes are subdivided into two popu-
lations: types 1 and 2. These are different morphologically, antigenically, and in re-
sponse to growth factors [141]. Astrocytes of type 2 are labeled by the monoclonal an-
tibody A2BS5. In the rat optic nerve, astrocytes of type 1 appear on the 16th day of ges-
tation, oligodendrocytes on the first day after birth, and type 2 astrocytes between the
8th and 10th day after birth [2251]. It has been observed in vitro [2251] that glial cells
in the optic nerve develop along two distinct lines, one giving rise to type 1 and the other
(O-2A) to type 2 astrocytes and to oligodendrocytes. The two lines diverge on the 17th
day of gestation. The existence of two subpopulations of astrocytes, A2B5-positive and
A2B5-negative, has been confirmed in optic nerve sections [1895]. Type 1 astrocytes
give off processes towards blood vessels, and type 2 astrocytes to the nodes of Ranvier
[141].

Oligodendrocytes originate from the A2BS5-positive precursor called O-2A, as do
type 2 astrocytes [141]. This precursor also expresses NG2 (the proteoglycan chondro-
itin sulfate) (Fig.1.4a), but when reactivity for galactocerebroside appears, the former
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Fig.1.4. a Culture of neonatal rat cerebellum; the same cells are positive for A2B5 (green fluores-
cence) and chondroitin sulfate proteoglycan (red fluorescence), x1000; b stellate astrocytes cultu-
red from neonatal rat cerebellum are positive for chondroitin sulfate proteoglycan (red fluorescen-
ce) and GFAP positive (green fluorescence), x1000
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disappears [2711]. The same phenomenon has been observed in cultures of neonatal rat
cerebellum; in the same model differentiated stellate astrocytes are positive simulta-
neously for GFAP and chondroitin sulfate proteoglycan (Fig.1.4b) [868]. NG2 has.been
shown to be a surface marker for a class of protoplasmic astrocytes in adults [1627].

Cultured precursor cells from the rat optic nerve differentiate into type 2 astrocytes
only in the presence of fetal calf serum and, on the contrary, precociously into oligo-
dendrocytes in its absence [2251]. PDGF (platelet-derived growth factor) regulates the
proliferation of the precursor cell before differentiation takes place [2042, 2252] (see
also Sect. 2.1). In fetal serum, factors are present which induce differentiation towards
type 2 astrocytes. One of these is CNTF (ciliary neurotrophic factor) [141]. Type 1
astrocytes produce the A chain of PDGF [2316] and probably CNTF [141].

Under certain culture conditions, the cells may acquire intermediate phenotypes.
This is a further demonstration that astrocytes and oligodendrocytes have a common
progenitor and that environmental influences and developmental plasticity characterize
their differentiation. Not only do astrocytes and oligodendrocytes have a common ori-
gin, but transitional forms may exist. In culture, if CNTF is lacking, precursors which
had already acquired GFAP expression lose it and become oligodendrocytes [2249]. In
the human fetus, at the 15th—16th week of gestation, cells with ultrastructural and im-
munocytochemical characteristics of oligodendrocytes have been described. These cells
are, in fact, positive for myelin basic protein but also for GFAP [434]. This positivity is
transient and disappears by the 17th—18th week of gestation.

The existence of “transitional” or “bipotential” forms of glial cells has been con-
firmed in cultures of human oligodendrocytes. After 2 weeks in culture, the cells ex-
press both GFAP and galactocerebroside. If, however, cyclic adenosine monophosphate
(cAMP) and substances able to increase its level are added, the majority of cells become
positive only for galactocerebroside [1417]. In the subpial astrocytes in the mouse spi-
nal cord, an increased mitotic activity before myelination has, furthermore, been ob-
served, and immediately thereafter oligodendrocytes appear. Finally, “transitional”
cells with ultrastructural characteristics of oligodendrocytes may express GFAP [434].

1.2 Gliogenesis in Adult Animals

Our knowledge regarding gliogenesis in the adult is incomplete. It is known that new
glial cells may substitute those which degenerate; however, there is no evidence that
death of glial cells occurs in the adult. On the other hand, in pathological conditions
there may be hypertrophy and hyperplasia of astrocytes. It is not easy to understand how
an increase in the number of astrocytes could take place in the adult. It was thought that
this occurred by amitosis [2170], but this has not been confirmed. Glial cells are main-
ly, diploid. However, polyploidy due to duplication of DNA without division of cyto-
plasm has been observed [1574]. It is not known whether the new glial cells originate
from “stem cells” which remain quiescent under normal conditions, or if DNA synthe-
sis may also occur in completely differentiated glial cells. In adults of different species,
a glial turnover has been demonstrated.
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Fig.1.5. Rat, subependymal plate, H&E, x400

In contrast to what occurs for neurons which rapidly become postmitotic, glial cells
may continue to divide over time. A series of experiments has demonstrated that glial
cells can proliferate postnatally [1220]. In the spinal cord of the rat, between 3 and 7
months there is an increase in the number of oligodendrocytes of about 15% per month,
while the number of astrocytes remains at a constant level. The labeling index of glial
cells in the white matter with [*H]thymidine is 12% after 4 weeks. After a month of con-
tinuous labeling starting from the age of 4 weeks, the oligodendrocytes in the spinal
cord and in the cerebellum have an index of 20%, while in the same regions astrocytes
have an index of only 10%.

In the final stages of embryonal development, a second layer of proliferating cells,
localized between the ventricular germinal layer and the intermediate or mantle zone, is
formed. This has been called the “subependymal zone” [1407], or “subependymal cell
plate” [943, 2669]. It progressively decreases with time and persists vestigially in the
lateral ventricles of adult mammals (mouse, rat, dog, primates, and so forth). It is, how-
ever, limited to those parts of the lateral ventricles underneath the neo- and paleocortex
and not the archicortex. In the subependymal plate, mitoses are found (Fig.1.5) but with-
out movement of the nuclei in the interkinetic phase, and the generation time is 18 h
[1636].

The subependymal plate in postnatal life may produce, for a short time, small neu-
rons and glial cells in the adult. Its role may well be that of replacing glial cells in adult
life.

Stem cells may be found in adult brains apart from the subependymal plate, in the
myelination glia, in the external granular layer of the cerebellum, in the fascia dentata,
and in the subpial molecular layer of the cerebellum [1637]. The following scheme of



1.3 Development of the Cerebellar Cortex 9

differentiation of the subependymal layer has been proposed [1221]: The “stem cells”
which migrate in the brain have a small, dark nucleus and give rise to glial precursors
with small and clear nuclei. Twenty percent of these cells may transform into young as-
trocytes with a large and clear nucleus. The cells with a small and dark nucleus, howev-
er, may also be oligodendrocytes.

There is no general agreement that the subependymal layer is the continuous sour-
ce of glial cells [2043, 1492, 1493]. In the mouse, labeled glial cells have been demon-
strated within 1 h from the administration of [*H]thymidine in all cerebral areas. Pairs
of labeled cells have also been found. These findings demonstrate that, as stated above,
proliferation may also occur in situ.

Though the glial turnover in the cerebral cortex, as compared to that of the white
matter, is minimal [1492], the population is not static: 0.07% of glial cells are labeled 1
month after administration of [*H]thymidine in the rat visual cortex. This implies that
cell turnover is present, although slow and with a very long cycle [1352]. From double
labeling experiments with [*H]- and [*“C]thymidine, it has been found that the cycle
time is 20 h. In the subependymal layer, around 30% of cells are in cycle, while in other
parts of the brain no more than 1% of these cells are.

It would be of great importance to know not only if glial cells undergo mitosis, but
also which type. Autoradiography cannot provide this answer, so great caution is nec-
essary in drawing conclusions [2760]. Furthermore, the difficulty in demonstrating mi-
toses, which are very sensitive to anoxia [398] and require particular fixation techniques
for visualization, has to be taken into account. The fundamental fact remains that in the
adult, outside the subependymal layer mitoses are very rare [2758].

1.3 Development of the Cerebellar Cortex

The development of the cerebellar cortex is a complex event because of the presence of
two germinal zones. One is situated in the roof of the fourth ventricle and gives rise to
Purkinje cells, to type II Golgi cells, and glial cells. These migrate towards the pia mater
to form the mantle layer. The other germinal layer, the external granular layer, is sub-
sequently formed below the pia mater (Fig.1.6). From it originate granule cells, stellate
and basket cells, and glial cells of the cerebellar cortex. This layer thickens in time,
changing from one to six layers of cells because of cellular proliferation, and persists
after birth, even if smaller, in many animals. In man, it only disappears 600 days after
birth. At the beginning, 100% of cells of this layer become labeled with [*H]thymidine,
while subsequently an area devoid of mitoses is formed adjacent to the molecular layer.

One of the unsolved problems is represented by the migration of the granule cells.
Since it occurs late, it meets difficulties because other cellular elements are already
fixed in place. The migration is guided by Bergmann’s glia [2262]. It entails a complex
adaptation of cellular shape. The more deeply situated cells in the layer are those which
are generated first.

Glial cells seem to originate from the periventricular germinal matrix. In the mouse,
glioblasts from this matrix have already invaded the cerebellum when the migration
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Fig.1.6. Neonatal rat cerebellum; external granular layer, H&E, X200

from the external granular layer begins [850]. It is possible that glioblasts derive from
the external granular layer, from which astrocytes and oligodendrocytes of the molecu-
lar layer originate, but that this occurs only after the production of neurons has ceased
and, therefore, very late [613, 871]. The same rule applies to the basket cells and to the
small star-shaped cells.

1.4 Radial Glia and Ependyma

Long, radially oriented fibers which span the whole thickness of the developing neural
tube are present in the embryonal encephalon in very early stages of development. They
have been demonstrated with the Golgi technique in many vertebrate species, including
man, and have been variously called epithelial cells of Golgi [361], spongioblasts [2734,
2186, 2917], matrix cells [1081], ependymal cells [362, 1880, 2651], ependymoglia
[830, 2759], ependymal spongioblasts [2826], and radial glia [2262, 2263, 2531, 2893,
689, 1731]. According to recent observations, the cells of the radial glia demonstrate
mitotic activity at least at E13—E15 in the mouse [1907].

The presence of cells of the radial glia during the early phases of neurogenesis in
man has been confirmed in studies combining silver and ultrastructural techniques with
the demonstration of GFAP [63, 435]. In the human fetus, radial glia fibers have been
identified from the 12th week of gestation by means of Golgi techniques, from the 10th
week with the demonstration of GFAP, and from the 7th week with ultrastructural stu-
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dies. The nuclei are initially situated in the ventricular zone, then in the subventricular
zone, and less in the intermediate zone. The processes, sometimes with a subpial arbo-
rization, run from the ventricular zone to the pial surface, while some terminate on the
blood vessel walls [435].

This and other observations [1495, 2756] seem to prove that in man the maturation
of astrocytes with features of radial glia takes place in the first 3 months of fetal life. The
production of glia, therefore, either preceeds or occurs at the same time as that of neu-
rons. It continues after the production of neurons has ceased [2531] and persists into late
fetal development, by division both of cells of the subventricular layer and of cells
which have already migrated to other regions.

A discrepancy exists between the positivity for GFAP of radial glia in primates and negativi-
ty in mice, rats and chickens [201, 2546, 2809]. When identifying GFAP in the radial glia, the role
played by species differences, mode of fixation, and procedures aiming at preserving the immun-
oreactivity of GFAP in the embryonal tissue has to be taken into account [432]. The radial glia in
the rat is, instead, strongly positive for vimentin [203] (Fig.1.7a). The positivity appears at the same
time as that for neurofilaments (NF) in other structures and, therefore, may be indicative of diffe-
rentiation. In the rat, the precursors of glia and neurons may not express vimentin, as occurs in the
chicken [2809]. A few short GFAP-positive fiber tracts with radial orientation have been observed
in the rat embryonal brain at the 18th day of gestation [2209]. Cells and fibers marked by GFAP
increase in number until the 1st postnatal week, in parallel with the disappearance of the radial glia.

Notwithstanding the fact that GFAP may be identified at an early stage, its appearance in great
quantity occurs at the end of neuronal migration and the formation of long fiber tracts [2893]. At
the same time that the GFAP increases in the fetal rat brain, a drastic reduction of vimentin and
glial radial processes [2209] occurs. The time of maximum expression of GFAP and minimal ex-
pression of vimentin is at the 2nd-3rd postnatal week, i.e., while the rapid myelination phase is in
progress [550]. In adult rat glia, vimentin is very scanty unless the glia becomes reactive, hyper-
trophic, or hyperplastic [552, 2514]. The radial glia is GFAP-positive in the mouse spinal cord and
is vimentin-positive in the whole brain [689]. The telencephalic radial glia of mice has been shown
on cryostat sections to express GFAP by the 17th day of gestation [1044]. GFAP-positive radial fi-
bers appear with a rostrocaudal and dorsoventral gradient during embryonal development, and dis-
appear with the same gradient after birth, without correlations with the development of the cortex.

The role in guiding migrating neurons has been attributed to the radial glia both for
the monkey [2261, 2263] and man [2639]. The rationale for this is its presence at the
time of maximum neuronal migration and the close structural relationships between ra-
dial fibers and migrating neurons. The distribution of radial fibers is different in each
area. Their orientation is modified during development according to morphogenesis in
various areas and structures. A close correlation seems to exist between the position of
a neuroblast in the ventricular zone and its final position. The concept of “proliferative
unit,” meaning that all neurons are generated in the same position are guided by a sin-
gle radial process, has been proposed [2264].

The radial glia seems, therefore, to have an important role in the embryonal development of
mammals. It is also present in lower vertebrates, and while in these it persists after the end of de-
velopment, it is found in adult life [1188, 2734]. In mammals, it transforms into other cellular types
or degenerates [361, 2263, 435, 2531, 2595, 2209]. The transformation into protoplasmic and fi-
brous astrocytes has been observed in monkeys by means of silver impregnation techniques, show-
ing intermediate forms between radial glia and astrocytes [2531]. The radial glia transforms first
in the areas where cellular migration terminates first, i.¢., at the same time its guiding role is com-
pleted [1631]. In the human fetal brain, between the 21st and the 30th weeks, the cytological basis
of the transformation of the radial glia into astrocytes has been identified: increase in lysosomal
activity and in the number of autophagic vesicles, which are necessary events for the reabsorption
of the long processes [1332]. In the mouse, the predominant orientation of the mitotic spindle
seems to indicate that the radial glia disappears through repeated divisions, with progressive de-
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tachment of the daughter cells from the cell attached to the pial surface [1044]. It has been hypoth-
esized that oligodendroglia may also derive from radial glia, both directly and through intermedi-
ate astrocytic forms [436].

In the postnatal period of the mouse, the radially oriented fibers arising from the ventrolate-
ral angle of the lateral ventricle persist [1044]. This is the zone in which cells retaining prolifera-
tive capacity in adult life are found [2671].

In the diencephalon, the radial glia undergoes minor modifications as compared with the other
areas of the prosencephalon. In fact, the only zone of the mammalian adult encephalon in which
radially oriented fibers may be observed is the hypothalamus, which belongs to the phylogeneti-
cally older part of the encephalon [2595, 1631]. This finding may be interpreted as representing a
phylogenetic residuum of the diffuse system of radial glia which is present in lower vertebrates
[1188].

The cells of the ependymal covering of the third ventricle, which are provided with
a long process reaching the sub-pial layer, are called “tanycytes” (Fig.1.7b). These cells
also form the dorsoventrally oriented raphe fibers in the adult brain stem and spinal
cord. The term “tanycyte” was initially used to indicate cells of the ependymal layer of
the entire adult ventricular system of selachians, which is provided with a radially ori-
ented process [1188]. Tanycytes are different from the cuboidal or columnar cells of the
ependymal coverings in microscopic, ultrastructural, and histochemical properties
[1897, 1898]. In the rat,they originate mostly in the postnatal period [43] or towards the
end of fetal life [2423]. Their appearance is closely tied to the embryonal and fetal de-
velopment of the ependymal covering.

The neuroepithelial cells which become ependymal cells begin to proliferate in the
rat shortly after the formation of the neural plaque, i.e., before the tenth embryonal day
[1491]. This begins on the 12th day in the mouse [2265]. In the rat, the production of
ependyma proceeds with a caudorostral gradient, beginning on the 14th day in the
fourth ventricle, on the 15th day in the third ventricle and on the 17th day in the lateral
ventricles. It continues until the end of gestation, peaking at the 18th—19th day in the
third ventricle and the 20th-21st day in the lateral ventricles [563]. The tanycytes, in
contrast, are generated mostly in the postnatal period [43], even though they begin to
appear during the last days of fetal life [2423]. In the rat, the tanycytes of the third ven-
tricle do not mature completely until the 3rd week after birth [2461, 2423, 311].

In the monkey, mouse, and rat the tanycytes of the third ventricle-acquire GFAP in
the embryonal period and keep it in adult life (Fig.1.7b) [1631, 1044]. Human tanycytes,
on the other hand, are only transiently positive for GFAP, between the 15th gestational
week and birth [2343]. On the basis of these immunohistochemical data, tanycytes have
been considered as a modified form of embryonal radial glia [1332], as a differentiated
form of ependyma which develops in parallel with the normal ependyma [2343], or as
astrocytic cells [595].

Most authors have not detected proliferative activity in the ependyma of the adult
rat [313, 2265]. In the ependyma of the prosencephalon, there is a significant decline in
proliferative activity in the first 2 postnatal weeks. The remaining cellular turnover is
very low in adult life [418].

Even though tanycytes are considered to be specialized ependymal cells, their pre-
cise function is unknown. It has been proposed that they may form a connection be-
tween the cerebrospinal fluid (CSF) and the hypophyseal portal system [1685], trans-
porting “hormones” secreted into the CSF to the anterior hypophysis [1458], in parallel
with axonal transport, or conversely, to the CSF from the hypothalamic neurons [2840].
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Fig.1.7. a Rat embryo on the 14th day of i.u. life: vimentin- positive radial glia, PAP-DAB, x200
b Adult rat: GFAP-positive tanycytes of the third ventricle, PAP-DAB %200

Other functions have been attributed to tanycytes: regulation of ionic concentration in
the extracellular periventricular spaces [1616], guides for migrating neuroblasts of the
mediobasal hypothalamus as radial glia [2898], and a limiting barrier to the movement

of neurohormones inside the compartments of the mediobasal hypothalamus [2898,
2302].



2 Factors of the Transformation Process

2.1 Molecular Aspects

The technological advances in molecular genetics of the past 10—15 years have permit-
ted a new approach to the study of carcinogenesis and are also providing a remarkable
and promising volume of data on CNS tumors [2534, 1790, 1845, 546, 2587, 477]. The
reader is referred to specialized publications on the theoretical basis of biology and mo-
lecular genetics. In this chapter, an overview of the most recent discoveries in this field
relating to CNS tumors is presented.

A tumor which may be considered paradigmatic is the retinoblastoma [894], which
may be sporadic but in 40% of cases is familial and transmitted as an autosomal domi-
nant trait. Epidemiological considerations have suggested the hypothesis that retino-
blastoma may represent the result of two separate mutations [1463]. The first, i.e., the
“predisposing” mutation, may be inherited with germ cells (heritable cases) or acquired
somatically in single cells of the retina (in sporadic cases). In either case, this first mu-
tation is insufficient to cause the tumor, which is produced only after a second genetic
alteration affecting the remaining normal allele in the same retinoblastoma locus. The
probability of occurrence of the second mutation is very high. In fact, in 90% of those
individuals who have inherited a defective gene, retinoblastoma will develop [834]. It
is, therefore, understandable how the “predisposing” mutation, even if transmitted as a
dominant trait, is in reality recessive at the cellular level. Cytogenetic investigations and
studies carried out with RFLP (restriction fragment length polymorphism) analysis have
led to the localization of the retinoblastoma locus (RB1) on the q14 band of chromo-
some 13 [399, 400, 666]. The RB gene behaves, therefore, as a suppressor or repressor
of tumor development, or as an “antioncogene” [1464], and its loss or inactivation leads
to the development of the tumor. Different chromosomal mechanisms may be responsi-
ble for homozygosity of the mutant RB1 gene in tumors, such as nondisjunction, non-
disjunction with duplication, mitotic recombination, small deletions, and point muta-
tions [894].

Recently, the target of mutations leading to retinoblastoma has been isolated [834, 1597]. The
gene extends for 150 kilobases (kb) and produces a transcript of 4.7 kb, coding a 105-kDa nuclear
phosphoprotein with DNA binding capability [835, 1598]. The availability of the gene has led to a
more precise description of the mutational events affecting retinoblastoma genes. In both forms of
the disease (hereditary and sporadic), a variety of different mutations have been described, rang-
ing from subtle base changes to large deletions and mimicking spontaneous mutagenesis mecha-
nisms [894]. The biochemical mechanism through which the product of the RB gene exerts its an-
tioncogenic effect is unknown, but its ability to bind DNA leads one to believe that it participates

in the control of the transcription or of the replication of DNA. In fact, the levels of phosphoryla-
tion of the RB1 gene product are variable during the cell cycle, increasing in the S and G, phases
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[490, 421]. Moreover, it has been shown that some viral transforming oncoproteins, such as the
“large-T antigen” of SV40, the E1A of adenovirus and the E7 protein of human papillomavirus,
form stable complexes with the RB1 protein [3033, 1703, 691]. This finding suggests that the tu-
mor suppressor activity of the RB1 gene product may be abolished by different mechanisms com-
prising the binding with retroviral oncoproteins. The primary role in retinoblastoma tumorigenesis
of inactivation of the RB1 tumor suppressor activity is demonstrated also by the observation that
reintroduction of the missing RB1 gene into retinoblastoma tumor cells leads to a normal pheno-
type [1218].

A common mechanism, involving a “tumor suppressor gene” [1782], has been proposed
for different tumors of the nervous tissue which appear in the central form of neurofi-
bromatosis or NF2 [1790, 2587]. In this hereditary autosomic dominant condition, mul-
tiple tumors originating from different types of cells of the CNS may arise, such as bi-
lateral acoustic neurinomas, multiple spinal, peripheral or cranial nerve neurinomas, as-
trocytomas, and meningiomas. The hypothesis focuses on the loss of a putative suppres-
sor gene located in the long arm of chromosome 22, to which the NF2 gene has been
mapped [2377]. In fact, monosomy, deletions, or loss of heterozygosity for chromo-
some 22 are frequently found in human sporadic meningiomas [3114, 387, 2589, 686]
and neurinomas [2588, 503, 797]. Using RFLP analysis, the tentative tumor suppressor
gene of meningiomas has been localized to the region 22q12.3-qter. This region is lo-
cated in the long arm of chromosome 22, distally to the myoglobin locus [478]. The
analysis of a large family indicated that the locus of NF2 lies close to the anonymous
chromosome 22 locus D22S1 [2377, 3017]. Moreover, recent studies of the same NF2
family suggested that the NF2 locus maps in a 13 centimorgan (cM) region, between
loci D22S1 and D22S28 [2378]. Considering that the D22S28 locus is probably proxi-
mal to the myoglobin locus, it appears that the NF2 and meningioma loci are distinct
[478]. Thus, the increased risk of developing meningiomas in NF2 patients probably is
not due to the involvement of an unique gene in these two diseases, in agreement with
everyday experience showing that the majority of meningiomas, as well as neurinomas
and astrocytomas, arise sporadically without any connection with NF2 or other inher-
ited conditions.

Linkage studies in pedigrees affected by the peripheral form of neurofibromatosis
(NF1) have led to the localization of the genetic defect in this disease to band 17q11.2
[127,960]. A candidate NF1 gene, located in this region, has been recently cloned [403,
2944, 2971]. This gene extends for more than 100 kb and shows mutant alleles in indi-
viduals affected with NF1 [403, 2971]. The NF1 gene encodes a large transcript (11-13
kb) and a protein of at least 2485 amino acids, ubiquitously expressed. This protein
shows significant homology with the ras GTPase-activating protein [314, 3084, 3085],
suggesting a role in the regulation of p21™ activity.

The germline mutation in the NF1 gene leads to the development of skin lesions
(café-au-lait spots) and of benign tumors such as neurofibromas, but probably is not suf-
ficient for the development of malignant neurofibrosarcomas. It is possible that inacti-
vation of the second allele is necessary for the genesis of neurofibrosarcomas [1782]. In
fact, losses of genetic material on the short arm of chromosome 17, in addition to chan-
ges at the NF1 locus, have been demonstrated in neurofibrosarcomas but not in benign
neurofibromas [2661, 1872]. Probably, these deletions result in inactivation of one al-
lele of the “tumor suppressor” gene pS3 (located on chromosome 17p) which, more-
over, may show mutations in neurofibrosarcomas [1873].
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Several cytogenetic analyses have demonstrated important chromosome abnormal-
ities in human gliomas. Chromosomes 7, 9, 10, 17, and 22 are frequently involved by
these alterations [3089, 2305, 2306, 211, 1309, 857]. The majority of malignant glio-
mas have near diploid stem lines, but usually numerical and structural chromosomal ab-
normalities are present. Generally, with increases in the degree of malignancy, chromo-
somal anomalies become more marked and involve greater numbers of different chro-
mosomes [2602, 208]. In the more malignant gliomas, therefore, it is difficult to evalu-
ate which chromosomal anomalies are specific and significant in the genesis of the neo-
plasia and which instead are nonspecific epiphenomena which accompany the process
of anaplasia. Rearrangements involving the short arm of chromosome 9 are the most
common, particularly the loss of most of 9p [211]. In the short arm of chromosome 9,
precisely at 9p21-22, o- and B-interferon genes are located. Thus, the 9p deletion may
have important consequences for the control mechanisms of tumor progression. Loss of
chromosome 22 has been shown frequently in malignant gliomas and is particularly
common in polyploid tumors [3089, 2305, 1309]. Other very common changes are gains
of one or more copies of chromosome 7 occurring in ~80% of malignant gliomas [208].

Partial or complete allelic loss for sequences of chromosome 10 has recently been
demonstrated using karyotypic and RFLP analysis [857A, 857B, 7004, 211, 1278, 843,
2988]. A 188-cM region of loss of heterozygosity common to three glioblastomas has
been found [845]. This region mapped between 10q23.3 and the middle of 10p. Loss of
heterozygosity on chromosome 10 is reported only in anaplastic astrocytomas and in
glioblastomas, while nonrandom allelic losses involving chromosome 17 have also
been shown in well-differentiated astrocytomas [857, 857A, 857B, 7004, 1278, 1279].
A region of the short arm of chromosome 17, telomeric to 17p11.2, is probably involved
in these rearrangements [1279]. These studies on chromosome 10 and 17 abnormalities
suggest a possible developmental sequence of genetic changes during tumoral progres-
sion of gliomas. The gene defects in the short arm of chromosome 17 (as well as abnor-
malities involving chromosome 9p and 22) may be important in the early phases of gli-
oma development. Allelic loss involving chromosome 10 may occur later in tumoral
progression and could be linked to a malignant phenotype [207, 477].

In some cases, chromosomal abnormalities similar to those found in gliomas of
adults (partial trisomy of 7, deletions in 10, and loss of chromosome 22) were found in
ependymomas [2306, 1005, 2749]. Recently, abnormalities of chromosome 17 have
been reported in three out of four ependymomas [2749]. These changes, represented by
translocations onto 17p or chromosome 17 loss, were different from abnormalities usu-
ally detected in astrocytomas and medulloblastomas (isochromosome 17g).

Chromosomal abnormalities found in medulloblastomas are different from those
described in malignant gliomas. Structural changes, such as isochromosome 17q (re-
sulting in loss of one copy of 17p), translocations (8;11), unbalanced translocations of
20q13, and deletions of 6q, 11, and 16q are more common than gain or losses of whole
chromosomes [212, 1005, 365].

Loss of heterozygosity on chromosome 17p is one of the most common genetic ab-
normalities in human brain tumors and is particulary interesting because the p53 gene
resides on this chromosome. This gene encodes a nuclear phosphoprotein which might
act as a tumor suppressor [1782]. Several mutations of the p53 gene have been described
which abolish the ability to suppress transformation: moreover, the mutation of a sin-
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gle allele may have a dominant negative effect, inhibiting the function of normal p53
and plasmatic transformation [1782]

A limited amount of data on p53 mutations in brain tumors is available at this mo-
ment [2029A, 2066A, 857A]. Mutations have been found frequently in glioblastomas
and anaplastic astrocytomas, but also in some nonastrocytic brain tumors (oligodendro-
gliomas, ependymomas, and medulloblastomas); never in well differentiated astrocyto-
mas. In particular, p53 mutations have been found in about 60% of patients with loss of
heterozygosity on chromosome 17p. Moreover, the association of loss of heterozigosi-
ty on chromosome 10 with pS3 mutations was found only in patients with glioblastoma
[857A], indicating that during astrocytomas progression different genetic changes may
accumulate.

Overexpression of p53 has been immunohistochemically demonstrated both in be-
nign and malignant gliomas as well as in about 40% of malignant tumors of other sites
[2224A].

Double minute chromosomes occur in approximately 30% of malignant gliomas
[211]. Since double minutes are thought to be an expression of gene amplification, ma-
ny efforts have been addressed to the detection of amplified oncogenes in gliomas. The
gene most frequently amplified in malignant gliomas is erbBI, coding the epidermal
growth factor receptor (EGFR) [1644, 3071]. The EGFR belongs to a group of products
of oncogenes having phosphotyrosine kinase activity. There is evidence that this activ-
ity is crucial in the mechanisms of neoplastic transformation involving numerous onco-
genes [1226, 1227, 216]. In response to the binding with EGF, the receptor is capable
of autophosphorylation on tyrosine residues and of analogous phosphorylation of nu-
merous other proteins, activating a cascade of biochemical events which transmit a mi-
togenic signal and induce cell proliferation [1226, 524, 374]. Approximately one half of
malignant gliomas show EGFR amplification, and over 80% of tumors with amplifica-
tion contain double minutes [209]. Moreover, a strong correlation between amplifica-
tion of the gene and increased expression of the EGFR has been shown, whereby erbB1
is amplified in all tumors showing overexpression of the receptor [3071].

In some malignant gliomas EGFR is not only amplified, but also shows rearrange-
ments of the 5’-end, in the region coding the EGF-binding domain of the receptor [1224,
3095, 1742, 207]. These mutant glioma EGFR proteins can be selectively recognized by
specific antibodies produced using a synthetic peptide [207]. These observations sug-
gest the possibility of overproduction by gliomas of a truncated receptor, capable of au-
tophosphorylation in the absence of EGF. However, despite much evidence which indi-
cates a key role for EGFR gene amplification in malignant gliomas, this amplification
does not clearly correlate with the degree of histological and/or clinical malignancy of
these tumors [210]. However, if one discriminates between EGFR gene amplification
and EGFR gene dose alterations due to aneuploidy involving chromosome 7, the ampli-
fication appears associated with shortened survival [1227A].

In a glioblastoma cell line, a new gene located on chromosome 12 called gli has
been identified [1429]. It has been shown to be amplified over 10 times in 2 of 45 glio-
blastomas [210].

In a small number of malignant gliomas or glioma cell lines, amplifications for N-
myc [884, 3071, 846, 1227a] and c-myc [2863, 1227a] have been observed. Of some in-
terest is the observation that there are no reports of c-myc amplification in adult glio-
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mas. A single report of c-myc amplification was obtained in a childhood glioblastoma
cell line [2863]. Amplification for N-myc and c-myc was found in a few medulloblasto-
mas and cerebellar primitive neuroectodermal tumors (PNET) [2032, 2376, 101],
whereas amplification of myc genes seems to be a relatively common feature of medul-
loblastoma cell lines [213, 2987]. N-myc belongs to the family of myc protooncogenes
which is thought to be capable of modulating genetic expression and cellular proliferat-
ion by binding to DNA, even in normal cells [724]. Also in the nervous system, rela-
tionships between myc and proliferative and differentiation processes have been de-
scribed many times. In the immature brain, N-myc is expressed at high levels [2663,
988], but during maturation, simultaneous with differentiative processes, the levels of
transcription of N-myc decrease to those characteristic of the adult [2534]. The expres-
sion of the myc genes is furthermore induced by the mitogenic effect of different gro-
wth factors [724, 1227], while it is repressed as a consequence of the cellular differen-
tiation and of the loss of the proliferative potential [2534].

Amplification of N-myc is particularly important in childhood neuroblastomas,
where it is a more reliable indicator of a poor prognosis than classical morphological
criteria [294, 2568]. This gene, which has a limited homology with the c-myc oncogene,
is present in single copies in normal adult cells, while in neuroblastoma cells it is pos-
sible to identify up to hundreds of thousands of copies. In 24 of 63 (38%) neuroblasto-
mas studied, N-myc was amplified from 3 to 300 times [296]. Moreover, a significant
correlation between the aggressiveness and prognosis of neuroblastoma and the level of
amplification of N-myc was demonstrated, in the sense that amplification is frequently
associated with more undifferentiated tumors and a worse prognosis. There is a signif-
icant correlation both with the stage of the disease and with the histological features of
malignancy [2582, 2873]. It has furthermore been observed that in patients with neuro-
blastoma, the levels of amplification of N-myc are constant in time and in samples taken
at different locations of the tumor [297]. Several cytogenetic, molecular, and flow cy-
tometric avenues of evidence indicate that neuroblastomas can be divided into three ge-
netically distinct groups, with corresponding distinct clinical behavior [295]. N-myc
amplification associated with deletion of chromosome 1p, double minutes, and homo-
geneously staining regions (both cytogenetic expressions of DNA amplification) prob-
ably characterizes a neuroblastoma type with a poor outcome [294].

Expression of different oncogenes has been detected in some glioma biopsies (N-
myc, c-myc, v-fos, n-ras) [846, 714, 901] and in several glioma cell lines (c-myc, c-
millrafl, neu, n-ras) [714, 1547, 901]. The significance of these findings is unknown
and further studies are needed to correlate the oncogenic expression with histological
and clinicopathological features of glial tumors.

Important findings arose from studies concerning the expression of PDGF and
PDGEF receptor genes in gliomas. The first important finding is that the PDGF.B chain
is encoded by the c-sis protooncogene, the cellular homologue of the oncogene v-sis of
the simian sarcoma virus (SSV) [655, 2989]. SSV, when injected intracranially in a
newborn marmoset, may induce gliomas, and its oncogenic action is mediated by a gro-
wth factor that binds to the PDGF receptor [2336]. Moreover, it has been reported that
many human malignant glioma cell lines express PDGF genes and, in some cases,
PDGEF receptors as well [2038]. These findings suggest that in glioma cell lines, an au-
tocrine loop of growth stimulation involving PDGF may be present. Recent studies have
demonstrated coexpression of PDGF genes and of PDGF type B receptor in vivo, in bi-
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opsies of human astrocytic gliomas [1113, 1827, 1825]. These results suggest the pres-
ence in these tumors of an autocrine growth loop that may contribute to neoplastic pro-
gression, even in the absence of major structural changes of the c-sis gene [2232, 1825].

Evidence for PDGF type B receptor expression by vessel cells of human gliomas
has been reported [1113, 1827, 1825]. This finding may be extremely important in un-
derstanding the pathogenetic mechanisms of endothelial hyperplasia in malignant glio-
mas. A paracrine growth stimulation mechanism, involving PDGF produced by glioma
cells and the receptor expressed by endothelial cells, may be active. However, it has
been reported that hyperplastic endothelial cells of glioblastomas may also express
PDGF.B mRNA [1113, 1827]. This suggests the possibility of an autocrine loop as well
[1113]. An autocrine mechanism may account for the pseudotumoral growth of endo-
thelium and for sarcomatous proliferations that originate from hyperplastic vessels of
glioblastomas, giving rise to mixed tumors like gliosarcomas.

PDGF is furthermore implicated in mechanisms of glial differentiation, and it has
been demonstrated to play a key role in the proliferation and differentiation of glial cell
lines of the optic nerve [2316, 2042, 2252, 2242]. The proliferation of the bipotent O-
2A progenitor, which gives rise to oligodendrocytes and to type 2 astrocytes of the op-
tic nerve, is induced by PDGF which is produced by type 1 astrocytes. In the absence of
PDGF, the O-2A progenitors differentiate precociously, and, therefore, PDGF is crucial
for the control of myelination in the CNS [2249].

2.2 Familial Incidence of Tumors and Genetic Factors

The familial occurrence of medulloblastoma is known. Up to 1986, 21 cases had been
reported [2845]. Eight involved monozygotic twins, nine occurred in brothers, and eight
occurred in brothers of cases with other tumors. Of all these cases, two were congeni-
tal. There are many reports in the literature of familial astrocytomas and glioblastomas
[2552, 2478, 2439, 1124, 1592, 2934, 1692]. In some cases there was concordance for
site [2478] and for multicentricity [1124]. Very peculiar is the case in which two broth-
ers, 2 and 5 years old, simultaneously manifested a glioblastoma [683]. True hereditary
factors, however, have not been identified, even though families of patients with astro-
cytomas have a higher risk of developing brain tumors than the general population
[1692]. There have been discussions on whether the probability of occurrence of cere-
bral tumors was equal [1071, 955, 2234, 1160] or greater [2905, 437] in the relatives of
patients with tumors, but the role of heredity has not been [1472] and is not recognized
[750].

Retinoblastoma and phacomatoses, such as tuberous sclerosis, neurofibromatoses 1
and 2, and von Hippel-Lindau disease, are certainly hereditary and are discussed in the
relevant chapter.

2.3 Congenital Tumors

Tumors appearing within 60 days from birth used to be considered congenital [77], but
opinions then diverged on this point. Other authors have, in fact, considered as “certain-
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ly congenital” tumors producing symptoms at birth, as “probably congenital” tumors
producing symptoms in the first week of life, and as “possibly congenital” tumors pro-
ducing symptoms in the first month [2693]. This subdivision was later reviewed, and
the term of “possibly congenital” tumor was extended to those producing symptoms
within the first 2 months of life [2963]. The limits of the three categories were later fixed
at 6 weeks, 6 months, and 12 months, respectively [705].

Within the first 2 months of life, cerebral tumors are very rare and represent a pro-
portion which is not greater than 1.5% of all cerebral tumors of infancy. Up to the end
of 1984, 115 cases had been described, 12 of which were “probable” and 66 “possible”
congenital tumors [1324]. An additional six were found incidentally at autopsy [2963].
In the distribution of oncotypes, teratomas figured in first place (36.5%), followed by
medulloblastomas, astrocytomas, and plexus papillomas. Supratentorial localizations
prevail, and, importantly, the majority of teratomas are not of the pineal region but of
the third and lateral ventricles. Still, note worthy is the numeric importance of mesen-
chymal tumors, excluding meningiomas. In a series of 17 cases [1323], a prevalence of
supratentorial tumors was found, but only two teratomas were observed. Following ter-
atomas, medulloblastomas were the most frequent, 13 of 55, in a series of fetal and neo-
natal tumors [1285]. Up to 1986, 26 examples had been reported [778]; two cases, be-
sides being congenital, were also hereditary [1004].

Twenty-six congenital tumors, representing 11.3% of tumors in the first year of life,
were found in a Japanese series [2068]. Teratomas were the most frequent type, where-
as astrocytomas were the most frequent form in the first year of life in five Far Eastern
countries [2069]. In a series of 100 cases, representing 7.7% of all intracranial tumors
of childhood, medulloblastomas were the most frequent. However, in a recent review of
886 cases of tumors of the first years of life, collected from five geographical areas, as-
trocytomas turned out to be the most frequent tumors, followed by medulloblastomas,
ependymomas, etc. [630]. In a series of 93 cases during the first 18 months of life in the
UK, the most frequent tumors were medulloblastoma, ependymoma and astrocytoma.
Only one teratoma was found [1530].

2.4 Risk Factors: Epidemiological Data

The source of data relating to risk factors for cerebral tumors in man is twofold: descrip-
tive clinicopathological studies and epidemiological studies. The former have described
the association of cerebral tumors with various factors (individual characteristics, pro-
fessional and nonprofessional exposures, diseases, etc.), while the latter (more often
case-control studies) have tried to confirm the significance of the associations previous-
ly suggested and to identify others which are still unknown. All the case-control studies
have shown a certain number of methodological problems, which may explain the con-
trasting data which often emerge [2550, 1628].

In general, when many risk factors are analyzed simultaneously, a certain number of the ob-
served associations may be purely casual. The choice of controls to compare with cases of cerebral
tumor is always a crucial problem. If only healthy controls are used, a potential limit is the so-cal-
led selective recall, i.e., a greater anamnestic effort from relatives of the index case with brain tu-
mor, who are more emotionally motivated than the relatives of the healthy controls, with conse-
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quent disparity of information on the risk factors. As a consequence, there would be a need to uti-
lize, apart from healthy controls, which by themselves guarantee a greater generalization of the da-
ta obtained, sick controls and, in particular, patients with a noncerebral tumor. Sometimes, howev-
er, the utilization of different types of controls may lead to uncertain results: The consumption of
barbiturates was found to be increased in mothers of patients with brain tumors, when compared
with control mothers of patients with other types of neoplasia, but the difference became much less
evident when the comparison was made with mothers of healthy controls [954]. Another funda-
mental problem, especially in the study of professional exposure, is how a given exposure is mea-
sured: A different measurement of the intensity and of the duration of the exposure to the same risk
factor may lead even to opposite and anyway not comparable results. An extremely serious risk is
not to measure an exposure which really occurred (“misclassification of exposure”), especially if
this occurs in a different manner for tumor cases and controls.

The majority of analytic epidemiological studies on cerebral tumors put different histological
types in the same category, even with specific incidence and survival, so that available data for sin-
gle categories, for example, gliomas, medulloblastomas, etc., are very scanty.

2.4.1 Family Characteristics

The majority of the familial characteristics investigated in case-control studies of
infantile and adult cerebral tumors have not been found to be associated with a signifi-
cant increase in the risk for cerebral tumor. These characteristics are: congenital dis-
eases [955], maternal or paternal age at birth of the index case [437, 955, 2005], the
mother’s average age of menarche [955], maternal diseases preceding the birth of the
index case [437], type of religion and schooling [2005], and ethnic group [330] of the
parents. Equivocal results have emerged for other maternal characteristics, such as a
positive history of abortion and complications of delivery [1854, 437] or for epilepsy
and “stroke” [955], while, in the only available study [955], the association between in-
fantile cerebral tumors and epilepsy in consanguinous brothers and sisters has been
found to be statistically significant.

The association between maternal habits and increased risk of infantile cerebral tu-
mors has been found to be negative for the use of contraceptives by the mother before
the birth of the index case, tobacco consumption before pregnancy, and use of hormones
during pregnancy [955]. The suspicion that barbiturates employed as medication for ep-
ilepsy may cause brain tumors has been a matter of debate. The possibility was raised
in a case-control study [954]. In an investigation on barbiturate exposure during child-
hood and in utero [961], an association was found only for barbiturate use during child-
hood, but it was reduced to insignificance when the history of epilepsy was considered.
The use of phenytoin alone or in association with barbiturates during pregnancy has
been correlated with infantile CNS tumors [1666]. Also, for drugs with CNS actions,
i.e., sedatives and antidepressants, employed during pregnancy, the association was un-
certain, in particular for neuroblastoma [1503]. A positive association was found for
maternal antinausea medication [1460] and for the consumption of food with potential
sources of N-nitroso compounds, such as variously treated meats, e.g., smoked, pickled
[2235].

The importance of parental occupations have been taken into account as risk fac-
tors. Paternal exposure to hydrocarbons does not seem to be significant [3112, 2444,
956, 2005]. Studies {2081, 2005] have not confirmed the original suggestion of a risk



22 2 Factors of the Transformation Process

connected with the work of the father in the aerospace [2191], cellulose, or wood-pulp
industries [1545]. Paternal exposure in the chemical industry [956, 2005], in the petro-
leum industry, and in industries involving the use of electromagnetic fields [2005] is not
significant. In the last case, however, some doubts remain for peripheral nervous sys-
tem (PNS) tumors [2710]. The association is negative for maternal exposure to ionizing
radiation, while it is equivocal for paternal exposure [2005].

Parental occupations have also been taken into account for risk factors, with wide
discrepancies. A case-control study [3042] relying mainly on the Hoar job-exposure
matrix, revealed a pattern of greatest excess risk for paternal jobs held prior to concep-
tion in agriculture, transportation, construction, involving exposure to metals, paints,
hydrocarbons, or nitrocompounds, whereas few associations emerged for maternal em-
ployment characteristics. In another study [933], potential risk factors for brain tumors
were analyzed in 200 patients under 15 years old with verified brain tumor and com-
pared with controls. No factor was definitively identified.

2.4.2 Individual Factors

The order of birth does not represent a risk factor for cerebral tumors in adults [437,
330]. Being the first born and being heavy at birth is positively associated with infant-
ile cerebral tumors, but without statistical significance [955]. The blood group A has
been found to be positively associated with intracranial tumors in males [315] and with
gliomas in general [2592], and blood group O with hypophyseal tumors [1830]. By con-
trast, some authors deny the importance of blood groups [879, 437]. Religious affiliat-
ion and tonsillectomy are not important [955, 330]. Patients who are immunosuppressed
because of renal transplants have a 350-fold greater risk than controls of developing
lymphoma, many of which are cerebral [1176].

Various diseases have been reported to be associated with CNS tumors, but for none
of these has a thread of significance emerged. This applies to diabetes mellitus [2143,
79] and toxoplasmosis [2567]. The association between breast cancer and meningioma
[2552], likely on a hormonal basis, and that between osteosarcoma and hereditary
retinoblastoma [6, 661] are, however, significant. In ataxia telangectasia, extracranial
tumors occur more frequently than expected [559], but it is not known whether this
disease represents a significant risk for CNS tumors too [1628].

2.4.3 Multiple Sclerosis

The association between gliomas and multiple sclerosis is not frequent. Up to 1991, no
more than 25 cases had been described. The majority of the tumors were astrocyto-
mas/glioblastomas; only two cases were oligodendrogliomas [131, 924].

In the majority of cases, the tumor has not been clinically diagnosed; in some cases, demye-
linating plaques have accidentally been found at autopsy in patients with gliomas. This association
has been considered as casual by some [288, 270, 87, 55, 924, 1], while others considered the tu-
mor as_originating from the transformation of reactive glia [2476, 2284]. The finding that tumor
and demyelinated areas are contiguous would militate in support of the latter hypothesis [2476,
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288, 2284, 537, 2419, 55, 1555], but in many cases this is not observed [1970, 131, 270, 87, 1798,
537]. It is also possible that the growing tumor obliterates the demyelinated areas.

Oligodendrogliomas could originate from the proliferation of oligodendrocytes in the plaques
[1235, 1712], but the rarity with which oligodendrogliomas are associated with multiple sclerosis
would be inconsistent with the importance of oligodendroglial proliferation in the process of de-
myelination.

Some of the associated tumors were multiple [2476, 2284, 537]. The hypothesis of a common
viral origin has not been confirmed [1339]. The postulated causal association is in contrast with the
finding that the number of described associations is lower than that expected on the basis of the
prevalence of multiple sclerosis and the tumor mortality [2817]. However, the association in re-
ported cases may not reflect the real frequency of association [924].

2.4.4 Virus

There are reports of positivity for viral antigens, for example, SV40, or of DNA or
RNA sequences in different tumors, but decisive proof for a viral origin of cerebral tu-
mors is lacking. Sometimes, the sequences were left after infections in infancy by hu-
man viruses with widespread diffusion [1439].

2.4.5 Head Injuries

The appearance of cerebral tumors after head injury has repeatedly been reported to oc-
cur. This would directly imply the neoplastic transformation of reactive astrocytes. De-
spite reports that posttraumatic neuroepithelial tumors are not rare [2541], cases which
satisfy the criteria of acceptability are few [2951, 2189, 1499]. These are [3134]: ade-
quately serious trauma, origin of the tumor at the site of trauma, absence of CNS dis-
eases before injury, reasonable latency period between trauma and onset of the tumor,
histological demonstration, and direct continuity with the traumatic scar [1759]. In a re-
cent case [2870], as in others previously reported [777, 3065], trauma was due to a splin-
ter from a bomb. On the whole, it can be said that there does not seem to be a positive
association between trauma and primitive cerebral tumors [437, 61], even considering
only gliomas [330, 2238], unless the head injury has been severe [1159, 1213].

By contrast, the association between head injury and the development of meningi-
omas suggested by single reports [2307, 2974, 2800] has subsequently been confirmed
in case-control studies both in females [2234] and in males [2237, 2238]. A limiting fac-
tor in these studies was, however, represented by the impossibility of evaluating the
etiogenetic role of the head injury separately from that of exposure to X-rays, as radi-
ography was employed in the same patients to evaluate the consequences of the trauma.
A complete review of the subject is available[1922].

Experimental data concerning the putative relationship between trauma and the de-
velopment of brain tumors until now have given contrasting results. In transplacentally
by ethylnitrosurea (ENU) treated rats injured by an intracranial needle-trauma at 12
days of age, no effect on the number and location of tumors was observed [1871]. In an-
other study in similar rats, a greater percentage of gliomas was found on the traumatized
side [1923]. In our experience with the same rats, trauma seems to act as a factor antic-
ipating the appearance of gliomas [2520].
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2.4.6 Irradiation

Data on the risk of development of cerebral tumors after prenatal exposure to X-rays for
diagnostic use are contrasting: The 60% increased risk reported by McMahon (1962)
[1854] has not subsequently been confirmed [437].

Postnatal exposure (skull and dental X-radiography) has been found to be positive-
ly associated with the development of meningiomas [2237] in both females [2234] and
males [2237]. Repeated dental X-radiography, especially before 1950 when this proce-
dure entailed exposure to very high radiation doses, have been thought to increase the
incidence only of tentorial or infratentorial tumors.

There are many reports indicating exposure to X-rays as a treatment for tinea capi-
tis as a risk factor in children. Worldwide, 250,000 children underwent the Adam-
son—Kienbock irradiation technique for tinea capitis during the years 1910-1959, i.e., a
radiation dose of from 70 to 200 rad [3016]. Evidence indicates a relationship between
small doses and tumors such as meningiomas [1911, 2385] and gliomas [2629, 2351].
A glioblastoma associated with multiple meningiomas, a malignant cerebellar astrocy-
toma, and a diffuse astrocytoma have been described in patients many years after expo-
sure to low-dose irradiation [2684]. The induction of meningiomas by irradiation is now
well established, and radiation-induced meningioma seems to be a recognizable entity.
A supplementary case has been reported [2135].

There are many reports of second CNS tumors arising after radiotherapy for intra-
cranial tumors. They are usually meningiomas [1753, 2682, 2385, 1528, 1950, 2683]
and sarcomas [2044, 95, 179, 2844, 1528, 2802]. Gliomas are much less frequent: 24
cases had been reported up to 1985 [1674], but others have been published subsequent-
ly [1327, 1725, 2889, 1217, 799, 2532, 636, 2124, 1434, 2605, 402, 2441].

In the reported cases, the dose varied between 150 and 6000 rad. Usually, the irra-
diation was given for infantile tumors, so that the majority of published cases were in
the first 3 decades of life. Irradiated primary tumors were mostly medulloblastomas,
craniopharyngiomas, and acute lymphoblastic leukemias.

Criteria are available to determine whether a correlation between radiotherapy for a
first neoplasm and the development of a second tumor exists: (1) Both tumors have to
be histologically verified; (2) the second tumor has to develop in the irradiated area; (3)
there must not be similarities of site and histological appearance between the two tu-
mors; (4) the latency period has to be sufficiently long to exclude the presence of the
second tumor at the time of irradiation. The role played by radiotherapy in the induction
of the second neoplasm is very controversial, even though the cases reported in the lit-
erature and experiments in monkeys are in favor of a causal role of radiotherapy [1382,
2864, 1088, 1511]. Our knowledge of radiobiology is not in contrast with this hypothe-
sis. Theoretically, the risk of a second intracerebral neoplasm after therapeutic irradia-
tion is more than 100 times greater than in controls [402].

2.4.7 Nonprofessional Exogenous Exposures

Smoking has never been found to be a potential risk factor [437, 2234, 1978, 1160];
however, in the wide Canadian case-control study published in 1987 [330], the use of
cigarettes without filter was found to be significant.
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The positive association with the use of hair dyes or hair sprays recently reported
[330] must be reevaluated, because many of these products, being oxidants, are well
known as potent mutagens [2926] and have been found [2630] to be positively associ-
ated with extraneural tumors such as, for example, mammary carcinoma.

The exposure to N-nitroso compounds and their precursors or modulators in food
has been actively investigated, in the light of experimental data on the very well known
carcinogenetic potential of such substances on nervous tissue, but the results have often
been contrasting or even incongruent. High risks for gliomas have been found for the
consumption of salted, smoked, and pickled fish [330]. The latter represents an impor-
tant source of nitrosoamines and perhaps of nitrites. The consumption of other meat
products, also important sources of nitrites, was found to be positively associated with
the risk of infantile and juvenile tumors [2235]. In the Los Angeles area, it was found
to be a significant risk factor for meningiomas in females [2234], but not in males
[2237]. The consumption of alcohol is not significant in some series [437, 1978, 1160],
while in others [330] wine consumption represents a risk factor for gliomas.-Analogous
discrepancies have been found for beer consumption [330, 1213], which contains hig-
her concentrations of nitrosoamines than wine. From a case-control study [330], a pro-
tective role of fruit consumption has emerged. This could be in relationship to the ele-
vated content of vitamins C and E, which are known as inhibitors of the formation of N-
nitroso compounds from nitrites and other precursors [1905, 2990].

The use of oral contraceptives has not been found to be associated with a risk for pi-
tuitary adenomas in American women [60].

Two cases of children with high urinary levels of lead who subsequently developed
an astrocytoma were reported [2562]. Even if anecdotal, this datum is not to be under-
valued in the light of the demonstrated experimental inducibility of gliomas in rat with
diets rich in lead citrate [2100].

Different nonprofessional exposures have been examined [955] in a case-control
study in children. Positive associations have been found with living on a farm and a his-
tory of contact with farm animals. Some associations, even if not achieving statistical
significance, have been emphasized because of their potential biological significance,
for example, that with insecticides and sick pets. This association was subsequently de-
nied [1213].

2.4.8 Professional Exogenous Exposures

The increased risk for cerebral tumors in rubber industry workers is controversial. Equal
numbers of reports confirm [1749, 1917, 330] and deny [1855, 1849] it. The same un-
certainties remain for workers in the petrochemical [2838, 2992, 1601, 93, 2836], phar-
maceutical [2835, 1849], and textile [1978, 1849] industries, for chemical workers
[2076, 330], for glassmakers [716, 3056, 18491, and for subjects exposed to vinyl chio-
ride [2993, 330]. Some studies, however, indicate an excess mortality for cerebral tu-
mors in workers in the petrochemical industries [2027, 28].

An excess mortality from cerebral tumors in various categories of subjects exposed
to electromagnetic (nonionizing) radiation, such as electrical and electronic engineers,
electricians, telephone and telegraph line operators [2236, 1748, 1889, 1653], has been
reported. Different studies have reported a shorter latency between the initiation of the
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exposure and the onset of tumors than that known for other forms of professional carci-
nogenesis, for example, that due to asbestos [2584, 3018]. It has been hypothesized
[1653] that the oncogenic action of electromagnetic radiation might occur through a
mechanism of facilitation more than initiation of the neoplastic growth. This hypothe-
sis may be in agreement with the finding in extracerebral experimental tumors of a “pro-
moting” effect of such radiation [2748, 976], even if, for now, the only actions demon-
strated on the nervous tissue concern the possibility of inducing gliosis [1411] or mod-
ifying the bond with calcium ions [14]. Recent studies, especially case-control ones,
however, denied [2077, 1849] or attenuated [2837] the carcinogenic risk for the CNS of
electromagnetic radiation. In particular, the increased risk of gliomas in the electronic
industry involves categories both exposed and nonexposed to electromagnetic radi-
ations [2837]. The hypothesis, therefore, is that the increased risk of cerebral tumors
was due, at least in part, to the exposure to various chemical products used in the elec-
tronic industry, especially solvents (trichloroethane, tri- and tetrachloroethylene, etc.),
which may induce gliotic phenomena in cerebral tissue [2366].

The increased risk of gliomas in agricultural workers, originally suggested in a de-
scriptive epidemiological study [301], is controversial [1978, 330, 1849, 1979, 1899].
A significant increase has been found in agricultural workers who used fungicides and
insecticides, but not herbicides and fertilizers [1979]. Some of the fungicides common-
ly added to copper sulfate compounds used in vineyards contain alkyl ureas, which are
the precursors of the N-nitroso-alkyl ureas.

An increased incidence of gliomas has been hypothesized in various health work-
ers. The risk would seem significant for pathologists [1063] and anatomists [2755], per-
haps following exposure to formaldehyde or other chemical agents, and for dentists and
their assistants [20] who handle mercury and various metal amalgams.

Both descriptive and analytical studies agree in attributing an increased risk of gli-
omas to welders [716, 375, 1849], while there are single reports for categories with ex-
posures similar to those of welders (plumbers, millers, etc.) [1849]. A recent case-con-
trol study on occupational risks in Sweden [1849] has suggested, for the first time, an
increased risk of gliomas in ceramic, porcelain, and brick workers.

A risk of cerebral tumors has been found to be elevated even in attorneys and law-
yers [668, 1849]. It is possible that these categories are prone to a greater diagnostic ac-
curacy.

2.4.9 Multiple Tumors

One of the arguments supporting the theory of the multicentric growth of cerebral tu-
mors, particularly of gliomas, is the occurrence of diffuse and multiple gliomas. From
diffuse gliomas, mostly astrocytomas and oligodendrogliomas, gliomas with multicen-
tric growth and diffuse glioblastosis, also called diffuse spongioblastosis [3134], must
be kept separate. Diffuse glioblastosis is a rare form which especially affects the young,
in the brainstem or in the hemispheric white matter, and has a recognized dysontogenet-
ic origin. Multicentric gliomas are tumors in which growth centers may be very distant
from each other. According to Courville (1936) [502] 10% of glioblastomas and 6% of
astrocytomas are multiple.
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The majority of multiple gliomas are found only in one hemisphere, but they can al-
so be symmetrically distributed and often have similar dimensions. Glioblastoma pre-
vails, but other histological types are also represented. Although rare, contemporaneous
cerebral and cerebellar locations have been described [3134, 2420]. Periodically, cases
of multiple gliomas are reported in the literature [2803, 407, 130, 1906] with an inci-
dence varying from 2.5% to 8.75%.

The main problem concerning multiple gliomas is whether they actually represent
true multicentric foci [502, 247] or are expressions of metastases within the nervous
system. Solitare (1962) [2692], critically reviewing the problem in relation to a cere-
bral-cerebellar glioma, warned against the possibility that multiple foci are not distinct
foci but appear so because of insufficient examination of the intervening nervous tissue,
as others have [3134, 146].

Still, it has recently been reiterated that the pathogenesis of multiple gliomas may
be an expression of a true formation of multiple primary growths, of contemporaneous
disturbance of development leading to coordinated tumors [2093], or of metastatic dis-
seminations along CSF pathways [324]. Obviously, the entire brain must be examined
in order to accept a tumor as multicentric. It has, in fact, been demonstrated that some
apparently multicentric glioblastomatous foci are connected by a diffuse astrocytoma-
tous proliferation. This case might represent a multicentric malignant transformation of
a diffuse astrocytoma [2483]. Some multicentric growths on CT scan may be found to
belong to this category after histological examination. True multicentric gliomas occur
in 8% of our autopsy series.

Multiple tumors of diverse nature are considered separately, because the pathoge-
netic problem is different. They may belong to hamartoblastomatosis, such as von
Recklinghausen’s disease, in which multiple neurinomas, meningiomas or astrocyto-
mas are associated. Also, combinations of mesodermal tumors, such as multiple menin-
giomas, or of mesodermal and neuroectodermal tumors may occur. Not infrequent is the
association between meningiomas and gliomas, usually astrocytomas and glioblasto-
mas, but also oligodendrogliomas. In all, 18 cases from the literature plus a personal one
of meningiomas associated with gliomas of various type were reported [702] . The num-
ber amounted to 25 some years later [783]. Single cases are periodically reported in the
literature [2754, 75]. The association of glioma and meningioma has been found to be
the most frequent one [58, 609].

Other associations found were between glioma and hemangioblastoma, craniopha-
ryngioma and meningioma, meningioma and neurinoma [609], and craniopharyngioma
and astrocytoma [384], and craniopharyngioma and pinealoma [1090]. The association
astrocytoma-neurinoma is rare [504, 1109, 348]. Sarcomas not infrequently appear in
association with other tumors [1829], and this involves the more general problem of
mixed sarcomatous tumors. Also rare is the association between pituitary adenomas,
gliomas, and meningiomas. The association between primary lymphoma of the brain
and meningioma has been reported only once [2666]. From the pathogenetic point of
view, it is important to note that in the majority of cases, the tumors belong to anatom-
ically adjacent areas and, therefore, stand in probable causal relationship [348].
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3.1 Chemical Carcinogenesis

3.1.1 Topically Acting Carcinogens

The experimental induction of cerebral tumors was initially accomplished at the site of
application of the carcinogens. Polycyclic aromatic hydrocarbons such as 20-methyl-
cholantrene [3124], 1,2,5,6-dibenzanthracene [76], and 3,4-benzopyrene [3125] were
the ones most used, by means of pellets implanted in the brain. The histological type of
tumor obtained depended on the site of implantation [3123]: ependymomas in the ven-
tricles, glioblastomas and oligodendrogliomas in the white matter, medulloblastomas in
the cerebellum, etc. It was clear that the subependymal zone could play an important
part in the development of these tumors [1180].

3.1.2 Resorptive Carcinogens

A tumor was not induced at the site of application of the carcinogen, but in different or-
gans towards which it shows a specific tropism. The first studies were based on the ob-
servation of occasional tumors in rats, produced by 2-acetylaminofluorene [2918, 1158,
2780], 8-orthohydroxycholine [1157], and 2,7-fluorenbisacetamide [2676]. Subse-
quently, a systemic induction was obtained, after the demonstration of the hepatic car-
cinogenic activity of nitrosamine [1730], with compounds belonging to the nitrosourea
group. Numerous nitrosourea derivatives have been studied [664]. Nitrosamides ap-
peared to have a strong neurotropism.

Two compounds in particular have been found to be ideal for developing an exper-
imental model: methylnitrosourea (MNU) and ethylnitrosourea (ENU). Tumors could
be produced in the adult animal, in the neonate, and transplacentally, with in every case
a relationship between administration route, dose of carcinogen, and latency period
being demonstrated (see Table 3.1). The tumors seen are mostly gliomas, arising main-
ly from periventricular areas and from the hemispheric white matter [2999, 1474, 664],
and neurinomas of the fifth nerve or of the spinal roots [1010, 2778], which are morpho-
logically similar to spontaneous tumors in humans and animals. More tumors may de-
velop in the same animal, and tumors in different phases of development may be found
at the same time in the same animal.

MNU is active in the adult animal, while ENU is active in the neonate and transpla-
centally. MNU repeatedly administered by the intravenous route produces gliomas in
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Table 3.1 Induction of tumors in the rat
Carcinogen Animal Administration Site Dose Latency
period
Route Day of (mg/kg)  (days)
pregnancy
Prenatal induction (transplacental)
Ethylnitrosourea Rat Intravenous 15-17 SNC 80 150
SNP 5 250
Ethylnitroso-biuret Rat Oral 15 SNC 100 190-330
SNP
1,2-Diethylhydrazine Rat Intravenous 15 SNC 50-150 126-560
SNP 5- 10 560
Azoethane Rat Inhalational 15 SNC 300 220
SNP 600 126-480
Azoxyethane Rat Intravenous 15 SNC 50 142-300
SNP
Ethyltriazenes Rat Intravenous 15 SNC 110 350
SNP 55 450
1,2-Dimethylhydrazine  Ineffective
Azoxymethane
Methyltriazene Ineffective
Neonatal induction
Intravenous SNC 180-600
Ethylnitrosourea Rat Subcutaneous SNP 5- 80
Intracerebral 1st-30th day
SNC -
Butylnitrosourea Rat Subcutaneous SNP 120, 1std ayl 30-180
. SNC 190-250
Ethyltriazenes Rat Subcutaneous SNP 50, 1st day
Methylnitrosourea .
Ethyltriazenes Ineffective
Induction in the adult animal
Rat Intravenous SNC
Methylnitrosourea Rabbit  Oral SNP Smglg  280-500
per week
Dog Intraperitoneal
Intravenous SNC 3 mg/g
Dimethylnitrosourea Rat Oral SNP g(e)r n»:/ge:/i( ¢ 450
per week 210
Trimethylnitrosourea Rat Oral SNP 3 mg/g
perday 450
Intravenous SNC 25 mg/g
. per week 410
Ethyltriazenes Rat Subcutaneous SNP 50 mg/g
per week 250
Ethylnitrosourea Ineffective

The frequency of tumors and multiple tumors is dose-dependent.



30 Experimental Tumors

Fig.3.1a,b. Rat transplacentally treated with ENU. a Early neoplastic proliferation (ENP) in the
white matter, H&E, x200. b ENP: intense GFAP staining of reactive astrocytes, PAP-DAB x200
[1822]

the brain and in the spinal cord and neurinomas of the gasserian ganglion within
280-500 days.

Very important and widely used is the transplacental model with ENU. A single i.v.
dose of 20 mg/kg in the rat on the 17th day of gestation causes cerebral tumors in 90%
of the offspring. Increasing the dose of ENU increases the number of tumors per rat and
decreases the latency period [664]. The period of clinical latency, i.e., between birth and
the the first appearance of symptoms, is 5-6 months [2278, 266]. At this age, however,
neoplastic lesions at different stages of development are found; if animals are system-
atically studied starting from birth, the first tumors are found at the 2nd month of extra-
uterine (e.u.) life in the periventricular white matter [2501, 1572], known as early neo-
plastic proliferations (ENPs) (Fig.3.1a). Histologically, they are not very well defined
[1441, 2777, 1569]: Astrocytes and oligodendrocytes are present, apart from cells of un-
certain nature [2501]. The abundance of reactive astrocytes in these lesions is striking
[2503, 1822] (Fig.3.1b). Between the second and the third month of e.u. life, microtu-
mors of a diameter between 300 and 500 pm, with higher cell density, frequent mitoses,
and proliferation centers of densely packed cells, develop from these lesions [1474].
Microtumors continue to appear between the fourth and the fifth month (Fig.3.2a),
while oligodendroglial foci begin to be evident in the cortex and in the white matter be-
tween the third and sixth month (Fig.3.2b). Isomorphous tumors develop from microtu-
mors and become polymorphous. Adult isomorphous oligodendrogliomas (Fig.3.3) de-
velop from oligodendroglial foci and may become polymorphous. Malignant growth is
reached at the stage of microtumors [2999]. The entire temporal sequence is reported in
Fig.3.4.
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Fig.3.2a,b. Rat transplacentally treated with ENU. a Microtumor, H&E, x200. b Oligodendrogli-
al focus between white matter and cortex, H&E, x200

Proliferative centers with high cell density can be recognized in many microtumors
and tumors (Fig.3.5).

Neurinomas represent 41% of all experimental tumors and occur more frequently
(53%) in postnatal induction experiments [3139]. They arise from Gasser’s ganglion
(Fig.3.6) and from posterior spinal roots, and resemble the human ones but are more ma-
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Fig.3.3. Rat transplacentally treated.with ENU; isomorphic oligodendroglioma, H&E, %150
[2525]
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Fig.3.4. General scheme of tumor development after transplacental administration of ENU [2503]

lignant and tend to diffuse in the subarachnoid spaces (Fig.3.7). In culture, they grow
rapidly, and their cells are similar to Schwann cells [513, 801, 1870]. If transplanted in-
to subcutaneous tissue or the brain, they do not differ from those of the original tumor
[514].

With the intraperitoneal administration of ENU 100 mg/kg in Syrian golden ham-
sters on the 16th day of gestation, multiple peripheral tumors, mostly subcutaneous
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Fig.3.5. Rat transplacentally treated with ENU; tumor with proliferative centers, H&E, x150

Fig.3.6. Rat transplacentally treated with ENU; neurinoma of the Gasser ganglion

neurofibromas, appear. They have a plexiform structure similar to neurofibromas in von
Recklinghausen’s disease. Simultaneously, but with lesser frequency, melanomas,
pheochromocytomas, and nephroblastomas have been observed. This led to the suspi-
cion that the target of ENU in this animal is the ganglial crests [1998]. It must be stres-
sed that foci of melanotic cells were present in the neurofibromas. Similar tumors had
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Fig.3.7. Rat transplacentally treated with ENU; neurinoma of the fifth cranial nerve diffusing in
the subarachnoidal space, H&E, x50

already been obtained in the same animal with the combined administration of ENU
through the placenta and on the skin [2165].

3.1.2.1 Pathogenesis of Nitrosourea-Induced Tumors

The crucial moment in this model is represented by the histological latency period.
However, the identification in vivo of the phenotypic changes of the presumed tumor
cells is very difficult [1549]. This is due both to the polymorphous cellular composition
of the CNS and to the fact that only a minimal fraction of the constituent cells under-
goes changes leading to malignant phenotypes because of the effect of the carcinogen.
It has furthermore to be taken into account that between the 17th day of i.u. life, when
ENU is administered, and the 60th day of e.u. life, when the first tumors appear, the
CNS undergoes substantial modifications due to the proliferation, migration, and differ-
entiation of neuroepithelial cells which, starting from the matrix, will form the cortex
and the white matter. The target of ENU is represented by the germinal zone which de-
rives directly from the germinal layer of the neural tube [1283, 1571]. For this reason,
three points have to be considered: proliferation and cellular differentiation, structural
modifications of the DNA, and phenotypic alterations which occur in the target cell
population.

The first point has already been considered in Chap. 1. As for the structural chan-
ges in the DNA, it is known that the most important effect of ENU is the oxygen alkyl-
ation with coupling errors during transcription, due to the substitution at the O6 of gua-
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nine, O2 of the cytosine, and O2 and O4 of the thymidine. The alkylation at the N7 po-
sition of guanine and the N3 of adenine may instead be responsible for the cytotoxic ef-
fects of the carcinogen [1440]. The defective ability to repair DNA seems to be respon-
sible for the susceptibility of the CNS to the neuro-oncogenic effect of alkylating
agents. Within a week from the administration of ENU to 10-day-old rats, the quantity
of O6 alkyl guanine in cerebral DNA is 20 times higher than in hepatic DNA [978]. The
effect of ENU diminishes as e.u. life progresses, due to the decrease in the mass of the
target cells [2259]. The inefficacy of ENU administered before the 15th day of i.u. life
is due to the fact that at this moment neuroblasts are no longer dividing, and gliogene-
sis has not yet started [1440].

The phenotypic changes must be discussed while taking into account that the target
cells of ENU are cells of the germinal matrix, cells of the subependymal layer, the mi-
grating glial cells, and immature subpial glial cells in the spinal cord [1993]. Short- and
long-term effects can be observed in these cells. The former include cell death, nuclear
pycnosis, and momentary arrest of cell division in the ventricular zone [266]. An in-
crease of cell proliferation has to occur [1551] for a genetic fixation of the promutagen-
ic structural changes. In fact, the cytocidal effect of ENU is followed by cellular prolif-
eration in the subependymal zone, in the peripheral neural plexuses and in the proximal
part of the cranial nerves, especially the fifth [2779]. The roots of the fifth cranial nerve
are composed of a peripheral part, with myelin of peripheral type and Schwann cells,
and a central part with myelin of central type and oligodendrocytes with the line of de-
marcation being the zone of Obersteiner-Redig. The first proliferations of Schwann
cells are observed 1 month from the administration of ENU [2997]. When tumors de-
velop, they may simultaneously be neurinomas in the peripheral part and oligodendro-
gliomas in the central part of the roots, and they may often be interpenetrating [2482].

Different observations have demonstrated a cell-lineage specific mutation of the
neu/erbB-2 gene in the neoplastic trasformation of Schwann cells induced by transpla-
cental ENU administration [2175A, 2763A, 2029B]. ENU-induced trigeminal neurino-
mas carry a TAAT transversion mutation at nucleotide 2012 of the transmembrane re-
gion of the neu gene. This mutation produce the substitution of glutamic acid for Val-
664 of gp185™+ (125), a phosphoglycoprotein with thyrosine kinase activity and struc-
tural homology to EGFR. The mutation can be identified in trigeminal Schwann cells as
early as 7 days after carcinogen administration [2029B], but is always absent in the
ENU-induced CNS tumors other than neurinomas [2175A, 2763A, 2029B]. The pres-
ence of a mutated neu allele represents a selective advantage for Schwann cells whose
proliferation rate largely exceeds that of wild-type trigeminal cells [2029B]. Moreover,
loss of heterozygosity for the mutant neu/erbB-2 gene, i.e., loss of the normal neu allele
in cells previously heterozygous for the neu mutation, seems to represent a critical sec-
ond step in the progression of ENU-induced schwannomas towards a malignant pheno-
type [2029B].

Between the 17th day of i.u. life and the 60th day of e.u. life, no morphological
change can be observed in the areas which have in the meantime developed from the
ventricular zone. However, if cerebral fetal cells are put in culture after exposure to
ENU in vivo, they demonstrate phenotypic modifications up to the development of tu-
mors if they are transplanted into 5—10-day-old rats [1549]. If brain cells obtained when
the neoplastic transformation in vivo has reached the stage of microtumors are cultured,
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it is still possible to find transformation in vitro [2357]. The transformation of the brain
fetal cells in culture occurs in four stages, which require 100 days [1551]. Obviously,
this interval is influenced by the dose of ENU administered. The cell phenotype chan-
ges before the cells become biologically malignant, i.e., before they become tumorigen-
ic if transplanted into rats. It has to be noted that GFAP is negative or weakly positive
in these cells [1550]. If, however, “glial maturation factor” is added to the culture, fetal
glioblasts rapidly become mature astrocytes [1651, 1083].

Fetal rat brain cells exposed in vivo to ENU and transplanted into syngenic hosts
after 200 days of culture form tumors which are morphologically similar to those in-
duced with transplacental ENU [1550, 453]. Aggregates of malignant cells put into con-
tact with the hearts of 9-day old chick embryos invade the explant. This demonstrates
that invasiveness is a property associated with tumorigenicity in vivo [592, 1551].

In the period of histological latency, no morphological change is found; however,
if the cells of the white matter between the ventricular germinal zone and cortex are
counted on the 30th day of e.u. life, their number will be higher than in controls. Cell
hyperplasias are thus recognized and represent the most precocious neoplastic manifes-
tations [2503]. The number of mitoses is not different from controls in these areas, and
the DNA histogram, obtained cytofluorometrically, demonstrates that the majority of
cells are diploid. This means that cells in cycle are few, as in controls, and justifies the
30-day latency period. The labeling index (LI) with [3H]thymidine does not vary be-
tween treated and untreated animals in the subependymal cells and also remains low in
the early tumor manifestations [1238, 1239].

More cell generations must take place between the moment of ENU administration
and that of tumor appearance. As a matter of fact, a glial reaction elicited by trauma at
the end of the latency period can enhance glioma formation [1923] and anticipate the
tumor’s appearance [2525], adding some more generations of genotypically trans-
formed cells. In the long run, however, the number and cell composition of tumors are
not modified by trauma [1871, 2525].

If suspensions of fetal forebrains of rats born from i.v. ENU-treated mothers are in-
jected into adult rat brains treated with supplementary ENU, only oligodendrogliomas
develop. This may indicate that neoplastic transformation does not require pluripotent-
1al stem cells, but that it can occur on oligodendrocytes or on precursor cells committ-
ed to oligodendrocytic differentiation [342].

In experiments with MNU administered in adult rats, where tumors develop from
the transformation of already differentiating and migrating glia, there is no sensitivity
to the drug of the reacting glia after a stab wound; the trauma then has no influence on
tumor appearance [3091].

3.1.2.2 Cellular Composition

ENU-induced tumors are essentially glial microtumors, ependymomas, astrocytomas,
and oligodendrogliomas, both isomorphous and polymorphous.

A large number of GFAP-positive reactive astrocytes characterizes the early neoplastic man-
ifestations {1822, 2624] (Fig.3.1b). In microtumors and in developed tumors, practically the only
GFAP-positive cells are the reactive astrocytes which, as the tumors grow, become progressively
confined to the periphery and to the surrounding healthy tissue [1822, 2291] (Fig.3.8). The scarci-
ty of GFAP-positive tumor cells could be due both to the immaturity of the cells, which are still
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Fig.3.8. Rat transplacentally treated with ENU; GFAP reactive astrocyte confined to the periphery
of an oligodendroglioma, PAP-DAB, x300

not capable of expressing GFAP, and to the anaplasia, meaning that the cells have lost the capaci-
ty to express GFAP [581]. The abundance of reactive astrocytes in early lesions has been various-
ly interpreted. It could be due to the existence of hidden myelin damage [1572] or to the normal
rich complement of stellate astrocytes around the ventricles. Necrotic lesions experimentally pro-
duced by trauma are equally rich in GFAP-positive reactive astrocytes [2514]. Oligodendroglio-
mas are the most frequent fully developed tumors and are very similar to the human ones.

Vimentin is coexpressed with GFAP in adult and reactive astrocytes [550]. However, since it
appears before GFAP during cytogenesis, it has been considered as a marker of immaturity if it is
the only intermediate filament antigen expressed [2546, 203, 753]. The cells of proliferative cen-
ters of microtumors and developed tumors are vimentin-positive (Fig.3.9) and GFAP-negative
[928, 2291]. They have been interpreted as undifferentiated elements. It is also possible that they
correspond to radial glia which is vimentin-positive and GFAP-negative in the rat and a possible
target of ENU, as they are already present when the drug is transplacentally administered [929].

A precise recognition of the various cytotypes on an immunohistochemical basis is not easy.
For example, carbonic anhydrase C, a typical marker for oligodendroglia [1531], (also in man
[1532]), is positive in normal rat oligodendrocytes but not in tumor oligodendrocytes [928]
(Fig.3.10). It may be that these cells are too immature to express the marker, which first appears
during ontogenesis after 3 weeks of e.u. life.

With progressing growth, the tumors spread to the entire hemisphere, to the contralateral one,
to the brainstem, and to the subarachnoid spaces, achieving the picture of “total cancerization” of
the brain. This may also be accomplished by the confluence of multiple tumors, which are often
found after higher doses of carcinogen and in different stages of development. In more advanced
stages, sarcomatous components develop [1281]. The tumors are therefore highly invasive. In fact,
by cocultivating cells from ENU-induced tumors with fragments of normal rat brain, they progres-
sively invade it and replace it [2733], perhaps by secreting toxic substances [2732].

Experiments with implants of cell lines of tumors, induced by in ENU given transplacental-
ly, in the brains of rats have demonstrated that there is a degradation of collagen I and III at the bor-
der zone between tumor and healthy tissue and that there is collagen of unknown origin in the ex-
tracellular matrix [2407].
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Fig.3.9. Rat transplacentally treated with ENU; proliferative centers of a microtumor containing
vimentin-positive cells, PAP-DAB, x300

Fig.3.10a,b. Carbonic anhydrase C: a the cells are negative in oligodendroglioma; b in the normal
white matter the cells stain positively, PAP-DAB, x400
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In early tumor proliferations, in oligodendroglial foci, and in isomorphous oligodendroglio-
mas, but not in polymorphous ones, an accumulation of glycosaminoglycans (GAG) has been
found with alcian blue staining techniques [2487]. The hypothesis was that oligodendroglial cells
underwent neoplastic transformation after having acquired during cytogenesis the capacity to in-
terfere with the metabolism of the GAG, before and after myelinogenesis. In the rat, in fact, the
myelination period and that of sensitivity to ENU overlap both in the brain [2503] and in the spi-
nal cord [1993]. The involvement of oligodendroglia in neoplastic transformation had also been
confirmed in the in vivo, in vitro system [282]. In the process of dedifferentiation this capacity may
be lost.

This interpretation, however, is inconsistent with the observation that in man alcianophilia is
found in all gliomas, hence also in astrocytomas [233]. It has been explained by the presence of
normal nervous tissue included in the tumor and to degenerated areas of the tumor itself [925]. The
same interpretations can be given to alcianophilia of ENU-induced tumors [1823], and the obser-
vations have been confirmed by histoautoradiographic studies with Na,SO, and [3H]glycosamine
[1811]. In MNU induced tumors, an accumulation of GAG in the tissue has been described as pre-
ceding their histological identification [715], while in ENU-induced tumors, this does not occur. It
may also be that part of chondroitin sulfate, at least, is involved in cell proliferation [185]. Also, in
experimental tumors, GAG may be involved in the relationship between cell motility and invasive-
ness and the intercellular matrix. They might be important in differentiating oncotypes.

3.1.2.3 Vascularization of ENU-induced Tumors

ENU-induced tumors transplanted into rats may grow up to 3—4 mm using host blood vessels;
thereafter, they must form their own vessels. In the transplant, three zones are formed: an internal
avascular one, an intermediate vascular one, and a peripheral one [596, 2034]. Buds and immature
capillaries are formed in the peripheral zone by “sprouting” and are not dissimilar from those found
during embryonal angiogenesis [1085, 40]. All these processes may be stimulated by angiogenic
factors. During normal embryonal angiogenesis, the factor believed to be active only in the earlier
phases in tumor angiogenesis, may also be active subsequently, hampering the differentiation of
blood vessels. It has also been observed [597] that small blood vessels increase in the peripheral
zone of the transplant, while endothelial hyperplasia is typical of the intermediate zone. In trans-
plants of ENU-induced tumors in the rat, it has recently been demonstrated that there is no real in-
crease in the number of blood vessels in the peritumoral tissue; on the contrary, there appears to
be an increase in the diameter of the blood vessels towards the center of the tumor [1720]. These
data are in agreement with observations on human tumors, which show that in the tissue immedi-
ately surrounding the tumor (BAT) and in the infiltrated cortex, the neoformation of small blood
vessels does not precede—but follows—the infiltration itself [1626, 2521].

In tumors from rat glioma clones transplanted into the rat, a blood vessel density below that
of normal tissue was found with an increase in the diameter of blood vessels [2586]. It must, how-
ever, be noted that in these experiments, because of their short duration, the three zones mentioned
above have not been found. Similar experiments have demonstrated that the blood flow is low in
both the central and peripheral zones and high in the intermediate one [3090].

3.1.2.4 Utilization of MNU-ENU Models

Models of autochthonous MNU tumors have been created [2535, 664]. The C6
clone obtained from a MNU induced glioblastoma [163] has been transplanted into the
brain of rats in different therapeutic experiments [1370, 1254, 3103, 748], and the opti-
mal conditions have been codified [2443].

ENU-induced tumors show a notable resemblance to human ones, but there are al-
so many differences on the morphological level, in the prevalence of oncotypes, loca-
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tion, multiplicity or uniformity [1570]. Fundamental is the consideration that ENU-in-
duced tumors are produced by administering the carcinogen at a precise moment of cy-
togenesis, while human ones may derive through a constant exposure of target cells to
possible carcinogens. Nevertheless, the pathogenetic mechanisms recognizable in the
experimental model may be hypothesized for human tumors of the adult, but much less
so for the infantile ones. The concept of genotypically transformed “stem cells” may ex-
plain the insurgence of tumors at any time.

The ENU model has been useful in neurooncology more for studies on the genesis
of tumors than for therapeutic applications for which more simple and reliable models,
such as the MNU or avian sarcoma virus (ASV) astrocytoma, are preferable [2556]. The
occurrence of multiple tumors and the impossibility of knowing all tumor parameters in
vivo are the most important failings. However, radiotherapy experiments utilizing ex-
plants of ENU-induced tumors have been carried out [895, 2703]. Irradiation after neo-
natal administration of ENU has caused a decrease in the incidence of the tumors
[1461]. Carmustine (BCNU), lanustine (CCNU), and other chemotherapeutic deriva-
tives of nitrosourea administered to rats born of ENU-treated mothers cause a decrease
and a delay in the development of the tumors [2500]. If nerve growth factor (NGF) is
administered before or after ENU, a lower number of neurinomas at the 90th day of e.u.
life is obtained [2938].

3.2 Viral Carcinogenesis

Up to now, no virus has been etiologically associated with cerebral tumors in the tradi-
tional sense. Instead, it is possible to produce tumors experimentally with a certain va-
riety of virus. Among DNA viruses, adenoviruses and papovaviruses are those most ef-
ficaciously used. Human adenovirus 12 causes tumors in various animals after intrace-
rebral or intraorbital inoculation and after different latency periods. The tumors pro-
duced are malignant and undifferentiated, of sarcomatous type or neuroblastomas and
retinoblastomas [1958, 1959].

With the same virus, PNS embryonal neuroepithelial tumors have been obtained in
rodents after intraperitoneal inoculation [2064]. The tumors demonstrated multiple
morphological differentiations. Simian adenovirus (SA7), which produces tumors dif-
ficult to classify [2664], simian virus 20 (SV20), chicken-embryo-lethal orphan (CE-
LO) viruses, etc., have also been inoculated intracerebrally.

Papovaviruses isolated from human cases of progressive multifocal leukoencepha-
lopathy produce tumors, among which are mainly cerebellar medulloblastomas [2112].
JC-, EK-, BK-, and MNV strains of papovavirus which produce ependymomas, have al-
so been employed [495, 326]. Nonhuman papovaviruses such as the bovine papilloma-
virus (BPV) have also been demonstrated to be useful. Polyomavirus and simian vacuo-
lating virus (SV40) have been tried as well (Fig.3.11). In particular, in hamsters, medul-
loblastomas were induced by JCV which is a human DNA virus of polyoma type.

Among the RNA viruses (oncoviruses, retroviruses) the avian sarcomavirus (ASV),
the murine sarcomavirus, and the simian sarcomavirus have to be considered. The most
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Fig.3.11a,b. Tumor induction by SV40 in hamster; a location in the posterior fossa, H&E, x50; b
meningiomatous aspect, H&E, x200 [2486]

frequently utilized has been the ASV [492]. Since the first gliomas obtained by Rabot-
ti and Raine [1964], the production of experimental tumors, especially with C and D
subgroups, has been codified in different animals. Sarcomas have been obtained in the
chicken, astrocytomas and sarcomas in mammals; in the dog and rat, most of the tumors
have been anaplastic astrocytomas if the inoculation was into the cortex or the subepen-
dymal zone. The ASV model represents one of the best in that it fulfils a whole series
of criteria: it is glial, spontaneous, and intraparenchymal, and it may be cultivated in vi-
tro and transplanted subcutaneously or into the brain. It has allowed a whole series of
immunological and chemotherapeutic experiments [205, 326].

Because of the biological similarities between monkey and man and the better pos-
sibility of manipulation in the former, an experimental model has always been advo-
cated in this animal. Positive results have been obtained with the Rous sarcomavirus
[1282, 1522, 2321]. The model seems to have been perfected in Macaca fuscata [2786].

3.3 Transplantable Animal Models

Various modalities have been followed. First of all, there are syngeneic tumors, i.e., tu-
mors which are independently produced with chemical or viral carcinogens and then
transplanted into syngenic animals. Another modality is that of heterotransplants car-
ried out in immunologically incompetent animals or at such privileged sites as the brain,
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anterior chamber of the eye, or facial pouch in normal animals. A typical example of an
immunologically incompetent animal is the athymic mouse. The great advantage of
these models is given by the uniformity of experimental conditions which can be ob-
tained.

Among the syngeneic transplantable tumors there are, first of all, those induced in
the rat with polycyclic hydrocarbons, such as murine ependymoblastoma and types 26
and 261 murine glioma, and those induced in the rat with nitrosourea, C6, 9L, and RG-
2. Ependymoblastoma has been the object of numerous chemotherapeutic studies
[2610, 91, 896], even though it is hardly comparable with human tumors.

Among nitrosourea-induced tumors, the most frequently used have been the C6 gli-
oma, the MNU-induced 9L gliosarcoma, and the ENU-induced RG-2 glioma. The C6
has been found to be unstable in its cellular type [S15]; however, it has been used in dif-
ferent experiments for various purposes [1369, 1368, 748, 3103, 1254]. The model char-
acteristics have been improved in order to use it for therapeutic studies [2443]. The 9L
has found more consensus for kinetic cellular studies, radiotherapy, and chemotherapy
[2362]. The RG-2 has a stable cellular population [3000].

Other syngenic models include the spontaneous murine VM astrocytoma which oc-
curs in inbred VM-dk mice [815] and the anaplastic astrocytoma induced by the
Schmidt-Ruppin ASV. The spontaneous VM mouse astrocytoma corresponds to the cri-
teria of the ideal model of Wilson [3052], because it is glial and spontaneous. It was sel-
dom used as it was limited to in vivo experimentation. Cell lines have, however, been
established [2594] and characterized [2203, 2204]. The cells which most resemble nor-
mal astrocytes are the less tumorigenic ones if injected intracerebrally in syngeneic an-
imals, while the opposite holds true for the less differentiated ones. This line, VMDKP
497, is heterogeneous and has produced six clones different from each other [562], with
characteristics varying from astrocytic to anaplastic. Five of these have been found to
be tumorigenic when injected into syngenic animals [1483].

The heterotransplants have received a great impulse because of the advent of the
“nude mouse” model, into which both tumors and permanent cultured cell lines may be
directly transplanted: The morphology, karyotype, and antigenic model are maintained.
Glioblastomas, astrocytomas, gliosarcomas, meningiomas, etc., have thus been grown.
In general, the constancy of the morphological similarity with original human tumors
has been emphasized [2270, 2982], even if different opinions are not lacking [2289].
Chemotherapy [2556] and radiotherapy [2612] evaluation studies have been carried out
with these models. Cell lines derived from gliomas grow without changing their mor-
phology.

3.4 Gene Transfer Models of Neural Tumors

Experimental models obtained by genetic manipulation appear to be higly promising for
identifying in vivo effects of isolated genes and for studying molecular pathogenetic
mechanisms. Transgenic mice are obtained by microinjection of genetically manipu-
lated embryonal stem cells into fertilized murine ova [1274A]. As a consequence of the
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stable integration of DNA in the zygote, all somatic and germ cells of these animals con-
tain single or multiple copies of the transgene. A different method of gene transfer,
which gives rise to chimeric animals, employs introduction of DNA constructs into em-
bryonal stem cells and transfer of these cells into blastocyst stage embryos [2962A]. Re-
cently, a third experimental model has been developed which utilizes a retrovirus-me-
diated gene transfer into neural transplants [1443A, 19]. Using a replication-defective
retroviral vector, foreign transforming genes are introduced into fetal rat brain cells
wich are grafted intracerebrally into syngenic host animals. These transplants develop
with formation of pseudocortical highly differentiated architectures and provide a good
model to study the expression of retrovirally transmitted genes in different CNS cell
types. Several oncogenes have been introduced by this route into fetal brain transplants
(polyoma medium T gene, v-src, human K-fgf/hst, SV40 large T gene, v-Ha-ras, v-
myc), demonstrating a cell-type specific transformation potential [3036A]. Hemangio-
mas and anaplastic gliomas have been obtained with polioma medium T gene, different
glial tumors and sarcomas with v-src, and capillary angiomas with K-fgf/Ast, a protoon-
cogene encoding a member of the fibroblast growth factor family. Transfer of SV40
large T gene into CNS grafts produced primitive neuroectodermal tumors similar to hu-
man medulloblastomas [19]. In agreement with this finding, different recent experi-
ments using transgenic mice indicate that the expression of SV40 large T antigen can
induce brain tumors such as primitive neuroectodermal tumors of the pineal gland, ret-
inoblastomas, and choroid plexus papillomas [2830A, 1485A, 288A, 1877Al.

The simultaneous introduction of v-Ha-ras and v-myc into fetal brain transplants
have demonstrated a significant complementary transforming effect of these two onco-
genes [19]. In fact, the simultaneous expression of both oncogenes in fetal brain trans-
plants induced, after a short latency period, multiple highly anaplastic undifferentiated
tumors, composed of cells with a limited potential for astrocytic differentiation. On the
contrary, transfer of retroviral vectors harboring only v-gag/myc sequences produced
rare tumors with features of primitive neuroectodermal tumors, whereas v-Ha-ras alone
induced anaplastic astrocytomas after a long latency period [3036A]. A complementa-
ry transforming effect of ras and myc has been observed also in later stages of CNS de-
velopment [3036A]. Microinjection of the retroviral vector harboring both oncogenes
into the brain of newborn rats, induced different tumors, including primitive neuroecto-
dermal tumors, hemangioendotheliomas and gliomas. The occurrence of primitive
neuroectodermal tumors in this experiment is of particular interest because it suggests
that neural progenitor cells, which are the target of the neoplastic transformation, per-
sist in the newborn rat brain [3036A].



4 Antigens of Phenotypic Expression
and Differentiation Markers

The diagnosis of brain tumors is based on the recognition of phenotypes which are typ-
ical of a cytogenetic line in a given differentiation stage. This recognition is not easy,
because the nervous system is composed of a variety of cell types which may derive
from common precursor cells. Neoplastic transformation modifies cell phenotypes, usu-
ally towards less mature stages. It would be very useful to have markers which charac-
terize every cytotype in the different maturation stages or even only specific markers of
some oncotypes.

The study of structural and surface antigens has produced a tremendous amount of da-
ta in this field. The technology of monoclonal antibodies (Mabs) has provided a large
quantity of antibodies towards specific antigenic determinants. Of particular value has
been the identification of various antigens of nervous cytotypes during cytogenesis
[2250, 699, 1554, 814, 1086, 1381, 2463, 2547, 1141], even though they have been
studied mostly in normal cells in culture and only rarely in tumors.

4.1 Brain Tumor-Associated Antigens

In the late 1960s glioma-specific rabbit sera began to be produced [1733, 1732, 463],
but the results were poor, because they contained a heterogeneous mixture of antibod-
ies without a tumor specific binding. The technique of Mabs represented a great im-
provement in this regard and today the number of Mabs against tumor-associated anti-
gens is countless. It goes beyond the goal of this book to list them. It must be said that
their specificity is evaluable only in relation to the patterns of staining described in the
different tissues and under particular physiological and pathological conditions. It may
also happen that Mabs produced in different laboratories, and differently labeled, rec-
ognize the same antigens. Complete reviews of these problems are available [594, 327,
464, 3040, 593].

Most antibodies against tumor-associated antigens recognize the following catego-
ries of antigen: (a) biochemically defined antigens, including structural proteins, such
as intermediate filaments, or enzymes, like neuron specific enolase; (b) antigens com-
mon to different tumors and tissues of neuroectodermal origin, both central and periph-
eral [1641, 359, 3101, 594]; (c) glial antigens, expressed mainly by glioma cells, but al-
so by reactive astrocytes and other nonneuroectodermal tissues [593]; (d) oncofetal an-
tigens, typical of fetal tissues and expressed in the adult only in tumor cells [3039]; (¢)
lymphoid differentiation antigens, expressed by circulating lymphocytes and by cells of
malignant gliomas [998, 1379, 593], such as HNK-1 antigen.
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The possibility of utilizing them in vivo for diagnostic purposes is limited. Tumors
and especially gliomas are heterogeneous and antigenically complex [2603, 204, 3038,
3040], so that the probability for an antigen to be expressed in the same way by all gli-
omas of a given type is not high; moreover, the quantity of cells expressing a single an-
tigen in a glioma cannot be determined.

Mabs are often produced from cultured tumor cells which represent only partially
the antigenicity of the tumors in vivo. The growth in vitro, moreover, can modify the
cell surface, either introducing new antigens or eliminating antigens, so that the antigen-
ic heterogeneity may be increased [3040]. Most antigens are expressed also by normal
cells in various tissues, and all the possible specificities of Mabs against tumor-associ-
ated antigens can be demonstrated only by in vivo studies, while not considering the fact
that surface antigens usually do not tolerate routine fixation and embedding procedures.

The pattern of expression in human astrocytomas of two typical cell-surface anti-
gens (A4 and A010) has been recently described [881]. It has been shown that they are
expressed in a large proportion of astrocytomas as well as in some normal cells of dif-
ferent origin.

4.2 Antigens Employed in the Histological Diagnosis
of Brain Tumors

Currently, the number of markers used is slightly less than 20. Complete reviews are
available on this subject [251, 580, 2512, 2181, 1821]. Immunochistochemistry is today
routinely applied and must be regarded as an indispensable diagnostic tool; however,
some precautions must be taken. Polyclonal antisera contain a large amount of immu-
noglobulin (Ig) against different regions of the same antigenic molecule and also against
molecules different from the antigen employed in the immunization. Mabs contain one
type of Ig against a single epitope, so that they are more specific, even though their spec-
ificity is not absolute.

Applying immunohistochemistry to brain tumors, it is necessary above all to dem-
onstrate the specificity of Mabs, since rat Ig may nonspecifically bind astrocytes and
myelin sheaths [2101, 2179]. This can be obtained by immunoblotting; controls, more-
over, must be performed by preabsorbing primary antibodies with the corresponding an-
tigen or substituting the antibody with class-specific Ig. It must be taken into account
that Mabs are more specific than antisera, but generally they are also less sensitive
[1125], so that in material processed for histology, since the epitope may be destroyed
or lacking, an antigenic protein has a greater probability of being revealed by antisera.
The best “immunohistochemical reagent” would be a mixture of Mabs against different
antigenic determinants of the same molecule [251].

In histological material, many antibodies are useless because of false negative reac-
tions due to fixation. All fixatives affect the molecular structure of antigens to greater
or lesser degree, destroying the antigenic sites or simply masking the antigen or making
it inaccessible to antibodies [307, 1875, 1824, 2245]. Sometimes it is useful to perform
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a predigestion of the tissue in order to avoid the antigen masking [307, 1875, 1840,
1824]. This can be done, for example, for factor VIII/RAg, fibronectin, and laminin
with collagenase [1824]. However, many antigens do not tolerate fixation, so they must
be demonstrated on frozen sections. This is true especially for surface antigens. It is in-
teresting to note that 35 different Mabs against intermediate filaments systematically
studied on cryostat sections of brain tumors gave unexpected reactivities. Four major
sources of the artifactual staining were found, suggesting care is indeed needed in inter-
preting immunohistochemical results in brain and tumors [813A].

4.2.1 Glial Markers

4.2.1.1 §-100 Protein

S-100 is an acid protein of low molecular weight (20-25 kDa). The name is due to its
solubility in 100% ammonium sulfate [1997]. Considered at first as specific for the ner-
vous system, it has now been found in many normal, nonnervous cells: chondrocytes,
adipocytes, myoepithelial cells of the mammary gland, Langerhans cells, melanocytes,
etc. There is no general agreement regarding its occurrence in neurons [2787, 1233]. It
is considered more a glial than a neuronal marker, being positive in astrocytes (Fig.4.1)
[1817, 1708, 1233], oligodendrocytes [1708], and ependymal cells [1997]. In the PNS,
Schwann cells and satellite cells are positive [1996, 2723].

From the many studies on cerebral tumors [1041, 2000, 3011, 2793] it can be de-
duced that: (a) in astrocytic tumors the protein content decreases with increasing ana-
plasia, so that in glioblastoma there are few positive cells; in ependymomas and oligo-
dendrogliomas only occasionally are positive cells found [710]; (b) neurinoma cells are
strongly positive [2723], but the usefulness of the marker in the differential diagnosis of
the malignant form is limited [2723, 3011].

The documented occurrence of the protein in many extranervous tumors, carcino-
mas included [1996, 1997, 3011], obliges one to use great caution in the diagnosis of
brain tumors [251, 725].

4.2.1.2 Glial Fibrillary Acidic Protein (GFAP)

Glial fibrillary acidic protein (GFAP) is the most studied and utilized glial marker. Its
partially hydrosoluble protein was initially purified from plaques of multiple sclerosis
[713] and subsequently also from normal white matter [551]. The molecular weight is
about 50 kDa, and the protein represents the chemical subunit which characterizes glio-
filaments. The latter are a subclass of intermediate filaments (IF) which includes a
group of filamentous proteins with a diameter of =10 nm. The other IF are vimentin,
neurofilaments (NF), desmin, and keratin, each of which shows a peculiar cell distribu-
tion [861, 1590, 987]: GFAP is present only in glial cells, NF only on neurons, desmin
in the muscle tissue and keratin in epithelial cells. Vimentin, mainly found in meso-
dermal cells, has been identified in cells of every embryologic derivation and, charac-
teristically, in vitro cultured cells [813].

Proteins of the different IF belong to a multigenic family and share some amino ac-
id sequences [2244, 892], so that immunohistochemically some antisera and Mabs may
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Fig.4.1. a S-100 protein: positive reactive astrocytes, PAP-DAB, x30. b GFAP-positive Berg-
mann’s glia, PAP-DAB, x300
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Fig.4.2. a GFAP-positive cartilage in a teratoma, PAP-DAB, x200. b NSE-positive reaction in
neurons of a gangliocytoma, PAP-DAB, x1000

react with more than one IF. There may be a cross-reaction for GFAP and vimentin for
every antibody produced against both antigens [2244, 2266].

In the CNS, antisera and Mabs against GFAP stain specifically normal astrocytes of
the gray and white matter and Bergmann’s glia in man, mammals, and other vertebrates
[551] (Fig.4.2). Occasionally, unexpected staining has been observed outside the CNS:
Schwann cells, enteric cells, cells of salivary gland tumors [322], chondrocytes of nor-
mal epiglottis and of cartilage tissue found in glial tumors [1399] and in teratomas
[1821, 2053] (Fig.4.2a).

The interpretation of these findings is not easy, once proven that they are not arti-
factual. However, the usefulness of GFAP as a marker of glial tumors remains beyond
doubt.

GFAP in brain tumors has been widely studied [680, 1819, 603, 2903, 581, 2923,
1027, 2509]. It is positive in all astrocytic tumors (Fig.4.3a), pleomorphic xanthoastro-
cytoma [1395], subependymal giant cell astrocytoma [1999, 255], astroblastomas [603,
1027, 2509] and subependymomas [2509] included, as well as in the glial component
of gliosarcomas, sarcogliomas and gangliogliomas [1556, 2511]. Also, ependymomas
and oligodendrogliomas contain GFAP-positive cells [603, 712, 1115, 681, 581] for
reasons which will be discussed in the relevant chapters.

Nonglial tumors may also contain GFAP-positive cells, such as cerebellar hemang-
ioblastomas [603, 602, 37], medulloblastomas [1756, 2126, 2526, 926, 2344], and plex-
us-papillomas [2398, 2811]. In the first tumor, reactive astrocytes or stromal cells which
phagocytosed GFAP from the microenvironment [602, 2512] may be responsible; in
plexus-papilloma GFAP is sometimes coexpressed with cytokeratin [642] and is inter-
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Fig.4.3. a GFAP-positive reaction in tumor astrocytes and their processes in human astrocytoma,
PAP-DAB, x400. b Carbonic anhydrase C-positive reaction in normal oligodendrocytes of rat
brain, PAP-DAB, x400
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Fig.4.4. Human astrocytoma; immunogold staining for GFAP on IF, x60 000

preted as a sign of focal ependymal differentiation. Neurinomas also may contain
GFAP-positive cells [2814, 1865, 981, 2290] in line with the positivity of some normal
Schwann cells [554, 1312, 8].

With immunoelectron microscopy, GFAP can be demonstrated by the immunogold
technique on IF [1885] (Fig.4.4).

4.2.1.3 Glutamine Synthetase

Glutamine synthetase (GS) is an enzyme which has been localized in glial [2048] and
retinal cells and has been considered as a specific marker for rat CNS astrocytes [2047].
It is diffusely positive in astrocytomas, inversely proportional to anaplasia, scarcely
positive in ependymomas, and negative in oligodendrogliomas and meningiomas.
Groups of cells may be positive in medulloblastoma. The usefulness of GS in the diag-
nosis of brain tumors is limited by the observation that the enzyme is also positive in
such cells of other human tissues as hepatocytes [2202].

4.2.1.4 Carbonic Anhydrase

Carbonic anhydrase (CA.C) is an enzyme which is widely diffused in nature. It occurs
in animal cells as two isoenzymes. In the CNS the isoenzyme C is present, localized in
the human [1532] and murine [1531] oligodendroglia (Fig.4.3b) and in Miiller’s cells of
the retina. Human and experimental oligodendrogliomas, however, do not stain [928].
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4.2.1.5 Myelin Basic Protein

Myelin basic protein (MBP) is present in the rat myelin by the 10th day of e.u. life. It
has been immunohistochemically demonstrated in the cell body and processes of oligo-
dendrocytes of the newborn rat [2736, 2737]. It is seen also in human immature oligo-
dendrocytes, but never in the human adult oligodendroglia [1262]. There is some evi-
dence of MBP positivity in human oligodendrogliomas [1869]. We and others have
found these tumors to be MBP-negative [251, 580].

4.2.1.6 Myelin-Associated Glycoprotein

Myelin-associated glycoprotein (MAG) is present in central and peripheral myelin, in
Schwann cells, and in immature oligodendroglia. It is correlated with antigen HNK-1
and recognized by antibody Leu-7, which in turn also recognizes an epitope of MAG
[2041]. Human oligodendrogliomas are generally MAG-negative [2420].

4.2.2 Neuronal Markers

4.2.2.1 Neuronal-Specific Enolase

Enolase isoenzymes are a group of 5 dimeric proteins, a combination of 3 subunits from
40 to 50 kDa, belonging to the glycolytic pathway where they catalyze the interconver-
sion of 2-phospho-d-glycerate and phosphoenolpyruvate [1762]. Neuronal-specific
enolase (NSE) is a homodimer composed of 2 -subunits, once called protein 14.3.2.
Under normal conditions NSE is restricted to CNS and PNS neurons, but when applied
to tumors it gave good results [251]. Cells of the APUD system also showed positivity
for the markers [1762]. This has been regarded as a specific marker of neurons, axons,
and neuroendocrine cells [2530, 1678]. Widely used in the diagnosis of neuroendocrine
tamors, its usefulness in diagnosing brain tumors is controversial, because although it
may be positive in tumors with neuronal differentiation (Fig.4.2b) such as medulloblas-
tomas or central neuroblastomas, it may also be positive in normal nonneuronal cells
[1042], in reactive astrocytes of malignant glial tumors and in nonneuroepithelial tu-
mors [251, 2597]. Its specificity may be strongly decreased in pathologic conditions and
tumors, even though different staining patterns and specificities have been shown be-
tween Mabs and polyclonal antisera [2597].

4.2.2.2 Neurofilaments

Neurofilaments are the IF of neurons, composed of a triplet of proteins of different mo-
lecular weight, 68, 150 and 200 kDa. These proteins are not regularly distributed, either
among the different populations of neurons or inside single neurons. The 200 kDa sub-
unit is the main component of axons and not observed in dendrites or cell bodies of cor-
tical or hippocampal neurons, whereas the 68 kDa subunit is typical of cell bodies and
dendrites of Purkinje cells (Fig.4.5). Very important for their localization is the phos-
phorylation of NF: Phosphorylated and nonphosphorylated forms distribute differently
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Fig.4.5a,b. Positive reaction for NF in a apical dendrites of Purkinje cells and b neurons of a tera-
toma, SM31 antibody, ABC-DAB, x400

in axons and cell bodies [2735]. In human tumors, NF are positive when ganglion cells
or a neuronal differentiation are present, such as ganglioneuroblastomas, gangliocyto-
mas, gangliogliomas, pheochromocytomas [2344, 1957, 1821, 2867, 2868], teratomas
(Fig.4.5b), and in tumors of neuroendocrine origin, such as carcinoid tumors, paragan-
gliomas, and oat-cell pulmonary carcinomas.

Paraffin embedding and fixation are limiting factors in the demonstration of NF. In
frozen sections they are, in fact, demonstrable in many tumors and reveal a neuronal dif-
ferentiation where it was not suspected [983], for example, in primitive neuroepithelial
tumors.

4.2.2.3 Synaptophysin and Chromogranin

Synaptophysin is a 38-kDa glycoprotein found in synaptic vesicle membranes [3034,
1276, 1892] and playing a major role in synaptic vesicle exocytosis [2865], which ap-
pears to be a reliable and specific marker for neuronal and neuroendocrine tumors, use-
ful in fixed and paraffin-embedded tissues [1892]. It has been demonstrated in ganglio-
gliomas, gangliocytomas, PNET, including medulloblastomas [2574, 983], and neuro-
cytomas [2949]. Its expression is prominent in ganglion cells of these tumors, due to
their increase during maturation. The reliability, however, is reduced when ganglion
cells are absent.
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Chromogranin is the major protein isolated from vesicles in adrenal chromaffin
cells [2694]. It has been demonstrated in a variety of neuroendocrine cells and tumors,
and also in neurons of the CNS and PNS, but never in tumors of the CNS.

4.2.3 Markers Nonspecific for the Nervous System

HNK-1 (Mab Leu-7) was at first considered a marker specific for human natural killer
cells. Since it also reacts with myelin, oligodendrocytes, and Schwann cells, HNK-1 has
been proposed as a marker for oligodendrogliomas [1952]. Leu-7 has actually been
shown to stain human oligodendrogliomas intensely, as well as other neuroectodermal
tumors [2180, 2290] and carcinomas of various origin. In spite of the diffuse cross-re-
activity, it is considered useful to solve specific problems, for example, the distinction
between a Leu-7-negative meningioma and a positive oligodendroglioma invading the
meninges [2394].

Anti-Leu-M1 (MMA) is another hematopoietic-specific antibody which cross-re-
acts with anti-Leu-7 and anti-Leu-11a (NKP-15), is partially positive in astrocytomas
and oligodendrogliomas, and is intensely positive in ependymomas [2785]. It recog-
nizes cell surface epitopes of monocytes, granulocytes, and activated T lymphocytes
[1056].

4.2.4 Vessel Markers

Neovascularization and endothelial proliferation are characteristic of many brain tu-
mors, and thus the recognition of endothelial cells may be of great importance. The an-
tigen correlated with factor VIII of coagulation (FVIII/RAg) is the most often used en-
dothelial marker. It is one of the components of factor VIII (anti-hemophiliac factor)
and is produced only by endothelial cells and megacaryocytes. It is specific and widely
employed in the demonstration of endothelial differentiation in many extranervous tu-
mors [1955].

In gliomas, the marker identifies endothelial cells of normal vessels as well as of the
proliferating ones (Figs.4.6-4.8) [3015, 1841, 1824, 2511]. It is found in Weibel-Pal-
ade bodies and in large intracytoplasmic vacuoles which discharge into the lumen
(Fig.4.7). In the glomeruli of glioblastoma, it reacts positively only in the cells lining
the lumen and not in those far from it [3015]; however, by immunoelectron microscop-
ic procedures employing colloidal gold, it has also been found in Weibel-Palade bodies
of cells which do not line the lumen (Fig.9.33) [1886].

Laminin and fibronectin are of great help in the study of the vasculature of tumors.
Laminin is a glycoprotein occurring only in basal lamina. In the CNS, it can be demon-
strated only around vessels (Fig.4.8a) or between neuropil and pial membrane [927]. In
gliomas, antibodies to laminin demonstrate thickened and pluristratified basal mem-
branes in and around endothelial proliferations. An inner, thickened membrane appears
to be separated by the vessel wall from an outer, often interrupted membrane, in turn
separating the vessels from the neuropil [927] (Fig.4.8b).
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Fig.4.6. a Positive reaction for factor VII/RAg in hyperplastic endothelial cells in a malignant
glioma, PAP-DAB, x1000. b Fibronectin-positive reaction in the mesodermal component of glios-
arcoma, PAP-DAB, x200
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Fig.4.7. Immunogold staining for factor VIII/RAg in a large cytoplasmic vacuole of an endotheli-
al cell discharging into the lumen, x24 000

Fibronectin is a protein widely distributed in connective tissue, demonstrable not
only in basal membranes but also in the CNS vessel walls. Even though its positivity in
astrocytic cells in culture has been shown repeatedly, it is not positive in astrocytes in
histological sections. In gliosarcomas, the mesodermal component is diffusely positive
for fibronectin (Fig.4.6b), thus being differentiated from the glial one, which is GFAP-
positive [2511].

4.2.5 Other Intermediate Filaments

Vimentin is a protein of 57 kDa; it is the first IF to appear in the course of development,
regardless of the cytotype. In adult cells, it is usually replaced by the IF characteristic
of each cell type; however, it remains the only IF of endothelial cells, fibroblasts, mac-
rophages, chondrocytes and lymphoid cells. In some cell types, vimentin coexists with
another IF: In the CNS, this coexpression occurs in astrocytes and tanycytes which con-
tain concurrently vimentin and GFAP or cytokeratin [2546, 2266]. During develop-
ment, the appearance of vimentin precedes that of GFAP in astrocytes [553, 2546, 753].
In normal glia, it is weakly positive, but in reactive astrocytes it is intensely positive
(Fig.4.9b) [2513, 2514]. Vimentin is demonstrable in gliomas in both endothelial
(Fig.4.9a) and tumor cells, where it distributes like GFAP [1117, 2513]. Its occurrence,
therefore, cannot be considered as a sign of immaturity in gliomas: the cells should be
immature for the occurrence of vimentin and differentiated for that of GFAP at the same
time. Meningioma and neurinoma cells are also intensely positive for vimentin [2266,
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Fig.4.8a,b. Laminin-positive reaction a in the basement membrane of capillaries in the normal cor-
tex, PAP-DAB, X300, and b in the inner and outer basement membranes of the vessel wall in glio-
mas, PAP-DAB, x400 [927]

1687, 2513]. The same is true for stromal cells of hemangioblastomas [2513] and chor-
doma cells [1884].

Since most carcinomas contain cytokeratin, independent of the degree of differen-
tiation [251], antibodies to it can be used to recognize carcinoma metastases (even un-
differentiated) in the CNS. Also cells of epithelial origin, such as those of craniopha-
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Fig.4.9a,b. Positive reaction for vimentin in a hyperplastic endothelial cells in a glioma, PAP-
DAB, x400; b peritumoral reactive astrocytes, PAP-DAB, x400
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Fig.4.10. Positive reaction for ¢ytokeratin in epithelial cells of a teratoma, PAP-DAB, x300

ryngioma, dermoid and epidermoid cysts, and teratomas may similarly be recognized
(Fig.4.10). Positive staining for cytokeratin may also be observed in meningiomas
[1859, 2829, 1173] and in epithelial-like foci of glioblastomas and gliosarcomas [1946].

The usefulness of desmin, the IF typical of muscle cells, is limited in the tumor pa-
thology of the CNS because it occurs only in the very rare rhabdomyosarcomas [1884].

4.2.6 Epithelial Membrane Antigens

Epithelial membrane antigen (EMA) is a membrane glycoprotein occurring in most nor-
mal and tumor epithelial cells. Positive staining for it is characteristic of a carcinoma-
tous metastasis, but it may also be observed in meningiomas [1859, 2543, 2829] and in
epithelial-like structures of glioblastomas [1946].

Two other markers need to be mentioned, a-fetoprotein (AFP) and human chorion-
ic gonadotropin (HCG), which are specific for germ cell tumors. AFP is usually not
found in pure germinomas [1540], but it is positive in embryonal carcinomas and endo-
dermal sinus tumors [3105, 2049, 1540]. HCG has been demonstrated in choriocarcino-
mas and in trophoblasts occurring in tumors mixed with germ cells [2049].
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5.1 Peritumoral Changes

5.1.1 Glial Reaction

Peritumoral tissue changes are related to various factors: edema, anoxia due either to
edema or compressive action of the tumor, the release of substances from,the destruc-
tion of tumor cells, etc. The most important change is glial reaction. This is a progres-
sive or progressive-regressive process, the intensity of which varies in relation to a large
number of events. The main aspect is the appearance of reactive astrocytes, either with
much cytoplasm and short processes (Fig.5.1a) or with thick and long processes
(Fig.5.1b). They are found in the peripheral parts of the tumor, in the immediate peritu-
moral area, or even at a distance. The first is typical of invasive tumors, whereas the lat-
ter two are typical of sharply delimited tumors.

Hypertrophic reactive astrocytes are easily recognizable with silver impregnation
techniques (Fig.5.2) and by their intense GFAP reactivity. They are also positive for vi-
mentin. The less recent literature described them as strongly positive for oxidative en-
zymatic activities [828, 2489, 2404] with all the importance that such high metabolic

Fig.5.1a,b. GFAP-positive staining in a reactive astrocyte in the periphery of a glioma, PAP-DAB,
%x300; b hypertrophic reactive astrocytes in peritumoral white matter, PAP-DAB, x300 [2484]



60 5 Pathology of the Host-Tumor Interaction

Fig.5.2a,b. Hypertrophic reactive astrocytes in a the molecular layer and b in the middle layers of
the cortex, Hortega silver carbonate, X400 [2486]

Fig.5.3a,b. Hypertrophic reactive astrocytes in a the white matter and b the molecular layer of the
cortex, NADH tetrazolium reductase, x400 [2486]

activity could have (Fig.5.3). Also, hydrolytic enzyme activities, acid phosphatase, and
nonspecific esterases are evident, with different biological implications [2497].

The appearance and distribution of reactive astrocytes varies depending on wheth-
er the glial reaction occurs in the white matter, in the cortex, or in the first cortical lay-
er and on whether recent necrosis with macrophage infiltrates is present.
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Fig.5.4. a Peripheral area of a glioblastoma: large GFAP-positive astrocytes of reactive or neo-
plastic nature, PAP-DAB, x400 [2518]; b extensive GFAP-positive gliosis in the rat hippocampus
following a lesion in the cortex, PAP-DAB, x200 [2514]
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Fig.5.5a,b. Experimental reactive gliosis in the rat; reactive astrocytes are vimentin-positive aro-
und a necrotic lesion (a) and GFAP-positive also at a distance (b), PAP-DAB, x200

Reactive glia which has remained included in the tumor, or became reactive there-
after, is of special interest because in oncotypes such as medulloblastomas, oligoden-
drogliomas, and ependymomas it has led to endless discussions regarding its real na-
ture: Neoplastic differentiation or reactive glia. In other oncotypes, such as those of the
astrocytic series, the problem is more complicated, because of the real difficulty in dis-
tinguishing tumoral from reactive glia. This is especially true in peripheral parts of the
tumor (Fig.5.4a) even when mitoses are present, for they may be seen in GFAP-positive
reactive glia [2518]. The development of peritumor reactive gliosis poses a series of bi-
ological problems which have yet to be fully resolved although they have been studied
by many experimental investigators.

The glial reaction is accomplished through processes of hyperplasia, hypertrophy,
and lengthening of cellular prolongations. Hyperplasia occurs through mitotic division
[396]. The responsible factors have been identified in the degeneration of neurons
[138], increase of extracellular spaces [485], disaggregation of myelin [2092], ionic im-
balance [306], influence of serum proteins [1437], and possibly release of gliogenetic
factors [678]. Many experimental data demonstrate that the glial reaction is directed to-
wards the pathogenic noxa and that it is stereotyped and unidirectional [711].

In light of what has been discussed in Chap. 1, it may be said that in the adult, new
astrocytes must derive from cells which have maintained the ability to proliferate
[2921], independent of their localization in the subependymal zone or in situ. It is
known that the capacity to proliferate is maintained along with that to express GFAP
[1585].
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In experimental models, the occurrence of necrosis has an important influence on
the distribution of the glial reaction. In general, if there is necrosis with death of neu-
rons, the astrocytic response is hyperplastic, not only hypertrophic. In experimental
models, if there is necrosis the glial response may be extensive [200, 1706, 1799]. This
may be due either to the spread of the edema [759] or the peculiar distribution of astro-
cytes in animals. The hippocampus and the corpus callosum are, for example, the struc-
tures most affected in the rat (Fig.5.4b) [2514]. An important finding is that, close to the
lesion, astrocytes are not only GFAP-positive but also strongly vimentin-positive
(Fig.5.5) [2209]. Considering the significance of vimentin in cytogenesis, this could
demonstrate that they are hyperplastic, and not only hypertrophic [2514], mobile
[1687], or derived from astroblasts [754]. An alternative to the origin of reactive astro-
cytes from preexisting astrocytes [2007] is the hypothesis that they may derive from
precursor cells [754, 1896].

Both in the reactive astrocytes in situ and in those induced in vitro with cAMP, a
48-kDa protein with a distribution similar to GFAP is associated with IF. This protein,
which is present in normal astrocytes, could be responsible for the aggregation of the
filaments within the processes by cross-linking and, therefore, for the formation of the
processes [83].

On the basis of autoradiographic and electron microscopy findings, the hypothesis
has been put forward that in traumatic lesions, and not only around them, there is a pro-
liferative response of the oligodendrocytes [1706].

5.1.2 Included Neurons

Tumor growth often spares or encompasses neural structures, leaving them recogniz-
able for a long time. The cortex may be totally invaded but its gross structure main-
tained, and neurons may be recognizable even within the depth of the tumor (Fig.5.6).
They may be well preserved and remain recognizable by the presence of Nissl’s gran-
ules, lipofuscin, and enzyme activities or by immunohistochemical markers. They may
also show signs of atrophy, progressing to disappearance. This, in the main, is the des-
tiny of included neurons.

In some tumors, namely in those susceptible to showing neuronal differentiation,
included neurons may be the source of mistakes or contribute to fuelling the discussion
regarding the problem of cellular differentiation. This is especially important in tumors
such as medulloblastoma, or those of ascertained or supposed neuronal origin, in which
the finding may be “expected” on the basis of a preconceived nosographic concept.

5.1.3 Ventricular Walls

During growth, the tumor may reach the ventricular walls. Two different possibilities
can be entertained: The tumor may cross the subependymal layers and abut upon the
ventricle, or these layers may arrest the tumor. In this latter case, the tumor gradually
merges with a zone featuring intense glial reaction, not infrequently containing mon-
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Fig.5.6a,b. Neurons are recognizable in the cortex completely invaded by a glioma, H&E, a x200,
b %400 [2486]

strous cells, which do not necessarily belong to the tumor. They may well be reactive
cells, such as those forming subependymal gliosis with broad fiber bundles. The epen-
dymal lining may remain intact or be destroyed or engulfed by the tumor. When the
subependymal glial reaction takes a chronic course, Rosenthal’s fibers may form even
if the tumor is non astrocytic as, for example, in oligodendroglioma, craniopharyngio-
ma, and hemangioblastoma, because these fibers originated from reactive subependym-
al spongioblasts. A frequent event is the precipitation of pseudocalcium/calcium in pe-
ritumoral tissue.

5.2 Regressive Events in the Tumor

Regressive processes may alter the morphology of a tumor so profoundly as to modify
its primary architecture and render it unrecognizable. However, both the type and de-
gree of regressive events may be of diagnostic value. This is useful when the patholo-
gist is given minute tissue fragments for diagnosis.

Necrosis is, without a doubt, the regressive event of major importance. Three types
may be distinguished: (1)large, usually with a coagulative appearance and situated at
the center of the tumor (Fig.5.7); (2) circumscribed, with pseudo-palisading (Fig.5.8a);
(3) small, with or without pseudo-palisading (Fig.5.8 b).

The first type (large) may be the consequence of thromboses, with occlusion of
blood vessels or insufficient blood supply to the central part of the tumor due to the ex-
cessive growth.
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Fig.5.7. Large central necrosis in a glioblastoma

The second type (circumscribed) is found at the periphery of large areas of necro-
sis, and mainly towards meninges and vascular walls. The pseudo-palisading can be re-
garded as a result of crowding of tumor cells, because these cannot get beyond an ob-
stacle in their infiltrative displacement.

Small necroses with pseudo-palisading usually occur in areas with very high cell
density and many mitoses. A mitotic imbalance between endothelial and tumor cells
may be the source [1007, 1202], as previously demonstrated outside the CNS [2807].
Necroses of this type are mostly and abundantly found in proliferative areas and indi-
cate rapid growth (Fig.5.8a,c). They may even disappear after radiotherapy, as a conse-
quence of the temporary halting of tumor proliferation, and reappear later with tumor
regrowth [2508]. The highly proliferating areas are GFAP-negative, quite often formed
in the newly invaded tissue where large, GFAP-positive reactive astrocytes occur. They
remain randomly distributed and do not crowd around necrotic areas [2518]. Small ar-
eas of necrosis may be observed in almost all oncotypes such as oligodendroglioma and
ependymoma, but in many cases they are very small (Fig.5.8b) and sometimes limited
to a few or single cells (apoptosis).

Another important regressive event is the appearance of cysts. These may be of
variable dimension, from those visible macroscopically to microcysts. They may origi-
nate through necroses, various degenerative processes, or tissue liquefaction. Cysts may
be rare in some tumors, such as glioblastoma, and numerous and very large in others,
such as cerebellar hemangioblastoma, in which the entire tumor may be reduced to a
small mural nodule and a large cyst. Microscopic cysts may, however, be present in al-
most all cerebral tumors.
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Fig.5.8. a Circumscribed necrosis with pseudo-palisading in glioblastoma, H&E, x200; b very
small necrotic focus in an ependymoma, H&E, x200; ¢ glioblastoma : transformation of areas with
high cell density into circumscribed necroses, H&E, x200



5.3 Cerebral Edema 67

Hemorrhages are other frequent regressive events in cerebral tumors. They may oc-
cur in all CNS tumors to a varying degree and extent and even be so massive as to as-
sume clinical significance (e.g., apoplexy in a glioma). These massive ones occur most-
ly in glioblastoma, oligodendroglioma, and pituitary adenoma.

Still other regressive events are hyalinization and fat degeneration. The former oc-
curs in connective tissue and is particularly frequent in meningiomas, but it is also found
in the blood vessels of neuroepithelial tumors, especially glioblastoma. Fat degenera-
tion is the result of a slowly evolving necrobiotic change.

5.3 Cerebral Edema

5.3.1 Definition and Pathogenesis

Cerebral edema is an important pathological event which occurs in association with ce-
rebral tumors and is capable of influencing cerebral blood flow, metabolism, and intra-
cranial hypertension. It may seriously aggravate the hypertension, if already present.
Generally, three types of cerebral edema are acknowledged: vasogenic, cytotoxic, and
ischemic [1438, 785, 469].

Cytotoxic edema is related to the direct effect of noxious agents on cells of the cerebral pa-
renchyma so that neurons, glia, and endothelial cells become swollen. There is an increase in the
water and sodium content in the cells because of a disturbance of the ATP-dependent sodium
pump. At the same time, the volume of the extracellular spaces reduces, while capillary permeabil-
ity remains normal. Ischemic edema is initially cytotoxic and progresses with the development of
necrosis. The blood-brain barrier (BBB) is subsequently damaged, so the edema becomes vasoge-
nic. The latter accompanies tumors, inflammatory processes, and necrosis. It is due to a change in
the permeability of the BBB.

The concept of BBB arises from the observation that small molecules pass freely from the
blood to many tissues but poorly or not at all into nervous tissue, as though a barrier existed. For
example, in the old experiments of Ehrlich and Goldmann, trypan blue penetrated various other
body tissues from the blood but not the brain, unless it was administered via the CSF. The abun-
dant subsequent research led to four basic observations: (1) Some substances, such as trypan blue
and proteins, penetrate tissues from the blood vessels but not the brain; (2) some normal metabo-
lites may increase in concentration in the blood but not in the brain; (3) the majority of substances
penetrate the brain more readily via the CSF than via the blood; (4) the majority of substances pen-
etrate the liver and kidney more rapidly than the brain.

Today, we know that trypan blue does not cross from the blood vessels into the brain because
it binds to serum proteins which do not cross the BBB, and that it enters the brain via the CSF, be-
cause of the low protein concentration of the latter, which leaves it mostly unbound. The best dem-
onstration of the existence of the BBB was given in the peroxidase experiment of Reese and Kar-
novsky [2276], which demonstrated that the anatomical site of the BBB is at the level of the endo-
thelium of cerebral capillaries, which differs from that of other organs in accordance with various
characteristics. First of all, the cerebral capillaries are mostly of the “continuous” type, e.g., the en-
dothelium and the basement membrane are uninterrupted, and a true extracapillary space does not
exist, as the perivascular zone is occupied by astrocytic processes. Second, the endothelial cells of
cerebral capillaries have tight junctions which are “tighter” than those found in other organs. Last-
ly, cerebral endothelium contains fewer pinocytic vesicles [2288], as compared with the endothe-
lium of other tissues. There are, however, some areas in which the BBB does not function: the ar-
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ea postrema, the insertion line of the choroid plexus, the median eminence of the hypothalamus,
and the pineal gland (in which the capillaries are of fenestrated type, e.g., have small openings in
the wall which allow macromolecules to cross into the extravascular space).

The endothelium is, therefore, the site of the BBB, so that the brain is protected from noxious
substances and biochemical homoeostasis is maintained. The passage of various substances into
the cerebral parenchyma is regulated by different mechanisms. First of all, the endothelium is po-
larized. It harbors Na* and K* pumps on the abluminal surface and specific receptor proteins on the
luminal plasmalemma [193]. Lipid soluble and apolar substances easily cross it, whilst larger mol-
ecules and proteins do not. The BBB is, however, actively and selectively involved with respect to
small molecules; for example, saccharose and inulin seem to enter the brain less easily than other
tissues. It is possible that the CSF may carry out an important “washout” function in reducing the
intracerebral concentration of these substances, apart from the obstacle represented by the tight
junctions. Because the CSF is in equilibrium with the fluid in the extracellular spaces and is con-
tinuously being renewed, molecules penetrating from the blood into the extracellular cerebral spa-
ces may rapidly pass into the CSF, thereby being quickly washed away.

A specific active transport system (a sort of “pump”) is, instead, the basis of the entry into the
brain of many metabolites. For example, d-glucose, mannose, and maltose, but not 1-glucose, ga-
lactose or fructose, rapidly cross the BBB. The plentiful mitochondria in brain endothelial cells, in
contrary to endothelial cells elsewhere in the body [2074], indicate an active transport, as this pro-
cess requires a great amount of energy [785].

Other substances, such as glutamic acid, do not seem to cross the BBB, because they may in-
crease in concentration in the blood without increasing in the brain. However, it has to be said that
this could also be due to a rapid washout from the CSF. For substances such as ethanol, lipid-sol-
uble molecules, and certain gases such as CO,, O, ,N,O and Xe, there would be no barrier imped-
iment.

Blood-borne proteins may enter the central cerebral endothelia by fluid phase, adsorptive, and
receptor-mediated endocytosis in which secondary lysosomes are involved, degradating the pro-
teins [290]. For example, in adsorptive transcytosis of lectins, the Golgi saccules are reached and
the molecules are packaged for intracellular transport and exocytosis at the abluminal surface
[291]. The receptor-mediated transcytosis is highly specific and very quick.

Vasogenic edema is due to the breakdown of the BBB, resulting from damage to the en-
dothelium. This results in an increase in vascular permeability with extravasation of se-
rum components, including proteins, which under hydrostatic pressure diffuse into the
extracellular space, first into the tumor and then around it. The modalities of this pro-
cess may be multiple and changes have first to be looked for in the structure of the blood
vessels.

Tumor blood vessels are frequently fenestrated, and the junctions between endothe-
lial cells are wide. The endothelial surface is irregular, with the formation of deep folds
which facilitate the passage of material through the endothelium [2961]. The endothe-
lium of tumor blood vessels shows an increase in pinocytic vesicles as compared with
normal cerebral endothelium. In analogy to what has been observed in other models of
edema, the vesicles may form at the luminal surface of the endothelium and be trans-
ported to the opposite side, where their content may be discharged outside the endothe-
lial cell. In other instances, because of the confluence of numerous vesicles, true chan-
nels traversing the endothelium may form [2230].

In tumor blood vessels, a true pericapillary sheath as formed by glial processes un-
der normal conditions is lacking. One may say that in tumors there is an absence rather
than a breakdown of the BBB [1689, 2217]. Under different conditions and particular-
ly in the acute phase of inflammatory processes, leukocytes traverse the endothelial cy-
toplasm or wedge themselves between two adjacent endothelial cells to reach the peri-
vascular space by a process called “emperipolesis” [86].
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The relative importance of these structural alterations of the endothelium in the gen-
esis of tumor edema has not been completely clarified. A quantitative study in glioblas-
tomas [486] has recently revealed the quantitative importance of the formation of can-
aliculi and true breaks of the endothelial layer as compared with pinocytotic vesicles
and fenestrations, which could be less frequent than expected.

An important pathogenetic role in the formation of vasogenic edema is played by
the products of the degradation of phospholipids of the cell membranes and of arachi-
donic acid, which is the main polyunsaturated fatty acid in the brain and its tumors
[411]. The liberation of arachidonic acid in cerebral tumors may be capable of trigger-
ing a series of events in the capillary walls by increasing their permeability and, there-
fore, increasing the amount of edema [787].

The action of permeability factors has also been demonstrated in the peritumoral ar-
ea. Apart from prostaglandin E and thromboxane B, [489], other factors have been iden-
tified in the supernatant of cultures of C6 glioma cells [2067] and of human gliomas
[308, 517]. The factors could be inhibited by dexamethasone. On this point of view
there is no general agreement, because there is no doubt about the existence of structur-
al changes in tumor blood vessels resulting in increased permeability. The same cannot
be said with certainty for the peritumoral tissue.

The majority of studies has demonstrated a lack of change in blood vessel perme-
ability in peritumoral tissue [1437, 225]. This is analogous to what occurs in other con-
ditions which lead to cerebral edema, where the damage to the BBB is present only at
the site of the lesion and not in the surrounding edematous tissue.

A 47% reduction of capillary permeability to sodium and urea has been observed in
the cerebral peritumoral tissue in the rat [1626]. The reduction could be secondary to
compression by the tumor on peritumor capillaries or an accumulation of tumor metab-
olites which inhibit the transcapillary transport of sodium and urea.

There are, on the contrary, observations that blood vessels in peritumoral position
show open junctions and more vesicles than normal, thus appearing to be leaky. Ultra-
structurally, they appear to be of immature type [3014].

It is possible that the tumor infiltration per se induces the increase of vessel perme-
ability in the invaded tissue, perhaps through diffusible factors [2741]. This hypothesis
is supported by the observation that in microvessels there are many more changes in the
interendothelial junctions the greater the tumor infiltration is, even when capillaries are
not directly surrounded by tumor cells. Experimental brain tumors have demonstrated
many of the same abnormalities as human tumors [2437].

There is no complete agreement between various authors on the electrolyte compo-
sition of the cerebral edema fluid: reduction of the sodium content and increase in po-
tassium in the brain [2304, 1210] or the opposite [1361]. The protein content is also not
identical to that in serum. In edematous white matter, for example, the increase in
Y-globulins occurs at a later time than the increase in albumin.

5.3.2 Morphological Changes and Sequelae

The increase in fluid content causes an increase in volume and weight of the brain,
which leads to flattened gyri, narrowed sulci, and small ventricles. In vasogenic edema,



70 5 Pathology of the Host-Tumor Interaction

Fig.5.9. Peritumoral edema in the white matter; dissociation of myelin fibers and demyelination,
Luxol Fast Blue B, x200

the edema fluid collects mainly in the extracellular spaces between the white matter fi-
bers. Even in the earlier phases, the dilatation of this space may be demonstrated at the
ultrastructural level if the tissue is properly fixed [1137]. The use of electron dense trac-
ers allows easier detection. Under worse conditions, edema is also apparent with con-
ventional histologic examination as vacuoles of various dimension in the white matter
and as dilatations of the perivascular and perineuronal spaces and dissociation of my-
elin sheaths (Fig.5.9). The preferential diffusion of the edema fluid in the white matter
is due to the fact that it follows anatomical pathways of lesser resistance. The bundles
of fibers in the white matter, thanks to the absence of demonstrable junctions between
the myelin fibers, are easily dissociated for considerable distances and facilitate the dif-
fusion of the edema fluid (Fig.5.10). On the contrary, the thick network of junctions in
the cortex (synapses and junctions between glial cells) remarkably limits the progres-
sion of the edema.

The progression is not simply the result of passive diffusion but is related to active
pressure [2304]. In fact, there is no difference in the speed of diffusion of molecules of
different size. However, the speed of edema progression at around 10 mm/week [1210],
which is inferior to that expected by simple diffusion, demonstrates that the main influ-
ence is an expression of the pressure exerted by the fluid coming out of the capillaries,
rather than of the resistance of the tissue [1210]. At any rate, there is a gradient in the
water content of the peritumoral white matter which decreases as the distance from the
tumor increases. The edema fluid, finally, is in part drained into the ventricular system
when the edema front reaches the walls of the ventricles [2304]; the serum proteins are
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Fig.5.10. Peritumoral edema diffused through the white matter of both hemispheres with myelin
loss, Luxol Fast Blue B

absorbed by astrocytes, macrophages, and even neurons, which transport them to the
blood vessels, pia, or ependyma with a possibility of being discharged into the CSF
[2276]. The persistence of the edema causes the appearance of serious tissue changes
such as demyelination and reactive astrocytosis (Fig.5.11).

Cerebral edema may influence the blood vessel flow by reducing the perfusion pres-
sure as a consequence of the increase in intracranial pressure, or by increasing vascular
resistance by compressing the microcirculation [1210]. Even if there is no complete
agreement between studies on tumor edema in man and under experimental conditions,
it is, nevertheless, probable that cerebral edema causes a decrease in the regional blood
flow [142] when it is accompanied by an increase in intracranial pressure.

Tumor-associated edema on CT scan is usually seen as a hypodense area surround-
ing the area of tumor enhancement. On MRI, it appears as a region of increased T2 sig-
nal outside the gadolinium enhanced area. When the enhancement is not present, for ex-
ample in infiltrating or in low grade tumors, then it is very difficult to differentiate be-
tween infiltrated tissue and edema [614]. It must be taken into account that malignant
cells can be found long distances away from the major tumor mass [2483, 1375, 332].
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Fig.5.11. Fibrous gliosis in chronic edema, Holzer, X300

Steroids are effective in reducing tumor-associated edema [2590], including that asso-
ciated with inflammation [784], even though the exact mechanism is not known. Since
they are not effective in all types of edema, one may conclude that they are not effec-
tive in all conditions under which the BBB is altered.

5.4 Calcifications

The old concept relating the presence of calcifications to the benign nature of a process
has been surpassed and is today unacceptable. Multiple factors come into play in their
production. The frequency of calcification in the different oncotypes varies greatly,
being very low in some, high in others.

Calcifications may be detected by conventional radiology in a small percentage of
cases; however, the percentage increases with computed tomography (CT) [2050], even
though, according to some, the majority of calcifications seen on CT are also visible on
plain X-ray films [984].

Magnetic resonance imaging (MRI) is even more sensitive, and calcifications ap-
pear as areas of signal attenuation because of the lack of mobile hydrogen [278, 3127].
However, calcifications are often not seen on MRL
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Fig.5.12. a Pseudocalcium-calcium (PCa-Ca) precipitations as fine granules on capillaries in an
astrocytoma, H&E, x200. b Broad precipitations on vessel walls in an ependymoma, cresyl violet,
%150 [2486]

From the morphological point of view, calcifications in gliomas are not dissimilar
from those which are observed in the “symmetric, nonarteriosclerotic deposition of
pseudocalcium-calcium” or in other calcifying conditions [721].

Fine granules may deposit on capillaries and subsequently become confluent, so as
to form strings of beads or larger structures, giving the capillary network a coral-like ap-
pearance. This type of precipitation is more frequent in peritumoral tissue, especially
around oligodendrogliomas or astrocytomas (Fig.5.12).

Precipitates may occur in the blood vessel wall both as granules, which subsequent-
ly become confluent, and as larger precipitates. The blood vessel wall may become im-
pregnated, and ring calcifications may form. This type is particularly frequent in oligo-
dendroglioma, in which a large part of the blood vessel network may undergo changes
similar to those in Sturge-Weber disease (Fig.5.13a).

A last type is in the form of stratified, morular, and needlelike deposits, of different
sizes and staining properties, apparently lying free in the tissue (Fig.5.13b). This type
appears mostly within the tumor or in infiltrated cortical areas.

Calcific deposits are basophil, stain variously with cationic dyes depending on the intensity
of mineralization, are metachromatic with toluidine blue, and are negative for lipid reactions. The
histochemical behavior is not dissimilar from that described in the symmetric deposits of pseudo-
calcium-calcium [2481]. They are formed by an organic matrix and a mineral component. The for-
mer includes a protein-GAG complex, showing an extinction point at pH 2.6-3.1 and alcian blue
positivity, as may be observed in Fahr’s disease [2494, 2495]. The GAG may vary from one tumor
to another or within the same tumor, depending on the stage in which the calcification occurs. This
is well demonstrated with fluorochromization by acridine orange [2495].

The mineral component is very variable. Calcium salts are usually demonstrated with routine
histochemical methods, while the presence of iron depends mostly on the stage of evolution of the
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Fig.5.13a,b. Oligodendroglioma; a pCa-Ca deposits on the whole vascular network; b agatiform
stratifications in large deposits, cresyl violet, x100 [2486]

deposits and on their location in different cerebral areas. For example, the presence of iron is much
easier to demonstrate in the first stages of calcification and in cerebral areas where it is normally
present. In small deposits, minerals are more difficult to demonstrate than in large ones, even with
the help of microchemical and microincineration methods.

Chemical analyses reveal the content of phosphates and carbonates, but the former clearly
predominate [2481], as occurs in Fahr’s disease, Sturge—Weber disease, and other conditions. Im-
portantly, hydroxyapatite crystals are found on X-ray spectrography [2492] (Fig.5.14). Ca is found
mainly as the phosphate form and the Ca/P ratio is identical on chemical analysis to that theoreti-
cally calculated for hydroxyapatite. Apart from Ca, numerous other minerals such as Fe, Na, Mg,
Zn, Cu, and Pb are present, as shown by qualitative spectrography [2481]. In meningiomas, oligo-
dendrogliomas, glioblastomas, and craniopharyngiomas, the elemental composition of the depos-
its seems to be characteristic of each type of tumor [672].

Fig.5.14a—c. Roentgen spectrographic analysis on a a bone fragment in a meningioma; b small and
¢ large deposits in an oligodendroglioma. Apparatus Rx General Electric, type XRD3, [2492]



5.5 Immune Response 75

Fig.5.15. Ependymoma: intracellular microfoci of calcification with a heterogeneous structure,
%7000

In all the calcifying conditions studied, it has been found that the organic matrix is “thirsty”
for Ca, because of the presence of GAG [2481]. The hypothesis is that calcification occurs follow-
ing the principles which regulate that in cartilage. In strongly calcified concretions within cerebral
tumors, reactions for GAG are more evident after demineralization, and the intensity of the calci-
fication is greater where acid radicals are of the sulfate type [2481], so that the interaction between
acid radicals and Ca is supported. Whether Ca is bound also to the amino groups of proteins can-
not be established, even after microspectrophotometric infrared studies. It is, however, certain that
as the process progresses, the concretions lose the organic matrix, and their mineral component in-
creases. In fact, after demineralization of old, heavily calcified concretions, the intensity of histo-
chemical reactions of the matrix is much less than in more recent, less mineralized deposits. The
enlargement of concretions is mainly due to hydroxyapatite crystals which show a strong surface
activity and a high degree of ionic exchange in vitro [717], so as to be able to adsorb Ca or other
minerals.

Electron microscopy has provided interesting information. In nontumor calcifying processes,
it has been observed that deposits are found in the basement membranes of blood vessels or just
outside them [1029, 1930, 2002]. They may appear as minute granules in the cytoplasm of adven-
titial cells and sometimes in glial processes, so that a suspicion has been raised that pericytes par-
ticipate in this process [1465]. In tumors, the findings of heterogeneous microfoci of calcification
is common and usually associated with a fibrous hypertrophy (Fig.5.15).

5.5 Immune Response

Undoubtedly, the nature and the efficacy of the tissue response to the tumor reflects the
capacity of circulating lymphocytes to mount an immune response. In patients with gli-
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omas, it has been noted that there is a degree of cellular and humoral anergy [303, 1874],
which is in direct relationship to the degree of malignancy [1734, 305]. In particular, in
those with malignant gliomas, the number of y-suppressor cells [899] and of OKT8+
lymphocyte subpopulations is high, whereas that of OKT4+ is low [1253]. The low mi-
togenic index of circulating T lymphocytes [2374] and the increase of the T suppressors
would cause a defect in the normal T-lymphocyte response [2950].

Besides the finding of a defective cell-mediated immune system, signs of a local im-
mune response consisting in the presence of mononuclear cell infiltrates are observed
(Fig.5.16a). Since the first description of lymphoid infiltrates in astrocytomas [188],
mononuclear infiltration has been the object of numerous studies. In autopsy material,
the lymphocytic reaction considered as an expression of the immune response is mar-
ked in 30% of gliomas, modest in 28%, and absent in 42% [2320]. In malignant gemi-
stocytic astrocytomas, lymphocytic perivascular cuffings are particularly abundant
[2796]. Furthermore, a correlation has been reported between survival and the amount
of lymphocytic infiltration in malignant gliomas [2121, 304]. However, the opposite or
no correlation has also been found [2499, 2425]. The perivascular infiltrate, predomi-
nantly lymphocytic with rare plasma cells, is more frequent in less malignant areas and
lacking in necrotic and hemorrhagic areas. Parenchymal infiltration is present in 29%
of gliomas, mostly in glioblastomas [304].

Attempts to characterize the mononuclear cell subpopulations in the infiltrates have
yielded contrasting results [3097]. A prevalence of B lymphocytes has been noted by
some, but other authors [2716, 2950, 1942, 2119] have stressed the presence and some-
times the predominance of T lymphocytes, in particular of the subpopulation OKT8+
(suppressor/cytotoxic) [1146]. NK (natural killer) cells have also been isolated from
malignant gliomas [1882] and are increased in number as compared with the peripher-
al blood [749]. It appears, therefore, that lymphocytes sensitized to glioma antigens es-
cape from the circulation and gather in the tumor [2950], thanks also to the alteration of
the BBB.

The type of local response revealed by the characterization of the subpopulations
seems to indicate the presence of immunoregulatory factors. Lymphocytes infiltrating
malignant gliomas have been isolated and cloned [1882]. The clones are capable in vi-
tro of destroying allogenic and autologous cells to a greater extent than the peripheral
blood lymphocytes in the same patients. However, their ability to clone is much lower
than that of the circulating lymphocytes. It seems, therefore, that there is an accumula-
tion of specific cytotoxic lymphocytes in the tumor, but their activity is limited by the
presence of T-cell-suppressive factors. A suppressive action has been attributed to anti-
convulsants, anti-inflammatory drugs, specific immunoglobulins and circulating im-
mune complexes [2654, 889], and the close topographical relationships with tumor cells
[1882]. Immunosuppressive factors have been found in glioma cyst fluid [1414] and in
the serum of patients before operation [302]. A factor isolated from glioma cells in cul-
ture has been found to antagonize the effects of interleukins (IL) 1 and 2 [798]. It has
been called “glioma-derived T cell suppressor factor,” and it is able to suppress both the
IL2-dependent T-cell proliferation and the generation of cytotoxic T cells in mixed lym-
phocyte cultures. It further suppresses lymphokine-activated killer (LAK) cell activity
[1537] and is identical to transforming factors (TGF) 3, [587, 235].
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Fig.5.16. a Lymphocytic infiltrates in the vessel walls of a glioblastoma, H&E, x300; b cerebral
carcinomatous metastasis: macrophages are evident by immunostaining for lysozyme, PAP-DAB,
%400
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Other mechanisms have been proposed to explain the escape of gliomas from the
immune response: a defect in immunogenicity and the secretion of a mucopolysaccha-
ride coat. The interaction of glioma cells in culture with a macromolecular factor pro-
duced by peripheral blood mononuclear cells increases the production of this protective
coat [631].

The role of macrophages in humoral immunity is clear, but little is known in rela-
tion to gliomas. They represent part of the infiltrating cells within primary and second-
ary tumors (Fig.5.16b) with different percentage values in various studies, perhaps de-
pending on the method used [3073, 1925, 735, 2371, 1146]. The entrance of macro-
phages into the tumor is essential to initiate the lymphocytic response and is due to the
breakdown of the BBB. An alternative route is the transformation of microglia into
macrophages, which may be triggered by the release of IL3 from astrocytes,an event
which has been documented in culture [825].

Macrophages in malignant gliomas are present in necrotic areas, in tumor parenchy-
ma, and at the borders with normal tissue. They express class I MHC antigens, a fact
which led to the belief that they are involved in the immune response apart from phago-
cytosis [2371]. Glioma cells, reactive astrocytes, and cerebral endothelial cells also ex-
press a human leukocyte antigen (HLA-DR). Its expression is potentiated by stimulat-
ion of y-interferon [900, 2201]. These cells are, therefore, able to present the antigen to
lymphocytes [593].

In glioma patients, an autologous, humoral, nonspecific response against the tumor
has been described. This response is not a direct one. In fact, even though B lympho-
cytes are present in gliomas, it is doubtful whether they produce glioma-specific anti-
bodies which may participate in cytotoxic, cell-mediated complement-dependent or an-
tibody-dependent reactions [1785, 66].

A modest antiglioma activity is present in the serum of patients, especially of these
with low grade gliomas. This is probably related to a IgG or IgM immunoglobulin, but
it is easily absorbed by platelets and other tumor cells [1488, 1785, 462].



6 Classification and Nosography
of Neuroepithelial Tumors

A century has now elapsed since the first attempts to classify cerebral neoplasms sys-
tematically. The identification of new cellular elements in the nervous tissue, their his-
togenetic classification, the discovery of other morphological tumor features and the ac-
cruing of biological data have progressively led to the classifications being updated.
This has been facilitated by the progress in neurosurgery and, more recently, by the in-
troduction of molecular biology into neuro-oncology.

It is opportune to discuss the actual status of the classification and nomenclature of
cerebral tumors, to provide some historical data, and to follow, even if in broad terms,
the conceptual development which allowed the classifications to be devised. To deal
with neuroectodermal tumor classifications means to describe their history. However, it
is difficult to resist the temptation to classify the classifications. Diverse criteria, i.e.,
morphological, histogenetic, biological, and organogenetic, and often more criteria at
the same time, inspired earlier classifications.

Even though attempts to identify cerebral neoplasms had already been made, only with Vir-
chow in 1863 [2942] was a systematic classification begun. The identification of the neuroglia by
the German pathologist was followed by the description of “gliomas,” which he separated from the
sarcomas and further subdivided into hard, soft, rich in cells, medullary, fibrotic, teleangectatic,
and myxomatous. This parallelism between the description of particular cellular structures of the
CNS and that of corresponding tumors was to last for several years. In fact, the description of “fi-
brillary cells” by Deiters [611] or “spider cells” by Jastrowitz [1291] was followed by the identifi-
cation of the “spider cell gliomas” by Simon [2646]. The identification of blepharoplasts was fol-
lowed by the description of ependymal tumors [1744], and so forth. The first classification inspired
by unitary interpretative criteria was that of Pick and Bielschowsky in 1911[2197] who considered
cerebral tumors as corresponding to the elements derived from the so-called undifferentiated
neurogliocytes. These were considered to be multipotent elements from which neural, glial, and
Schwann cells could arise. Along these lines, Ribbert [2311] perfected the systematics of cerebral
tumors and thought of gliomas as being composed of glial cells. These tumors, in agreement with
Cohnheim’s theory [474], could have originated from residues of tissues which remained isolated
during embryogenesis and arrested at different developmental stages. Thus, the foundations for fu-
ture and more complete histogenetic classifications were lain. In relation to developmental stages,
tumors were arranged by Ribbert from the most immature to the more mature as follows: spong-
ioneuroblastoma, spongioblastoma, glioblastoma, glioma, and neuroblastoma. Contemporary to
Ribbert, a histogenetically based classification of tumors was published by Strauss and Globus
[2750]. For these authors, the elements of the cytogenesis of the neuroepithelium were in recipro-
cal relationship and were related to the tumors [944].

It has to be remarked that these schemes, like other ones thus far followed, were oriented to-
ward purely morphological classification criteria, i.e., they were based on the similarity the tumor-
al elements have with elements in cytogenesis. This system was nevertheless useful and suscepti-
ble to being encompassed in a more ample evaluation of cerebral neoplasia which, by taking into
account the important data provided by clinical practice, could pretend to have an accomplished
biological meaning.
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Great progress was brought about by the development of neurosurgery and was made
possible by the close cooperation between pathologists, neurologists, and neurosur-
geons. This collaboration reached its peak in the association of Bailey and Cushing in
1926 [112]. Bailey correlated the various tumor cell types with the stages of maturation
of the corresponding normal elements, as defined by histologists [1145, 360]. He first
distinguished 15 tumor types, reduced in 1932 to 10, which could be matched to the
medullary epithelium or its derivatives. These were medulloblastoma, neuroepithelio-
ma, glioblastoma multiforme (to include the spongioblastoma multiforme [112, 944]
and the polymorphic glioma [2381], pinealoma, spongioblastoma (which included the
unipolar spongioblastoma [112] and the polar spongioblastoma [2169]), astroblastoma,
astrocytoma, ganglioneuroma, ependymoma, and oligodendroglioma. This classifica-
tion [112, 113], therefore, provided a histogenetic foundation for the various tumor
types, as summarized in Fig.6.1. With this classification, the authors also wanted to at-
tribute a biological meaning to the diagnostic label, i.e., they wanted it to contain indi-
cations on survival, as inferred from clinical data, which were widely taken into consid-
eration in the preparation of the definitive version.

According to survival criteria, Bailey [106] gave the following order of decreasing
malignancy: medulloblastoma, neuroepithelioma, glioblastoma multiforme, pinealo-
ma, ependymoma, astroblastoma, spongioblastoma, oligodendroglioma, ganglioneuro-
ma, astrocytoma. Even if criticized and blamed for having stressed cytogenesis, which
was not yet well understood, by creating even nonexistent elements such as the glioblast
(to maintain in the system tumors such as the glioblastoma), this methodology of tumor
classification represented, nonetheless, for the neurosurgeon and the neuropathologist
an undoubted practical advantage, and therefore it was universally accepted.

Almost at the same time, another classification was developed by Roussy et al. [2381]. It was
based on the similarity that tumor cells have with embryonal or mature elements and also took in-
to account progressive or regressive events within the tumor. It comprised astrocytomas, fibrillary
and nonfibrillary gliomas, glioblastomas, and spongioblastomas. Roussy, in fact, criticized the too
exact identification of the tumor elements with the corresponding stages of maturation of the cells
of the primitive epithelium used by Bailey, because he thought that the knowledge of the histogen-
esis of the CNS was still too fragmentary. In the atlas of Roussy and Oberling of 1931[2380] it is
stressed that the classification was based only on the similarity of the tumors with embryonal tis-
sues. The following tumor types were named: (1) gliomas: astrocytoma, oligodendroglioma, glio-
blastoma; (2) ependymochoroidal tumors: ependymocytoma, ependymoblastoma, ependymoglio-
ma, plexus-papilloma; (3) ganglioneuromas; (4) neurospongiomas; (5) neuroepitheliomas.

Numerous other classifications were subsequently devised, including that of Penfield [2170],
which was very close to that of Bailey and Cushing [112]. The names “piloid” astrocyte and “pi-
loid” astrocytoma were introduced; the term piloid recalls the arrangement and the appearance of
the isomorphous gliosis. The methodology of Bergstrand deserves special mention; he elaborated
the surgical series of Olivecrona and accepted his subdivision into benign and malignant tumors
[171, 172, 173]. Among the former, he included the fibrillary, the protoplasmic, and the giganto-
cellular astrocytoma and among the latter, the polymorphic, the fusiform, and the protoplasmic
glioblastoma. The great merit of Bergstrand was, however, the separation of the cerebellar astro-
cytomas from the cerebral astrocytoma group; he called them “embryonal gliocytoma” and subse-
quently “glioneuroblastoma,” to underline their malformative character. This distinction found lat-
er not only morphological, but also valid biological foundations.

In the classification of Hortega [1189, 1190}, the distinction was made between “gliomas” de-
riving from the glia proper and the “paragliomas” deriving from the ependyma, choroid plexus, pi-
neal body, and so forth. This distinction was later to be accepted by Ziilch [3134]. According to
Hortega, cells which develop from the medullary epithelium can give rise on the one hand to glio-
mas, through the glioblast or “stem cells”, and on the other to paragliomas. The different glial types
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and, therefore, the different glial tumors, among which there could be transitional forms, would de-
rive, in fact, from the glioblast. His classification was purely histogenetic and reflected the fact that
he belonged to a school primarily interested in histology, particularly investigations with metal im-
pregnation techniques. The tissue architecture was not sufficiently taken into account, and biolog-
ical clinical data were almost lacking, so that there was a strong discrepancy between many tumor
groups and their respective prognosis. Hortega’s classification is, accordingly, biologically based,
difficult to interpret, and at variance with contemporary or immediately subsequent classifications.
The diagnostic label given to a tumor after transferal into another biologically based classification
system indicated a completely different tumor. For example, according to Hortega the term astro-
blastoma indicated a group of tumors with differing biological behavior. These tumors, therefore,
were or will need to be placed individually under other names in classifications which had, or will
have, taken biological data into account.

In the cerebral tumor system elaborated by Scherer [2475, 2477], the histogenetic
classification had no meaning except for mature tumors, such as oligodendroglioma and
astrocytoma. For other oncotypes, the cytological diagnosis was not useful to identify
the elements of origin or to establish how these would have differentiated. Furthermore,
the elements of the matrix were themselves tumor cells, i.e., modified cells. He under-
scored most of all the architecture of the tumor, the stroma, and tumor growth and dis-
tinguished, within the neoplasia proper, secondary and tertiary structures. Scherer’s sys-
tem was more a principle than a true tumor classification, and the conclusions reached
on prognosis were not fully consistent with clinical observations. The most important
thing to be recalled is that, according to Scherer, there are no circumscribed astrocyto-
mas; they all have a diffuse type of growth, and the majority undergo dedifferentiation
toward glioblastoma. There would, therefore, be “primary” and “secondary” glioblasto-
mas derived from astrocytomas, through a process which today is called anaplasia.

Recognizing the great importance of anaplasia in the cytology of gliomas, Cox [506] pro-
posed to classify them into tumors of adult tissue (astrocytoma, oligodendroglioma, ependymoma,
pinealoma, and ganglioneuroma), anaplastic forms (glioblastoma multiforme), transitional tumors
(astroblastoma, polar spongioblastoma), medulloblastomas, and rare tumors of the medullary epi-
thelium and neuroepithelium. The classification of Chiovenda [428], which was very complex be-
cause of the large numbers of subdivisions, belongs to this period. Chiovenda recognized four
groups of tumors: gliomas, neuromas (formed by neural cells), glioneuromas, and pinealomas. Gli-
omas were either typical or atypical. The former encompassed astrocytic, ependymal, and choroid-
al forms which could be mature or immature. The latter comprised glioblastomas belonging to di-
verse types. Various glial oncotypes were, therefore, distributed in this framework.

Extending the concept of anaplasia, limited to the glioblastoma by Roussy et al.
[2381] and Cox [506], Kernhoan et al. [1405] proposed a new classification of cerebral
tumors, applying to them the principle of grading introduced by Broders [292, 293] for
the epitheliomas and then extended by the Mayo Clinic to tumors in general. The dif-
ferent types of tumors did not develop from tissues at different stages of maturation but
instead through a process of anaplasia which would come into play in cerebral ontogen-
esis. For example, in their system of “grading” one passes through increasing degrees
of anaplasia from the protoplasmic and fibrillary astrocytoma, through the astroblasto-
ma, to the glioblastoma. In Fig.6.2 this scheme is fully reproduced. This classification,
by rejecting the histogenetic basis, is maximally simplified, also because some tumors,
such as polar spongioblastoma and neuroepithelioma, are excluded. This classification
offered several advantages at the practical neurosurgical level for which it was specif-
ically designed. A new principle of systematization of cerebral tumors is thus intro-
duced, borrowed from nonneurological pathology where it has led to good results, and
applied to a tissue with a complex cell composition such as the nervous tissue.
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New Old, with new in parentheses

Astrocytoma (astrocytoma, grade 1)
Astroblastoma (astrocytoma, grade 2)
Astrocytoma, grades 1-4
Polar spongioblastoma (obsolete)

Glioblastoma multiforme (astrocytoma, grades 3 and 4)

Ependymoma (ependymoma, grade 1)
Ependymoblastoma (ependymoma, grades 2—4)
Ependymoma, grades 14
Neuroepithelioma (obsolete)
Medulloepithelioma (ependymoma, grade 4)

Oligodendroglioma (oligodendroglioma, grade 1)
Oligodendroglioma, grades 1-4
Oligodendroblastoma (oligodendroglioma, grades 2-4)

Neurocytoma
Ganglioneuroma
(Neuroastrocytoma, grade 1)
Gangliocytoma
Ganglioglioma
Neuroastrocytoma, grades 1—4
Neuroblastoma
Spongioneuroblastoma
(Neuroastrocytoma, grades 2—4)
Glioneuroblastoma
and others
Medulloblastoma Medulloblastoma

Fig. 6.2. Kernohan's classification

The scheme of Kernohan et al. [1405] has been accused of not taking into account
the regressive cellular changes which can produce a polymorphous picture, without
changing the grade of malignancy. Diverse morphological aspects may be present in
different areas, without the general biological behavior of the tumor being affected. If
the “grading” is applied to a small biopsy fragment, the prognosis indicated by the di-
agnostic label may be wrong [3134]. The principle of “grading” could only be applied
to autopsy material, when the entire neoplasm is examined, because anaplasia may be
the result of a local phenomenon of lesser prognostic importance [2415]. The possibil-
ity that a tumor may be diagnosed as an astrocytoma on biopsy and as a glioblastoma at
autopsy does not escape anybody’s attention. On the contrary, in many glioblastomas it
is not possible to find any sign uncovering their evolution from a more differentiated tu-
mor. These tumors, therefore, must have had such a character since the onset (primitive
glioblastomas of [2477]).

In many ways similar to the classification of Kernohan et al. [1405] is that designed with ex-
clusively practical intent by Ringertz [2325]. Three grades, instead of four, are used (benign, inter-
mediate, and glioblastoma) and applied to astrocytomas, ependymomas, and oligodendrogliomas.
Itis, however, to be stressed that the number of glioblastomas to be considered as originating from
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ependymomas and oligodendrogliomas is certainly less than could be deduced on the basis of their
frequency. In this regard, it is important to highlight that anaplasia may proceed such as to erase
any trace of the preceding tumor and, therefore, hamper the identification of the secondary origin
of the glioblastoma. Even evaluating a glioblastoma as an anaplastic tumor originating from more
differentiated tumors, the Swedish author is against abolishing such a term in the classification, as
occurs in the scheme of Kernohan et al.

Another biomorphologic classification distinguished tumors deriving from parenchymal cells
which form the CNS (oligodendroglia, astroglia, ependyma, and neural cells) from those deriving
from cells of the adjacent organs (pineal cells and choroid epithelium) and from embryonal germs
(neuroblastomas and medulloblastomas) [367].

In more recent years, the most accepted classifications have been those of Ziilch
[3134] and of Russell and Rubinstein [2415].

The classification of Ziilch [2415] stems from that of Bailey and Cushing conceived
not as an absolute dogma, but as a useful, working hypothesis. The tumors categorized
by the American authors are maintained as biological entities, independent of their his-
togenetic problems. The intermediate aspects, the variations in type and so forth, are
considered as variants which are specific for each group. Particular importance is attri-
buted to the regressive events as capable of modifying the morphology of a tumor; be-
cause of this they are considered as specific manifestations of the tumor. It has to be
stressed that in this classification there are a certain number of nonclassifiable tumors.
Adhering in part to the concept of Hortega, Ziilch distinguishes neuroepithelial tumors
into medulloblastomas, gliomas, paragliomas, and gangliocytomas. The medulloblasto-
mas are undifferentiated tumors; the gliomas, paragliomas, and gangliocytomas are dif-
ferentiated. Among the anaplastic tumors are the glioblastoma and, perhaps, the epen-
dymoma and the anaplastic pinealoma.

The subdivision adopted by Russell and Rubinstein [2415, 2420] also appears to
stem from that of Bailey and Cushing, with whom they share the concept of tumor types
in which the cells recapitulate the stages of glial embryogenesis. This concept is, how-
ever, accepted only if the variations in shape and other cellular features are not indica-
tive of an anaplastic process, which is notably frequent. Medulloblastoma is no longer
a separate undifferentiated tumor but, instead, is encompassed within the tumors of the
neuronal series because of the prevailing neuronal differentiation. In the classification
of Ziilch [3134], the medulloepithelioma does not exist as a tumor entity, and the ma-
jority of neoplasms containing neuroepithelial structures fall into the group of ependy-
momas, with which they share the same biological behavior. If medulloblastoma is con-
sidered as a tumor of the neuroblastic series [2750, 2415, 2420], there is a place for a
medullo- or a neuroepithelioma which would be the true undifferentiated tumor origi-
nating from the “indifferent” cells of Schaper [2467]. In particular, the existence of the
medulloepithelioma, reaffirmed by Globus and Cares [942], emphasized by many au-
thors [1293, 88, 2473, 2455] as the more primitive multipotential tumor of the CNS. The
number of cases published is scanty; however, the importance of this oncotype in the
relationship between tumors and cytogenesis is so high that it must be retained in the
classification.

A second point of discrépancy between the two classifications is represented by the
position of the polar spongioblastoma. Whilst for Ziilch [3134] it is a benign tumor aris-
ing from the subependymal glia and, therefore, always in relation with the ventricles and
characteristically containing Rosenthal’s fibers, for Russell and Rubinstein [2415,
2420] it is a rare and primitive malignant tumor. The problem is still a semantic one.
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With the term “spongioblastoma” Russell and Rubinstein refer to the spongioblasts of
the cytogenesis. These are very immature elements, and therefore the corresponding tu-
mor must have adequate characteristics of immaturity and malignancy. In effect, the tu-
mor alluded to is malignant and immature, but it is extremely rare. Ziilch, on the con-
trary, does not refer to the cytogenesis but to the resemblance of spongioblastoma.cells
to spongioblasts and employs the term to indicate a vast group of tumors, usually be-
nign, including the so-called cerebellar astrocytoma, which in the nomenclature of Rus-
sell and Rubinstein are included among the pilocytic astrocytomas [3141]. The cerebel-
lar spongioblastoma of Ziilch is to be identified with all the types of cerebellar astrocy-
tomas of Russell and Rubinstein. There are, however, no doubts about the biological be-
havior of this neoplasm. It is obvious that Rosenthal’s fibers, thought by Ziilch to be
characteristic of spongioblastomas, are found by the other authors in astrocytomas.

Another point of controversy is the astroblastoma, not recognized by Ziilch [3134]
in the histogenetic sense [112] as a tumor entity, but as a feature which occurs in malig-
nant gliomas and is therefore very close to glioblastoma. For Russell and Rubinstein
[2415, 2420], on the contrary, it is a tumor per se.

The most important problem remains that of the glioblastoma. Ziilch considers it a
separate tumor, rarely originating from a preexisting astrocytoma [2821], in contrast
with previous views [1405, 2325]. The possibility of anaplasia and the dedifferentiation
of astrocytomas are satisfied with the creation of a group of malignant astrocytomas. By
contrast, based on previous concepts [2477, 2325], Russell and Rubinstein discuss
whether the category of glioblastoma should be maintained, as there is so much evi-
dence for its origin following dedifferentiation of an astrocytoma; their anaplastic as-
trocytoma represents an astrocytoma in which the dedifferentiation may lead to glio-
blastoma.

Amongst the ependymal tumors, Russell and Rubinstein also accept subependymo-
ma, arising from the subependymal layers and formed by a proliferation of subepen-
dymal astrocytes. The term subependymoma was coined by Scheinker [2468] to indi-
cate already known and variously named tumors, which were subsequently renamed.
The existence of such a tumor was denied by Ziilch, according to whom it would be an
ependymoma with pressure atrophy or a variant of spongioblastoma.

At the bottom of the debate on classification there are not only conceptual but also semantic
problems. Certainly, both the creation of new names for tumors which were previously included
under other labels and the keeping of old names for tumors which instead have acquired a new po-
sition have contributed to the polymorphism of the nomenclature.

A symposium on the classification of cerebral tumors was held in Cologne in 1962 with a long
discussion on nomenclature. A scheme elaborated in 1958 by the Union Internationalis Contra
Cancrum (UICC) as a basis for discussion was presented [1054]. In this symposium, the three main
classifications were confronted, i.e., Kernohan et al., Ziilch, and Russell and Rubinstein. The
“grading” scheme according to Kernohan et al. was defended [2460]. Since the principles of Co-
hnheim [474] and Ribbert [2311] underlying the recent histogenetic classifications are no longer
tenable, it is likely that tumors arise because of some disturbance of the adult cell. Several exam-
ples of tumors produced by external agents support this concept. The “grading” system is based, in
fact, on the deviation of cells from the normal cytotypes, i.e., on the degree of dedifferentiation pre-
sent and not on the possibility that, in the development of the tumor, the cells gradually become
more malignant, as is erroneously thought. The grade with which a tumor is labeled depends on the
time when cells are struck by the cancerous deviation. The naming according to grades does not
imply a clinical judgment but refers only to cell metabolism, and the use of four grades is not qual-
itatively different from that of three grades, widely applied by everyone, when the terms semibe-
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nign, semimalignant, and intermediate are introduced. Finally, the criticism that the “grading” sys-
tem provides a diagnosis-prognosis derived from very small tumor fragments while considering
the inhomogeneity of several brain tumors was applied by Sayre to any examination of this type,
independently of the classification scheme followed.

In 1979 the WHO (World Health Organization) published a classification based on
the work of various groups [3137] which provided a compromise between that of Ziilch
and that of Russell and Rubinstein. The position of each oncotype in relation to the de-
gree of malignancy was also indicated. This new classification was not unanimously ac-
cepted and several criticisms were made, especially in the new systematization of the
degrees of malignancy. Glioblastoma, for example, was kept separate from astrocytic
tumors and put into the group of poorly differentiated and embryonal tumors. Astroblas-
toma was maintained as a variant of astrocytoma, in spite of its recognition as a sepa-
rate entity [1228, 1156].

In the years which followed, a remarkable amount of data has been produced in the
different fields of neuro-oncology: immunohistochemical demonstration of new anti-
genic expression in tumors with their relationship to cytogenesis, molecular biology
revelations with their putative relationship to pathogenesis, identification of new tumor
subgroups on the ground of statistical studies of survival (on which topic many contri-
butions accumulated [921, 3059, 2009, 470, 856, 1944, 2517, 2523]) and identification
of new tumor entities. As examples, the problem of primitive neuroectodermal tumors
(PNET) [2355, 157], pineal tumors [1074], polar spongioblastoma, and many others re-
garding meningiomas [1390] required a new consensus on classification.

The problem of PNET can be regarded as paradigmatic. The term was first intro-
duced by Hart and Earle in 1973 [1069] to label 23 tumors which could not be classi-
fied into any of the known categories and were characterized by undifferentiation, ma-
lignancy, circumscription, cyst formation, and appearance in young subjects. In the past
decade, studies [158, 2353, 2356] again suggested grouping together tumors composed
of undifferentiated neuroectodermal cells, with or without foci of differentiation, oc-
curring in the CNS of children or young adults in different locations.

All further descriptions [2134, 237, 1494, 675, 862] indicated one or more differen-
tiations. Rorke [2353] proposed a scheme based on the concept that these tumors, first
of all medulloblastoma, derived from the neoplastic transformation of primitive neuro-
epithelial cells, undifferentiated but capable of differentiating along neuronal, glial and
ependymal lines. Subsequently, a modification of the WHO classification was proposed
in order to include the group of PNET which was composed of medulloblastoma, neu-
roblastoma, pinealoblastoma, and ependymoblastoma [2356].

The most important question is whether or not the use of the term PNET is a simplified and
more reliable tool to categorize embryonal tumors. Undoubtedly, it is an attempt to define tumors
not easily classifiable, because of their uncertain nature by means of descriptive instruments in-
stead of referring to the “cells of origin™ [2355]. However, if only undifferentiated tumors are con-
sidered, the problem is practically restricted to medulloblastoma. Becker and Hinton [158] found
112 medulloblastomas in a series of 127 undifferentiated tumors. In our series, 112 out of 117 were
found [2519]. In order to avoid confusion, since the term medulloblastoma is used too much by cli-
nicians, it has been proposed to limit the term PNET to supratentorial tumors [2855].

The next question is whether medulloblastoma is a tumor specific to the cerebellum or a prim-
itive undifferentiated tumor, together with similar supratentorial tumors of the pineal region and of
the spinal cord, independently of the nature, uniformity, or multiplicity of the primitive undiffer-
entiated cells [2356].
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Several objections have been made to the PNET categorization. First, since the undifferenti-
ated nature of the cells is emphasized, the system might accept cells that are simply unidentifiable
and thus become a category of undiagnosed tumors; second, it includes heterogeneous and non-
comparable tumors; and, third, it does not take anaplasia into due consideration [2393]. As anapla-
sia is a progressive phenomenon, it could be responsible for the undifferentiated appearance of a
tumor. Medulloblastoma could, for example, be the anaplastic end stage of an astrocytoma [1966,
2405, 2540]. Not only it is difficult to distinguish between embryonic and anaplastic tumors, but
the maturation of an undifferentiated tumor could also go unrecognized [132, 761, 1112]. Appli-
cation of the PNET system might largely depend on the interpretation of the cell forms, and thus it
might be impossible to obtain uniform diagnoses from different examiners. A better knowledge of
the embryological origin is required; reliable prognostic evaluations cannot be made on the basis
of the histological results as a similar morphology does not imply a similar biology [1851].

Very recently, a panel of well-defined and extensively characterized Mabs was used on a se-
ries of pediatric brain tumors: In one third, both neuronal and glial differentiation was present
[1914], as were positive neuroendocrine markers [983]. These observations support the PNET con-
cept, even though 35 out of the 37 cases studied were located in the posterior fossa, i.e., they were
medulloblastomas. However, it has been proposed that, in order to distinguish primitive cells
showing differentiation from undifferentiated primitive cells, the former should be called “neuro-
ectodermal cells” committed to neuronal, astrocytic, or ependymal differentiation. Molecular biol-
ogy data reported deletions on 17q or 17p or myc amplification [196, 2254]; the neural and neuro-
endocrine protein gene product 9.5 isolated from human brain [1268] has been demonstrated in 21
tumors [1066] even though they were obtained from posterior fossa tumors, i.e., medulloblasto-
mas. Still other immunohistochemical findings are available concurring to define characteristics of
PNET. In some cases different cytokeratin proteins, together with S-100 protein and vimentin,
were expressed, indicating a wide range of differentiation patterns in PNET of early infancy
[1004A]. Other investigations showed that whereas astrocytomas and ependymomas are positive
for nerve growth factor receptor (NGFR), only few PNET are positive, these being the ones with
astroglial differentiation [115A]. A systematic immunohistochemical study of ontogenesis and of
PNET demonstrated that in these tumors a certain recapitulation of the ontogenetic development
of differentiation is present [1445B].

The use of the term PNET has practical and theoretical meanings. From the practical point of
view, it indicates tumors with various kinds of differentiation and with a variable amount of cells
which appear undifferentiated [2355]. From the theoretical point of view, the problem of the exis-
tence of a common, primitive, undifferentiated tumor cell (or cells) is of paramount importance,
even though the meaning of the term “primitive” has not been further specified [157, 2355]. The
concept of PNET is based on a criticism of the cytogenetic scheme of embryonal neuroepithelial
tumors, because of the impossibility of predicting the differentiating potential or of establishing the
ancestry of primitive neuroepithelial cells in a tumor by current morphologic techniques [980,
2355]. It is also based on the observation that tumors are composed of primitive neuroepithelial
cells whose differentiation does not necessarily follow normal schemes [2355].

Perhaps a definitive system of classification, taking into account all these points of
view, is not possible. Classifying cerebral tumors also means making a histological di-
agnosis and recognizing histological prognostic factors. There are a number of limiting
factors, one of which is the reproducibility of the histological diagnosis. Within the con-
fines of the Childhood Brain Tumor Consortium (CBTC), for example, the reproduci-
bility of the systematization in the diagnostic classes of the WHO has been evaluated.
The Px, or conditional probability of agreement between different neuropathologists,
has been found to vary for various tumors. The pilocytic astrocytoma, ependymoma,
medulloblastoma, and astrocytoma have lower values, and the use of a single category

+of “astrocytoma” to include the fibrillary and protoplasmic varieties is recommended. It
is also suggested that the criteria of anaplasia in astrocytomas and ependymomas be re-
defined [424]. Another point of great difficulty is to establish a grading system which
could also take into account clinical and therapeutic parameters while satisfying at the
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same time the clinical necessities [577, 567, 330A]. Advances in antigenic expression
analysis and molecular biology oblige us to leave the matter of classification open.
However, for the present, after meetings held in Houston (1988) and Ziirich (1990), a
new version of the WHO classification has been presented [1443]. In principle, its sug-
gestions are followed in the present book.



7 The Concept of Malignancy:
Anaplasia, Cell Proliferation, Metastasis

7.1 General Considerations

In intracranial tumors the concept of malignancy has a clinical and a biological sense.
Contrary to tumors in other organs, intracranial tumors grow within a closed space
whose only reserve depends upon shifts in the CSF. The brain and the $pinal cord are
formed by different structures composed of cells in various stages of differentiation:
They are, therefore, inhomogeneous from an anatomical and functional point of view.
Whilst some cerebral structures may withstand severe damage for a long time without
the life of the patient being compromised, others cannot tolerate, even for a short time,
minimal damage. A tumor, therefore, may be “malignant” and lead to a fatal outcome
solely on the basis of its location. Given the same histological appearance, an astrocy-
toma of the aqueduct will be more “malignant” than a similar astrocytoma in the hemi-
sphere. The criteria of operability also play a role, so that an astrocytoma of the third
ventricle may be more “malignant” than an analogous tumor of the cerebellar hemi-
sphere.

The concept of biological malignancy refers instead to the proliferating potential of
the neoplastic cells which conditions the histological and other features of the tumor,
rapid infiltrative and destructive growth, recurrence after surgical removal, and metas-
tasis as for tumors in other organs. The histological signs of malignancy depend on the
genuine growth potential of the tumor.

The cellular appearances of neuroepithelial tumors in some way correspond to those
shown by the normal stages of neurocytogenesis up to the final differentiation step.
Concepts such as dedifferentiation, anaplasia, and cellular atypia were often expressed
in the older literature. Atypia was meant to express the taking on by tumor cells of mor-
phological and metabolic properties no longer reconcilable with the stages of cytogene-
sis, either of the same series to which tumor cells belong or of other series. The concept
of anaplasia was related instead to dedifferentiation, which meant the loss of morpho-
logical molecular characteristics typical of that grade of differentiation and a return to
the characteristics of earlier stages. Alternatively [3122] anaplasia meant simply the
process by which cells failed to differentiate, never reaching morphological maturation.
In practice, atypia should follow anaplasia.

Many of the morphological structural features of glial tumors, such as the malignant
transformation of astrocytomas, may be described dynamically along the lines of cellu-
lar dedifferentiation. The foundations of the different “grading” systems [1405, 2325]
are still valid if cell dedifferentiation is considered in relation to the neoplasm as a
whole.
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The histological signs indicative of malignancy are nuclear polymorphism, imma-
ture appearance of the cells, absence of one or more features of differentiation, alter-
ation of the nucleocytoplasmic and nucleolo-nuclear ratios, nuclear hyperchromasia,
formation of giant or polynucleated cells, presence of mitoses (especially if atypical),
regressive events such as necrosis and stromal changes. None of these characters may
be considered by itself as indicative of malignancy, since any of them may be found in
nonmalignant tumor conditions or even in pathological nontumor conditions as a sec-
ondary nature.

The divergence of opinions regarding the DNA content of neoplastic cells and the
meaning of nuclear hyperchromatism, which were much debated topics in the past, no
longer exists, even though the ploidy and the frequency of mitoses remain important di-
agnostic characteristics. The morphology of a tumor represents the result of a series of
hierarchical biological events. The prognostic value of a malignant histological pheno-
type must be confirmed by a statistical analysis of survival.

In human pathology, there are no systematic observations on the early stages of de-
velopment of brain tumors, only reports of neoplasms occasionally found at autopsy
[1236). However, by considering the frequency of the different oncotypes in adults and
children, and their mode of growth, and by comparing them to known experimental
models, especially those obtainable with nitrosourea derivatives, general trends may be
identified.

Fetal neuroepithelial cells in the latest stages of development may be the target of
neoplastic transformation [2406, 2393], as are neuroepithelial cells of the five addition-

al loci where neurocytogenesis also occurs in postnatal life [1637], i.e., the subepen-
dymal zone, the astrocytes and oligodendrocytes during myelinogenesis, the external
granular layer of the cerebellum, the fascia dentata of the hippocampus, and the molec-
ular subpial layer of the cerebral cortex.

Neoplastic transformation may occur in successive steps as the target cells differen-
tiate and migrate. As a consequence of this displacement, the tumor may “arise” at sites
away from that of the first transforming event [2406]. The essential factor is that the tar-
get cell must still be capable of multiplying at the time the transforming event occurs
[2406]. The “neoplastic vulnerability” of neuroepithelial cells varies according to a se-
ries of factors: the existence of a reserve population of stem cells, the ability of already
differentiated cells to reenter the cell cycle, the number of cells in cycle at risk at a giv-
en time, the time period during which a given cell population remains in the cycle and
its state of differentiation [2396]. Taking into account that the neuroepithelial cells
struck by the neoplastic transformation continue to differentiate, and that differentiated
tumors may undergo anaplasia, the formal pathogenesis of gliomas must be discussed
in terms of the bipolarity differentiation/ dedifferentiation.

Astrocytomas can be considered an example of differentiation after transformation.
An interesting observation has been made on this. The majority of astrocytoma cells are
GFAP-positive but negative for A2B5 and galactocerebroside (GC) antibodies. This
combination would indicate an origin from type 1 astrocytes. Few tumors, and only
those of low grade malignancy, contain A2B5- and GC-positive cells [217]. Once ma-
lignancy arises, the already mentioned typical histological signs appear.

Contrary to what occurs in other organs, the number of CNS cells susceptible to
neoplastic transformation in adult life is minimal, and these cells usually have a low



7.1 General Considerations 91

turnover. Therefore, even though a tumor may arise from the neoplastic transformation
of neuroepithelial cells in adult life, most tumors derive from the transformation of neu-
roepithelial cells during embryonal morphogenesis. One must also consider that the dif-
ferentiation of transformed neuroepithelial cells does not necessarily follow normal
schemes: Specific characteristics of a certain normal cell type may be expressed by
transformed cells following alternative avenues of differentiation. An example may be
the expression of GFAP in the plexus papilloma [2396] or the development of striated
muscle fibers in medulloblastoma; thus, differentiation could be metaplastic or hetero-
plastic.

The more precocious the cytogenetic stage at which transformation occurs, the
more numerous the lines of differentiation which the tumor may express. A typical ex-
ample of this is medulloepithelioma [2473, 2455]. On the other hand, the shorter the
susceptible cytogenetic phase or the lower the susceptibility to transformation, the rar-
er the related tumor. An example of this is also the very rare medulloepithelioma, which
represents the neoplastic counterpart of the earliest and shortest development stage. Ce-
rebral neuroblastoma could correspond to a longer late stage, but it is also rare because
when neuroblasts migrate they no longer replicate, and thus the tumor can differentiate
in only one direction. The greater frequency of peripheral neuroblastoma would be due
to the longer period of migration and proliferation of the cells of the sympathetic sys-
tem. Desmoplastic ganglioglioma has been given as an example of a rare tumor, because
the vulnerability of its corresponding embryonal elements is limited in time [2396]. Tu-
mors like medulloblastoma and gliomas in general, whose corresponding embryonal
cell counterparts have a long period of vulnerability, are more frequent. The precursor
cells of medulloblastoma remain a long time in a mitotically active phase and are lo-
cated primarily in the external granular layer of the cerebellum. For gliomas, the long
period of vulnerability is due to the persistency of glial cell turnover during adult life.

The main difficulty, especially with gliomas, is represented by the relationship be-
tween benign and malignant forms. Glioblastoma is considered the end result of pro-
gressive anaplasia in astrocytoma. The cells go from the nonproliferative to the prolif-
erative pool, the growth fraction increases, and signs of increased proliferation, such as
a high number of mitoses and high cell density appear. Angiogenesis and necroses take
place, with all the known histological consequences.

The neoplastic transformation is a multistep process which occurs in stages. Mor-
phologically, through anaplasia, tumor progression proceeds to the final malignant fea-
tures of the neoplasm as commonly seen in biopsies and at autopsy. It may be defined
as a series of consecutive alterations of multiple units: growth rate, invasive capacity,
ability to grow freely in body fluids and independently of hormones [805]. Subclones
replace the predecessors. The pathology may be interpreted as the result of a dynamic
continuum in which the most important characteristic is selection by competition [2539,
1445].

Molecular biology now provides much detail, but it is not yet clear whether the new
data have to be considered on the pathogenetic slope of tumor progression or as a sim-
ple servo-mechanism of cell functions and aspects. Changes such as translocation, am-
plification, gene rearrangement, and point mutation have been widely studied and inter-
preted. Voluminous information is also available on the cooperation between onco-
genes in neoplastic transformation, on transforming growth factors [524, 1227], and on
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the tumor suppressor genes [1782, 216]. Progressive stages of malignancy are supposed
to be associated with a series of molecular events, among which specific somatic losses
of heterozygosity predominate. Glioblastoma, for example, could be a common termi-
nus reached by some cellular subtypes through a common molecular pathway [477]. A
scheme can be constructed in which the loss of different chromosomes (17p, 13, and 22)
oecurs both in early and advanced tumors, whereas the loss of chromosome 10 is re-
stricted to glioblastoma. It seems that a gene inactivation on chromosome 10 could be
effective in the development of glioblastoma [207].

All the molecular biology data are also interpretable in morphological-diagnostic
terms. In the diagnostic field few molecular biology applications are today available, in
particular concerning the amplification of EGF.R [2292, 3071, 207]. In this field, we
have to rely upon the rules deriving from the concept of anaplasia. This is today inter-
preted as the result of genotypic heterogeneity, a consequence of the genetic instability
of tumor populations and of the progressive increase of the mutation rate, conditioning
a phenotypic heterogeneity. Anaplasia may also be considered either as a maturation ar-
rest [3122] or as an accelerated growth of already differentiating cells [354]. This con-
cept interlocks with that of “stem cells” whose existence has been postulated but as yet
not demonstrated. They do not need to be the same as those of cytogenesis. Indepen-
dently of their identification with “primitive, undifferentiated” cells and of their capa-
bility to express differentiation antigens, which is a crucial point in neuro-oncology, it
is sufficient that they can re-enter the proliferative cycle, as seems possible for astro-
cytes and oligodendrocytes [1705]. On the morphological level, cellular atypia, which
is not necessarily present, is the first consequence of anaplasia.

Cell heterogeneity has been documented by karyotypic analysis, [1768, 2603], cy-
tophotometry, flow cytometry [1197], and comparison between established cell lines
[206]. It remains to be established whether all the phenotypic variations are also genet-
ic, and how or whether they depend on epigenetic factors [204, 2406].

With the occurrence of anaplasia, the growth fraction increases [1196] because cells
are transferred to the proliferative pool leading to a series of phenomena characterized
by an increase in cell density, mitotic index, and labeling indices such as those obtained
with BUdR or Ki-67. These events are a direct consequence of the increase of the gro-
wth fraction, while other overestimated features such as nuclear polymorphism, cellu-
lar monstrosity, and in part also necrosis are indirect consequences.

The increase in number of mitoses and cell density may, however, be a phenome-
non circumscribed within the tumor, at times easily missed in the histological examina-
tion, so that beginning anaplasia may go unrecognized.

An example of anaplasia by cell heterogeneity is given by expression of GFAP, the
characteristic marker of astrocytic differentiation [580, 251], evaluated as an element of
heterogeneity [1321]. In gliomas, it is found in all cells with fibrillogenic capacity, and
its expression is inversely correlated with the degree of anaplasia [712, 2903, 2923].
GFAP is lacking in too primitive and in anaplastic cells. It has to be emphasized that the
small hyperchromatic cells, which proliferate rapidly [1196] and are responsible for tu-
mor invasion and growth in glioblastoma [914], are GFAP negative [2923]. The appear-
ance of anaplasia in astrocytoma and the active cell proliferation in glioblastoma are
sustained by the progressive increase of a cell population rich in mitoses, with iso-
morphous nuclei and negative for GFAP [2515, 1536] (Figs.7.1-7.3).
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Fig.7.1. Astrocytoma: all cells express GFAP, PAP-DAB, x400 [2484]

Fig.7.2. Anaplastic astrocytoma; some cells still express GFAP, but many are negative and mito-
ses are present, PAP-DAB, x400 [2515]
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Fig.7.3. Glioblastoma: in the proliferating area no cell expresses GFAP, PAP-DAB, x400

The recognition of the malignant transformation in vivo is of paramount impor-
tance. It is a matter of everyday debate, especially after the introduction of new imag-
ing techniques such as CT, MRI, and stereotactic biopsies. Practically speaking, the
most common problem encountered in histological diagnosis concerns the degree of
malignancy. It could be related to a surgical sampling error, for example, in small spec-
imens taken by stereotaxis. In this regard, the importance of imaging in the interpreta-
tion of the histological findings must be stressed. It is also possible that malignant trans-
formation can occur after the histological diagnosis has been made. Since anaplasia may
be a localized and mild rather than a generalized and intense phenomenon [2419], it may
be missed both histologically and by neuroimaging; it may be detected only when it re-
aches a certain extension and intensity.

7.2 Cell Kinetics

The growth fraction, number of mitoses, nuclear polymorphism, and nuclear hyperchro-
matism are all indicators of the proliferative capacity of a tumor. In the past, they were
discussed in relation to the so-called supernormal load of tumor cell nuclear DNA. The
classic A and B cells of Caspersson and Santesson (1942) [389], representing the ex-
treme degrees of chromaticity, must be remembered. The nuclear DNA content imme-
diately after cell division is diploid, while in the S phase of the cycle it is tetraploid. One
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must remember, however, that many nondividing cells, and even normal ones, have a
heteroploid DNA content. Some CNS cells have a tetraploid content [1576, 1575].

The cytophotometric analysis of DNA is not reliable enough to evaluate minimal
differences. Flow cytophotometry, based on the intensity of fluorescence emitted by a
dye bound to the DNA [2906], is preferable. It has been demonstrated that the quantity
of DNA is very variable in malignant gliomas where, beside diploid cells, there are ma-
ny aneuploid or polyploid ones and many in S phase, while in benign tumors there are
few cells in S phase, and the DNA content is more constant [819, 1201, 1364]. Obvi-
ously, the variations from one region to another of the same tumor are much greater in
malignant tumors [1201]. On the basis of the DNA content, the various classes of cells
have been found to be clonogenic [1203], and the variations genetic [1197]. Questions
remain about whether clonogenic cell populations in culture correspond to the tumor
cell populations in vivo [1197].

Flow cytophotometry may also be applied to tissues fixed and embedded in paraf-
fin [1092, 1093]: Diploid elements prevail in differentiated gliomas, and aneuploid ones
in malignant tumors [917], although the percentage of the latter cells is not high [788].

An old and simple method to evaluate the cell kinetics of tumors is the mitotic
count, but it is a restrictive procedure. First of all, the M phase represents only a mini-
mal part of the cell cycle, and second in histological sections only metaphase and ana-
phase are observable. Furthermore, during slow fixation, mitoses may disappear from
tissues because they reach completion or because they are technically not observable
[398]. However, the higher the mitotic index the greater its value.

Undoubtedly, it has been the development of autoradiographic techniques which
permitted a more reliable definition of precise concepts such as the growth fraction
(GF), doubling time of the cell population (7,), and cell loss (CLF). The GF corresponds
to the proliferating pool of cells/total cell population [1866]. The factor CLF has been
calculated to be equal to 1-(T,/T,), where T, is the potential doubling time [2718].

Autoradiography is carried out with the administration in vivo or in vitro of [*H]thy-
midine with or without the addition of mitotic inhibitors [2879]. The labeling index (LI)
is the proportion of labeled cells. Over the years, fundamental contributions have been
added [1317, 423, 1543, 855, 1199, 1202], revealing the LI to be high and greatly vari-
able in glioblastomas (5%—15%), low in well differentiated gliomas (1%), and interme-
diate in anaplastic astrocytomas (4%). These figures have been found to correlate with
the survival data [1199]. The duration of the S phase (T,) has, in contrast, been noted to
be constant (7-13 h), so that the turnover time (7/LI x100) is a few days in malignant
gliomas and about 2 months in astrocytomas. Calculation of the doubling time of a ma-
lignant glioma must obviously take into account the cell loss. Nevertheless, the autora-
diographic method has not been exempt from criticism, some of which have even ques-
tioned its validity. In glioblastomas, for example, low values of LI have been found
which do not correlate with survival [258]. The passage of [*H]thymidine through the
blood vessels is one of these limiting factors, as are the extent vascularization of indi-
vidual tumor areas and the possibility that thymidine binds to other substances within
the tissue [1915].

More recently, a monoclonal antibody binding to DNA which incorporated BrdU
has been produced [995]. BrdU, a nonradioactive analogue of thymidine, may be ad-
ministered in vivo with less damage than [*H]thymidine (Fig.7.4a). The antibody labels
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Fig.7.4. a Labeled cells in an ENU induced tumor after in vivo administration of BrdU, anti-BrdU,
PAP-DAB, x400. b Human glioblastoma; cells labeled with Ki-67 (Courtesy of Dr. F. Giangas-
pero, University of Bologna)
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DNA in the S phase, and it may be studied both in sections and with flow cytometry
[1989]. The LI reflects the proliferative potential of tumors and correlates with surviv-
al [1208]. A good correlation has been found between data obtained by the examination
of sections and those of flow cytometry [1990]. Tumors with similar histological fea-
tures may have different proliferative potentials [1205, 1208], and a high LI may indi-
cate a shorter recurrence interval in astrocytomas [1207], ependymomas [1990], and
meningiomas [430, 854, 1264]. A good correlation between BrdU LI and a histological
grading system has been found [1548A].

A method which may eliminate errors due to the variable vascularization of the tu-
mor, avoids damage to the DNA with subsequent teratogenic effects [1204], and is of
easier practical application is in vitro incubation of fragments of tumor tissue with BrdU
[1937]. The method has given good results, similar to those obtained with other meth-
ods. However, due to the heterogeneity of malignant gliomas, it is advantageous to con-
sider as representative of the tumor the area with the highest LI instead of making an av-
erage of the various areas [1937]. However, the possibility has been envisaged that an
in vitro method entails the danger of overlabeling.

Undoubtedly, the BrdU method represents a good prognostic tool. Some limiting
factors, however, must be taken into account such as the passage of the BBB, the diffu-
sion of the antibody in the tissue, and the intensity of the immunohistochemical reac-
tion. These factors could influence the results both positively and negatively, apart from
the sampling errors common to all methods.

As far as the correlation with survival is concerned, it has not yet been ascertained
whether the LI with BrdU represents a better prognostic factor than tumor morphology,
since no studies with multivariate analysis have compared it with histological, biolog-
ical, and clinical factors.

Recently, the development of the monoclonal antibody Ki-67 has opened up new
avenues [897]. It recognizes a nuclear antigen present in all phases of the cell cycle, ex-
cept G, [898]. In brain tumors, the number of cells labeled correlates with histological
malignancy (Fig.7.4b) [338], even if the absolute values may vary from one study to an-
other [918], as in glioblastoma [606]. The method proved to be reliable and statistical-
ly significant through quantitative assessment, with differences in the LI among differ-
ent malignant glioma [2255]. It has also been applied with success to stereotactic biop-
sies of gliomas [2097] and has demonstrated the presence of a high LI in recurrent or
anaplastic meningiomas [2346]. A good correlation has been found comparing the in vi-
tro administration of BrdU with Ki-67 [1937]. A nonlinear relationship between Ki-67
LI and mitotic index (MI) was found in gliomas of different grades and meningiomas,
which can be explained by the variability of cell cycle times [2564A].

Another antigen, p105, which is associated with proliferation has been tried. It is
found in interchromatinic granules and is increased in proliferating cells [460, 461], but
it does not seem to be useful for prognosis [788].

Another way to evaluate the proliferation potential of brain tumors is the visualiza-
tion of nucleolar organizer regions (NOR) by the silver staining method. This demon-
strates nonhistone proteins associated with NOR, which are sites of genes transcribing
to ribosomal RNA. Their increased number and reduced size are considered signs of
malignancy [621]. A study has been performed comparing the BrdU LI, Ki-67 LI, MI,
and mean number of Ag-NOR/nucleus. A statistical correlation was not found among
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the different LI, probably because of technical difficulties in recognizing single Ag-
NOR within nucleoli, especially in high-grade tumors [1738]. In another study [2211],
the results were quite the opposite: The mean number of Ag-NOR per cell paralleled the
degree of histopathological malignancy in gliomas. A relationship was also found be-
tween Ag-NOR and BrdU LI and survival, lending reliability to the method. Usually,
Ag-NOR are studied on paraffin sections. Smear imprints seem to have some advan-
tages over paraffin sections, rendering Ag-NOR more readily identifiable [2409]. With
this method [1338], a close relationship was found with Ki-67 LI, and thus Ag-NOR
technique may be considered suitable for estimating the proliferative potential of brain
tumors, especially in stereotaxic biopsies. The immunohistochemical demonstration of
proliferating cell nuclear antigen (PCNA), auxiliary protein of DNA polymerase delta,
seems to be a new possibility as proliferation marker of brain tumors [33A, 1694A].

7.3 Metastasis

Distant dissemination in the rest of the body (metastasis) is different from seeding with-
in the CNS via the CSF. The former is a rare event for brain tumors. For a number of
years the occurrence of well documented examples of blood borne metastases of glio-
mas was a matter of debate. Beside completely negative positions [3057, 3134], others
used less restrictive criteria in the documentation of cases [523, 2415]. The absence of
lymphatic vessels in the CNS, the protection of large veins, the collapse of small veins,
the impossibility of growth of neural tissue elements in other tissues, and the short sur-
vival of patients with malignant gliomas were reasons given to explain the absence of
metastases [3048]. Criteria were developed on the basis of which the reported cases
could be accepted. These were [3008] (a) the histologically demonstrable presence of a
neuroepithelial tumor in the CNS; (b) concomitant and relative clinical symptoms; (c)
histological characteristics of the metastases similar to those of the primitive tumor; (d)
negative autopsy findings for tumors in other organs. An analysis of the literature up to
1961 made with these criteria led to the identification of 81 cases, but not all of them
were considered to be acceptable [1639]. There were no doubts, for example, of meta-
stases to bone from medulloblastoma; and to cervical and supraclavicular lymph nodes
and lung from ependymomas and glioblastoma [742, 2486]. Metastases were also found
for mesodermal tumors, such as meningiomas and sarcomas.

The old considerations on the absence of remote metastases [3048] have been dem-
onstrated to be unfounded. Even though there are no true lymphatics in the CNS, a CSF
lymphatic drainage system exists, both under normal conditions and during increased
intraventricular pressure [1834]. The veins may be invaded by the tumor [1948], and the
tumor cells may grow extracranially. It has, in fact, been demonstrated that autotrans-
plants of anaplastic astrocytoma in subcutaneous tissue may grow successfully with a
morphology similar to that of the original tumor [145]. It is, however, obvious that, due
to the inexpansibility of the cranium, a brain tumor cannot reach the same mass as an
extracranial tumor without being fatal, and this limits the possibility of metastases [46].
There are, however, exceptions facilitated by craniotomies, which favor the diffusion to
soft tissues and hence to lymph nodes [2419], even though some maintain that this is not
essential [65, 277].
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Until late 1985, 282 metastatic cases had been reported. Forty per cent were in chil-
dren, mostly medulloblastomas, followed by astrocytic tumors, ependymomas, and
meningeal tumors. In the adult, astrocytic tumors prevailed, followed by meningeal tu-
mors, medulloblastomas, and ependymomas [1166]. Medulloblastoma metastasizes to
bone, bone marrow, lymph nodes and, less frequently, to lung, pleura, liver, and breast.
Glioblastoma and ependymoma metastasize to the lungs, less often to bone, pleura, and
liver. Meningiomas metastasize to lung and pleura, less often to lymph nodes, liver, and
bone.

Metastasis is not always accompanied by local recurrence, and there are even cases
in which the primitive tumor was not found at autopsy [1448].

With the employment of CSF shunts, cases of metastasis have increased. Of the 282
cases of metastases mentioned above, 34 had a shunt, and 33 of these were in children
[1166]. However, with the exception of malignant pineal tumors, this is not universally
accepted. The use of a Millipore filter in these shunts seems to have reduced the possi-
bility of metastasis [2133].

The relatively high incidence of extracranial metastases in children can also be ex-
plained by their present longer survival due to the improved treatment, and by immu-
nodepression following chemotherapy [674].

The rarity of glioma metastases had also been explained by their growth along the
lines of lesser resistance, with a tendency to infiltrate the perivascular spaces rather than
penetrate the blood vessels. This was supported by experimental studies [3122, 2010].
Collagen IV studies demonstrated that the endothelial cells, rather than the basement
membrane, form a barrier to tumor infiltration. The possibility that tumor cells may en-
ter the blood vessels from the perivascular space [1535] is not generally accepted [1135,
3014]. Vessel penetration, dissemination through the systemic circulation, passage of
the cells into the target organ, and the formation of micro- and macrometastases with
neovascularization form the steps of the entire process [1673].

Seeding via the CSF is, on the contrary, frequent enough. Metastases may be near
or distant to the primitive tumor and single, multiple, or diffuse, as in the “secondary
meningeal sarcomatosis.” Apart from medulloblastoma, which more frequently than
other tumors gives rise to diffuse dissemination, the neuroepithelial neoplasms usually
seed along the CSF routes [3134]. Spinal metastases can be found in all neuroepitheli-
al tumors with the exception of astrocytoma [3134]. In ependymomas, for example, the
percentage of subarachnoid metastases is high, especially if the tumor is in contact with
the CSF pathways. Metastases have even been found from tumors primarily located in
the region of the cauda equina [1826]. These latter are tumors which are repeatedly sur-
gically treated, with long survival and massive local recurrence.

Very rarely, the metastasis produces clinical signs before the primary tumor, or its
symptoms are so dominant as to require surgical intervention first [450, 2771].

Under the name of “meningeal gliomatosis™ are included gliomas with diffuse dis-
semination to the meninges. The 42 tumors described by Polmeteer and Kernohan
(1947)[2218] were subdivided thus: 20 medulloblastomas, 6 glioblastomas, 5 ependy-
momas, 5 oligodendrogliomas, 3 astrocytomas, 2 retinoblastomas and 1 pinealoma.

Leptomeningeal diffusion is particularly frequent for neuroepithelial tumors in chil-
dren, where it may occur in 10%—-20% of cases {73, 2106]. It has been found in 43% of
malignant gliomas, in 27% of medulloblastomas, and in 15% of germ cell tumors. These
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figures are greater than those found in adults [2888]. Recently, the number of cases with
meningeal gliomatosis in children has increased further, probably due to the improved
survival of neuroepithelial tumors after craniospinal radiotherapy. It has been calculat-
ed to occur in 50% of medulloblastomas and in malignant gliomas [2109]. Studies in
progress tend to see the process of diffusion as regulated by mechanisms of exfoliation,
adherence, and cell conglutination [1804].

7.4 Expansion and Invasiveness

Brain tumors grow by expansion or infiltration. Expansion may or may not be
accompanied by encapsulation. Neurinomas, pinealomas, teratomas, and meningiomas
are fully or partially encapsulated; the capsule, in these cases, does not continue over
the dura and fails to prevent invasion of the meninges. Angioblastomas, choroid plexus
papillomas, and ependymomas are not encapsulated. They push aside the nervous tis-
sue, which may undergo atrophy and gliosis. In ependymomas, for example, there may
be a distinct border between the tumor and the nervous tissue, but this does not preclude
infiltration elsewhere. This is true also for oligodendrogliomas (Fig.7.5a). Pineal region
tumors, particularly germinomas and pinealoblastomas, grow over the lamina quadrige-
mina but eventually invade the posterior part of the third ventricle and reach the inter-
mediate commissure, or even the foramina of Monro. The thalami are pushed aside, the
posterior part of the corpus callosum upwards, and the vermis downwards and back-
wards. All these structures may be infiltrated as well.

Growth by infiltration is typical of gliomas but is also observed in other tumors. It
may be circumscribed or diffuse [368]. Local and circumscribed infiltration is typical
of cerebellar and midline astrocytomas, oligodendrogliomas, and glioblastomas, where-
as diffuse infiltration is associated with astrocytomas, glioblastomas, medulloblasto-
mas, oligodendrogliomas (Fig.7.5b), and malignant lymphomas. The limits of the tumor
cannot always be established histologically, since its cells are intermixed with normal
and reactive cells. Infiltrative growth in one place does not exclude sharp edges of the
tumor in other areas.

The spreading capacity of neuroepithelial tumors is largely due to their growth po-
tential and invasive behavior. Invasiveness depends upon many factors, among which
are certain biological properties. In vitro studies have shown that the fibrinolytic activ-
ity [3113, 1129], phagocytic activity of glioma cells [2052], and high migratory capac-
ity [2221, 1082] are important with regard to invasiveness [1552].

In relation to the invasion capacity of neoplastic cells, some characteristics, such as
migration and adherence [1450, 2408] have to be taken into account. For example, the
cellular proliferation may be influenced by many proteins of the extracellular matrix
[29]. These are especially involved in the interaction between tumor cells and host tis-
sue [1661]. Observations on experimental tumors demonstrate that tumor invasion is re-
lated to the synthesis and degradation of proteins of the extracellular matrix [2407].

However, though the biology of tumor invasion remains largely unknown [2975], it
has been compared with angiogenesis, with which it shares such characteristics as a
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Fig.7.5a,b. Anaplastic oligodendroglioma: a clear-cut delimitation of the tumor, H&E, x200; b
progressive infiltration of the cortex, H&E, x200 [2484]

high copper content [3120]. In the 9L gliosarcoma cell line transplanted into the rat, a
copper-poor diet and penicillamine treatment inhibit pseudopodial protrusion [280]. It
is clear that invasiveness and infiltration are not identical, and that the latter is not a syn-
onym for malignancy. It should be pointed out that the idea that expansion is typical of
benign, and infiltration of malignant tumors would imply that diffuse astrocytomas are
malignant, as once believed [2477]. The main difference between the spread of slowly
growing hemispheric and malignant gliomas is that the former are often diffuse, with no
sharp demarcation, whereas the latter grow both by expansion and infiltration.

The way a tumor spreads is greatly influenced by the existing structures and by the
general anatomy of the structure in which growth takes place. If a tumor grows in a ven-
tricle, i.e., ependymoma, plexus papilloma, or medulloblastoma, or reaches it from the
parenchyma, as oligodendroglioma, glioblastoma, and germinoma often do, the cavity
may be filled. This has with regard, for example, to intraventricular ependymoma been
called “plastic” ependymoma.

Growth out of the ventricle is exemplified by the passage of ependymoma from the
fourth ventricle to the subarachnoid spaces through the foramina of Luschka. A tumor
may also spread from one cavity to another. Pineal tumors, for example, pass from the
third ventricle to the lateral ventricles through the foramina of Monro. A tumor can
reach the subependymal layers and grow into them, with or without protrusion into the
cavity. It may also spread into the ventricular system and the subarachnoid space
(Fig.7.6).



102 7 The Concept of Malignancy: Anaplasia, Cell Proliferation, Metastasis

Fig.7.6. a Subarachnoid seeding of a glioblastoma with reinvasion of the cortex, H&E, x150; b
proliferation of an oligodendroglioma in the subarachnoid space, H&E, x150
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Fig.7.7. Perineuronal satellitosis in an oligodendroglioma, H&E, X300
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Fig.7.8. Spreading of a glioblastoma into the corpus callosum, H&E, X200 [2484]

If tumor cells find their way into the CSF, metastasis can be retrograde as well as
along the spinal cord. Medulloblastoma, ependymoma and glioblastoma are mainly re-
sponsible for this kind of colonization. Metastases can be found on the arachnoid,
among the posterior roots, and in the cauda region. These observations have guided the
strategy of radiotherapy which is applied to the entire neuraxis in cases of medulloblas-
toma and ependymoma.

A tumor can also spread in the cortex and along its outer surfaces. A glioma grow-
ing from the white matter to the cortex has several pathways which it may follow: in-
vasion of the cortical layers, thus creating the appearance of satellitosis (Fig.7.7), al-
though the neurons themselves may remain visible for a long time; crossing the pia and
giving rise to subpial and leptomeningeal growths, from which the cortex itself may be
reinvaded; expansion into the leptomeninges resulting in meningeal gliomatosis [2218],
leaving the gyri either normal or invaded, as seen when oligodendrogliomas infiltrate
convolutions and give them a “hypertrophic” appearance. As they pass from one con-
volution to another, the tumor produces “garlands” by forcing a passage through the
cortex in the same way as a fungus.

One of the main routes along which hemispheric gliomas spread are the fiber trac-
ts, i.e., the corona radiata, internal capsule, corpus callosum (Fig.7.8), and anterior com-
missure [1805]. Gliomas have typical sites of origin, which become less recognizable
during tumor growth. The spreading pattern depends on the location and is schematic-
ally predictable [368]. Progression is both in the ipsilateral hemisphere and through the
corpus callosum to the opposite side, giving rise to the classic picture of a “butterfly”
tumor.
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Fig.7.9. Apparent multicentric growth on CT scan

Histologically, elongated cells are observed among the myelin fibers. They acquire
a pilocytic or spongioblastic appearance, since their growth pattern is greatly influenced
by the existing fiber plane. It is often difficult to determine whether they represent a pri-
mary or a secondary architecture. When the cell density is low, it is even difficult to rec-
ognize the advancing tumor. This growth pattern is shared by glioblastomas and differ-
ent types of hemispheric and midline pilocytic astrocytomas.

Malignant gliomas very often present as multicentric growths (Fig.9.14) or as a
multicentric malignant transformation of a diffuse astrocytoma. The first possibility rai-
ses serious difficulties in the differential diagnosis of metastasis by CT scan (Fig.7.9).
The multifocality of a tumor is an event difficult to prove since in most cases it is mere-
ly apparent. The multiple foci may be connected by thin strips of tumor involving com-
missures or septa, such as the septum pellucidum. In other cases, multifocality may be
mimicked by diffusion through the CSF followed by reimplantation. The second possi-
bility is that an astrocytomatous proliferation, not detectable by CT, may connect all the
foci visible on CT into a single large, tumor [1650]. This situation is of great importance
when it is necessary to establish the extent of a tumor by CT so that an appropriate ra-
diotherapy strategy may be chosen [2483, 332].



8 Descriptive Epidemiology of Primary Nervous
System Tumors

8.1 General Data

8.1.1 Mortality

Data pertaining to the mortality of patients with primary CNS tumors are readily avail-
able, as many countries have published the standardized data collected through death
certificates. Comparison between mortality rates (number of deaths/100,000 inhabitants
per year) of various countries in the periods 1951-1958 [958] and 1967-1973 [102,103]
has shown a persistent geographic variability and a clear tendency to increase with time.
The annual age-adjusted rates for the period 1951-1958 varied from 1.1 (Mexico) to 6.8
(Israel), while for the period 1967-1973 they varied between 4.2 (Chile) and 10.0 (Fed-
eral Republic of Germany). For the majority of countries the increment in mortality
rates was about 40%, although it was over 100% in some. The increments were lower
and of the same magnitude in countries with high health standards before 1958 (United
Kingdom, USA, and Canada). The increase in mortality with time was found to be par-
ticularly high (from 5.3 to 16.1) when white Americans between 60 and 64 years born
in 1880 and 1910 respectively were compared, whilst in younger subjects this increment
was not found [223]. This observation led to the belief that the increment in mortality
over time for CNS tumors is mostly related to improvements, variable from country to
country, in the social/health systems, diagnostic facilities, and data collection.

Mortality is higher in males than females. Still referring to the 1963-1973 period,
it has been noted that the mortality rate was about 7.5/100,000 for males vs.
5.58/100,000 for females [2551]. In Italy, the values were, respectively, 4.86 vs. 3.66 in
1956 and 6.76 vs. 4.92 in 1978 [582]. The mortality curve in relation to age demon-
strates a modest peak in infancy, followed by a higher peak in adults [958, 1542]. The
mortality for CNS tumors was higher in whites than in other races [1542].

8.1.2 Incidence

Data on the incidence of primary CNS tumors collected in tumor registries from 30 dif-
ferent populations through the UICC relating to the 1968—1977 period [103] reveal ma-
ny analogies with mortality data. There was, in fact, marked geographic variability: the
incidence rates adjusted for age (number of new cases/100,000 per year) varied from 1.5
(Singapore) to 9.1-10.0 (Israel and Sweden). The values were high, with minor varia-
tions in time, for countries with a high socioeconomic status and generally higher in
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males (male/female ratio = 1.3). The increase in incidence with time has clearly been
lower than the increase in mortality. There had even been a decrease in one third of the
countries.

The race differences heavily influenced the incidence ratio. In multiracial commu-
nities, such as the USA, for example, the incidence was constantly higher for whites
than for Indians and blacks. For a given race, instead, there were no differences between
natives and immigrants from other countries. Differences in ethnic origin may also be
important: Within the Israeli population, the incidence of malignant primary tumors
varied between 14.3 for Hebrews born in Europe or America to 9.5 for those born in Is-
rael.

8.2 Epidemiology of Intracranial Tumors

Data relating to the epidemiology of intracranial tumors alone are of two types: those
based on hospital series (neurosurgical and neuropathological) and those based on
population studies. The first type arises from carefully collected series as for the classi-
fication of tumors but are often “selective,” i.e., influenced by the specialization of var-
ious centers. The second has the advantage of deriving from studies in which the fre-
quency was calculated for the whole population “at risk” but was often limited by a less
accurate histological diagnosis, because these included nonhistologically verified cases.
The frequency of cerebral tumors found in autopsy series is about 1.2%—1.4% [2486].

The incidence ratio of primary intracranial tumors varied from 4/100,000 in Towa,
USA [1039] to 14.7/100,000 in Rochester, Minnesota, USA [62, 1539]. These enor-
mous differences are in part artifactual and reflect the diversity in the definition and in
the methods of case ascertainment. Some studies do not consider tumors of the pituitary
gland [471] or include spinal tumors [126]. In general, higher values are related to more
accurate case ascertainments, as found in isolated small populations with little mobility
and high health care standards like the Faroe Islands or Rochester [1314, 1539]. They
can be found also in more recent studies using CT in the diagnosis [793, 2768]. The par-
ticularly elevated values found in Rochester are for the most part due to the inclusion of
cases diagnosed only at autopsy [2549]. If these are excluded, the maximum frequency
descends from 14.7 to 8.2, a value which is superimposable on the average reported
from the USA [2969]. In large studies carried out in Connecticut [2553] and Rochester
[62], the increase in incidence over time was attributed to better case detection. Italian
data vary from 8.4 or 8.5 in the Trento and Bolzano provinces [1696, 1688] to 9.2 in the
province of Varese [2313].

8.2.1 Histological Type

The distribution according to histological types of primary intracranial tumors overlaps
uniformly (with few exceptions) in population studies and clinicopathological series.
Gliomas rank highest (40%—-67%), almost always representing more than half of all tu-
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mors, followed by meningiomas (9%-27%), on average about 20%, and then pituitary
adenomas (7.6%-14%) [2969, 2551]. An exception is the Rochester study [1539], in
which meningiomas (40%) were more frequent than gliomas (35%). However, if only
cases diagnosed ante mortem are considered, the percentages are closer to those of other
studies. The interest which neurosurgeons and neuropathologists have for particular on-
cotypes has led to a higher frequency of some tumors in some series, as in the case of
pituitary adenomas for Cushing [1935] and meningiomas for Olivecrona [1967]. Partic-
ular distributions are probably influenced by genetic-racial and/or environmental fac-
tors as, for example, the high frequency of acoustic neurinomas in India [565] or of pi-
neal tumors in Japan [68].

Within the glioma series, the most frequent oncotype is glioblastoma (more than
half), followed by astrocytoma and ependymoma. The incidence rate values vary from
2.1 to 7.1/100,000, with a tendency to higher values between 4 and 6 in more recent stu-
dies [1102, 1341, 2448, 1101, 1623]. Within the subtypes of gliomas [2550], the follow-
ing figures were reported: for astrocytoma 0.52 in males and 0.34 in females, for glio-
blastoma 2.07 and 1.51, and for ependymoma 0.08 and 0.07, respectively. From the
brain tumor registry of Japan, gliomas represent 28.9%. The oncotype distribution is as-
trocytoma 43.1%, medulloblastoma 7.3%, glioblastoma 26.6%, oligodendroglioma
6.1%, ependymoma 6.3%, and plexus-papilloma 1.2% [2046].

8.2.2 Age

Many studies demonstrate a first incidence peak in infancy, with a subsequent, more
marked, peak in the decade 5565 years, followed by a decrease, especially after the age
of 70 years. In the Manitoba Canadian epidemiological study [2768], the incidence was
4.2/100,000 in the 0—4 year group, and 27.2/100,000 in the 60-69 year group. The only
exception was reported in the Rochester study [1539], where the incidence was found
to continue to increase even after the age of 65 and 70 years. This finding was relevant
only for gliomas and meningiomas diagnosed at autopsy. It is possible [2969] that when
studies based on routine CT scans become available, the incidence curves for age may
become closer to those of the Rochester study. Even today, they have reduced the num-
ber of undiagnosed tumors in vivo, especially in the elderly. A bimodal shape of inci-
dence curves for age, similar to that of intracranial tumors globally considered, has been
observed for gliomas, but with different shapes for different oncotypes. Well-differen-
tiated astrocytomas and ependymomas account for the peak of gliomas in the infantile
age, and in adults their incidence shows a relatively flat and regular curve. The inci-
dence of glioblastomas, relatively rare in the younger age group, follows a steeply as-
cending curve from 30 years onwards, with a nadir around the age of 65 years. Oligo-
dendrogliomas occur fairly constantly at all ages, with a slight predilection for middle
age.

Brain tumors in childhood (0-15 years), considered as a separate group, have an in-
cidence of 2.2-2.5/100,000, varying between 1.0 and 5.0/100,000 [2554, 953, 2140,
2233, 1568]. The incidence is always inferior to that of tumors in adult age. The peak
incidence is between 3 and 9 years of age [1628]. There is no qualitative difference in
oncotypes as compared with adults.
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As the renewing reserve cells, the neuroepithelial cells are scarce and the turnover
of glia is low in the adult CNS, it may be thought that the majority of gliomas originate
because of neoplastic transformation of neuroepithelial cells during development. It fol-
lows that there is no difference between tumors of adult and embryonal type, as encoun-
tered in other organs [2396]. Very enlightening in this respect is the application of the
concept of the “window vulnerability,” [2396] referred to in Chap. 7.

Cerebral tumors are very rare in the first 2 months of life and account for 1.5% of
all brain tumors in infancy [2453, 1324]. They are thought of as congenital and consid-
ered certain, probable, or possible (see Chap. 2). In the first year of life, brain tumors
become more frequent, 7.7% [1324], and their oncotype composition also changes. The
most frequent are astrocytomas, followed by medulloblastomas, ependymomas, and
plexus papillomas [2257, 1036A, 83A]. Supratentorial locations and neuroepithelial tu-
mors (89%) also prevail. Cerebellar astrocytomas are less frequent than in infancy. The
hemispheric astrocytomas are mostly benign, glioblastoma being almost unknown, with
the exception of some series [2432]. Metastases are rare and generally limited to the ad-
renal carcinoma.

The incidence of oncotypes in relation to site is different from that in adults. While
in the adult there is a clear predilection for the anterior rather than posterior parts of the
brain, especially for gliomas [2419], in infancy the predilection tends to be reversed,
with 50% of tumors in the posterior fossa, more or less equally subdivided into medul-
loblastomas and astrocytomas. Only 12%-25% of tumors, mostly gliomas and ependy-
momas, develop in the cerebral hemispheres. Astrocytomas are generally the most com-
mon oncotype: The incidence in Connecticut is 0.81/100,000 [647]. Meningiomas, oli-
godendrogliomas, and pituitary adenomas are rare.

In a Japanese series [2445], brain tumors globally represent 14.9% of all tumors.
Gliomas represent 60.6%, followed by craniopharyngiomas with 12.5%, other congen-
ital tumors with 5% and pineal region tumors with 8.5%. Among neuroepithelial tu-
mors, astrocytomas are the most frequent (27.3%), followed by ependymomas (14.8%).
While tumors such as astrocytoma and ependymoma are clearly more frequent in infan-
cy, others such as glioblastoma and anaplastic astrocytoma are less frequent.

It is important to remember that tumors in infancy have a wide range of features, de-
pending on different factors: The ability of fetal cells to differentiate; the effects of an-
aplasia, which may appear later as an expression of tumor progression; the possibility
of aberrant or heteroplastic differentiation, especially in embryonal tumors; the fact that
the neoplastic differentiation has wider limits than normal [2396].

8.2.3 Sex

The incidence of intracranial tumors is slightly higher in males than in females: 8.5 and
7.9/100,000, respectively in the USA [2969]. Gliomas clearly prevail in males, while
meningiomas and pituitary adenomas are more common in females. For example, in the
Manitoba Canadian study [2768] the incidence data were as follows: 4.2 vs. 2.7 for ma-
lignant gliomas, 1.3 vs. 0.8 for differentiated gliomas, 1.5 vs. 3.1 for meningiomas, and
1.4 vs. 2.1 for pituitary adenomas.
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8.2.4 Race

The incidence of all intracranial tumors and of individual oncotypes is higher in whites
than in blacks [746, 2236, 1502, 329, 2925]. All types of glioma are more frequent in
whites. Data obtained from the Georgia Tumor Registry (USA) showed a white/black
ratio of 2.3:1 [1852]. The maximum difference in frequency appears to occur for oligo-
dendrogliomas. The relative frequency of the oncotypes is different: In black people,
gliomas are less frequent, but meningiomas and pituitary adenomas are relatively more
frequent. In infantile tumors the male/female ratio is different for medulloblastomas
[329].

8.3 Epidemiology of Intraspinal Tumors

Data regarding the epidemiology of spinal tumors are relatively scarce. They are less
frequent than intracranial ones with a ratio varying between 9:1 and 15:1 [2452]. The
incidence of spinal tumors varies from 0.9 [1609] to 2.5/100,000 [1538], with more fre-
quent values between 1.2 and 1.3 [458, 2176, 41, 2452, 793]. The distribution of the his-
tological types in broadly different population studies such as in Iceland [1016], Israel
[1609], and Rochester [2452] is similar: neurinomas and neurofibromas (26%—38%),
meningiomas (13%—-28%), and gliomas (11%-13%) encompassing astrocytomas and
ependymomas. In infancy, spinal tumors are less frequent than in the adult: 11% vs.
20.8% [41]. The composition of oncotypes is also different: Meningiomas and neurino-
mas are rare, and the congenital and sarcomatous tumors are more frequent.



9 Astrocytic Tumors

9.1 Nosological Problems

Astrocytic tumors were originally subdivided into fibrillary and protoplasmic types
[112, 113]. The gigantocellular and pseudopapillary types, identifiable with astroblas-
toma, were subsequently added [2380], so that five varieties were definitely recognized
[3134]: fibrillary, protoplasmic, gigantocellular, astroblastoma, and the malignant vari-
ant. Still stemming from the original classification [112, 113], another nomenclature
was used for these tumors, with the introduction of the pilocytic and gemistocytic vari-
eties [2170, 709]. The term pilocytic derives from the Greek word for hair” and indi-
cates the elongated and bipolar aspect of the cells. The term gemistocytic refers to cells
which in the German nomenclature were described as “gemdstete Zellen” from the
Greek word yep(Com for “to stuff”. On the basis of this subdivision and with the intro-
duction of the concept of anaplasia, expressed by the “grading” system [1405], astrocy-
tomas were subdivided into protoplasmic, fibrillary, pilocytic, gemistocytic, and ana-
plastic [2415 , 2419].

Pilocytic astrocytomas are characterized by elongated and bipolar elements and are
subdivided into “adult” and “juvenile” types according to their firm or loose texture.
This scheme differs from that of Ziilch as in the latter, astrocytomas with a pilocytic as-
pect are included in the fibrillary variant when they are situated in the cerebral hemi-
spheres and in the spongioblastoma group when they are paraventricular or cerebellar.
Ziilch (1956) [3134] conceived of the spongioblastoma group as an all-encompassing
one to which most of the midline gliomas belong, i.e., the spongioblastoma of the chi-
asm, hypothalamus, brainstem and aqueduct, cerebellum, fourth ventricle, and some of
the “Stiftgliome” of the spinal cord. They have a common origin from the subependym-
al glia and share the presence of Rosenthal’s fibers, which are characteristic of subepen-
dymal glia in neoplastic, degenerative, and inflammatory processes. Earlier studies of
anatomical systematics and cytoarchitectonics have interpreted spongioblastomas as
typical tumors of the dorso-lateral prechordal sheet. Their main location is, therefore,
the neural tube equally in its dorsal and basal part, spinal cord, medulla oblongata, pons,
quadrigeminal plate, cerebellum, thalamus, hypothalamus, chiasm, and optic nerve.
Typical subependymal spongioblastomas are then found at different points of the ven-
tricular wall and could originate from the allocortex, hence from the olfactory cortex,
cingulate gyrus, hippocampus, indusium griseum, corpus callosum, splenium, and for-
nix.

The endless debate started when the term spongioblastoma, which indicated a ma-
lignant glial tumor, was replaced by glioblastoma [112]. The former remained to indi-
cate a group of benign tumors characterized by elongated cells resembling the spongio-
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blasts of cytogenesis [2380, 1189] and mainly located in the region of the optic nerve,
chiasm, and hypothalamus. These tumors were called spongioblastomas by some
[3134] and piloid [709] and pilocytic astrocytomas [2415] by others. The latter authors
reserved the term “spongioblastoma” to designate a rare tumor with malignant behav-
ior whose cells resembled the primitive spongioblasts of cytogenesis (see Chap. 15).

The recent classification of the WHO {1443] subdivides astrocytic tumors as fol-
lows:
1. Astrocytoma

Variants: fibrillary, protoplasmic, gemistocytic, or mixed
2. Anaplastic (malignant) astrocytoma
3. Glioblastoma
Variants: giant cell glioblastoma, gliosarcoma

4. Pilocytic astrocytoma
5. Pleomorphic xanthoastrocytoma
6. Subependymal giant cell astrocytoma (usually in association with tuberous sclerosis)

In the present book, astrocytomas are described on the basis of their histological
features and location. Fibrillary, protoplasmic, gemistocytic, pilocytic, and anaplastic
variants of astrocytoma will be considered. Very often, however, a clearcut distinction
between them is difficult, especially between the fibrillary and the protoplasmic vari-
ants.

9.2 Astrocytic Tumors of the Cerebral Hemispheres

9.2.1 Astrocytomas

Astrocytomas appear especially in the third and four decades of life and are in the main
frontal, parietal, and temporal. They represent 25%—-30% of all hemispheric gliomas. In
our series, they represent 24.5% of gliomas and 11.3% of all intracranial tumors.

9.2.1.1 Fibrillary Variant

The tumor is firm, grayish-white, and difficult to distinguish from the surrounding tis-
sue. Usually solid, it can occasionally include cysts of various dimensions. It is found
in the white matter (Fig.9.1).

The tumor is composed of astrocytic elements with delicate processes, well demon-
strated especially with silver impregnation methods, PTAH, and GFAP (Fig.9.2). The
nuclei are round or oval, isomorphous, but sometimes of variable size and chromatin
content so as to appear polymorphic, especially in the peripheral zones. Mitoses are
rare. The cell density is low but most often higher than that of the white matter; some-
times it is quite difficult to recognize the tumor edge even microscopically. The cells are
regularly distributed, but in some cases they are arranged in particular patterns such as
the “stepladder” one; alternatively, they may infiltrate the cortex, forming perineuron-
al satellitosis.
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Fig.9.1. Hemispheric cystic astrocytoma

The most important regressive event is represented by fluidification with microcyst
formation. Calcifications are found in 15% of cases [2486].

Blood vessels are scarce and of small caliber and no evidence of either neovascula-
rization or endothelial hyperplasia is present.

The differential diagnosis includes normal tissue, reactive gliosis, anaplastic astro-
cytoma, and oligodendroglioma. The tumor is usually distinguishable from reactive
gliosis because reactive astrocytes are scarcer and more regularly distributed and fea-
ture larger processes more intensely positive for GFAP. General criteria are available
for the distinction between tumoral and reactive astrocytes [678], but they cannot be
considered as absolute. For example, the occurrence of mitoses is inconclusive because
they can be found in reactive astrocytes as well [2514]. The criteria for the distinction
between fibrillary and anaplastic astrocytoma will be set forth later. Fibrillary astrocy-
toma is distinguished from oligodendroglioma by the presence of a fibrillary back-
ground, the aspect of the nuclei, the absence of the cytoplasmic “halo” around the nu-
cleus, the type and distribution of blood vessels, and the lower frequency of calcifica-
tions.

9.2.1.2 Protoplasmic Variant

The protoplasmatic variant is mostly found in the cortex and originates from astrocytes
of the central cortical layers. The tumor has ill-defined borders (Fig.9.3) and a homoge-
neous aspect, is grayish-white or pinkish, and often contains small or large cysts. The
cells show eosinophilic and GFAP-positive cytoplasm with short processes and round
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Fig.9.2a—c. Fibrillary astrocytoma, various aspects, H&E: a X200, b x300. ¢ GFAP-positive reac-
tion in many processes, PAP-DAB, x400 [2518]

or oval nuclei (Fig.9.4a). Typically, numerous microcysts, which may be confluent, oc-
cur (Fig.9.4b). Only rarely is the histological picture pure, and both protoplasmic and
fibrillary astrocytes are often present.

9.2.1.3 Gemistocytic Variant

The gemistocytic variant is characterized by large cells with expanded and eosinophil-
ic cytoplasm provided with numerous, very short processes (Fig.9.5a), variably GEAP-
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Fig.9.3. Temporoparietal protoplasmatic astrocytoma, with ill-defined borders

positive (Fig.9.5b). The nucleus is dark and peripherally situated. The gemistocytic ap-
pearance rarely involves the whole tumor; often it occurs focally in otherwise fibrillary
or protoplasmic astrocytomas. Perivascular lymphoplasmacellular infiltrates are more
common than in other types of astrocytoma (Fig.9.6a). Macrophages and CD8+ lym-
phocytes have been found in some astrocytomas [2372].

9.2.1.4 Pilocytic Variant

The pilocytic variant is composed of elongated, bipolar cells with long wavy processes
often organized in parallel bundles, which take characteristic shapes on longitudinal or
transverse section (Fig.9.6b). The same applies to the nuclei which can, therefore, show
an oval or a round shape. Rosenthal’s fibers and often calcifications are present. This
pilocytic appearance is more characteristically found in gliomas of the midline and of
the cerebellum, being identifiable with the spongioblastoma of Ziilch (1956) [3134], but
it can also be found in gliomas of the cerebral hemispheres. They can be distinguished
nto “juvenile” and “adult” types (see Sect. 9.3.5.4). The juvenile pilocytic tumors are
more frequent in the younger age group.

From time to time, mostly in the neurosurgical literature, series of cases usually
with the characteristic histological features described above and generally associated
with long survival are reported [2528, 454, 2122].

In all types of astrocytoma, IF can be seen under the electron microscope and mar-
ked by immunogold procedures with GFAP and vimentin antibodies (Fig.9.7). The two
antigens colocalize.
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Fig.9.4a,b. Protoplasmic astrocytoma: a low cell density, round nuclei, and short processes, H&E,
x300; b formation of microcysts, H&E, x150
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Fig.9.5. Gemistocytic astrocytoma: a expanded cytoplasms, H&E, x300; b GFAP-positive cyto-
plasm PAP-DAB, x400 [2515]
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Fig.9.6. a Gemistocytic astrocytoma: perivascular lymphocytic infiltrate, H&E, x200. b Pilocytic
astrocytoma: elongated, bipolar cells are organized in bundles, H&E, x200



9.2 Astrocytic Tumors of the Cerebral Hemispheres 119

Fig.9.7. Double immunogold staining for GFAP (small granules) and vimentin (large granules) in
an astrocytoma, x50 000

9.2.1.5 Anaplastic Variant

This neoplastic histotype represents the anaplastic transformation of an astrocytoma
without reaching the extreme degrees of anaplasia seen in the glioblastoma, which are
represented mainly by large areas of necrosis and prominent vascular disarrays. Since it
represents the transformation of an astrocytoma, it often shares its macroscopic charac-
teristics and location. It usually appears in slightly older patients than the other variants.
The macroscopic aspect is intermediate between those of astrocytoma and glioblastoma
(Fig.9.8).

The histological characteristics of anaplasia may be present diffusely within the tu-
mor or be circumscribed and focal. They are represented by greater cellular density and
nuclear polymorphism, more frequent mitoses, and less evident astrocytic features
(Fig.9.9). The pattern of GFAP production is characteristic: As the extent of anaplasia
increases, more and more GFAP-negative cells and mitoses appear, consistent with the
concept that anaplasia depends on the genotypic and phenotypic tumor heterogeneity
(Fig.7.2).

Compared with other astrocytomas, this tumor is more infiltrating and shows a
greater tendency to invade the cortex and the subpial region. It is a matter of debate
whether stromal changes, such as an increase in blood vessels and early endothelial hy-
perplasia (Fig.9.10a), as well as the occurrence of few, small, circumscribed necroses
(Fig.9.10b), still indicate an anaplastic astrocytoma or already to the picture of glioblas-
toma. This is extremely important from the practical point of view, when the recogni-
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Fig.9.8. Hemispheric anaplastic astrocytoma

Fig.9.9. Anaplastic astrocytoma: increased cell density, less evident astrocytic features and more
frequent mitoses, H&E, x400
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Fig.9.10a,b. Anaplastic astrocytoma: a early endothelial hyperplasia, H&E, x300; b small cir-
cumscribed necrosis, H&E, x200
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tion of the variant has to be made on small biopsy samples. In the opinion of many au-
thors, only large and extensive necroses with pronounced vessel changes are indicative
of glioblastoma. In our experience [2517], early endothelial hyperplasia and isolated
small necroses are still compatible with the diagnosis of anaplastic astrocytoma.

Since anaplasia can be a focal event and because of the extreme heterogeneity of
malignant gliomas, incomplete sampling at surgery may account for the diagnosis of as-
trocytoma instead of anaplastic astrocytoma and of anaplastic astrocytoma instead of
glioblastoma. The diagnosis of anaplastic astrocytoma on surgical material is more fre-
quently made than in autopsy material. Since anaplasia is an evolving phenomenon, it
could be that a tumor appearing originally as an anaplastic astrocytoma becomes trans-
formed into a glioblastoma in time [2502]. As the two oncotypes have different surviv-
al rates they must be kept distinct, and the differential diagnosis has to be made.

9.2.1.6 Prognosis and Treatment of Hemispheric Astrocytomas

The hemispheric astrocytoma has an extremely variable clinical course due to the po-
tential appearance of malignant transformation. Survival varies from 5 to 15 years down
to figures which are very close to that for glioblastoma. The well-differentiated astrocy-
toma may undergo anaplastic changes, as is well known, but the time when these appear
is not predictable, even though the general opinion is that they more frequently arise
within the first years after diagnosis. It is then necessary to identify histological prog-
nostic factors. The possibility of malignant transformation over time, however, renders
the prognosis of well-differentiated astrocytomas constantly sub judice. This influences
the therapeutic strategy.

The most important problem is that of recognizing the malignant transformation.
First of all, there may be a surgical sampling error, because of the focal appearance of
anaplasia, especially when the diagnosis is made on very small specimens. Secondly,
some histological or cytological signs may be differently interpreted from the prognos-
tic point of view: For example, nuclear polymorphism may be overestimated. The his-
tological heterogeneity of gliomas has been found to be high [2149]. For this reason, the
greater the amount of tissue examined, the more reliable the diagnosis.

Whilst no significant prognostic differences between fibrillary and protoplasmic as-
trocytomas have been observed, it is known that the gemistocytic variety bears a shor-
ter survival rate due to the more frequent coexistence of signs of anaplasia [2419, 2517].
It has been observed that the presence of more than 60% gemistocytes in a fibrillary as-
trocytoma has the same poor prognostic significance as anaplastic astrocytoma [1509].
The study of the prognostic significance of individual histological factors in astrocyto-
mas demonstrated that cell density (low or medium), nuclear polymorphism (absent or
moderate), number of blood vessels, lymphoplasmacellular perivascular infiltrates, and
presence of a limited number of mitoses (<5 per 10 high power fields, HPF) do not seem
to influence survival [2517]. A low mitotic count was already recognized as not exclud-
ing the possibility of long survival [708]. On the contrary, a negative correlation with
survival has been found for cases containing blood vessels of variable caliber [2517].
This variability, however, could be indicative of “sampling error,” i.e., of the existence
of anaplastic areas in parts of the tumor which were not removed.

Utilizing the LI obtained with BUdR, it has been observed that the 3-year survival
is significantly greater for cases with a LI below 1% [1207]. A positive correlation has
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also been found between the BUdR LI and the recurrence-free interval [843]. The mac-
roscopic presence of cysts seems to be related to a better prognosis [951, 708, 1686].

Clinical factors correlated with longer survival are young age, long duration of pre-
operative symptoms, epileptic fits at onset, absence of important pre- and, especially,
postoperative neurological signs [3005, 1589, 2198]. The uptake of contrast material on
preoperative CT scanning would seem to be a prognostically independent factor: The
astrocytomas which take up the contrast medium have a worse prognosis [2198]. In
some of these cases, it could be a sampling error in an anaplastic astrocytoma.

Astrocytomas are associated with long survival if anaplastic changes do not occur:
26%-36% survive to 5 years and 10%-20% to 10 years. Cases surviving for between
10 and 30 years are on record [574, 3003, 990, 1844, 2566, 876], even in the absence of
any therapy [708]. In a series of 461 patients the 15-year survival was 15% [2617].

As has been said, the duration of survival can be abruptly shortened by malignant
transformation. The frequency of this event is not exactly known; however, except for
a few cases [1686, 2198], the percentage of astrocytomas showing signs of anaplasia at
reoperation for recurrence or at autopsy is high in the many series reported and varies
from 49% to 85% [1778, 1589, 2688, 2930]. The risk of malignant transformation
seems to be greater in the first 5 years after surgery [2688]. From the clinical standpoint,
it would be very important to be able to detect the tumor areas which are undergoing
anaplastic transformation; the results which are being acquired with fluorodeoxyglu-
cose positron emission tomography (FDG-PET) seem encouraging [808].

Anaplastic astrocytoma has a worse prognosis than the well-differentiated one. The
recognition of anaplasia is theoretically very easy, but practically it is still a controver-
sial issue. In our experience, a mitosis count >5 per 10 HPF, cell density >800 nu-
clei/HPF, and endothelial hyperplasia are the fundamental elements for its identification
in the group of astrocytomas. A standardized evaluation of nuclear atypia, necrosis, mi-
toses, and endothelial proliferations leads to a good correspondence with survival [569,
1418]. Once anaplasia is established, circumscribed or diffused, parenchymal only or
also stromal, it cannot be further graded if evaluated in multivariate analysis [2517]
(Fig.9.11). The prognostic importance of single histological factors in anaplastic astro-
cytomas has been highlighted by some studies [337, 856, 2687]. Whilst endothelial pro-
liferation is constantly associated with a worse prognosis, cellular density, nuclear poly-
morphism, number of mitoses, and perivascular lymphoplasmacellular infiltrates seem
to be of poorer prognostic significance [2687]. Others [856] have noted that a high num-
ber of mitoses entails a shortening of survival. Analysis of the DNA pattern added to
that of other histological features could perhaps contribute to identifying cases with a
more aggressive behavior [488].

Young age and a high performance status of the patients are clinical factors unani-
mously recognized as entailing a better prognosis. A complete response instead of a par-
tial one as judged by CT scan after radiochemotherapy is predictive of longer survival
[1972].

Surgery is the first and basic diagnostic and therapeutic approach in astrocytomas
[1633,951, 3005, 1589, 2688]. There is little doubt about the surgical treatment of large
and symptomatic astrocytomas. When one is dealing with young adult patients with a
negative neurological examination, a clinical history of epileptic seizures, and a small
hypodense lesion without enhancement after injecting contrast medium, the choice of
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treatment is controversial. Often, they are well-differentiated astrocytomas, slowly
growing, which may have a very long survival even without any therapy. In many cases,
conservative treatment with anti-epileptic drugs is adopted, keeping more aggressive
approaches in case of clinical worsening [355].

Other data seem to contradict such plans [1921]. A significant correlation has been
found between survival and extention of surgical removal with a 50%—60% survival
rate at 5 years after macroscopically total removal [1589, 2198, 2688]. All these studies
are limited, however, by their retrospective nature, and prospective studies are not yet
available.

A possible rationale for removing as much tumor as possible could be given by ki-
netics data [1198], which suggest that well-differentiated astrocytomas are mainly com-
posed of cells which are not in cycle, and that passage from the “nonproliferating” to
the “proliferating” pool is very limited.

Another point in favor of surgery is the necessity to ascertairfthe histological diag-
nosis and to discover signs of malignancy indicating adjuvant therapies. It must be stres-
sed that 30% of anaplastic astrocytomas are hypodense on a CT scan [410], and often
the histological signs of anaplasia are minimal and localized [2517]; the risk is that they
may go undiscovered in a simple biopsy.

When hypodense tumors cannot be approached by surgery either because of their
location (basal ganglia, thalamus—hypothalamus, pineal region, brain stem) or their
small dimensions, the histological diagnosis may be made on stereotactic biopsy mate-
rial. The diagnosis of oncotype can be obtained in 80% of cases, provided that speci-
mens are taken by multiple tracks, permitting tumor mapping [67, 2094]. It is more dif-
ficult to recognize the malignancy grade. This procedure has also been proposed for the
removal of the tumor itself, with encouraging results, provided that it is circumscribed
and of small dimensions [1373].

From their kinetic and biological characteristics, there is no neuroradiobiological
rationale for the external radiotherapy of differentiated astrocytomas, save sterilizing
possible anaplastic foci in the remaining portions [2510] or delaying or diminishing the
incidence of malignant transformation [1921].

There is no unquestionable demonstration of the efficacy of postoperative radio-
therapy. The only available data on the usefulness of irradiating well-differentiated as-
trocytomas come from retrospective studies. The survival of patients biopsied or trea-
ted surgically by partial removal is improved by radiotherapy [1607, 1921], especially
with high doses (53-55 Gy) to the tumor volume [2616], whereas radiotherapy does not
seem to improve survival after total removal [2198]. In cases with extensive removal, if
postoperative radiotherapy is not performed, a follow-up with CT and MRI must be
done, and according to the result, reoperation and/or irradiation carried out. The contro-
versy concerning whether to irradiate well-differentiated hemispheric astrocytomas or
not will remain until ongoing prospective studies take into account the role of the vari-
ous approaches [2617, 1354A].

The prognosis of pilocytic hemispheric astrocytomas is relatively good. Recently,
30 patients with the cystic paraventricular form have been described, with an average
age of 22 years. The tumors were characterized by Rosenthal’s fibers, microcysts, and
calcifications. A mean survival of 6.95 years for males and 5.17 years for females was
observed, but many patients were still alive at the time of the last follow up [454]. In an-
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other series of 51 patients, with a mean age of 18 years, the tumors were mainly cystic,
temporoparietal, with a mean survival of 17 years [2122]. Following complete or in-
complete excision, 80% or more survive 10 years [875, 2617]. If pilocytic astrocytoma
is totally removed, the patient usually should not be irradiated.

The therapeutic efficacy of interstitial irradiation with '*’Ir and '*°I is well docu-
mented as an alternative to surgical removal for lesions less than 3 ¢cm in diameter or lo-
cated in highly functional areas [2782, 178, 1971, 2095]. Its neuroradiobiological ratio-
nale is unopposable: the administration of a high radiation dose, specifically cytocidal
for tumor cells, without damaging the adjacent normal nervous tissue. The same ratio-
nale is exploited by recent procedures of radiosurgery, whose results are under evalua-
tion [480].

In anaplastic astrocytomas, macroscopically total surgical removal leads to a lower
morbidity and longer survival than incomplete resections.

In patients with anaplastic astrocytomas receiving postoperative radiotherapy, sur-
gical removal leads to better survival as compared with biopsy alone [2008], but the im-
portance of the extent of removal, whether total or partial, is still unclear [2016]. Post-
operative radiotherapy improves the prognosis significantly compared with surgical re-
moval alone [876, 2687]. Reoperation for recurrence may be useful, but only in select-
ed cases [52, 1068]. The median survival after surgery plus high dose radiotherapy
(which gives the best results) of patients with anaplastic astrocytomas (with or without
chemotherapy) is around 28 months [2009], with 62% at 18 months [2009], 38%—50%
at 24 months, and 18%-20% at 5 years [1607].

A complete response instead of a partial one after radiochemotherapy, as judged by
a CT scan, is predictive of longer survival [1972].

Patients with anaplastic astrocytomas, because of the better survival, are more ex-
posed to the risk of damage from aggressive therapies, such as neutrons [1581], the
radiosensitizer misonidazole [624], and intracarotid carmustine (BCNU) [2607].

For other therapeutic problems, see Sect. 9.2.2.12.

9.2.2 Glioblastoma Multiforme

9.2.2.1 General Considerations

Glioblastoma multiforme represents the extreme malignant variant of astrocytic tumors.
Among neuroectodermal neoplasias, glioblastoma is the malignant tumor par excel-
lence. Its nosological position has been discussed for a long time, especially as a form
distinct from anaplastic astrocytoma. A short historical overview of the problem must
be given.

Bailey and Cushing [113] named glioblastoma the malignant glioma, which earlier
was labeled spongioblastoma multiforme [112, 2750], to distinguish it from the uni- and
bipolar spongioblastomas. This new nomenclature was generally accepted, even though
it faced opposition, especially because glioblasts were not well recognized in histogen-
esis.

Because of its various morphological aspects, this tumor was classified in different
ways. For example, Bergstrand (1933) [172] distinguished three groups corresponding
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to three different aspects: multiforme, fusiform, and protoplasmic. Busch and Christen-
sen (1947) [347] instead preferred the subdivision into angionecrotic, multicellular, and
magnocellular types.

The nosological position of this tumor was overturned with the classification of
Kernohan et al. [1405], who abolished it as a tumor entity and put it in the group of grade
4 astrocytomas. There is no doubt that glioblastomas arise through a process of anapla-
sia from astrocytomas, but it cannot be said that this is an absolute rule. Sometimes, no
sign indicating the preexistence of an astrocytoma is found. Therefore, the necessity of
retaining glioblastoma as a tumor entity was emphasized even considering anaplasia
[2325, 2415] and that it can develop so rapidly as to erase any trace of a preceding as-
trocytoma.

' A powerful contribution to the problem of the relationships between astrocytoma
and glioblastoma was brought by Scherer [2477]. He distinguished the rarer primary
glioblastomas and the more frequent secondary glioblastomas, derived from astrocyto-
mas. This point of view later found wide consensus [1109] and the concept was extend-
ed to other oncotypes, so that glioblastoma was thought to represent the final malignant
pathway common to astrocytomas, oligodendrogliomas, and also ependymomas [2325,
1109].

9.2.2.2 Frequency, Age, Site

Glioblastoma is the most frequent neuroepithelial tumor. Its peak of frequency is in the
fifth and sixth decades of life, and there is a slight male predilection [2486, 1296, 2970,
3138]. It is very rare in patients below 30 years of age. Glioblastomas represent, in the
personal series, 68.4% of all gliomas and 31.6% of all intracranial tumors.

This tumor is located mainly in the white matter of the cerebral hemispheres, and
its sites of predilection are: frontolateral, -dorsal, and -basal; temporolateral and -me-
dial; parietodorsal and -lateral; occipitodorsal; basal ganglia; thalamus; corpus callo-
sum [3134]. During tumor growth, such locations may obviously merge. For example,
a glioblastoma of the basal ganglia is often also temporal; a frontal one may invade and
cross the corpus callosum, expanding in the opposite hemisphere as a “butterfly” tumor.
Temporal tumors diffuse more easily anteroposteriorly.

Diffusion may be facilitated in the white matter by long fiber tracts such as longi-
tudinal fasciculi, uncinate fasciculus, corona radiata, and optic radiation. Tumors which
invade the internal capsule tend to grow deeply, whilst the thalamic ones do not usual-
ly go beyond the internal capsule [1805]. It has to be noted that often the infiltration of
a fasciculus is only noted microscopically [2483]. The cerebellar location is very rare
(see Sect. 9.3.9).

The greater frequency in males suggested a possible hormone dependence of the tu-
mor. This would be consistent with what has been observed in spontaneous murine gli-
omas [815] and with steroid receptors [2214]. Experiments on a cell line of human glio-
blastoma transplanted into athymic mice demonstrated that cell growth is facilitated in
males and that androgenic receptors are found mainly in males [2931]. Glucocorticoid
and especially androgen receptors have been demonstrated to be present in glioblasto-
ma, more frequently in females than in males [2130].
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Fig.9.12. Glioblastoma invading the corpus callosum

9.2.2.3 Macroscopic Appearance

In general, the tumor features a large expanding mass infiltrating the white and gray
matter (Figs.9.12-9.14). On the cut surface the color varies depending on the regressive
events which have occurred: from reddish to bluish or from gray to yellow due to ne-
croses. Very often, small cysts are visible. The consistency may vary from creamy in
necrotic areas to hard in scarred ones. The tumor may not be seen on the cortical sur-
face, but the gyri may be widened, swollen, or reddish due to small hemorrhages.
Glioblastoma is not uncommonly multicentric (Fig.9.15), but sometimes the multi-
centricity is only apparent because macroscopically visible proliferation centers are ac-
tually connected by tumor proliferations which are only microscopically detectable.

9.2.2.4 Microscopic Appearance

In all the reports, glioblastoma is presented as the most polymorphous glioma [3134,
2415,2417, 2486, 343], and its astrocytic character is not always diffusely present. Gen-
erally, there is a marked cellular density and nuclear pleomorphism (Fig.9.16a). Besides
areas of packed cells with almost isomorphous nuclei, there are others showing mon-
strous nuclei, multinucleated cells, and intranuclear inclusions (Fig.9.16b). The cyto-
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Fig.9.13. Frontal glioblastoma

Fig.9.14. Temporal glioblastoma
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Fig.9.15. Multicentric glioblastoma

plasm can be of different sizes, round, elongated, and variably GFAP-positive or nega-
tive. Mitoses are very abundant, prevailing in the less polymorphous and in the more
densely cellular areas.

The highly proliferating areas are characterized by densely packed cells with scan-
ty cytoplasm, mostly GFAP-negative [581, 332, 2515], and show many mitoses. These
areas are especially evident in cortical invasion (Fig.9.17). Necroses are a characteris-
tic feature of glioblastoma. They may be extensive and centrally located (Fig.9.18) and
of medium size with partial palisades or small with complete pseudo-palisades
(Fig.9.19a). The latter may be numerous and sinuous in shape. Whilst the former are in
general caused by the occlusion of blood vessels by thrombosis, the latter derive from
highly packed proliferating growth centers without an adequate blood vessel supply
[2508, 2521]. Large necroses are the fundamental element which distinguishes glioblas-
toma from anaplastic astrocytoma.

Another typical feature of glioblastoma is represented by the abundant blood vessel
supply. The prominent production of reticulin is in relation to the vessels (Fig.9.19b).
Dilated and neoformed blood vessels are common, and endothelial proliferations in-
volve capillaries, arteries, and veins, sometimes also the meninges. Glomeruloid forma-
tions arise, formed by endothelial hyperplastic cells with an embryonal appearance
(Fig.9.20). Sometimes the formations can be arranged like a “wall” towards normal tis-
sue, necroses, etc. (Fig.9.21a). The significance of endothelial proliferations has long
been discussed [758, 2961, 3014]. In personal experience, the cortical vascular tree for-
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Fig.9.16a,b. Glioblastoma: a nuclear polymorphism with many mitoses, also atypical ones, H&E,
%200; b nuclear inclusions, H&E, x400
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Fig.9.17. Glioblastoma: invasive area with high cell density and also isomorphic nuclei, H&E,
%300

med by the arteries penetrating from the meninges and by their collateral branches re-
sponds to tumor infiltration with endothelial hyperplasia which leads to its distortion
and impairment of its functions. Circumscribed areas of necrosis arise due to local
ischemia. Vascular glomeruli can also form in the healthy cortex around the tumor, but
in personal experience, this happens when the overlying meninges are infiltrated. It has
to be remarked that endothelial hyperplasia in glioblastoma is a phenomenon which
does not precede but follows cortical tumor infiltration, and it is not synonymous with
neovascularization [2521].

The blood vessels increase in caliber towards the center of the tumor. In this posi-
tion there is usually a large area of central necrosis, and between this and the peripher-
al proliferative zone there are large and deformed blood vessels with thickened walls,
sometimes featuring degenerative changes and often thrombosis.

The blood vessel network can be highlighted with techniques which stain the base-
ment membrane, such as the immunohistochemical demonstration of laminin
(Fig.9.21b) [927, 1838] and of type IV collagen [2065]. Generally, the membrane be-
tween the glial cells and adventitia remains relatively preserved.

The stromal component of a glioblastoma may be very active and show neoplastic
features of the sarcomatous type. Apart from this transformation, which will be ex-
panded upon later, some stromal peculiarities may be found. A rhabdomyoblastic com-
ponent characterized by elongated cells with elongated nuclei and transverse cyto-
plasmic cross-striations and originating from the vascular component has, for example,
been described. The term “gliomyosarcoma’ has been proposed [963, 133]. Glioblasto-
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Fig.9.18. Glioblastoma: extensive central necrosis, H&E

mas associated with chondrosarcomatous [2317] or osteochondrosarcomatous [2451]
components have also been described. All of these features were encompassed in the
“ectomesenchymal” hypothesis, which states that neural crest cells may show both
neuroglial and mesenchymal characteristics in both the CNS and PNS [670].

The infiltrative growth of glioblastoma leads to invasion of both cortex and white
matter. The cells often reach the molecular layer, where they crowd. The subarachnoid
spaces may become filled, and the tumor may reinvade the cortex from the subpial re-
gion. Unlike astrocytoma, glioblastoma elicits a strong glial reaction both in the cortex
and in the white matter, as revelaed by the immunohistochemical demonstration of
GFAP which highlights the stubby and long processes of reactive glial cells (Fig.9.22a).
Reactive astrocytes, especially in the cortex, may be included in the advancing tumor
and remain visible for a long time amongst the tumor cells (Fig.9.22b). As has been said,
highly proliferating tumor cells are on the whole GFAP-negative, so that in many areas
there is a mixed cell population which is GFAP-positive and GFAP-negative. GFAP-
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Fig.9.19. Glioblastoma: a many circumscribed necroses with pseudo-palisades in a proliferative
area, H&E, x100; b abundant reticulin network in relation to blood vessels, Gomori, X200 [2486]

positive reactive astrocytes in these areas undergo modifications, even if only due to
mechanical factors, and become indistinguishable from tumor cells in as much as they
may undergo mitosis [2518]. This fact may lead to the wrong interpretation of the de-
gree of malignancy when the diagnosis is made on small fragments.
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Fig.9.20a,b. Glioblastoma: a endothelial hyperplasia with mitoses, formation of buds, H&E,
%x250; b the same at higher magnification, H&E, x400 [2486]

Very often, lymphocytic or lymphoplasmacellular perivascular infiltrates are pre-
sent. They are generally interpreted as indicating an immunologic reaction, because
they are associated with a better survival [1818, 304, 2121]. In a series of 199 cases,
such infiltrates were observed in 134 patients (67.5%) who survived longer. Infiltrates
were more frequently seen in cases which had not previously been treated with steroids
[246]. Other studies have, however, not found longer survival in cases with such infil-
trates [2320, 2499, 2502, 2373], and doubt has been cast on the specificity of the reac-
tion [3037].

EGFR has been demonstrated immunohistochemically in 79% of malignant and in
only 9% of well-differentiated gliomas, but also in other oncotypes. However, a corre-
lation with tumor proliferation, as judged with the antibody Ki-67, has not been ob-
served [2292].

By means of in situ hybridization it has been demonstrated that endothelial cells al-
so bear the B-receptor for PDGF and express the mRNA for the PDGF B-chain, which
implicates them in an autocrine mechanism of stimulation [1113, 1827]. PDGF may,
therefore, become a member of the family of angiogenic peptides.

Some data on TGF, another factor which is important for neoplastic transformation,
are beginning to appear. Two types are known, o and . The former shares a remark-
able percentage of homology with EGF, and together they compete for the same mem-
brane receptors [215]. TGF-P has been observed immunocytochemically both in benign
and malignant gliomas [455, 2442], but not in normal nervous tissue, whilst TGF-o. has
been seen to prevail in malignant gliomas [2442], where it could be related to the pro-
gression of the tumor. For further information, see Chap. 2.
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Fig.9.21a,b. Glioblastoma: a wall of vascular glomeruli, H&E, x200; b thickened basement mem-
branes evident with laminin, PAP-DAB, x200
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Fig.9.22a,b. Glioblastoma: a reactive astrocytes in the invaded cortex, GFAP, PAP-DAB, x300;
b reactive astrocytes intermingled with tumor cells; arrowheads indicate mitoses, GFAP, PAP-

DAB, x400
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9.2.2.5 Tumor Spreading

Classically, the tumor grows from the white matter into the cortex, features satellitosis,
and reaches the meninges. It may grow in the subpial region and spread to adjacent cor-
tices (Fig.9.23a). A growth may occur in the subarachnoidal space, and the cortex can
be reinvaded (Fig.7.6a), or meningeal gliomatosis may occur. Infiltration of the epen-
dyma and of the subependymal layers is also characteristic, with the possibility of fur-
ther diffusion into the subarachnoid spaces. The subependymal layers may, however, al-
so form a barrier to the tumor. As already stated, tumor spread may take place and be
detected only histologically, through fibrous structures such as the septum pellucidum
(Fig.9.23b), hence simulating multicentricity [2483, 2484]. Glioblastoma may diffuse
into the ventricular system, colonizing the walls of ventricles (Fig.9.24a) or even in the
region of the cauda equina: blastomatous ependymitis [1073] and meningeal gliomato-
sis [2218], respectively. These events are, however, not precisely known from the quan-
titative point of view, because systematic studies are few [3110, 96]. In an autopsy se-
ries of 51 glioblastomas, CSF dissemination was found in 14. In 7 of these, there was
pronounced dissemination and scarce local reaction with a poor expression of GFAP by
the tumor cells, and in the other 7 there was scanty dissemination and extensive local
infiltration with marked GFAP expression. The less differentiated cells could be more
easily released into the CSF but are less invasive [2087]. The first proposition has been
accepted, because it is in agreement with what is observed in other poorly differentiated
tumors, such as medulloblastoma, whilst the second has not been considered as sup-
ported by valid correlations [2397]. The most important feature of the spreading of glio-
blastoma is that invading cells travel along the fiber tracts in the hemispheric white mat-
ter (Fig.9.24b). They can be found outside the hypercellular edge of the tumor, not only
in the area usually noted as hypodense on CT scans, but even further. The cells are not
easily identifiable on the usual histological preparations, but perhaps it is easier with
special stainings on fresh tissue [568]. The invasion assumes a digitating aspect in the
long axis of many gyri. The frequency of dissemination is obviously influenced by the
“duration” of the tumor. The location on the walls of the ventricles may also depend on
local ependymal defects, which are frequent and extensive, due to the hydrocephalus
which often accompanies the tumor [2033]. Diffusion via the CSF can also reach the
cerebellum, where secondary growth may occur. It seems that spread via the CSF is
more frequent in children [1349], and this could have some importance in the establish-
ment of radiotherapeutic treatment modalities.

9.2.2.6 Differential Diagnosis

A differential diagnosis has to include, apart from anaplastic astrocytoma, metastatic
carcinoma, cerebral lymphoma, ependymoma, sarcoma and pleomorphic xanthoastro-
cytoma. In respect to carcinoma, distinction is based on the mode of infiltration of glio-
blastoma, which contrasts with the sharp edge between normal tissue and the carci-
noma; on the appearance of necroses with pseudo-palisades which are different from
the intervasal necroses of carcinoma; and on the peculiar and exuberant endothelial pro-
liferation. In particular cases, the differential diagnosis is not easy, especially if only
small areas of tumor are examined. The possibility of the formation of papillae repre-
sented by columnar cells resting on a delicate vascular-connective stroma [1945] and
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Fig.9.23a,b. Glioblastoma: a subpial growth, H&E, x200; b diffusion along the septum pelluci-
dum, H&E, x100
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Fig.9.24a,b. Glioblastoma: a colonization on the ventricular wall, H&E, x200; b infiltrating cells
in fiber tracts of the hemispheric white matter, H&E, x200

simulating medulloepithelioma or adenocarcinoma has to be taken into account. These
papillary formations may represent an epithelial-sinusoidal differentiation or resemble
an ontogenetic feature. It is also possible to observe foci with squamous differentiation,
with the development of epithelial whorls, keratin pearls, and cytokeratin positivity,
which represent extreme degrees of epithelial differentiation [1946].

Lymphoma is essentially distinguished by its intra-advential growth, especially at
its periphery, as highlighted in reticulin preparations. Sarcomas generally show abun-
dant reticulin and totally lack GFAP. Ependymoma is recognizable if its characteristic
tissue elements, such as perivascular radial crowns, rosettes, and canals, are present.
The pleomorphic xanthoastrocytoma does not usually show mitoses or circumscribed
necroses [3130].

Cases have been described, considered as variants of glioblastoma, which are char-
acterized by the presence of strongly lipidized, GFAP-positive cells, besides necroses
and mitoses [1392]. These tumors are usually deeply situated [911], but they have also
been described in superficial locations. Because of the above mentioned features, they
are different from pleomorphic xanthoastrocytoma.

9.2.2.7 Giant Cell Variant

The giant cell variant is characterized by numerous large, giant cells with polymorphous
nuclei and is otherwise not different from classic glioblastomas (Fig.9.25). Despite the
importance of polymorphism, they show a reduced proliferative potential [1200] and a
longer survival [155, 333, 914, 1836]. The existence of this variant [2391, 2419] has
long been contested because tumors with monstrous cells have for a long time been di-
agnosed as “monstrocellular sarcomas “ [3134]. For the differential diagnosis from glio-
sarcoma, see Sect. 9.2.2.8. There is no doubt today that this variant exists. In addition
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Fig.9.25. Giant-celled glioblastoma, H&E, x200

to the features indicated above, it is characterized by a lack of endothelial proliferations
and by the presence of circumscribed necroses without pseudo-palisades [343]. The tu-
mor is usually circumscribed on CT scan and occurs preferentially in the temporal lobe
[1764].

9.2.2.8 Gliosarcoma
9.2.2.8.1 General Considerations

It is not rare to find mixed neuroepithelial and mesodermic tumors. They may develop
because of a gliomatous reaction to a preexisting sarcoma or because of a sarcomatous
reaction of the meninges to infiltration by glioblastoma [2386, 2419], but more often
they are true mixed tumors in which the sarcomatous component arises from the blood
vessels of a glioblastoma or anaplastic astrocytoma. The term gliosarcoma was first
used by Stroebe [2751], but it only really began to be applied with the fundamental work
of Feigin and Gross [756] and was subsequently widely accepted [758, 1924]. Cases
with sarcomatous growth prevailing over the glial one have been described, a feature
commonly found in cultures [1020]. A large body of opinion holds that the sarcomatous
component originates from the proliferating endothelium of blood vessels. However,
contrary observations indicating a derivation from adventitial fibroblasts or histiocytes,
or even that the glioma is secondary to a fibrosarcoma, namely “sarcoglioma” [1556],
have been made.
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Fig.9.26. Gliosarcoma [2504]

9.2.2.8.2 Frequency, Age, Site

The incidence of gliosarcoma in respect to malignant gliomas is difficult to calculate be-
cause of the multiplicity of the diagnostic criteria. It varies from 1.2% [758, 1469] to
8% [1924]. In our series they represent 6.6%. Gliosarcomas arising from blood vessels
in oligodendrogliomas [760, 2137] or in ependymomas [1693] have also been de-
scribed. The mean age is close to that for glioblastoma, being in 33% [1924] and 50%
of cases [1860] over 60 years. The tumor is frequently located in the temporal lobe;
however, in one series it was more frequently located in the frontal lobe [1860].

9.2.2.8.3 Macro- and Microscopic Appearance

The tumor is reddish-gray, has a hard consistency, and is usually well delimited from
the surrounding tissues (Fig.9.26). Two intimately admixed components, a fibrosarco-
matous and a glial one, are observed histologically (Fig.9.27a). The richness in reticu-
lin and the fibronectin-positivity (Fig.9.27b) of the fibrosarcomatous component and
the GFAP-positivity of the glial component are fundamental diagnostic elements. In a
large series, the mesodermal component was recognized as either a malignant fibrous
histiocytoma or a fibrosarcoma [1860]. There is a sharp demarcation between the two
formed by a basement membrane (Fig.9.28a), easily visible under the electron micro-
scope or by immunohistochemical demonstration of laminin [927]. The blood vessels
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Fig.9.27a,b. Gliosarcoma: a glial and fibroblastic proliferations are almost indistinguishable,
H&E, x300; b the mesodermic component is fibronectin-positive, PAP-DAB, X200
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Fig.9.28a,b. Gliosarcoma: a basement membrane separates the two components, laminin, PAP-
DAB, x200 [2511]; b vessel with slit-like lumen in the mesodermic component, H&E, x300
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have different features in the two components. They are similar to those of glioblasto-
ma in the glial component and are “slit-like” and practically without a wall in the sarco-
matous part (Fig.9.28b). The two components sometimes may be so intimately admixed
that the glial cells may be seen as isolated elements only by GFAP staining (Fig.9.29a)
or as ribbons narrowed by mesenchymal trellises (Fig.9.29b) or take up adenoid features
and simulate the cells of an adenocarcinoma [1397]. GFAP-positivity usually resolves
the doubt. A diagnostic complication is the possibility that foci of marked epithelial dif-
ferentiation will develop from the glial component and present as cytokeratin positive
squamous cells and keratin pearls [1946].

Gliosarcoma raises some biological problems which have only been partially re-
solved. The first is related to the presence of giant and monstrous cells. Some authors
interpret them as being of a glial nature and the tumor as a variety of glioblastoma cal-
led “gigantocellular” [155, 1724, 1037, 2419]. Others see these cells as sarcomatous and
name the tumor “circumscribed monstrocellular sarcoma of blood vessels” [3134, 1147,
214, 309]. With the immunohistochemical demonstration of GFAP, it has been found
that the great majority of giant cells are glial, but that there may also be giant cells in the
sarcomatous component. Therefore, “monstrocellular” gliosarcoma is not an inappro-
priate term, because of the presence of giant cells, especially in the glial component, but
also in the sarcomatous one [2504].

A second and more important problem is that of the precise origin of the sarcoma-
tous component. Factor VIII/RAg is a typical marker for endothelial cells. It is positive
in the glomeruli of glioblastoma, but only in the cells delimiting the lumina [1841], and
negative in the fibrosarcomatous cell populations of gliosarcoma. These must therefore
originate either from pericytes or fibroblasts or even from endothelial cells which have
lost the capacity to express factor VIII/RAg. Sometimes it is possible to see a transition
between factor VIII/RAg-positive endothelial cells of glomeruli and the factor
VIII/RAg-negative fibrosarcomatous proliferations [2511, 2667]. It is possible that in
the process of neoplastic transformation, the endothelial cells lose the capacity to ex-
press the marker, as has been observed in other conditions, for example, angioreticulo-
ma [1014]. An alternative interpretation based on the demonstration of histiocytic mark-
ers such as o,-antichymotrypsin, lysozyme, and o, -antitrypsin, which are abundant in
the sarcomatous component, is that the adventitial histiocytes are the major source of
the fibrosarcomatous proliferation [1469]. Taking into account that the histiocytes are
positive for fibronectin [549] and are more concentrated around blood vessels than in
fibrosarcomatous areas, it is possible that they themselves are potential fibroblasts [§41]
which may promote the proliferation of mesenchymal cells such as fibroblasts or en-
dothelial cells [1469]. However, the positivity for antiproteases and monocyte/macro-
phage series markers in the mesenchymal areas does not seem sufficient to establish the
histiocytic nature of the tumor. The mesenchymal component may derive from fibro-
blasts or from undifferentiated mesenchymal elements of the blood vessel adventitia
[993]. In the fibroblastic proliferations which originate from blood vessels in irradiated
glioblastomas, collagen type III, typical of fibroblasts, is expressed with fibrils which
under the electron microscope seem to be produced by endothelial cells [2522].

The study of the various types of collagen has brought useful information on this point. For
example, collagen type IV, typical of basement membranes, is also found in glioblastomas. It can
be found in vascular buds, but never in fibroblastic-type proliferations such as those found in glio-
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Fig.9.29a,b. Gliosarcoma: a GFAP-positive, isolated glial cells in the mesodermic component,
PAP-DAB, x400; b narrow ribbons of GFAP-positive cells in the mesodermic component, PAP-
DAB, x400
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sarcoma. On the contrary, the latter proliferations express collagen type VI, which is typical of in-
terstitial microfibrils but is never found in endothelial proliferations [2150]. These data do not con-
firm the endothelial origin of the fibroblastic proliferations. The finding of collagen type VI in the
pial-glial basement membranes [1843] might simply be due to adjacent phenomena. In fibrosarco-
mas arising after the irradiation of glioblastomas, a diffuse histiocytic character is observed, as is
also found in fibroblastic meningiomas with which the tumors have been likened [2072].

Two recent observations on the nature of gliosarcomas must be quoted. One refers to the im-
munohistochemical positive staining for a-sm-actin of spindle and polygonal cells, which are
GFAP-negative, suggesting that gliosarcoma represents one end of the spectrum of glioma-induced
vascular smooth muscle proliferation [1036]. The second observation refers to a contemporary
positive staining for o-sm-actin and GFAP of spindle cells in reticulin-rich areas of the tumor, sug-
gesting the total glial origin of tumor cells [1320]. )

Some peculiar observations have been made in this tumor. A myxoid component, for exam-
ple, was found in one case and attributed to the transformation of glial cells [1433]. Rhabdomyo-
blastic [963, 133], osteochondrosarcomatous [2451], and chondrosarcomatous [2317] metaplasia
have been described in other cases. GFAP-negative cartilage has been found, due not to the tran-
sition from astrocytes [1399] but to mesenchymal metaplasia [122].

A rare benign tumor composed of cells that exhibit both GFAP-positive glial and collagen
producing mesenchymal cells has been called gliofibroma [829]. Some examples have been re-
ported. The existence of the tumor as an entity is, however, controversial [2547A, 2677A].

9.2.2.8.4 Prognosis

The prognosis of gliosarcoma grossly overlaps with that of glioblastoma in many series,
with possibly a greater number of cases with longer survival. There is some tendency to
leptomeningeal spread.

9.2.2.9 Blood Vessel Architecture and Angiogenesis in Gliomas

In well-differentiated hemispheric astrocytomas there is no neoformation of blood ves-
sels. The tumors utilize the preexisting blood vessels and modify them. In pilocytic as-
trocytomas of the midline, especially of the cerebellum, but principally in glioblastoma,
there are very important changes due essentially to the endothelial hyperplasia leading
to the formation of glomeruli. In glioblastoma, three zones may be distinguished for
blood vessels: a peripheral zone, rich in neoformed vessels with endothelial prolifera-
tion; an intermediate one featuring larger dilated vessels; and a central necrotic one
with degenerated large vessels.

The intensity of vascularization cannot always be used as an indication of malig-
nancy. A positive correlation, for example, exists for hemispheric astrocytic gliomas but
not for those of the midline or for cerebellar ones. Precise morphometric measurements
have demonstrated that an oligodendroglioma can be more vascularized than an ana-
plastic astrocytoma. This means that the richness in blood vessels depends also on the
type of tumor [2585].

Most studies of blood vessels have focused on the difference between normal and
tumor blood vessels and capillaries. Normal capillaries are characterized by a continu-
ous basement membrane and by endothelial cells with tight junctions, except in some
areas, such as the area postrema and choroid plexus, where the junctions are of the fen-
estrated type. Endothelial cells have scarce pinocytic vesicles, and the pericapillary
space is small and free from collagen and fibroblasts, because the basement membrane
is in direct contact with that of the astrocytes [1135, 2961]. Pericytes may occasionally
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Fig.9.30. Glioblastoma: computer-assisted three-dimensional reconstruction of vessels with endo-
thelial hyperplasia [2521]

be present [1689]. Tumor capillaries are completely abnormal: The lumen is wider,
there are more endothelial cells with a greater number of junctions and more pinocytot-
ic vesicles, and the basement membrane is thickened by collagen in the pericapillary
space [2961]. There are different degrees of endothelial attenuation with fenestrations
and opening of the junctions. Typical features of malignant gliomas are blood vessel
thrombosis and endothelial proliferation.

Endothelial cells increase in number, feature mitoses, and modify the blood vessels, which
become tortuous and glomeruloid. The study of the transition between the normal tissue, infiltrat-
ion zone, and tumor has demonstrated that endothelial cells progressively increase in number and
acquire immature features such as a paucity of organelles and a high nucleocytoplasmic ratio
[3014]. Clusters of immature capillaries similar to the normal ones which appear during develop-
ment [364] and immature buds with a slit lumen and single basement membrane [3013] form in the
transition zone.

The endothelial proliferation has been considered, on one hand, as a source of new capillar-
ies and, on the other, as a consequence of vessel thromboses [2744, 368]. A particular relationship
seems to occur between endothelial proliferations and circumscribed necroses. It has been hypoth-
esized that endothelial proliferations may represent a response to necrosis. On the other hand, cir-
cumscribed necroses may be due to the imbalance between the proliferative potential of the tumor
and endothelial cells [1202, 1008]. Morphometric and three-dimensional reconstruction studies
have demonstrated that glomeruloid formations represent an extreme degree of deformation of the
cortical vascular tree due to endothelial proliferation (Fig.9.30). The vascular tree becomes inade-
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quate to nourish the increasing number of neoplastic cells, hence the necrosis (Fig.9.31b) [2521].
The neoplastic invasion of the cortex induces the hyperplastic response of the endothelial cells.
New, small blood vessels are formed by sproutings (Fig.9.31a) [1974] and only occasionally en-
rich the infiltrated zone with capillaries. Endothelial proliferation is thus not synonymous with an-
giogenesis, which does not precede but follows tumor infiltration. The endothelial cells within the
tumor are also rich in Weibel-Palade bodies [1527], which are usually rare in normal endothelium.
There is also a distinct but participation of o-sm-actin-positive pericytes to the process of endothe-
lial hyperplasia (Fig.9.32a) [2521]. Proliferated endothelial cells are immunohistochemically pos-
itive for factor VIII/RAg, but only those lining the vessel lumen (Fig.9.32b) [3013]; however, by
immunoelectron microscopy study it can be demonstrated that cells far from the lumen also con-
tain Weibel-Palade bodies rich in gold granules (Fig.9.33) [1886].

The origin of circumscribed necroses with pseudo-palisades in glioblastoma also have been
differently interpreted. It has been proposed, for example, that necrosis of the glial cells releases
FGF, a potent mitogenic and angiogenic factor, which stimulates tumor cells and endothelial cells
to proliferate, hence the pseudo-palisades and the blood vessel hyperplasia [2154].

The hypothesis that circumscribed necroses follow the endothelial proliferation and that this
follows tumor invasion may be confirmed in the invaded cortex by the observation that if the infil-
tration proceeds from the white matter towards the cortical surface, the glomeruli will be found in
the deep cortical layers (Fig.9.34); if, on the contrary, the infiltration descends from the subpial re-
gion towards the white matter, the glomeruli will be found in the superficial cortical layers [2521].
This sequence derives from the fact that endothelial hyperplasia affects the cortical vascular net-
work, which is formed by the penetrating meningeal branches and their lateral branches [1060,
124].

All the investigations on angiogenesis refer to the hypothesis that all solid tumors are angio-
genesis-dependent and that every increase in the tumor cell population has to be preceded by an in-
crease in capillaries which converge on the tumor [795]. Originally, the experimental demonstra-
tion that the tumor could induce the formation of new capillaries despite the tumor cells being sep-
arated from the vascular bed [1000] led to the supposition that the tumor released a diffusible fac-
tor, which was later isolated. Further progress was due to the use of the corneal microchamber in
rabbits, the chorion-allantoid membrane in the chick embryo, and in vitro cultures of endothelial
cells. The studies were then extended to the enzymatic degradation of the basement membrane, to
the locomotion of endothelial cells, and to their proliferation. The enzymatic degradation of base-
ment membranes is accomplished by means of various proteinases. Endothelial cells produce a col-
lagenase which degrades type I collagen and also the type IV collagen of basement membranes
[936]. Substances derived from the retina may stimulate the degradation of type IV collagen, lam-
inin, and fibronectin by endothelial cells. At the same time they stimulate endothelial cells in cul-
ture to release plasminogen activator, which converts plasminogen into plasmin, which in turns de-
grades laminin and fibronectin.

Various angiogenic factors are recognized nowadays [796]. First of all, there are the heparin-
binding growth factors for endothelial cells, among which is FGF (fibroblastic growth factor), de-
rived from the brain, ECGF (endothelial cell growth factor), derived from the eye, and an acid fac-
tor derived from the retina. The corresponding receptors have been found in endothelial cells.
These factors are found in all tissues. In particular, for FGF, another autocrine stimulation has been
proposed [2575]: The endothelial cells express FGF, and as they bear the corresponding receptor,
they stimulate themselves to proliferate in an autocrine fashion. FGF has been demonstrated im-
munohistochemically in endothelial cells in the majority of cerebral tumors [2154], as well as its
receptor in human endothelial cells [2011]. Antibodies against FGF inhibit in vitro the growth of
endothelial cells [2429]. This could represent a good therapeutic “hook,” but there are no data on
cerebral tumors. An autocrine stimulation had already been proposed for PDGF-B and for its re-
ceptor, both expressed by endothelial cells [1113] (see Chap. 2).

Another factor isolated from a human adenocarcinoma cell line is angiogenin, which has se-
quence homologies with pancreatic ribonuclease. It is a potent angiogenic factor in the embryonal
chorion-allantoid membrane of chick embryo, but its mechanism of action is unknown [772].
There are then the TGF (transforming growth factors), o and B, and a series of factors among which
those of low molecular weight are mitogenic for the endothelium [765]; others isolated from flu-
ids and from macrophages may stimulate the locomotion, but not the proliferation, of endothelial
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Fig.9.31a,b. Glioblastoma: a endothelial sprouts from small vessels in the invaded cerebral cor-
tex, H&E, x400; b circumscribed necroses are found among glomeruli, H&E, x150
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Fig.9.32a,b. Glioblastoma: a a-sm-actin-positive cells in hyperplastic endothelium, PAP-DAB,
x300; b factor VIII/RAg is positive only in cells lining the lumen, PAP-DAB, x400

cells [3064]. Macrophages, prostaglandins PGE, and PGE,, and a factor isolated from T lympho-
cytes may be angiogenic. The presence of a renin-angiotensin system in the CNS has been demon-
strated and the components localized immunohistochemically [874], angiotensin II in rat embryo-
nal neurons and renin both in neurons and glial cells [2479]. The small cerebral blood vessels con-
tain receptors for angiotensin II [2709]. The renin-angiotensin system is able to induce angiogen-
esis [767] through a mechanism well-studied in the ischemic kidney [2157]. In glioblastoma, renin
has been demonstrated immunohistochemically in tumor cells, especially around blood vessels,
while it has not been found in astrocytoma cells and reactive astrocytes in gliosis [74].

Among the various factors recognized as modulating angiogenesis through a series of mech-
anisms and associations are heparin and copper [796].

Some angiogenic factors stimulate endothelial locomotion or proliferation or both (796). In-
direct stimulation may occur through macrophages [121, 114] or through the release of endothe-
lial mitogens contained in the extracellular matrix [2945]. The angiogenesis may, however, be reg-
ulated by physiological mechanisms which inhibit it. One of these is represented by the contact of
the pericytes with endothelial cells [2091] or by the binding of cortisone derivatives with heparin
fragments. Some observations in cerebral tumors have been made. If culture medium from human
malignant gliomas is added to endothelial cells from human umbilical cord vein in culture, they
cause endothelial proliferation [1377]. Similar results were obtained also with well differentiated
gliomas [1144]. Using the chick chorion-allantoid membrane model, angiogenic activity has been
caused by extracts of glioblastoma, meningioma, and neurinoma [1723]. From personal experience
with this method, it is also possible to demonstrate angiogenic activity in carcinoma metastases.

9.2.2.10 Cellular Kinetics

As has been said in Chap. 7, there are various ways to study cell kinetics in gliomas
which do not differ significantly in value and reliability. Generally, both the MI and the
LI obtained with [*H] thymidine, BrdU, or Ki-67 are lower and more uniform in ana-
plastic astrocytomas and higher and widely variable in glioblastomas. This means that
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Fig.9.33. Glioblastoma: Weibel-Palade bodies in hyperplastic endothelial cells containing factor
VIII/RAg, immunogold, x40 000

Fig.9.34. Glioblastoma: glomeruoloid formations in the deep cortical layers, bordering central
necrosis, H&E, x50 [2484]
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great morphological and proliferative heterogeneity in malignant gliomas exists and
that the different areas of the tumor are not equivalent. For this reason, the principle of
not using averages of several measurements but taking the highest labeling value as
characteristic of the tumor is widely accepted [1937]. This is especially important in the
examination of surgical or stereotactic biopsies, where the quantity of material available
is very limited.

9.2.2.11 Metabolism

The level of ATP gives a measure of the metabolic efficacy of a tissue, and in malignant astrocy-
tomas the mean ATP and total adenylate levels are higher than in normal tissue [1699, 1211]. Brain
tumors utilize more glycolysis than respiration for the production of ATP [2984], continuing lac-
tate production even when oxygen is present. ATP production through glycolysis is anaerobic, and
allows growth independent of oxygen provided that a satisfactory supply of glucose is maintained:
Tumors survive ischemia longer than normal tissue [1432, 2136]. As a consequence, the cerebral
glucose uptake and consumption by a tumor may be up to three times normal [2690], as demon-
strated by using deoxyglucose with PET [1260, 627, 2146, 2878]. Perhaps the reduction of the cit-
ric acid cycle and oxidative phosphorylation, due also to the lower number of mitochondria of tu-
mor cells in comparison with normal [1647], accounts for this [2162].

In the glycolytic pathway, a decrease in hexokinase and phosphofructokinase activities in ma-
lignant gliomas has been demonstrated [1700, 1791], with normal pyruvate kinase activity and lac-
tate production, due to the depressed citric acid cycle activity. Some enzymes of the glycolytic
pathway occur in altered or in more primitive forms.

In the citric acid cycle, citrate synthetase and malate dehydrogenase activities are decreased
in tumors with normal succinate dehydrogenase activity [2933, 1700]. Less acetyl-CoA is utilized,
and pyruvate accumulates, increasing the level of lactate. Since NADH is not produced, oxidative
phoshorylation is depressed. Its associated enzymes are in fact decreased [1647} and cytochrome
oxidase activity appears to be inversely related to malignancy [35].

The pentose phosphate pathway, as an alternative pathway, is more active in gliomas, and the
glucose-6-phosphate dehydrogenase activity is strongly increased [1700]. Through this pathway,
not only is energy in the form of NADPH produced, but also pentose is provided for the synthesis
of purines and pyrimidines [2156, 2933].

The synthesis of glycogen in brain tumors is practically absent. Very interesting are the chan-
ges in the enzymes of energy metabolism. For example, of the pyruvate kinase isoenzyme subunits,
only the fetal type K is produced in glioblastoma [2850] and of the isoenzymes of hexokinase, only
the type II [167]. Of the types H and M of lactate dehydrogenase (LDH), only the M subunit is pro-
duced in malignant gliomas. The level of isoenzyme LDHS5, containing only the M subunit, is
greatly increased [1040, 2848, 842].

ATPase and cAMP are inversely correlated with malignancy [1588, 2619]. Of the different
cAMP dependent protein kinases, type III occurs in glioblastomas, similar to type II [817], which
is activated by cAMP and cGMP. There is in tumors an increased response to cGMP and a de-
creased response to cAMP. Also, a relationship between malignancy and cAMP phosphodiester-
ase has been found [816].From the histoenzymologic point of view, different patterns have been
described in gliomas, with various interpretations. Particularly interesting are the strong positive
reactions for NADH and NADPH tetrazolium reductase in reactive-type cells and in endothelial
cells of vascular proliferations [2488, 2006, 2485].

Acetyl-CoA is the key point in the cell metabolism, being involved in both catabolic and ana-
bolic pathways. In normal nervous tissue, fatty acids are not utilized as a source of energy, and
nothing is known about tumors in this regard. The synthesis of fatty acids begins with acetyl-CoA;
the synthesis of sterols also begins with acetyl-CoA, and cholesterol is the major sterol in malig-
nant gliomas [867]. The level of desmosterol, the immediate precursor of cholesterol, is elevated
in malignant tumors [3007, 2129] and has been proposed as a marker of tumor activity [2129].

Among many other metabolic properties of gliomas, the increase of the arachidonic acid me-
tabolite thromboxane B must be recalled [393], which is involved in BBB permeability. Other
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compounds of interest include the polyamines such as putrescine, spermine, and spermidine, which
seem to show higher levels in malignant gliomas [1059, 2948]. For further information, special-
ized review articles are available [1752].

9.2.2.12 Prognosis and Treatment

Glioblastomas have, in general, a worse prognosis than anaplastic astrocytoma [2970].
Even if the delimitation between the two oncotypes is sometimes uncertain, they have
to be maintained as separate entities. It would not be correct, in the statistical evaluation
of the effects of therapies, to put glioblastoma and anaplastic astrocytoma into one cat-
egory of so called high grade gliomas. The median survival of adequately treated glio-
blastomas is 612 months with 8%—12% survivors at 2 years and 5% at 5 years [337,
2008, 1736, 3055].

In spite of this poor prognosis, individual histological parameters may have differ-
ent predictive significance. Glioblastomas containing microcysts, neeroses with pseu-
do-palisades instead of large necrotic areas, well-differentiated astrocytic cells, or large
astrocytomatous areas are associated with longer survival times than those uniformely
composed of small cells or cells with small average nuclear size [331]. A better prog-
nosis has also been found to be associated with the presence of calcifications [2797], al-
though an association has been subsequently denied [331]. The presence of giant cells
is positively correlated with survival [333]. In general, the gigantocellular variant has,
in fact, a better prognosis when compared with the classic tumor [1764]. The lympho-
plasmacellular perivascular infiltrates do not seem to be important in glioblastomas in
relation to.prognosis [2502, 333, 331], while opposite results have been noted by gath-
ering grades III and IV tumors into a single group [1818, 304, 2425]. The prognostic
value of kinetic parameters, such as the LI with [*H]thymidine, is controversial [1199,
258], and it also remains to be defined whether or not there are significant correlations
with survival and the DNA “pattern” [819, 1938, 1142].

Age and neurological status are the most important prognostic factors: The percent-
age of survivors at 18 months is 64% for those under 40 years of age, 20% between 40
and 60, and 8% over 60 [414, 2685]. Above a certain age, doses of 30 Gy in 10 fractions
lead to the same length of survival as standard doses [2023].

Studies carried out in the CT era demonstrate that in malignant gliomas extensive
removals of more than 90% of the tumor are followed, under the same conditions of
mortality, by a lower morbidity than incomplete resections [451, 744, 2922], especial-
ly when the preoperative neurological conditions were very good. Macroscopically, to-
tal removal is associated with longer survival [351, 52, 3055] than simple biopsy. As a
consequence, a removal as total as possible should be performed in patients with good
neurological conditions and with a reasonable life expectancy; in the opposite case, a
simple biopsy should be done for diagnostic confirmation [2128]. However, the prog-
nostic importance of total removal remains to be confirmed in randomized studies
[2246A]. In recurrences of malignant gliomas after radiochemotherapy with a disease-
free interval longer than the median of expected survival, an operation further prolongs
an acceptable survival [52, 1068]. As a general rule, a reoperation must be taken into
consideration whenever the recurrence is localized and accessible, independently of on-
cotype, provided that it is not too early.
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External radiotherapy is presently the best postoperative treatment. The usual dose
to the tumor is 60 Gy: Lower doses (50 Gy) are less effective [2970], but higher doses
(70 Gy) are not more effective [414]. Above a certain age, doses of 30 Gy in 10 frac-
tions lead to the same length of survival as standard doses [2023]. There is no general
agreement on the amount of brain to be included in the target: tumor volume plus 2 cm
[1162] or more [1052] outside the external border of enhancement seen on CT. With
MR, it has been demonstrated that tumor cells are present in T2-weighted images in
which hyperintense areas are larger than the peritumoral hypointense areas seen with
CT [1376]. However, irradiation of the whole brain did not prove to give better results
than that of a more limited area [2613]. The likely explanation is that glioblastoma re-
curs locally before spreading to a distance. Usually, the irradiation is performed with 60
Gy to the volume of enhancement corresponding to the tumor plus 2-3 cm {1607], or a
double volume irradiation is performed: 60 Gy to the volume of enhancement and
43-45 Gy to the remainder of the brain. The total dose is given in single daily fractions
of 1.8-2.0 Gy. Minimal residual tumor on CT scan after surgery and radiotherapy is a
positive prognostic factor [1972, 3074].

The major risk of radiotherapy is delayed radionecrosis. Its clinical incidence with
little residual tumor after conventional radiotherapy is 3-5% [1887, 1772], but it in-
creases in long-term survivors, going from 3% to 12.5% when survival is prolonged
from 18 to 24 months [2686]. Factors of individual hypersensitivity, such as vascular
diseases, systemic hypertension, diabetes, etc., play a predisposing role; however, the
risk of delayed brain damage depends mainly on the number of radiation fractions and,
therefore, on the fraction dose [1773]. Concentrated treatments with a few fractions of
high dose expose the patient to a greater risk [2426] and must be avoided in those with
a prognosis longer than 6 months.

Until now, attempts to modify the conventional treatment by increasing the number
of daily treatments (hyperfractionation) have not given better results [273, 1573]. Re-ir-
radiation at recurrence does not seem to be useful and increases the risk of brain dam-
age (662). Preoperative radiotherapy, with some exceptions, does not prolong survival
and increases morbidity because of vessel fragility at surgery.

New therapeutic modalities involving hypoxic cell radiosensitizers [624] and neu-
trons [1581] did not prove to be effective. Regarding hyperthermia, thiol-depleting
agents, and a halogenate thymidine analogue, studies are still in progress [2801, 1095,
2435].

The tendency of malignant gliomas to recur locally [1162], with the development
of multiple lesions in only 5%-9% of cases [441], and the high radioresistance both in
vivo [273] and in vitro [2247] allow one to consider interstitial irradiation (brachythe-
rapy) as a possible therapeutic measure. The best results have been obtained with doses
of 50-120 Gy upon the recurrence of malignant gliomas after conventional treatment
[1608]. Studies are in progress concerning the possibility of associating brachytherapy
as a boost to external radiotherapy in the postoperative treatment of malignant gliomas
[1374 , 180]. Little is known to-day about radiosurgery in malignant gliomas, but stu-
dies are in progress [1032].

Also, intraoperative photodynamic therapy has been tried in malignant gliomas, us-
ing hematoporphyrin or dihematoporphyrin ether as photosensitizers [2184, 2185,
1371, 3023], with no clear advantage in comparison with traditional therapies.
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Among the many chemotherapeutic drugs tried [1487] the only ones which have
been demonstrated to be useful in the postoperative treatment of malignant gliomas, and
very modestly at that, are BCNU and procarbazine. In controlled studies carried out be-
tween 1970 and 1980 in the USA, the median survival after surgery, radiotherapy, and
BCNU treatment varied between 45 and 54 weeks, with 18%—28% of patients alive at
18 months. BCNU administered intraarterially does not offer advantages in the postop-
erative treatment of glioblastomas [2607].

BCNU remains the most effective drug in the treatment of recurrences. Other drugs
show some efficacy, such as CCNU, 1-(2-chloroethyl)-3-(2,6-dioxo-3-piperidyl)1-ni-
trosurea (PCNU), 1-(4-amino-2-methyl-5-pyrimidimyl) methyl-3-(2-chloroethyl)3-ni-
trosurea (ACNU), procarbazine, dianhydrogalactichol, cisplatin, and azyridinylbenzo-
quinone (AZQ), lonidamine, but never equal to that of BCNU. Semustine (MeCCNU),
hydroxyurea, teniposide (VM 26), bleomycin, dacarbazine (DTIC), 5-fluoruracil, and
methotrexate are ineffective or toxic. No polychemotherapy has been superior to BCNU
alone. Studies on intraarterial chemotherapy are in progress. The rationale is that a high
drug concentration is achieved in the well-vascularized tumor, avoiding toxicity else-
where [2739]. In order to facilitate the passage of hydrosoluble drugs through the BBB,
the intracarotid injection of mannitol has been suggested [2014], but also criticized
[786]. Also ineffective has been bone marrow transplantation coupled with high doses
of BCNU, both for the initial treatment and recurrences [776].

Immunotherapy did not prove to give better results than conventional therapies
[593].

Glioblastoma metastasizes extracranially to the lungs, lymph nodes, pleura, liver,
etc., almost exclusively in patients who have undergone brain surgery. The occurrence
of extracranial metastases in the absence of surgery is very rare; just over 10 cases have
been reported [1610].

9.2.3 Gliomatosis Cerebri

The term “gliomatosis cerebri” was used to indicate a diffuse increase in glial cells
found in large areas of the brain with a poor tendency to grow as a discrete tumor [2021].
These cases were assimilated to others previously described as “gliomatosis™ [1128],
diffuse glioma [1564], the blastomatous type of diffuse sclerosis [390], diffuse system-
atic blastomatous growth of the glial apparatus [2571], diffuse cerebral schwannosis
[791], diffuse central lemmoblastosis [2952], “glioblastosis diffusa” [3002], etc. Re-
cently, 10 new cases with a review of 48 others from the literature have been reported
[83].

The diagnosis of the disease is not usually made clinically. There is a progressive
cerebral syndrome with intracranial hypertension, even if cases with acute onset are not
lacking. The duration of the illness is very variable and may be up to 20 years. Even
from the radiological point of view, itis very difficult to recognize. By CT scanning, the
lesion appears as iso- or hypodense, even after contrast enhancement. Sometimes the
only finding on CT may be the swelling of parts of the brain. If necroses or hemorrhages
appear, these can be seen but not attributed to the disease [83]. MRI is now the imaging
modality of choice [2369A].
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Fig.9.35. Gliomatosis cerebri: diffuse astrocytic proliferation, H&E, x200

Macroscopically, the brain is slightly deformed but maintains its normal shape.

Histologically, there is a diffuse proliferation of glial cells in the white matter, with
a prevalent “spongioblastic” elongated character and a possibly polymorphous aspect
(Fig.9.35). Mixed areas and also foci of undifferentiation up to a glioblastomatous ap-
pearance may be present. The cells are variably GFAP-positive.

Apart from the hemispheres, the brain stem, cerebellum, and spinal cord may also
be involved. A case in which the main localization was spinal has been reported; be-
sides astrocytes, there was a diffuse microglial component [2025] which is difficult to
interpret unless a neuroectodermal origin for microglia is accepted. This remains, how-
ever, a widely discussed topic.

The differential diagnosis includes multicentric and mixed gliomas.

9.2.4 Xanthoastrocytoma

This is a neoplasm affecting almost exclusively infants and adolescents with a peak in-
cidence in patients between 10 and 20 years old [1394, 1395, 1521, 2430, 1743, 2753,
3012, 969, 1739, 2123, 2138, 991].

The tumor is located supratentorially, mostly in the temporal lobe. Infratentorial
and extraparenchymal extensions are exceptional [2138], as is infiltration of the brain
stem [2753].

9.2.4.1 Macroscopic Appearance

The tumor is superficially located with involvement of the leptomeninges and sparing
of the dura, even if there is erosion of the skull bone [1395, 1743]. A cystic component
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containing xanthochromic fluid may be present, and the tumor can be confined to a yel-
lowish mural nodule. Rarely, necrosis is present [1395, 1743].

9.2.4.2 Microscopic Appearance

The neoplasm extends into the leptomeninges and invades the cortex both directly and
along the Virchow-Robin spaces. It features a polymorphous proliferation with a mod-
erate cellular density and a mostly fascicular pattern of growth (Fig.9.36). The stroma
is formed by an abundant reticulin network which surrounds single elements or small
groups of cells. There is no particular reticulin thickening around the blood vessels,
which are not significantly increased in number and do not show endothelial proliferat-
ion.

The cell composition is polymorphous. Beside fusiform cells with oval nuclei, there
are large, often giant, roundish or polygonal ones with microvacuolar (xanthomatous)
cytoplasm with a thin peripheral eosinophilic rim which may be GFAP-positive
(Fig.9.37). Some cells contain PAS-positive cytoplasmic globules while others are large
with giant, sometimes multiple and bizarre nuclei. There are no necrotic areas, and mi-
toses are rare or absent.

Perivascular lymphoplasmacellular infiltrates are constantly present, with the ex-
ceptional formation of lymphoid follicles [1395]. Rarely, mast cells are also seen
[2138].

GFAP is variably present [581, 969, 1395, 1521, 1743, 2123, 2138, 2430, 2753,
3012]. It is often absent in fusiform cells including those that apparently aid the infil-
tration of the neoplasm along the Virchow—-Robin spaces. The majority of cells are
strongly vimentin positive. The abundance of reticulin is due to the involvement of the
leptomeninges and to the presence of basement membranes around subpial astrocytes,
seen under the electron microscope, produced by the astrocytes themselves and not by
the pial cells [2269, 2187]. It is known that the capacity of nervous tissue to synthesize
collagen begins during embryogenesis and that it is at times maintained by glial cells in
adult life [472].

o,~Antichymotrypsin may be present in the cytoplasm of some reactive histiocytic
cells, likely of subarachnoid origin [1743, 1739]. It may be coexpressed with GFAP or
vimentin in the same cell, possibly indicating that glial cells acquired phagocytic activ-
ity. Ultrastructural investigations [1395, 1521, 1743, 2138, 3012] have demonstrated
that besides masses of 8—10 nm filaments, lipopigment granules and microtubules oc-
cur in the cytoplasm of tumor cells.

The nosographic problem of this tumor is essentially that of its relationship with
leptomeningeal fibroxanthoma [1393]. GFAP expression may, in fact, be limited to a
few cells and may be absent in the meningeal neoplasm [2148]. It could also be the re-
sult of a process of phagocytosis or endocytosis. According to some authors, the tumor
is considered a fibroxanthoma of the meninges [2148], in agreement with the original
interpretation [1393]. Two cases have been reported with prominent vascularity and de-
smoplastic changes, and the existence of an angiomatous variant has been suggested
[2762].
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Fig.9.36. Xanthoastrocytoma: spindle cells admixed with xanthomatous cells, H&E, x400 (Cour-
tesy of Dr. F. Zorzi, University of Brescia)

Fig.9.37. Xanthoastrocytoma: processes and peripheral cytoplasmic rims are GFAP-positive,
PAP-DAB, x400 (Courtesy of Dr. F. Zorzi, University of Brescia)
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9.2.4.3 Prognosis

The tumor has a relatively good prognosis [1395, 1521, 2753, 969, 2123, 2138], with
long survival periods (up to 25 years), although cases of rapidly fatal evolution have
been reported [3012, 2138].

The superficial location allows an easy surgical approach. Recurrences have been
described in some cases [1395, 1521, 2753, 3012, 969] with morphological modifica-
tions towards malignancy, such as the appearance of necroses, thus justifying the name
of malignant glioma or glioblastoma.

The differential diagnosis must include fibrohistiocytomas (xanthomas) of the me-
ninges or brain [1393, 1557, 32, 1343, 2648] and atypical meningiomas or meningeal
sarcomas [1521, 1743, 2753]. GFAP-positivity may be helpful in the distinction.

9.2.5 Subependymal Giant Cell Astrocytoma (Tuberous Sclerosis)

The subependymal region is one of the sites at which the hamartomatous lesions of tu-
berous sclerosis may become manifest. The others include the kidney, lung, heart, etc.
Apart from the cerebral cortex tubers, nodular, smooth, pinkish, “candle guttering” mas-
ses arise from the surface of the lateral ventricles (Fig.9.38), especially in the frontal
horns. They can grow to a large size and obstruct the foramina of Monro, are sometimes
calcified, and can also appear in subjects in whom tuberous sclerosis is not suspected.
It must be stressed, however, that in the Mayo Clinic series of the 345 patients with tu-
berous sclerosis complex, 20 were identified as having subependymal giant cell astro-
cytoma. No example of this tumor without features of tuberous sclerosis was found
[2618A]. Maybe this is due to the investigations being carried out in pre-MRI era. Usu-
ally, individuals under the age of 20 years are affected. About 20 newborns affected by
tuberous sclerosis have been described [2098], and in three of these, subependymal tu-
mors were present.

The tumor is composed of giant astrocytes with eosinophilic cytoplasm, sometimes
elongated in shape, gathered in bundles with clearly evident processes (Fig.9.39). Nu-
clear polymorphism is marked, but mitoses are rather rare. The differential diagnosis in-
cludes gemistocytic astrocytoma, which is usually situated in the white matter and af-
fects older subjects. The absence of features of malignancy, such as circumscribed ne-
croses and marked mitotic activity, distinguishes this tumor from glioblastoma.

In the older literature, mention is made of the possibility that at least part of these
cells with ganglionic appearance are neuronal in origin [940]. In two cases, in fact, it has
been observed that the large cells were GFAP-negative but neuronal-specific enolase
(NSE)-positive [2722]. In other reports, the GFAP-positivity was limited to the periph-
eral part of the cytoplasm and absent in the processes [682], present only in a certain
percentage of cells [2923], or even completely absent [1999]. In a series of 22 cases, it
was found that GFAP is constantly present in a variable number of cells in tumors not
associated with the tuberous sclerosis complex. In tuberous sclerosis-associated tumors,
on the contrary, GFAP-positive cells are scarce or absent. Positivity for the 68-kDa NF
subunit has been observed in 6 and for NSE in 13 out of 18 cases [255]. Because there
do not seem to be any doubts about the glial nature of the tumor, it can be concluded
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Fig.9.38. Tuberous sclerosis: “candle guttering” masses on the ventricular wall

that the GFAP-negative cells are incapable of producing such proteins. They could be
dysgenetic cells whose dysplastic nature is responsible for the positivity for neurofila-
ments. There is, therefore, a bidirectional differentiation which never completely rea-
ches full neuronal expression. Even in a case of a subependymal tumor in a premature
infant, tumor cells were either positive or negative for GFAP and positive for neurofi-
laments, in line with a dysplastic origin [440].

The significance of the positivity for NSE is very doubtful. This marker may be pos-
itive in frankly glial cells [2939].

Dense core vesicles, similar to those found in ganglioneuroma and ganglioglioma
[2339, 2399], even in the glial component [2399], have been found by electron micro-
scopy [2640]. In only one case were eosinophilic neurosecretory granules seen [1999].

Rosenthal’s fibers are present [2529, 2640, 2420].

The necessity of surgical removal is debated [851]; however, it leads to long-term
survival without recurrence.

9.2.6 Astroblastoma

This is an extremely controversial tumor, accepted by some as an entity and denied by
others. It has been described in the cerebral hemispheres and in the paraventricular re-
gion in the first decades of life. The tumor “ought” to be characterized by a perivascular
astrocytic arrangement with convergence of broad cellular processes on the blood ves-
sels on which they terminate (Fig.9.40). In reality, this feature is found both in astrocy-
tomas and glioblastomas. In fact, in the first description of this oncotype two forms, one
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Fig.9.39a,b. Subependymal giant cell astrocytoma: spindle cells and calcifications, H&E, a X200,
b x400

well differentiated and one clearly malignant, were described [109]. Recognized as an
oncotype per se [106], midway between protoplasmatic astrocytoma and glioblastoma,
it has subsequently been considered as a stage in the process of dedifferentiation [1405],
as a subgroup of astrocytomas characterized by large cells producing glial fibers [3134],
and lastly as an oncotype per se again, even if rare [2420]. There are not many recent
descriptions [712, 2923, 1517, 1228, 1156, 2420].
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Fig.9.40. Astroblastoma: tumor cells with processes converging on a vessel, H&E, x300.

Macroscopically, the tumor is well circumscribed, gray-pink, and sometimes cystic
or with central necrosis.

Microscopically, its main feature are perivascular pseudorosettes with cells giving
off processes which terminate with their end feet on blood vessels. The processes on the
vessels are not the only ones, because others, more or less developed, may be seen. The
intervascular cells show the same features. Nuclei may be polymorphous and mitoses
present. Sometimes the blood vessels, with thickened and hyalinized walls, contribute
to the architecture of the tumor and show only modest and inconstant endothelial hyper-
plasia. There is often a diffuse papillary appearance.

GFAP staining may be positive but with great variability, especially in the pro-
cesses reaching the blood vessels.

A benign subtype with few mitoses and no endothelial proliferations and a malig-
nant type with many mitoses and endothelial proliferations have been distinguished. Ar-
eas of necrosis and intermediate forms could be present in both types [252]. The differ-
ential diagnosis includes especially ependymoma. It is not the expression of GFAP
which helps in this respect, because this may be expressed in radial crowns of ependy-
moma, more so than in the pseudorosettes of astroblastoma, but rather the perivascular
processes with end feet which are characteristic of astroblastoma.

Only a few electron microscopy reports are available [1517, 1228, 1156). The cells
may resemble astrocytes, with various degrees of differentiation and numerous fila-
ments. Rosenthal’s fibers may be found. In two cases, characteristics intermediate be-
tween those of astrocytes (such as the production of glial fibers) and of ependymocytes
(such as the development of microvilli on the free surface of the cells), the presence of
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intercellular junctions, occasional cilia, and interdigitations on the lateral border of the
tumor cells, have been described [2400]. These characteristics bring the cells of astro-
blastoma close to the tanycytes and support the hypothesis that astroblastoma derives
from the proliferation of tanycytes [2420] or ependymal astrocytes.

These data indicate, on the one hand, the origin of the tumor, consistent with its oc-
casional paraventricular location, but on the other, they render its nosological limits less
distinct. It must be said that electron microscopy has contributed more than immunohis-
tochemistry to the nosographic definition of the tumor.

The biological behavior of astroblastoma seems to be correlated with its histologi-
cal aspect. Cases with histological features of a well-differentiated glioma have a more
favorable prognosis than anaplastic tumors, although the latter may have long survival
periods [252].

9.3 Astrocytic Tumors of the Midline

This is a controversial chapter, both from the point of view of the histological classifi-
cation and of the general nosology. If site (midline) and cellular features (elongated
cells resembling the spongioblasts of cytogenesis) have allowed some authors [3134] to
gather these tumors in the spongioblastoma group, it is also true that the majority, but
not all, of these tumors are pilocytic astrocytomas [709].

When Bailey and Cushing (1926) [112] replaced the term spongioblastoma by glio-
blastoma, the former remained to indicate a group of benign tumors characterized by a
typical histological appearance and by a location in the optic nerve, chiasm, and hypo-
thalamus [2380, 1189], which were then included in the group of piloid astrocytomas
[709]. The studies supporting the definition of spongioblastomas as typical tumors of
the dorsolateral prechordal leaflet have already been recounted. They are located in the
dorsal and basal part of the neural tube: the spinal cord, medulla, pons, quadrigeminal
plate, cerebellum, thalamus, hypothalamus, chiasm, and optic nerve.

9.3.1 Astrocytoma of the Optic Nerve

Astrocytoma of the optic nerve is typically a tumor of infancy, with an average age at
diagnosis of 8 years [641] or even less, 3 and 1.5 years [263], sometimes occurring in
cases of von Recklinghausen’s disease. The tumor grows within the optic nerve sheath,
thereby causing a fusiform dilatation of the nerve (Fig.9.41a). This is easily visible on
transverse section where the nerve seems hypertrophic with evident septa (Fig.9.41b).

The histological appearance is characterized by bundles of elongated cells produc-
ing fibers and oriented along the major axis of the nerve. The bundles are separated by
the septa of the nerve (Fig.9.41b), in which small and medium caliber blood vessels are
found. The nuclei are also elongated and moderately polymorphous. There may be
abundant Rosenthal’s fibers. There is another histological aspect, characterized by a low
cell density, loss of the bipolar appearance of the cells, the formation of microcysts, and
the widespread presence of mucoid material.
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Fig.9.42. Optic glioma, pilocytic aspect, H&E, x200

[3009, 47, 789, 1497]. It has also to be taken into account that in the adult there is a rare,
anaplastic variety with a clearly worse prognosis [1215, 1061] which can come to re-
semble the picture of glioblastoma [1816]. Up to now, about 30 cases have been de-
scribed [2808]. Cases with a malignant course have recently been reported also in in-
fancy [3053, 1334]. When the tumor occurs with von Recklinghausen’s disease, it is
commonly bilateral and has a worse prognosis.

9.3.2 Astrocytoma of the Chiasm

As compared with the optic nerve form, astrocytoma of the chiasm affects older chil-
dren, aged 614 years [641, 263]. The tumor may extend to the optic nerve or the optic
tract, and it may shift or invade the third ventricle and infiltrate the hypothalamus. It
may be cystic or hemorrhagic.

Histologically, it is similar to the optic nerve form but for the presence of septa.
Rosenthal’s fibers may be abundant. There may be endothelial hyperplasia in the small
blood vessels.

Even if the anaplastic variety is rare [3053], according to some the prognosis is
clearly worse than in the optic nerve counterpart, and only 50% of patients are alive 15
years after operation [263]. It seems that the risk of dying is higher in the first decade
after diagnosis [2410, 1247]. The risk of spinal metastasis is practically only theoretical
[1472A].
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The standard therapy is irradiation, even though a full radiobiological rationale is
lacking except for those tumors showing anaplastic features. A stabilization of the dis-
ease can be obtained [2823, 3072, 1497], but not without deleterious long-term sequel-
ae. Surgery is of limited help, but recently a radical subtotal resection of exophytic gro-
wths has been proposed [3063].

9.3.3 Brain Stem Astrocytomas

Brain stem astrocytomas occur preferentially in children: 59% of patients are below 20
years of age [1758]. The average age for the infantile form is around 7 years [2854, 26].
The most frequent location is in the pons, followed by the medulla oblongata and mes-
encephalon. Sometimes the tumor does not form a mass but grows diffusely, giving the
anatomical structure a “hypertrophic” appearance (Fig.9.43); however, it does not usu-
ally remain confined to the anatomical structures, extending into the cisterns and
through the cerebellar peduncles into the cerebellum (Fig.9.44) and the fourth ventricle,
or it forms small masses on the surface. It shifts surrounding structures and may even
encase the basilar artery. The tumor has a hard consistency and is whitish, but hemor-
rhage and necroses may be present.

Histologically, most tumors are of the fibrillary type, but the general aspect is often
modified by the influence of compact, preexistent structures. In particular, the growth
along the long fiber tracts gives the cells an elongated shape. The frankly pilocytic vari-
ant accounts for 10%—15% of brain stem tumors [343].

The tumor very often undergoes malignant transformation, with the appearance of
necroses, endothelial proliferation, and invasiveness, and takes the aspect of an anaplas-
tic astrocytoma or even of a glioblastoma.

The rapid invasiveness of the tumor is due to its malignant transformation, but the
tumor remains localized and never reaches the cerebral hemispheres [1758]. Contradic-
tory observations have instead been made on its diffusion into the subarachnoid spaces
[2035], which could be very important from the therapeutic standpoint.

An investigation by means of multivariate analysis of the correlation between his-
tological features and survival [26] has demonstrated that the presence of mitoses is a
clearly unfavorable prognostic sign, while that of calcifications or of Rosenthal’s fibers
is favorable.

The tumors which are an expression of neurofibromatosis usually carry a more fa-
vorable prognosis [1900].

It is clear that these tumors cannot be surgically removed. Operation is generally
limited to the removal of the exophytic parts of the neoplasia or to biopsy. It is very im-
portant to take into account the marked discrepancy which may exist between biopsy
and autopsy diagnosis, the latter revealing a higher proportion of malignant tumors
[2854]. This may be due to the poor sampling of the tissue in biopsies and possibly al-
so to the malignant transformation which occurs in the interval between biopsy and
death.

The elective therapy is irradiation. Without it, the 1-year survival is only 25%, while
with irradiation it is 45% [2936]. In general, the reported survival is poor [26, 1308];
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Fig.9.43. Glioma of the pons

Fig.9.44. Glioma of the pons extending into the cerebellar peduncle
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however, recently a 5-year survival rate of 59% was observed after hyperfractionated
radiotherapy [1660].

The problem of establishing a prognosis is in relation to the debated question of the
usefulness of a biopsy. In this regard, it has to be noted that, in general, patients with a
biopsy-proven malignant tumor survive no more than 16 months, whereas those with a
benign tumor have an actuarial survival time of 5 years [1671].

Like most gliomas, these tumors are usually markedly heterogeneous, so that the bi-
opsy has maximum reliability only when glioblastoma is detected [720]. For this rea-
son, some authors have questioned the usefulness of a biopsy, especially considering
that statistical correlative studies have demonstrated that some clinical signs and CT
findings, for example, heterogeneous density, allow one to establish malignancy and
predict survival in relation to surgical and radiation therapy [2752, 1567]. A small group
of tumors (16 out of 144) characterized by a dorsal exophytic growth into the fourth
ventricle, with a benign histological appearance and a good prognosis and a median sur-
vival of 7 years, has been identified [1165].

9.3.4 Other Midline Astrocytomas

Other midline astrocytomas are, on the whole, tumors arising from the walls of the third
ventricle, hypothalamus, etc. The histological features are similar to those already de-
scribed. They are usually benign and most common in infants. Rarely, they may under-
go malignant transformation [2035]. A case of hypothalamic astrocytoma with sub-
arachnoid diffusion has been described [2055A]. For therapy, see Sect. 9.3.2.
Astrocytomas may arise in the neurohypophysis. They are very rare and of pilocy-
tic aspect. Once they have reached a certain size, their starting point is no longer recog-
nizable. They are very easily confused with astrocytomas of the third ventricle.

9.3.5 Cerebellar Astrocytoma

9.3.5.1 Nosographic Considerations

The definition of this oncotype has been debated for a long time. That the cerebellum is
a frequent location of astrocytoma was known to Bailey and Cushing [112], but only lat-
er did Cushing [540] recognize the cerebellar astrocytoma as a benign tumor of the mid-
line with a high frequency in the juvenile age group. Bergstrand [172] at first consid-
ered it an astrocytoma and, given the resemblance of its cell elements to embryonal glia,
proposed the term “embryonal gliocytoma.” Later, thought to originate from a congen-
ital malformation, it was denominated “glioneuroblastoma” [173]. In the nomenclature
of Elvidge [709] the tumor was placed in the piloid variant of astrocytoma, and in that
of Bucy and Gustafson [316] it was considered as an astrocytoma, with its fibrillary and
protoplasmic variants.

Ziilch [3131] regarded the tumor as belonging to the spongioblastoma group on the
basis of the above considerations, and so did Henschen [1109]. Ringertz and Norden-
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Fig.9.45. Cerebellar astrocytoma

stam [2327] also regarded the cerebellar astrocytoma as a polar spongioblastoma; how-
ever, 6 cases from their collection showed structures indistinguishable from those of ce-
rebral astrocytoma. On the other hand, according to Ringertz [2326], this tumor type
could occur in 11% of hemispheric cerebral astrocytomas. Russell and Rubinstein
[2415-2419] considered this tumor to be partly a pilocytic astrocytoma of the “juvenile”
type and partly a diffuse astrocytoma.

9.3.5.2 Frequency, Age

It is a frequent tumor, representing 4.7% [574], 6.4% [2486], or 10.1% [2327] of all gli-
omas. In the present series, it represents 3.2% of all intracranial tumors. In the posteri-
or fossa, it is almost as frequent as medulloblastoma [509, 2486].

It affects adolescents: about 60% are found in subjects less than 16 years old [2486].
The peak of the distribution curve for age is between 5 and 10 years according to Ziilch
[3134], and between 11 and 20 years according to personal experience. However, cases
are also known in the sixth, seventh, and eighth decades of life [952, 1241, 1242, 1402].

9.3.5.3 Macroscopic Appearance

The tumor has a grayish-yellow color, is soft in consistency, and is often cystic
(Fig.9.45). Sometimes it forms a large cystic cavity with a mural nodule. It can be lo-
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Fig.9.46a,b. Cerebellar astrocytoma: a pilocytic aspect of adult type, H&E, x300; b pilocytic as-
pect of juvenile type and microcyst formation, H&E, X150

cated both in the cerebellar vermis and, more often, in the hemispheres, where cyst for-
mation is more frequent [952]. The tumor may invade the fourth ventricle and extend
towards the quadrigeminal plate, the cervical spinal cord, or the cerebellopontine angle.

9.3.5.4 Microscopic Appearance

The cellular density is medium in nondegenerated areas. The cells are elongated, mono-
or bipolar, with roundish or oval, clear nuclei, and send out long processes which group
into compact bundles that are denser around the blood vessels (Fig.9.46). Mitoses are
not usually encountered. The nuclei have a thin membrane, are clear, and contain iso-
lated, easily distinguishable chromocenters and nucleoli.

Different aspects may be concurrently present. The appearance may be looser, with
vacuolar or mucoid degenerative phenomena which lead to the formation of cysts of
various size, often confluent and sometimes filled with an eosinophilic fluid
(Fig.9.46b). In these areas, cells no longer exhibit a polar, pilocytic aspect; they form
many processes and acquire a star shape (Fig.9.47a). The perivascular processes are
usually spared by the degeneration and simulate perivascular condensations which are
called “bushes.” There is no unanimous agreement on the primitive or secondary nature
of the stellate cell in the vacuolated areas. It is likely that both origins are possible.

The compact aspect goes under the definition of “pilocytic adult type” and the loose
one under that of “pilocytic juvenile type” [2420]. From personal experience, a diffuse
type of astrocytoma and even a protoplasmic one should be added.
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Fig.9.47a,b. Cerebellar astrocytoma: a loose architecture, H&E, x300; b calcifications, H&E,
x200
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Fig.9.48a,b. Cerebellar astrocytoma: a oligodendroglia-like aspect, H&E, x300; b vascular glo-
meruli, H&E, x200 [2486]

Often, oligodendroglial features occur, recalling the “honeycomb” aspect of oligo-
dendrogliomas (Fig.9.48a). In some tumors they appear as secondary degenerative phe-
nomena related to the vacuolar-mucoid degeneration [3134]. According to many au-
thors, on the contrary, foci with true oligodendroglial aspects do occur [319, 2419, 573,
1241], even if cerebellar oligodendrogliomas have only rarely been described [1328,
3083].

Both the bipolar cells in the solid areas and the stellate ones in the loose areas are
GFAP-positive, thus allowing the processes to be clearly seen even in cross-section.
The same structures are demonstrated with vimentin [2513] and are weakly highlighted
by detecting glutamine synthetase [2672].

The histological appearance of cerebellar astrocytoma has been variously catego-
rized. In parallel with the pair fibrillary—protoplasmic, the pair pilocytic of adult or ju-
venile type has been proposed, depending on the diffuse presence of microcysts or of a
more compact arrangement of cells and their processes [2419]. Other pairs have been
proposed [1241, 1242], such as that of pilocytic “juvenile type” and diffuse [343], but
these distinctions do not contribute fundamentally to a better nosologic position of the
neoplasia. Often, different features with various expressions coexist in the same tumor.

Calcifications are relatively frequent (Fig.9.47b). They have been found in varying
percentages: 14% [2486], 22% [3059], and 26% [2415]. Blood vessels of small and me-
dium caliber are quite regularly distributed and often tend to group, forming a sort of
network with nodal points. Endothelial hyperplasia with the formation of true glomer-
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Fig.9.49a,b. Cerebellar astrocytoma: Rosenthal’s fibers, ferric hematoxyilin, a X200, b x400

uli sometimes arranged in long tracts and showing mitoses is often present (Fig.9.48b).
The endothelial hyperplasia never reaches the intensity typical of glioblastoma. Its fre-
quency has been variously calculated: 52%—-53% [3059], or 78.9% [1241, 1242] of
cases. Sometimes the formation of blood vessels may be so marked as to suggest the pic-
ture of angioglioma, similarly to that which can be observed in other locations. The en-
dothelial hyperplasia does not represent for most authors an unfavorable prognostic
sign, as in hemispheric astrocytomas [1629]. This finding is of great importance in the
prognostic evaluation made from the histological examination of small fragments:

At the periphery, the tumor has indistinct borders with the healthy tissue. In some
areas, it is better delimited and acquires a more compact and clearly pilocytic appear-
ance. In these zones, Rosenthal’s fibers are frequent. The cerebellar folia may be in-
volved by the tumor and show a scleroatrophic appearance. The tumor may grow exu-
berantly in the leptomeninges over the cerebellar folia in a desmoplastic pattern.

9.3.5.5 Rosenthal’s Fibers

Rosenthal’s fibers are elongated, carrot, comma-shaped, or roundish structures depend-
ing on the cutting section. Generally, they have a rounded pole and an extremity termi-
nating in a thin process which gets lost in the glial network (Fig.9.49).

They have a characteristic staining pattern.

They are characteristically found in glial tumors of the midline, especially in the cerebellum,
but they have also been described in various pathological conditions involving the subependymal
glia: different tumor types including ependymomas, hemangioblastomas, craniopharyngiomas
[3134, 997], ependymal granulations [2088, 637, 2486], syringomyelia [1643 , 522], etc. They
have also been noted in locations not related to the subependymal glia, such as in the white matter
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Fig.9.50. Cerebellar astrocytoma: Rosenthal’s fibers. Double immunogold labeling for GFAP
(small granules) and ubiquitin (large granules). Both are present in the periphery, and GFAP only
is present in the amorphous core, x80,000

of the cerebral hemispheres, in Alexander’s disease [1114], in multiple sclerosis [2063], and, in our
experience, even in the cerebral cortex around meningiomas. They have also been seen in cultures
of astrocytomas of the optic nerve [1025], cerebellum, and spinal cord [1021, 1408].

They are not, therefore, characteristic of midline and cerebellar astrocytomas, but rather re-
flect the involvement of the subependymal glia independently of the type of process, tumoral, in-
flammatory, or otherwise. They are structures devoid of enzymatic activity [1025, 2006, 2493,
1055].

Under the electron microscope, they are composed of masses of degenerated glial filaments
[1209, 733, 1023]. They form through an interfibrillary accumulation of osmiophilic material, fol-
lowed by a granular fragmentation of the filaments [2529]. Small osmiophilic masses and filament
overload seem to be the basic elements [1024].

The majority of large Rosenthal’s fibers are GFAP-negative or only show a thin peripheral
positive rim [2923, 2672]. This depends on the quantity of amorphous osmiophilic granular mate-
rial contained. In fact, the small Rosenthal’s fibers, with scarce material of this type, are GFAP-
positive [1779, 2672]. This means that the central amorphous material derives from the aspecific
degeneration of glial filaments.

Immuno-electron microscopy with colloidal gold demonstrated that the GFAP antibody is lo-
calized mostly on the glial fibrils (Fig.9.50), but it is also present on the amorphous material [638].
This demonstrates that the process begins with the accumulation of glial filaments and carries on
with their gradual transformation into amorphous material. It has been shown that the peripheral
parts of Rosenthal’s fibers and also the GFAP-positive compact bundles of fibrils are ubiquitin-
positive (Fig.9.50) [1698]. This could prove that the accumulation of GFAP is abnormal and des-
tined to proteolysis but that the ubiquitin-dependent proteolytic system is overloaded, hence the
formation of inclusion bodies; alternatively, the ubiquitin could be involved in a cytoprotective
process tending to isolate the abnormal protein [643].
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9.3.5.6 Malignant Transformation, Prognosis

The cerebellar astrocytoma is a tumor with a good prognosis, with survival periods up
to 25-39 years after total removal or 10-25 years after subtotal removal [893]. Recur-
rences are much more frequent after subtotal than total removal [1240]. Some 94% of
patients survive 10 years [3059] and 25% for 25 years [934].In other series, the percent-
age of survivors at 5 and 10 years are 94 % and 88%, respectively, for children and 83%
and 71% for adults [1587]. In still another series of children, 88% survived to 10 years
with no sign of recurrence [877]. The treatment of choice is without doubt surgical re-
moval, but the strategy to follow is controversial in cases of subtotal removal, because
permanent cure may follow a partial excision. According to some, radiotherapy is indi-
cated [573], as it is advised for relapses [1577]. However, the radiobiological rationale
for radiotherapy is lacking in this tumor. The empirical finding of longer survival after
radiation is cast into doubt by the observation that long survival is known even without
irradiation [952, 893] and that the survival of irradiated and not irradiated cases is in
some series practically the same [877]; a trend toward a lower recurrence rate in irradi-
ated patients with subtotally removed tumor has been reported [878].

There are a notable number of late recurrences. It has been found that the tumor vi-
olates Collins’ law, which states that a patient may be considered cured from a tumor if
he has survived the treatment without signs of recurrence for a period equal to his age
plus 9 months. This violation occurs both because there are very late recurrences and
because patients who underwent partial removal appear to be cured as well [92]. Recur-
rences obviously do not necessarily correspond to the malignant transformation of the
tumor, which is a very rare event.

Cases have been reported in which the tumor has been found in old age with a very
long preoperative duration [1402].

Besides the rare examples of malignant transformation of cerebellar astrocytoma
[2327, 516, 177, 2577, 319, 1446, 89, 39] even after some decades [3062, 386], there
are equally rare reports of primitive glioblastomas or anaplastic astrocytomas [645,
1702, 2127, 2843, 3128]. The distinction between anaplastic astrocytomas and glioblas-
tomas is not at all easy, and according to some authors, they have to be considered as
one unique tumor entity [1702, 2843]. In a review of the literature [1242], only 53 cases
of glioblastoma and no more than 50 of anaplastic astrocytomas were found as reported.
According to others, up to the end of 1985, not more than 65 glioblastomas have been
reported [2729] and 77 to the end of 1989 [2365]. For others, malignant cases are not so
unusual (5 out of 19 cases [2628]).

Two thirds of patients are adults [645], with a bimodal age distribution peaking in
the 1st and 6th decades [3128]. The rarity of glioblastomas in the cerebellum has also
been explained by the lower tendency of cerebellar astrocytes to undergo anaplasia in
comparison with the cerebral ones [732]. Cases with anaplastic features (Fig.9.51), al-
beit focal, carrying a poor prognosis undoubtedly exist [1396]. In a personal series,
there were 6 anaplastic astrocytomas from a total of 108 cases, but they did not show a
different survival rate to nonanaplastic tumors.

In principle, the tumor grows slowly, and the application of “grading” according to
Kernohan et al.[1405] has little value, since few grade 3 and 4 tumors have been re-
corded [1726, 952].
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Fig.9.51a—c. Cerebellar astrocytoma: a and b nuclear polymorphism, H&E, x200 {2486]; ¢ cir-
cumscribed necrosis, H&E, x200

The identification of prognostic signs by the statistical analysis of survival has also
been tried for this tumor. While a typical histological appearance has a 94% survival
rate at 25 years, infiltrative growth was associated with only 38% survival [934]. The
association of microcysts, leptomeningeal growth, Rosenthal’s fibers, and oligoden-
droglial foci in a series of all cerebellar gliomas had a clearly better prognosis than the
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association of necroses with high cellular density, mitoses, and perivascular pseudoro-
settes [3059]. Nuclear polymorphism resulted to be an unfavorable prognostic sign only
when marked [1242]. Also, the presence of mitoses in any numbers, marked cellular
density, marked desmoplasia, and necrosis have the same significance. Hypotheses
have been formulated on the possible role of radiotherapy in the development of malig-
nant astrocytomas of the cerebellum. Cases have been reported after radiotherapy for
medulloblastoma [2090, 1455], lymphatic leukemia [2253], and craniopharyngioma
[1725]. A malignant transformation of irradiated astrocytomas 28 and 13 years later has
also been reported [319, 732].

The possibility of identifying malignancy by neuro-imaging is very important; the
occurrence of edema and mass effects have been exploited in this sense [3128, 2061],
but they do not seem to be of great help.

In anaplastic astrocytoma and cerebellar glioblastoma, radiotherapy is indicated
[1480].

9.4 Astrocytic Tumors of the Spinal Cord

9.4.1 Frequency, Age

Astrocytomas occur much less frequently in the spinal cord than in the brain, and this
may be related to the difference in weight of the two organs. They are more commonly
situated in the thoracic region, followed by the cervical, lumbar, and sacral areas. The
most affected decades of life are the third, fourth and fifth. Children may also be affect-
ed, but the ratio with intracranial tumors decreases from 20:1 in adults to 10:1 in chil-
dren [1481].

9.4.2 Macroscopic and Microscopic Appearance

The macroscopic appearance is usually that of swelling of the cord, often over several
segments. The consistency is usually hard and fibrous-like, but it can also be soft if ar-
eas of degeneration are present. Cysts may be present.

The cellular density is medium to low, and the cells have a stellate astrocytic ap-
pearance, even though their cytoplasms are often not well demarcated. Given the low
cellular density, it is sometimes difficult to understand from the appearance of the nu-
clei alone whether or not one is dealing with a true tumor, unless the nuclei are decid-
edly polymorphous. Therefore, the diagnostic distintion from reactive gliosis is some-
times difficult. Blood vessels are scarce and of small caliber. Rosenthal’s fibers may be
present. They are not pathognomonic of the neoplasia in that they may also be found in
reactive processes, for example, the walls of a syringomyelic cavity.

The tumor may undergo anaplastic changes with an increase in cellular density, the
appearance of circumscribed necroses, and endothelial proliferation which can suggest
the picture of anaplastic astrocytoma or frank glioblastoma.
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The prognosis can be established on the basis of histological appearance. Survival
seems to be influenced by the type of treatment, i.e., total or subtotal removal or decom-
pression with biopsy [2293]. The usefulness of radiotherapy is highly controversial be-
cause of the frequency of well differentiated tumors. However, in contrast to ependy-
momas, only 6% of intramedullary astrocytomas can be removed completely, even with
microsurgery techniques [449]. Postoperative radiotherapy has resulted in improved
long-term survival rates. Survival at 5 and 10 years was 58% and 23% [1481], and 60%
and 40% [449], respectively, in two series. The recommended dose is 50 Gy [449].

In infancy, radiotherapy is only carried out in the event of recurrence after a second
operation, so as to avoid severe damage to the developing nervous system [720].
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10.1 Oligodendroglioma

10.1.1 Frequency, Age, Site

Oligodendroglioma has not encountered great nosological difficulties, as it was recog-
nized at the very beginning of modern studies [112, 108]; however, it has seen its
boundaries widen or narrow depending on the interpretation of some histological as-
pects. As a consequence, its frequency varies greatly in the different series, ranging
from 1.3% [542] to 9.6% [3138] of all intracranial tumors and from 5% [2417] to 18%
[3138] of all gliomas. In the present series, they represent 4.2% and 9%, respectively. It
is typically a tumor of adults, but the average age is difficult to ascertain, because there
is a notable discrepancy between the time of onset of the first symptoms, diagnosis, and
surgical intervention. From Cushing’s various series, an average age of 28 years has
been derived. Other series have reported averages of 36 [692], 37 [2280], and 44 years
[2486]. In Ziilch’s series [3138], the age peak was between 35 and 40 years. It is rather
rare in infancy. However, cases have been reported [887, 1894, 3132, 175, 2580, 2164,
2916, 2107] even in neonates or in breast-fed infants [2773, 1473].

The tumor develops in the white matter of the hemispheres with a predilection in
decreasing order for the frontal, parietal, temporal, and occipital lobes [3134, 2118,
1757, 2564, 2486, 425]. Spinal cord [824] and cerebellar [2107] locations are rare.

10.1.2 Macroscopic Appearance

The tumor has a fairly characteristic appearance. By infiltrating the cortical gyri from
the white matter, it takes on gives a “garland” appearance and frequently burrows itself
mushroomlike passages. It may invade the meninges and reach the dura, or it may grow
deep and penetrate into the ventricles, or even be predominantly intraventricular [1774]
(Fig.10.1).

It has a variable soft or gelatinous consistency and is gray-pink in color, sometimes
cystic, and often calcified. The tumor limits are often sharp on the surface and ill-de-
fined deeper down.

10.1.3 Microscopic Appearance

The tumor has a medium to high cellular density. The cells are fairly round and regular
and have scanty cytoplasm, sometimes with short processes (Fig.10.2a). The nucleus
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Fig.10.1. Frontotemporal oligodendroglioma

has a fairly characteristic chromatin pattern with a central nucleolus. These characteris-
tics are typical of normal oligodendroglia, even in its variations, and are clearly evident
in acetic carmine preparations (Fig.10.3a,b) [2480]. The nuclei may also be large or
polymorphous, but this does not constitute an indicator of malignancy per se. Mitoses
are found in moderate numbers. The cells are arranged without a particular pattern or
are organized into more or less large lobules delimited by the septa of blood vessels. The
cells may take on particular configurations when they cluster around blood vessels or
around neurons in infiltrated cortical areas. Elegant images of perineuronal “satellito-
sis” may form (Fig.10.2b), very useful in the differential diagnosis, even though not pa-
thognomonic of the tumor.

One of the characteristics of this tumor is the appearance of a perinuclear “halo”
which imparts to the area a “honeycomb” appearance (Fig.10.4a). This is an artifact, due
to fixation and to the presence of “mucoid” material (i.e., GAG) in the cytoplasm. In the
earlier literature it was described as the degeneration corresponding to the “acute swell-
ing” of the oligodendroglia of Penfield [2168] or the mucoid degeneration of Grynfelt
[1013]. Histochemical reactions for GAG are strongly positive in these areas
(Fig.10.4b) [2491, 2486, 925], and the “honeycomb” degeneration is the most typical of
those associated with an accumulation of GAG [925], in analogy to what occurs in ex-
perimental ENU-induced oligodendrogliomas [1823], even if the pathogenetic connec-
tion is not known. Various types of GAG may be identified, in particular, chondroitin
sulfate [186]. The honeycomb appearance is a nonpathognomonic, regressive process,
but nonetheless it is of notable help in the differential diagnosis. Microcyst formation
may be related to these events.
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Fig.10.2a,b. Oligodendroglioma: a isomorphic aspect of tumor cells, H&E, x200; b cortical peri-
neuronal satellitosis and perivascular growth, H&E, X200
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Fig.10.3a—e. Oligodendroglioma: a,b typical distribution of chromatin in the nuclei, even in ¢ ana-
plastic variant; d,e mitoses, acetic carmin, X400 and x1000, respectively [2480]

The blood vessels have a typical distribution: They form short and angulated seg-
ments, like the branches of a tree, and tend to delimit lobules. They often have thick-
ened, sometimes hyalinized walls and occasionally show endothelial hyperplasia
(Fig.10.5a).

In circumscribed areas, there may be cells of uncertain origin with scanty but clear-
ly visible eosinophilic cytoplasm and with a half moon peripheral nucleus about which
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Fig.10.4a,b. Oligodendroglioma: a perinuclear halos, H&E, x300; b alcian blue positive staining
of the honeycomb aspect, x400
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Fig.10.5a,b. Oligodendroglioma: a typical distribution of vessels, H&E, x200; b subarachnoid
growth, H&E, x200 [2484]
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more will be said later. Calcifications are characteristic of oligodendroglioma. Differ-
ent types may be distinguished [1784, 3134, 2481]:(1) pseudocalcium-calcium (pCa-
Ca) precipitations on capillaries or in the media and adventitia of larger vessels in the
form of fine granules; these may become confluent and surround a blood vessel, like a
sleeve, or be arranged in larger, roundish, lobulated deposits; (2) apparently homoge-
neous precipitations involving entire segments of blood vessels, the media, adventitia,
or both in larger blood vessels; (3) roundish calcifications with polylobulated, rounded
borders with annular stratification and variable dimensions; (4) roundish formations ap-
parently not related to blood vessels.

The calcifications may lie deep in the tumor, but they are particularly concentrated
at its periphery or in the adjacent infiltrated normal tissue. They often accumulate in fo-
ci, in which histochemical examination identifies an older center and a more recent pe-
riphery. Generally, the blood vessels are the most important substrate for calcification,
but neuroectodermal structures such as neurons, which have become entrapped in the
tumor, may also act as a substrate for the precipitation. The frequency of calcifications
in oligodendroglioma is very high, occurring in 70% of the present series. Sometimes
they are visible radiologically, with a convoluted appearance as in Sturge—Weber dis-
ease.

The tumor grows by infiltration and, in general, it ascends from the white matter in-
to the cortex. It is, however, common to find infiltration of the cortex, especially along
penetrating blood vessels from the meninges, originating from a subpial proliferation.
In this event, the infiltration of the cortex decreases, going towards the white matter, or
it merges with that coming from the white matter. The tumor grows in the meninges and
may be adherent to the dura (Fig.10.5b).

Many blood vessels demonstrate adventitial infiltration by lymphocytes and plasma
cells, especially at the periphery.

Oligodendroglioma may sometimes spread via the CSF and rarely metastasizes ex-
tracranially [1305].

10.2 On the Presence of Astrocytes and the Problem of
Mixed Gliomas

In the WHO classification, the dignity of oncotype has been conferred to the oligoastro-
cytoma as mixed oligoastrocytic glioma. This tumor is characterized by the presence of
numerous astrocytes, apart from oligodendrocytes. The pathogenesis of this mixed tu-
mor, however, is unclear. The demonstration of GFAP has brought an important contri-
bution showing that, apart from the clearly recognizable reactive astrocytes included in
the tumor, there may be GFAP-positive neoplastic astrocytes (Fig.10.6a) [1994], be-
longing to the astrocytic component of the mixed tumor, and GFAP-positive cells of du-
bious oligodendroglial appearance (Fig.10.6b) [2903, 581, 1869, 2509]. These cells
have been interpreted either as small gemistocytic astrocytes, without demonstrable
gliofibrils [581], or as transitional cells between oligodendrocytes and astrocytes
[2903], sometimes as bipotential precursors [2249], or as an expression of transition
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Fig.10.6a,b. Oligodendroglioma: a GFAP-positive stellate astrocytes, PAP-DAB, x200; b GFAP-
positive round microgemistocytes, PAP-DAB, x400
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forms between classic oligodendrocytes and oligodendrocytes expressing GFAP
[1115]. The last is reminiscent of the myelin-forming glia which, during development,
transiently expresses GFAP [434]. The transitional oligoastrocytoma is, therefore, a fur-
ther subtype of oligodendroglioma. There are also alternative interpretations: One is
that GFAP-positive astrocytes form halos with the assumption of oligodendroglial char-
acteristics [1345]. Besides GFAP-positive minigemistocytes and gliofibrillary
oligodendrocytes, there are also classic large GFAP-positive gemistocytes [1508].

Today there are numerous markers for oligodendrocytes, for example, the mono-
clonal antibody against Leu-7, anti-myelin associated glycoprotein (MAG), antibody
against myelin basic protein (MBP), and antibody to carbonic anhydrase C. However,
it is very difficult to use them for diagnostic purposes in paraffin sections, especially
from embedded tissues. According to some authors, marking with the Leu-7-specific
antibody is positive in a high percentage of cases, especially in the cytoplasmic mem-
branes and processes [1994]. It is reliable in the diagnosis of oligodendroglioma [1952].
However, not all cases are positive, even though in tumors in which anti-Leu-7 reacts
with the neoplastic cells, more than half the tumor cells are positive [2180]. It must be
taken into account that this antibody also reacts with other CNS and PNS tumors [1662,
2180], although in a smaller proportion of cells.

The MBP-specific antibody does not react with tumor cells, but with myelin shea-
ths, whilst the MAG-specific antibody reacts only with occasional tumor cells. Carbon-
ic anhydrase C antibody reacts only with a few tumor cells, while it is widely positive
in normal oligodendrocytes both in man [1994] and rat [928]. Oligodendrogliomas re-
act immunohistochemically with antibody to A2B5 and GC, thereby demonstrating a
derivation of the cells from the A2B5-positive progenitor, in common with astrocytes.
In mixed oligo astrocytic tumors, by contrast, there are cells which are positive for both
GFAP and A2B5 [585].

10.3 Anaplastic Oligodendroglioma and Prognosis

Oligodendroglioma may become malignant in time, even though this transformation is
not so frequent as for astrocytoma.

Anaplastic oligodendroglioma is characterized by an increase in cell density, nucle-
ar polymorphism (Fig.10.7a), and the number of mitoses. Endothelial proliferation
(Fig.10.7b) becomes more apparent, and circumscribed necroses appear (Fig.10.8). The
picture may be so remarkable as to resemble that of glioblastoma. The recognition of
the oligodendroglial origin is based on the persistence of differentiated tumor areas.

In the malignant transformation of oligodendroglioma, cells with astrocytic features
may appear, represented mainly by the small GFAP-positive, microgemistocytic, round
cells already described [343]. These cells contain intermediate filaments [2450].

Because endothelial hyperplasia and mitoses are commonly found in oligodendro-
glioma, the identification of the anaplastic variant in its initial stages is not easy. A dif-
ficult and long debated problem is, in fact, that of the predictability of survival on the
basis of the histological appearance. The application of a “grading” which proved to be
both useful [692] and not useful [1967] has not overcome the problem. The tumor shows
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Fig.10.7a,b. Anaplastic oligodendroglioma: a nuclear polymorphism, H&E, x200; b endothelial
proliferation, H&E, X200
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Fig.10.8. Anaplastic oligodendroglioma, circumscribed necrosis, H&E, X200

an apparent morphological homogeneity, but in reality is characterized by multiple fea-
tures, including the presence of mitoses, even in cases of certain and verified benignity.

The prognostic importance to be attributed to different histological factors has been
the object of numerous studies with contrasting results. In some [2674], only the nucle-
ar pleomorphism has been considered relevant, whilst in others microcysts, necroses
and cellular density are important. Patients with tumors with low cell density, microcys-
tic degeneration, and no necrosis survive on average 6 years longer than those who do
not show these features [1943]. Less clear-cut is the negative prognostic significance of
subpial growth. Also, in other experiences, necroses are a factor of certain prognostic
significance, determinantly contributing to the definition of the anaplastic variant of oli-
godendroglioma.

Opinions diverge on the importance of the number of mitoses, according to wheth-
er these are considered [340] as a prognostic factor or not [1943]. This is very impor-
tant, because, with respect to astrocytoma, they seem to play a much less predictive role.
The presence of astrocytic areas does not seem to have any prognostic influence [2674,
340, 3044]; however, gemistocytes are an ominous sign [1508]. It is, therefore, improb-
able that, as proposed in the past [129, 1967], the malignant transformation of oligoden-
droglioma is a consequence of the possible transformation of its astrocytic component.
In contrast to astrocytomas, there are no significant associations between age and histo-
logical factors (for example, the greater incidence of endothelial proliferation with in-
creasing age [340]).

Recently, the importance of the application of “grading” for the establishment of the
prognosis of oligodendrogliomas has been reevaluated [2674, 1704, 1507], utilizing
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systems with four categories which are very similar, even if simplified, to the original
ones of Kernohan et al. (1949) [1405]. The only significant differences are found be-
tween the extreme grades, i.e., between cases characterized by low cell density, little or
no polymorphism, few mitoses, minimal endothelial proliferation, and absence of ne-
croses, and cases defined as anaplastic, with high cell density, marked polymorphism,
many mitoses, marked endothelial proliferation, and necroses. There is no significant
difference among the intermediate grades.

The median survival of patients with oligodendrogliomas varies between 3 and 5
years in the larger, recent series [1943, 1704, 328]. Survival is, however, definitely shor-
ter for cases variously defined as “malignant” or as having a “higher degree of malig-
nancy” [2564, 2674, 2764], i.e., between 17 and 21 months. There are, on the other
hand, numerous cases with a very long survival of between 25 and 40 years [1187,
2337]. Generally, oligodendroglioma recurs locally, but it may metastasize via the CSF
with a frequency varying between 1.2% to 8.5% in clinical studies and around 14% in
autopsy-based reports [1704]. Large intratumor hemorrhages may also occur, whilst ex-
traneural metastases are exceptional.

Amongst the clinical factors which seem to influence the survival of patients with
oligodendroglioma positively, are epileptic fits as the first and only symptom, good pre-
operative clinical status, blood groups O and B, radiological appearance of calcifica-
tions, and well-demarcated, nonnecrotic, or hemorrhagic macroscopic appearance, but
not age (contrary to astrocytic gliomas) [1943].

Surgical removal, especially if macroscopically complete, seems to guarantee bet-
ter survival [1187, 2916, 1943]. The usefulness of postoperative radiotherapy for sub-
totally resected cases has always been controversial [1607] and remains so even in the
more recent series. According to some [328], it is not useful, while according to others
it would improve, even if modestly, the median survival [1657] or increase the number
of long-term survivors [2973]. For recurrent oligodendrogliomas, the efficacy of sys-
temic polychemotherapy (procarbazine, CCNU, and vincristine) has been reported
[356]. Responses have been reported also in newly diagnosed aggressive oligodendro-
gliomas treated with the same chemotherapy combination [1727]. New trials are now in
progress on the therapy of oligodendrogliomas [357].
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11.1 Ependymoma

Ependymoma is a tumor arising in close relationship to the ependymal covering of the
ventricular system, as demonstrated by its location and by the morphology of its cells.
However, despite its close relationship with the ependymal covering, this tumor may
grow deeply into the white matter.

11.1.1 Classification Problems

This group of tumors was first outlined by Bailey [105] and by Bailey and Cushing
[113] who distinguished ependymomas, composed of ependymocytes, from ependymo-
blastomas, composed of ependymoblasts. The latter name was subsequently used by
various authors to designate the malignant variant of ependymoma. The plexus-papillo-
ma was at first separated from the group [1189, 107], and then reintroduced [1403]. Var-
ious types were distinguished: a cellular one with a perivascular cellular arrangement,
an epithelial one, characterized by ependymal canals, a papillary one, and the plexus-
papilloma [1403].

Another variety, the ependymal spongioblastoma, characterized by the presence of
spongioblasts typical of subependymal layers and mitoses, corresponding to the epen-
dymoblastoma [943] was subsequently recognized. Lastly, the subependymoma was
added to these varieties [2468, 2469].

Subsequent authors have, in general, accepted the subdivision into cellular, epithe-
lial, myxopapillary, and subependymoma [2328, 3134, 2419, 1284, 2486, 985]. The sig-
nificance to be given to each tumor type and their relationship with the formal origin of
the tumor have not been definitively explained. The facts that the epithelial variety is
more frequent in infratentorial and spinal locations, that mitoses are the rule in supra-
tentorial tumors and rare in infratentorial ones, and that the myxopapillary variety is ex-
clusively found in the cauda equina cannot alone facilitate the understanding of the for-
mal genesis of the tumor. Instead, it is important to give significance to the individual
structures which characterize the tumor. In the description of ependymoma, terms such
as rosettes, pseudorosettes, radial crowns, and so forth, which require qualification and
also definition from the cytogenetic viewpoint, often recur.

First of all, it has to be remembered that normal ependymal cells arranged around a lumen and
hence forming “rosettes” may be found close to the ventricles, in the folds of the ventricular wall,
or around the aqueduct. This finding is very important for the recognition of the significance of
these structures inside the tumor, i.e., whether they represent a sign of differentiation or of undif-
ferentiation, as a vestige of the capacity to cover the lumen of the neural tube.
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Rosettes, characteristic of ependymomas and neuroepitheliomas, have been defined as struc-
tures formed by ependymal cells arranged around a true lumen, akin to the ependymal canal. They
imitate the covering of the neural tube [1109]. Instead, structures characterized by a radial arrange-
ment of ependymal cells so that the processes converge towards a virtual central point are called
rosettes by some [2380, 496] and pseudorosettes by others [3134]. If a blood vessel is found in the
center of these structures, they are considered to be perivascular pseudorosettes, gliovascular for-
mations, or radial crowns. Formations similar to those described can be found in many other onco-
types, so that the problem is extended to involve various differential diagnoses. First of all, rosettes
are found in retinoblastoma, where cells are arranged around a central lumen, delimited by a well
defined membrane which stains with phosphotungstic hematoxylin. This type of rosette is exclu-
sive to retinoblastoma [1022] and represents the tendency to imitate the neural tube [2287] and to
replicate the layer of cones and rods [886]. Due to the fact that retinoblastoma derives from prim-
itive rather than differentiated retinal cells, the rosettes appear only in the more mature tumors and
point therefore, towards differentiation rather than immaturity.

From the ultrastructural point of view, rosettes are formed by cells featuring “‘terminal bars,”
cilia, and microvilli. However, rosettes in retinoblastoma have only one cilium per cell. The cili-
um features a concentric structure of nine pairs of peripheral tubules and none in the center. The
model is called 9+0 [36, 2222] and is typical of cilia of neural derivation [555, 2871]. In ependy-
moma, on the other hand, the model is 9+2 [1717, 2458]. It has to be remembered that cilia have
also been described in astrocytoma [2804] and in extraneural structures, for example, the menin-
ges.

Rosettes are described in medulloblastoma, in which cells send processes towards a virtual
central point, similar to the Homer—Wright rosettes of central and peripheral neuroblastomas, pi-
nealoblastoma, and pinealocytoma. Strictly speaking, on the basis of what has been said above,
these structures must be called pseudorosettes, which according to some are not at all specific for
medulloblastoma, and neuroblastoma in that they can be found in various tumors outside the CNS
[1022].

‘When the pseudorosettes are formed around blood vessels, they are called “radialed crowns.”
These have to be distinguished from astroblastic arrangements, characterized by perivascular end-
feet and by processes extending into the perinuclear cytoplasm [2420].

On the basis of observations of the comparative anatomy of the common precursors of the
ependyma and the adult glia, i.e., the tanycytes (also known as ependymoglia), a “tanycytic” vari-
ety of ependymoma has been recognized.

In the neural tube, tanycytes form processes directed towards the ependymal layer and also
send long processes towards blood vessels and the pia mater. Similarly, in tanycytic ependymo-
mas, there are bipolar cells with prolongations directed towards blood vessels [830]. These may re-
semble those of oligodendroglioma in cross section. This variety, which has to be differentiated
from pilocytic astrocytoma, is particularly found in the spinal cord. The problem concerning the
recognition of ependymoma cells as ependymocytes, astrocytes, or transitional cells involves the
transition between ependymoma, subependymoma, and astrocytoma. One of the most important
points of the whole question involves the transitional characteristics of cells of the subependymal
layer which recall the transition from tanycytes to astrocytes [2734] (see Chap. 1).

As has been said in Chap. 1, in man two types of tanycytes are distinguished on the basis of
GFAP expression and localization. The first type is found in the walls of the third ventricle and is
GFAP-—positive during development and negative in the adult form. The second type is more dif-
fuse, has no secretory function, and is found in the ventricles, where it covers the white matter. It
does not intervene in cellular migration or in the maturation of the ependyma but migrates in the
subependymal layer where it remains as a “subependymal” or “transitional” glia. Tanycytes do not
represent an immature form of ependymal cell, nor one of its stages of development; they develop
in parallel to ependymal cells. This entails that finding tanycytes in tumors does not imply greater
or lesser differentiation. A participation of tanycytes in the development of ependymoma had al-
ready been suspected [603]. Recently, hewever, they have been likened to the elements of pseudo-
rosettes of other oncotypes such as astroblastoma, on the basis of their characteristics, which are
intermediate between tanycytes and astrocytes, especially from the ultrastructural point of view
[2400].

The last version of the WHO classification [1443] recognizes the ependymoma, an anaplas-
tic variant, a myxopapillary variant, and the subependymoma.
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11.1.2 Frequency, Age, Sex, Site

It is a relatively rare tumor and represents 3%-9% of all neuroepithelial tumors
[541, 703, 2328, 2772, 1109, 134, 2486]. It is the most frequent neuroepithelial tumor
in the spinal cord, representing 50% [1109] or 60% [1404] of such neoplasias.

Ependymoma occurs in all age groups: 7 months-81 years [3138], 1 month-64
years [794] and 4 months—64 years [1506]. In general, the average age of patients when
supratentorial tumors appear is greater than for infratentorial ones [703, 2772, 1506,
794], whereas for spinal tumors it is usually higher than for other locations, varying be-
tween 30 and 40 years [703, 2328, 3070].

In infancy, this tumor occurs with a high frequency. Ependymomas represent one
tenth of intracranial tumors at this age, and it can be said that half of all ependymomas
occur in infancy [646]. In one series, they represented 12% of intracranial tumors
[1672].

The average age of children with tumors has been calculated to be 5.4 years, with a
range of 2 months-16.5 years [3099]. In a personal series [2523] children had 36% of
all ependymomas. Ependymomas have been described in breast feeding infants [1444,
1722, 1506, 794, 134], and youngest cases are those described by Fokes and Earle
(1969) [794] and Abbott and Namiki (1968) [2] in 4-and 6-week-old infants, respective-
ly. Twenty-three cases diagnosed in the first year of life have been collected in Japan
[1519].

The frequency of tumors in the two sexes is about equal.

Ependymomas can occur in any part of the ventricular system but are most common
in the posterior fossa, followed by a supratentorial location, the spinal cord and the cau-
da equina. The ratio between infra- and supratentorial tumors varies according to the se-
ries: 70:52 [1506], 86:32 [794], 26:20 [1771], 34:14 [1939], and 30:13 [501]. In a per-
sonal series a ratio of 101:72 was found. However, while in adults the frequencies of in-
fratentorial and spinal tumors are similar (30% and 32%, respectively), followed by su-
pratentorial (25%) and by cauda equina/filum terminale (11%), in children the infraten-
torial location clearly prevailed (57%), followed by the supratentorial (33%), in the first
year of life [1519]. Spinal cord and cauda equina/filum terminale tumors are less fre-
quent (3.8% and 5.7%, respectively). In children older than 5-8 years, the relative fre-
quency is the same as in adults.

A primitive location in the pontocerebellar angle is rare; usually, tumors involving
the pontocerebellar angle accur in the fourth ventricle. Ependymomas of the foramen of
Monro deserve particular mention because of the hydrocephalus they cause and their
particular histological problems.

Spinal intramedullary ependymomas may be found at any level, situated between
the posterior columns and usually involving more than one segment. Ependymomas of
the conus/cauda equina/filum terminale region form a separate group clinicoradiologi-
cally and histologically speaking.

Ependymomas may be part of von Recklinghausen’s disease or be associated with
syringomyelia.

About 40 cases of ectopic, extraspinal ependymomas have been described, mainly
located in the presacral region or posterior to the sacral bone [1926]. The most widely
accepted theory is that they derive from ectopic remnants of ependymal cells [56].
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11.1.3 Macroscopic Appearance

Even if they maintain a close relationship with the ependymal covering, tumors may
grow deeply into the white matter of the hemisphere or exit from the ventricular system.
Their macroscopic appearance and the extent of diffusion vary depending on the site. In
the fourth ventricle (Fig.11.1), tumors usually grow from the floor as small, lobulated,
grayish masses. They can fill the ventricle, exit from the foramina, and spread along the
cerebral axis. One of the preferred sites for expansion is the pontocerebellar angle. The
supratentorial tumors, if they grow into the ventricles, appear as grayish, intraventricu-
lar masses (Fig.11.2). If they expand in the white matter, they acquire a grayish-red col-
or and appear well demarcated from the nervous tissue. Sometimes they are cystic and
necrotic. Of particular interest are the ependymomas of the foramen of Monro. In the
spinal cord, the tumor is more frequently located dorsally, lying between the posterior
funiculi, being well circumscribed and extending for one or more segments.

The myxopapillary variant is typical of the cauda equina region. It arises from the
conus medullaris and filum terminale. However, tumors with the classic histological as-
pect may also occur in this location. The tumor presents as a smooth and nodular mass
which compresses and wraps around the spinal roots and other local anatomical struc-
tures. It may involve the bone and give it a “swollen” appearance. The roots may be in-
filtrated as well.

11.1.4 Microscopic Appearance

In the typical “cellular” ependymoma, the cells are usually isomorphous and regularly
arranged without any particular pattern. Spaces devoid of nuclei, formed by cytoplasm-
ic processes, are called “pseudorosettes” (Fig.11.3). When processes abut upon vessels
in a quite regular fashion, the so-called radiated crowns or perivascular pseudorosettes
are formed (Fig.11.4). The cells have round nuclei rich in chromatin. The rarer “epithe-
lial” ependymoma is characterized by ependymal rosettes, composed of columnar cells
arranged around a more or less large, real lumen. The ependymal canals show the same
structure, being elongated instead of spherical (Fig.11.5). Among these formations are
tumor cells without “epithelial” features. Blepharoplasts are usually thought to be char-
acteristic of ependymoma. They are small, spherical, intracytoplasmic structures which
represent the basal bodies of cilia. They are seen with phosphotungstic hematoxylin
stain under oil immersion, especially if within rosettes. Their demonstration, not their
absence, is important from the diagnostic point of view.

A rare papillary variant has been described, characterized by papillae which differ-
entiate it from plexus-papilloma, because the epithelium covering their axis is multilay-
ered, and typical structures, such as canals, are also present.

Mitoses are regularly found in variable numbers, especially in supratentorial loca-
tions. Blood vessels are numerous, often regularly distributed in groups forming multi-
channel, vascular structures (Fig.11.6). Sometimes their walls are widely rearranged by
thickening and hyalinization. Endothelial hyperplasia may occur up to the formation of
glomeruloid structures (Fig.11.7). In some tumors, the stromal component is particular-
ly abundant and active, and in others the number of vessels may be extremely high.
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Fig.11.1. Ependymoma of the fourth ventricle

Fig.11.2. Ependymoma of the third ventricle
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Fig.11.3. Ependymoma, pseudorosettes, H&E, x400

Fig.11.4. Ependymoma, perivascular pseudorosettes, H&E, x200
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Fig.11.5. Ependymoma, epithelial variant with canals and rosettes, H&E, x300

Fig.11.6. Ependymoma, multichannel vascular structures, laminin, PAP-DAB, X200
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Fig.11.7. Ependymoma, endothelial hyperplasia of glomeruloid aspect, H&E, X300

Fig.11.8. Ependymoma, nuclear polymorphism, H&E, x1000
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At the periphery of the tumors and in the peritumoral tissue, intensely GFAP-posi-
tive reactive astrocytes may be found.

Cell density, sometimes very high in circumscribed areas, nuclear polymorphism,
number of mitoses, and endothelial proliferation vary greatly from one tumor area to an-
other. Nuclear polymorphism may reach the aspect of monstrous nuclei, and round nu-
clear inclusions are quite frequent (Fig.11.8).

The various cellular features, epithelial and pseudopapillary, as will be said later,
can coexist even if with site predilections. For example, the epithelial features are more
frequent in the spinal cord. Subependymomatous areas may be present, especially when
the tumor is located in the fourth ventricle. Tumors composed of ependymoma and
subependymomatous areas are better classified as ependymomas [840]; they are asso-
ciated with a shorter survival period than subependymomas and show a predilection for
the first decade of life [2470, 1325].

11.1.5 Regressive Events

The main regressive events are represented by necrosis, cyst formation, calcifications,
and vacuolar degeneration. The cysts, especially frequent in supratentorial locations, are
formed following a process of tissue liquefaction. An identical process is at the basis of
the oligodendroglial-like features, present especially in ependymomas of the foramen of
Monro, for which they are almost characteristic. These tumors are known as “clear cell”
ependymomas (Fig.11.9). It has been disputed for a long time whether these aspects rep-
resented a true oligodendroglial differentiation [1403, 1070] or whether they are sec-
ondary aspects [2328, 1385]. Under the electron microscope, these cells show junction-
al complexes, microvilli, and cilia. They are, therefore, to be considered ependymal
[1367].

The intervasal tissue liquefaction may give rise to tissue rarefaction with the forma-
tion of GFAP-positive stellate cellular elements. The astrocytic features, however, are
not necessarily to be interpreted as secondary.

Myxomatous degeneration, present almost exclusively in spinal locations of the fi-
lum terminale, constitutes a regressive phenomenon which is fairly characteristic. It
seems to be due to the effect of pressure atrophy, which causes intervasal cell disappear-
ance and hyaline-mucoid degeneration of the vessel walls with the secondary formation
of papillary structures. The end process is characterized by the presence of hyalin-mu-
coid clods, positive on mucin and alcian blue staining, bordered by a thin crown of cu-
boid or columnar cells. The papilliform aspect seems to be due to swelling of the vessel
wall caused by various factors, vascular, mechanical, and so forth, peculiar to the loca-
tion. Radiated crowns are widely modified: Either the processes are no longer visible
because of the swelling of the vessel walls, or they are very long (Fig.11.10). The myx-
opapillary ependymoma is not, therefore, a type per se, but a type of cellular ependymo-
ma resulting from degenerative changes.

The various regressive events mostly involve the parenchyma away from blood ves-
sels. They may lead to the formation of pseudopapillae resulting from intervascular de-
generation with preservation of the cells, forming perivascular crowns. This mechanism
is at the basis of the pseudopapillary variety of ependymoma.
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Fig.11.9. Ependymoma, clear cell tumor, H&E, X400

Fig.11.10. Myxopapillary ependymoma, degeneration of the vessel walls and deformed perivas-
cular structures, H&E, x300
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Particularly frequent in this tumor are calcifications, which are sometimes also vis-
ible radiologically. In fact, they have been observed on X-radiographs in 30%—40% of
cases [370]. Histologically, they are found in 20%-50% of cases [775, 2772, 1784,
2481].

Necroses are very frequent. They may appear as circumscribed necroses with pseu-
do-palisadings, as in gliomas, as wide areas, or as very small spots, just composed of a
few necrotic cells (cellular necrosis) (Fig.11.11).

Positive correlations exist between site, age, and histological appearance. In supra-
tentorial tumors of adults, for example, mitoses (>5 per 10 HPF), the anaplastic variant,
oligodendroglial features, and endothelial proliferations prevail. In infratentorial loca-
tions, the same oligodendroglial features and perivascular infiltrates are more common.
In spinal tumors, few mitoses (<5 per 10 HPF), low cell density, and myxopapillary ap-
pearance are more frequent. In children, subependymomatous features in ependymomas
and subependymomas occur in the infratentorial location. In relation to age, it is useful
to remember that tumors occurring in infants under 1 year old are more often of the ana-
plastic variety, have mitotic activity (>5 per 10 HPF), and often feature necrosis [2523].

11.1.6 Immunohistochemistry

GFAP is variably positive in ependymomas (Fig.11.12). It is strongly positive in sube-
pendymomas, underlining their astrocytic and ependymal character [2903]. In general,
this is also true in cells of astrocytic origin [681], mainly in cells of perivascular pseudo-
rosettes, elongated and with “carrot”-shaped processes (Fig.11.12a). In rosettes and ca-
nals, staining is usually negative in the luminal pole of the cells and positive in the mes-
enchymal pole. In papillae, positive cells alternate with negative cells (Fig.11.12b), as
can be observed in tanycytic derivatives of the lining of the third ventricle. Reactive as-

Fig.11.11a,b. Ependymoma: a wide necrosis, H&E, x150; b small focal necrosis, H&E x400
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Fig.11.12a,b. Ependymoma: a GFAP-positive processes in perivascular pseudorosettes, PAP-
DAB, x300; b GFAP-positive cells alternate with negative ones in papillae, PAP-DAB, %400
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Fig.11.13. Ependymoma, GFAP-positive astrocytes in the tumor, PAP-DAB, %400

trocytes around or within the tumor, as well as the tumor astrocytes scattered in the tu-
mor or concentrated in areas, are also GFAP-positive (Fig.11.13). The scarce positivity
of areas among vessels demonstrates that the tanycytes, possible progenitors of GFAP-
positive cells according to some authors [603], only give rise to a small proportion of
the cells in ependymomas [681]. Positive, multipolar astrocytes are present. They have
received a special interpretation in the formal genesis of the tumor [2923].

The GFAP-positivity in ependymomas has been greatly debated. The findings that intracyto-
plasmic filaments are present both in normal and neoplastic ependymocytes [2188, 2419, 830], that
in culture these filaments show immunologic identity with the astroglial ones [2955], and that nor-
mal adult ependymocytes, except tanycytes, do not express GFAP may mean that in tumors the
ependymocytes revert to more immature stages and become capable once again of expressing
GFAP [2343].

The problem of the relationships between GFAP synthesis in normal and tumor ependymo-
cytes and astrocytes has not been fully clarified. First of all, adult ependymocytes do not contain
GFAP [1708, 603, 710, 2923], although they do contain bundles of intermediate filaments [2188]
which are similar to astroglial filaments and give a positive reaction for GFAP [2464, 1820]. In
man, from the 15th week of gestation to birth, the ependymocytes contain GFAP which they will
lose in adulthood. The appearance of GFAP when mitotic activity decreases represents a sign of
differentiation [2343)]. It is, therefore, possible that in tumor or reactive ependymocytes [482],
GFAP is synthesized and visible, while in normal adult ependymocytes GFAP is produced but not
in such quantities as to be visible immunohistochemically. Ependymal cells might be capable of
assembling more than one type of intermediate filament, as has been demonstrated in astrocytes
[2113]. Tanycytes also contain GFAP during development [262], and not all become negative in
adult life.

S-100 protein has the same distribution as GFAP [2789, 1423].
The application of immunohistochemical techniques brought the old problem of the
transition towards plexus papilloma back to the fore. In this tumor there are foci of
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GFAP-positive cells, which suggest its ependymal differentiation (see plexus-papillo-
ma), whereas in ependymomas, in contrast to previous studies [465, 1884], cytokeratin-
positivity has been reported [1755]. Also, this finding would be indicative of transition.

11.1.7 Electron Microscopy

In general, the ultrastructural characteristics of ependymoma cells are those of normal
ependyma [2825, 284], i.e., the presence of cilia and microvilli on the luminal surface,
junctional complexes on the lateral surfaces of the cytoplasm, and no basement mem-
brane on the internal surface (Fig.11.14) [1133]. Junctional complexes have a slit-like
shape, with a 200-A space between the cytoplasmic membranes and with the zonula ad-
herens located in proximity to the microvilli abutting upon a dilated extracellular space.
The segments of these membranes are parallel and dense, with condensation of the ad-
jacent cytoplasm. More rarely, zonulae occludentes with an internal space of 100 A are
found near the junctional complex. All these formations are found in well differentiated
ependymomas [2805].

The nuclei are large, the nucleoli are visible, the mitochondria are clustered, the en-
doplasmic reticulum and ribosomes are scarce, and only a few Golgi apparatus are
found. Cilia projecting outside the cells and intracytoplasmic cilia are common. Micro-
villi containing filaments and tubules together with cilia project into an extracellular lu-
men formed by several cells. This represents a microrosette (Fig.11.15), which has no
counterpart in light microscopy [948].

Processes can be found containing IF with or without ependymal features (junctions), which

stain immunoelectron microscopically for GFAP (Fig.11.16). They represent either the capacity of
ependymoma cells to express IF or the occurrence of astrocytic processes in the tumor.

The presence of two cellular poles, one luminal and the other submesenchymal, seems to be
very important [830]. The luminal poles are formed by epithelium with microvilli; the cells are joi-
ned by zonulae adherentes, with rare cilia. The submesenchymal or glial poles are formed by par-
allel processes shaped like a mushroom which ends on a mesenchymal vascular surface. The cyto-
plasm contains 70-90 A filaments. At some distance from the mesenchymal surfaces, there are
bundles of processes filled with glial filaments, which form the perivascular pseudorosettes. Fila-
ments are also found in the cytoplasm, towards the luminal surface, but here they are less numer-
ous. Large masses of clustered cell bodies without polarity and with astrocytic features are found.
The existence of these forms recalls the problem of GFAP expression, i.e., occurrence of tumor as-
trocytes or gliofibrillogenesis by ependymocytes.

In the myxopapillary ependymoma of the filum terminale, the cells do not express
polarity, but their junctions are of the zonulae adherentes type with a cytoplasmic thick-
ening, a 200-250 A wide space containing amorphous material, or a loose network of
filaments [2283, 2700]. Extracellular spaces are formed and delimited by cells contain-
ing collagen fibers a basal membrane. At times, microvilli project into these spaces
[2283]. Junctions of septate type, typical of the epithelium of invertebrates, have also
been described [1155].

Cilia and blepharoplasts are infrequent; however, many cells have atypical cilia.
The cytoplasm contains cisternae of the endoplasmic reticulum, ribosomes, mitochon-
dria, glycogen granules and liposomes. The majority of processes contain 70-90 A mi-
crofilaments and 240 A microtubules. The basal membrane of capillaries forms the in-
ternal basal membrane of the perivascular space. The behavior of the basal membranes



11.1 Ependymoma 207

Fig.11.14. Ependymoma, typical ultrastructural features are cilia, microvilli and tight junctions,
%x32,000

Fig.11.15. Ependymoma, microrosette x20,000
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Fig.11.16. Ependymoma: a IF coexist with junctional devices, X35,000; b immunogold granules
for GFAP on IFs associated with junctions, X50,000
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is peculiar to myxopapillary ependymoma and, together with the paucity of cilia, relates
it to the choroid plexus. In fact, in the latter, the cells are separated from the stroma by
a basement membrane [644], while ependymal cells do not have a basal membrane to-
wards the neuropil. In myxopapillary ependymoma, the ependymal cells rest on connec-
tive tissue instead of lying on the neuropil as in other regions of the CNS.

11.1.8 Anaplastic Ependymoma

The ependymoma is usually thought to be a relatively “benign” tumor with rare malig-
nant forms. Four histological grades of malignancy have been recognized [1405]. In
general, a malignant ependymoma is identified because of nuclear polymorphism, high
cellular density, necrosis, and endothelial proliferation, as in glioblastoma [2328, 1109].
The existence of an ependymal glioblastoma has also been discussed [1109]. This is to
be identified with the ependymal spongioblastoma of Globus and Kuhlenbeck (1944)
[943].

The application of “grading” [1405] did not lead to a precise correlation between
histological features and survival. It has been regarded either as useless [1506, 794,
3019] or as useful [985, 16]. According to some, a subdivision into three grades on the
basis of cell density, number of mitoses, circumscribed necroses, and endothelial pro-
liferations would have a predictive value [2978, 70, 1284].

The malignant variant is characterized by nuclear polymorphism, giant cells, mi-
toses, and endothelial proliferation, but at least part of the tumor must maintain charac-
teristics typical of ependymoma [2420]. Even by applying these criteria to define ana-
plastic ependymoma, various authors have found poor [1939] or barely enough correla-
tion with survival [426].

This is not surprising if one thinks that in six out of nine series considered, the num-
ber of high grade tumors varied between 40% and 94% [3019]. Evidently, a notable un-
certainty in the identification of the malignant variant does exist. The problem is further
complicated by the use of the term ependymoblastoma to indicate the malignant vari-
ant, instead of a rare tumor with peculiar features of its own [2389], as will be mentioned
later.

The identification of malignant tumors has also been tried by means of DNA micro-
densitometric analysis [1968] and flow cytometry [1606, 2696]. Results have been
equivocal, not definitive. The LI after in vivo administration of BUdR has been found
to be high in three of eight tumors, but only one of the three had histological features of
malignancy, though all three tumors were clinically aggressive [1991].

From what has been said, it can be deduced that there is a great uncertainty in the
identification of the malignant variant of ependymoma. First of all, the prognostic sig-
nificance of its histological features is still being debated. A multivariate analysis of 102
cases [1244] demonstrated that site and age, but not mitotic activity, have a prognostic
significance. In the posterior fossa, the prognosis is better in adults than in children; and
the presence of rosettes and subependymomatous areas indicate a poor and a good prog-
nosis respectively. These findings, however, have not been confirmed in another series
of 62 cases [2282], where the only prognostic element was the presence of microcysts
in supratentorial tumors (favorable prognosis). In this series, it has to be noted that cases
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Fig.11.17. Anaplastic ependymoma, very high cell density, H&E, x400

diagnosed as anaplastic had the same postoperative survival as classic types. Also, in a
series of 15 cases diagnosed as malignant on the basis of common histological criteria,
the survival was not much different from classic cases [2369].

The reason for this failure may, in part, be the limited number of cases collected in
each series, taking into account the different sites of the tumors, the diverse histological
features, and the distribution over a wide range of ages. In a large series of 360 cases in
childhood [922], posterior fossa tumors with benign histological features showed, par-
adoxically, a worse prognosis. Histological features associated with a poor prognosis
are an abundance of blood vessels, endothelial hyperplasia, mitoses, calcifications, and
low cell density. Histological features found in tumors with a good prognosis are astro-
cytic areas, high cell density, and irregular nuclei. The classic histological variants have
no correlation with survival [2354]. In 16 infratentorial ependymomas of childhood,
more than 5 mitoses per 10 HPF, large amounts of necrosis, and complete loss of dif-
ferentiation were indicative of poor prognosis; by contrast, tumors with diffuse expres-
sion of GFAP showed a good prognosis [773A].

In a personal series of 298 cases, the malignant variant, diagnosed with the same
histological criteria used for gliomas, does not correlate with survival. After multivari-
ate analysis by tumor site, the number of mitoses (>20 per 10 HPF), cell density, and
age (<4 years) were prognostic factors in supratentorial tumors. No prognostic factors,
with the exception of subependymoma, have been found in infratentorial and other lo-
cations [2523]. Only supratentorial cases characterized by a very high cell density
(Fig.11.17) and a large number of mitoses (>20 per 10 HPF) showed statistically signif-
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Fig.11.18. Anaplastic ependymoma, incomplete perivascular pseudorosettes, H&E, x400

icant shorter survival periods [2524]. A high cell density and a large number of mitoses
are, on the other hand, the direct signs of malignancy, applying the concepts, today
widely accepted, of tumor progression and anaplasia. In these cases, perivascular
pseudorosettes are incomplete and barely recognizable (Fig.11.18).

11.1.9 Spread Via the Cerebrospinal Fluid

The frequency of spread via the CSF is extremely variable, from 0% to 60% [2427, 268,
134]. Higher percentages are obviously encountered in anatomically based series [229,
2433]. CSF dissemination is more frequent when tumors are located below the tento-
rium [2199, 3019] and, it seems, in the more malignant tumors [229, 2433]. It appears,
therefore, that the risk of CSF dissemination is higher in malignant infratentorial tumors
11419, 2433, 1533, 473], moderate in malignant supratentorial tumors [1672, 882], and
minimal in the remainder, taking into account all the reservations which apply to the
term malignant.

11.1.10 Treatment and Prognosis
Treatment of ependymomas is, in the first instance, surgical resection. Although some

ependymomas may be totally removed, the 5-year survival after surgery alone is 20%
[794, 1939]. Postoperative irradiation (50-60 Gy) prolongs survival up to 40%—50% at
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5 years [1307, 1607]. In principle, the prognosis of intracranial tumors is clearly worse
than that of tumors of the spinal cord [2638, 1939], even if the survival figures may im-
prove by including subependymomas [1244]. Similar figures are obtained for posterior
fossa tumors.

The prognosis of intracranial ependymomas is worse in children [134, 1244, 3019].
Survival rates at 3 and 5 years were 23.3% and 12.5%, respectively, 34.5% and 19.5%
for benign tumors and 0% for malignant tumors [501]. In another series survival at 5
years was 51% (without postoperative mortality), with no difference between supraten-
torial and infratentorial locations, but with a worse prognosis in children under 2 years
of age [2199]. In the first year of life the prognosis is very poor, especially for infraten-
torial locations [1519]. In a personal infant series, age below 2 years was a negative
prognostic factor. In a recent series, 3- and 5-year survivors without tumor progression
were 46% and 30% respectively. Positive prognostic factors were age greater than 4
years, local radiation dose >45 Gy, and Caucasian race. Factors without influence on the
prognosis were the amount of tumor removed, its histological grade, the radiation field,
and the chemotherapy used [967]. Tumors usually recur locally.

Taking into account the risk of CSF spread, craniospinal irradiation has been advo-
cated for all high grade tumors [2434]. However, according to some this form of treat-
ment does not seem to ameliorate the prognosis [967], with local relapse remaining the
most significant component of failure [968]. Chemotherapy did not help except [1603]
in cases with a very poor prognosis. The lack of local control of the tumor remains the
reason for therapeutic failure.

A particular problem is the spinal cord ependymoma. It is known that complete sur-
gical removal of spinal cord tumors, using microsurgery techniques, can give excellent
local control and survival rates [782, 491]. Postoperative radiotherapy is, therefore, not
recommended in such cases. It is recommended, however, in cases of incomplete re-
moval, as improved long-term survival rates resulted at 5 and 10 years 100% and 73%
[1481], 87% and 67% [449], and 69% and 62% [3030], respectively. The recommended
dose of radiotherapy is 40-45 Gy.

Spinal cord ependymoma may often be totally excised with a very good prognosis
with long survival even when the removal has not been complete.

Myxopapillary ependymomas of the cauda equina are associated with a significant-
ly better survival rate than tumors in other sites. They show a mean survival of 19 and
14 years, respectively, after total or partial removal [2695], and radiotherapy has been
suggested only when gross tumor remains [2615]. In some cases late recurrences and
distant metastases, even with a totally benign histological aspect, have been reported
[1826, 2401, 1926, 572]. It is possible that late distant recurrences are due to retrograde
seeding, as, for example, in the cases of Davis and Barnard (1985) [572] where the dis-
tant recurrences were in the fourth ventricle or in the anterior and posterior fossae.

11.2 Subependymoma

Very often, subependymoma is an asymptomatic tumor, located in close proximity to
the ventricular walls, which may be accidentally found at autopsy after the fifth decade.
The tumors are small, round or lobulated and localized mainly to the fourth and third
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ventricles, but they also occur in the lateral ventricles, septum pellucidum, aqueduct,
and spinal cord [826, 272, 2438, 1679, 82]. In the fourth ventricle they originate most-
ly from the floor and rarely from the roof [1325]. Eight symptomatic cases have been
reported [2914] in the cervical spinal cord. They are more rare in the thoracolumbar lo-
cation [1017].

Asymptomatic tumors are found preferentially in the fourth ventricle. Multiple
subependymomas have been described in the fourth ventricle [415] or in association
with cerebellar astrocytoma [415] or with plexus-papilloma [2420]. Seven cases were
originally described by Scheinker (1948) [2469], while 21 [272] and 36 [415] were re-
viewed from the literature. Every so often, isolated cases are reported. The term “sube-
pendymal mixed glioma” was used because of the contemporaneous presence of epen-
dymal cells and of astrocytes [415]. Subependymoma has been described as character-
ized by small glial cell groups of subependymal glial type, alternating with areas con-
taining glial fibers. The tumor originates from the subependymal glia [2469]. It cannot
be identified with the ependymal spongioblastoma of Globus and Kuhlenbeck [1944],
because it is a benign, differentiated, and mature tumor, whereas the latter is a malig-
nant, immature one.

Subependymoma has been considered either as an ependymoma with secondary
pressure atrophy [3134] or as a tumor with inactive growth, representing an arrested
stage of a benign tumor or an inert lesion, such as for example, a hamartoma [1149,
1478, 2420] It is, however, included in the ependymoma group because of the marked
variability of the astroglial component, even though in the nomenclature used by some
[826], such as that of “subependymal astrocytoma,” the astroglial component is consid-
ered to be fundamental.

Besides the hypothesis that these tumors originate from subependymal glia [98,
1951], other proposed origins are from astrocytes of the subependymal plate [2468, 826,
272, 947], from ependymal cells [2420], or from a mixture of astrocytes and ependym-
al cells [415, 840, 2470]. The tumor has also been considered as a reactive proliferation
of the subependymal glia due to hydrocephalus and chronic ependymitis [2420].

Very often, subependymomatous features are found in association with classic
ependymomas.

Histologically, the tumors are characterized by clusters of nuclei distributed over a
thick fibrillary background formed by cell processes (Fig.11.19). The nuclei resemble
those of ependymal cells. In some cases, the processes have a clear arrangement around
the blood vessels which recalls that of the ependymomatous pseudorosettes or of astro-
blasts. Mitoses are rare and calcifications frequent. GFAP staining is usually positive,
both in the fibrous bundles and in the cells of astrocytic type [2903, 681].

Vessels are scarce, but often they appear grouped together and show endothelial
proliferations, even with mitoses. Sometimes they form a wall. In one case, sarcoma-
tous proliferation started from the vasculature of a subependymoma, forming a sarco-
matous tumor [1693].

Electron microscopy demonstrates the presence of characteristics of ependymal
cells [98], including blepharoplasts, but also many cells rich in IF with typical astrocy-
tic characteristics (Fig.11.20).

The tumor appears in all age groups. There is generally a long preoperative history,
and it may be diagnosed by CT or MRI. Surgically, the tumor may be easily removed
from some sites (lateral ventricles), but in others such as the fourth ventricle it is ex-
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Fig.11.19. Subependymoma: a clusters of cells in fibrous fields, H&E, x150; b cluster of cells
with intermediate characters between astrocytes and ependymocytes, H&E, X300
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Fig.11.20. Subependymoma, cell processes rich in IFs, x20,000

tremely difficult or impossible [1325]. In treatable cases, the prognosis is good. The tu-
mor is histologically benign, even if nuclear polymorphism and endothelial proliferat-
ion are present. The hypothesis has been put forward that cases with more evident poly-
morphism and with the highest proliferative index, as judged by flow cytometry, might
be more aggressive. This has not been confirmed by survival studies [1808].

Various hypotheses have been put forward to clarify the pathogenesis of this epen-
dymoma variant. Other than the one already mentioned, some believe that the tumor
represents an arrested stage of development of the ependymoma [2420]. The hamarto-
matous hypothesis must also be considered [1149].

11.3 Ependymoblastoma

The term ependymoblastoma has been and is being used to indicate the malignant or
anaplastic variant of ependymoma. In reality, in the original concept of Bailey and
Cushing (1926) [112], the term was used to indicate a more immature tumor deriving
from the so-called ependymal spongioblasts, in contrast to the term “ependymoma”
which indicated more differentiated tumors. It must be taken into account that later, in
fact, the term was applied to a rare, immature, ependymal tumor, one considered to be
a tumor entity [2389]. This is an embryonal-type tumor of the young, which features mi-
toses in the ependymal rosettes. Other cases have been described [2086, 2246, 1691,
529]. Eleven cases in the literature have been reviewed [1940].
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The tumor arises in the first 5 years of life, occurring infra- and supratentoriaily and
also in relationship with the ventricular system. It is large and circumscribed and some-
times has a necrotic-haemorrhagic appearance. In a personal collection of 298 ependy-
momas, there are 2 cases. Histologically, it is composed of trellises of crowded cells,
separated by thin blood vessels. The cells are oval or elongated and poorly differenti-
ated. Numerous mitoses are present. Perivascular pseudorosettes are not present, but
there are numerous ependymal rosettes and tubules. The rosettes are formed by multi-
ple layers and feature luminal mitoses. They resemble the Flexner—Wintersteiner ro-
settes of retinoblastoma and are distinguished from the rosettes of an ependymoma be-
cause the latter are not multilayered and have no mitoses. The internal lumen is delim-
ited by an internal membrane. Blepharoplasts are present, but endothelial proliferation
is not. The border with the nervous system may be clear-cut or ill-defined due to diffuse
infiltration.

The tumors described have been variously treated and carry an average survival of
12 months.

The tumor corresponds to the time when the primitive cells delimiting the neural
tube acquire distinctive characteristics of ependymal cells, with the development of cil-
ia and blepharoplasts. Therefore, it shows ependymal differentiation but retains mitotic
activity [1940}].

In the classification proposed by Rorke [2353], the ependymoblastoma is consid-
ered to be a PNET with ependymal differentiation, but in the 1991 WHO classification
[1443], it is considered an embryonal tumor.

A congenital case in the sacrococcygeal region in a neonate [1973] and another in
the cerebellodiencephalic region [697] have been described.
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12.1 Plexus-Papilloma

The plexus-papilloma was the subject of several reports in the last century. After much
debate, it was considered to be a tumor entity separate from the ependymomas [2380,
106], put into the group of paragliomas [1189], and then reconsidered as a subgroup of
ependymoma [1403, 1405]. It derives from the epithelium of the choroid plexus, which
in turn represents the differentiation of primitive neuroepithelial elements which come
into contact with the intraventricular folds of the primitive mesenchyme, from which the
leptomeninges arise.

12.1.1 Frequency, Age, Site

The plexus papilloma is a rare tumor which is most common in childhood. It has been
found to make up 0.6% [542] and 0.6% [3138] of all intracranial tumors. In the person-
al series, it represents 0.4% of all CNS tumors. It is more frequent in infancy: 3.9%
[1802], 2.3% [2839], 2.9% [706], and 3% [2697]. However, the incidence in infancy
may be even greater, because some tumors are not recognized in this age group.

Eighty-three plexus-papilloma tumors have been reviewed [1802], 67 from the lit-
erature of which 48% appeared in the first decade of life and 20% within the first year
of life. Of 19 cases in another series [3041], 12 occurred in subjects less than 20 years
old. The age distribution curve has two peaks: one in early childhood and the other in
advanced age [3134]. This second peak is due to adult tumors discovered at autopsy.

Plexus papillomas in very early age are probably congenital and relatively frequent.
They have been described in children under 1 year old and even in a premature infant
[1800, 2853]. There are no significant differences between the two sexes.

The most prevalent sites are the cerebral ventricles, the tumor occurring in the lat-
eral ventricles in 50% of cases, in the fourth ventricle in 34%, and in the third ventricle
in 15.3% [2909]. These figures were 40%, 44%, and 16%, respectively, in other series
[2225]; in series limited to infantile tumors, they were 72%, 15%, and 10% [706].

The general impression is that tumors of the lateral ventricles are more frequent in
children and those of the fourth ventricle in adults [2420].

Tumors of the lateral ventricles generally grow at the trigon region—temporal horn;
those of the third ventricle anteriorly; and those of the fourth ventricle caudally along
the roof [3134]. Very exceptionally, the tumor is biventricular [1019, 1015]. The tu-
mors, not rarely, may be extraventricular. This is less often due to growth from an ec-
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Fig.12.1. Plexus papilloma

topic remnant of choroid tissue [1001, 1335, 2340, 2655] and more often to a protrusion
of the choroid plexus through the foramina of Luschka in the pontocerebellar angle
[1929].

12.1.2 Macroscopic Appearance

The tumors are globular and blue-gray, and sometimes have a cauliflower appearance
(Fig.12.1). They are soft and very vascular. The tumors grow by expanding within the
ventricle first, displacing and compressing juxtaventricular structures. They may attain
a considerable volume and, upon filling the ventricular cavity, exit from it and invade
the nervous tissue.

12.1.3 Microscopic Appearance

Histologically, the structure is very simple because, due to the presence of a large num-
ber of villi, the neoplasm maintains the picture of normal choroid plexus (Fig.12.2a). A
vascular-connective stroma forms the axes of the papillae, which are covered by a
monostratified columnar or cuboidal epithelium (Fig.12.2b). The tumor cells do not
have blepharoplasts, a characteristic which distinguishes them from ependymoma. Nor-
mally there are no mitoses, but if present, they are indicative of a more aggressive be-
havior. Among the regressive changes, connective tissue hyalinization and calcification
may occur, giving rise to the formation of psammoma bodies.
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Fig.12.2. Plexus papilloma: a general architecture resembling that of choroid plexus, H&E, x200;
b structure of papillae, H&E, x400
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Many observations permit one to identify transitional forms between ependymoma
and plexus-papilloma. During normal choroid plexus development, the neuroepithelium
covers the stromal proliferations running from the leptomeninges into the primitive ven-
tricles, resulting in the formation of papillae. There are not only histological similarities
between predominantly papillary ependymomas and plexus papillomas, but also GFAP-
positive cells in the latter. When these occur, they represent foci of ependymal differen-
tiation [2398, 2811, 468, 1884, 642]. GFAP-positivity may also be found in the normal
choroid plexus. Vimentin and cytokeratin positivity have been reported in plexus carci-
nomas [642] and in some papillary ependymomas [1755]. Other antigens, such as EMA
[642], CEA [468], S-100 [1424], and the antigen recognized by the Leu-7-specific an-
tibody [2180], have been identified immunohistochemically in this tumor. Transthyre-
tin (TTR), claimed to be a specific marker of choroid plexus tumors [1110A], is posi-
tive in many cases [2155A, 1147A]. The surface of the microvilli stains with ruthenium
and, therefore, contains GAG [1988]. Electron microscopy has demonstrated the occa-
sional presence of a continuous basement membrane and junctional complexes [385,
908, 1812].

The tumor carries a good prognosis, even though local recurrences are not that un-
common [1848]. Metastasis via the CSF does not take place. The associated hydroceph-
alus results most probably from a combination of CSF overproduction and the very high
protein content, at times measured in grams, of the CSF. Surgery is very difficult tech-
nically, but today the surgery-related mortality is less than 15%. Survival at 10 years is
88% [706].

12.2 Malignant Variant (Plexus Carcinoma)

A particular problem is represented by malignant degeneration of the plexus papilloma.
Cases with the histological characteristics of plexus papilloma but with histologically
malignant foci have been reported [2994, 380]. In some instances, this variant of the tu-
mor has been called plexus carcinoma [1216, 804, 2937]. Up to 1951, 30 cases had been
reported in the literature [1796]. The main problem related to nomenclature is that the
term plexus carcinoma was accepted by some, but not by others. If plexus-papilloma is
considered a paraglioma, it would not be correct to refer to its malignant variant as car-
cinoma [804]. On the other hand, the supposition that plexus carcinoma could be a me-
tastasis to the plexus from a carcinoma of other organs has been presented [1216].

The identification of the malignant variant is difficult and essentially based on the
infiltration of neural tissue, the appearance of histological signs of malignancy, the dis-
appearance of the typical regular architecture of the tumor, and the appearance of mito-
tic activity (Fig.12.3). However, it seems that the prognostic significance of these fea-
tures is questionable [1848]. In the experience of others, S-100 positivity in less than
50% cells, occurrence of mitoses, absence of TTR-positive cells, brain invasion, and ne-
crotic areas are correlated with a poor prognosis [2155A].

The malignant variant is not frequent [1635] and is mostly found in children or
young people [2420]. Differently from plexus-papilloma, plexus carcinoma metasta-
sizes via the CSF [1835], though extracranial metastases have also been reported. This
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Fig.12.3. Malignant plexus papilloma: a nuclear polymorphism and loss of architecture, H&E,
x300; b necrosis, H&E, X300

finding is to be considered in planning the strategy for radiotherapy. Rare malignant
plexus papillomas containing melanin have been reported [151, 1563, 236]. The prog-
nosis is generally less good than that with plexus-papilloma. Total surgical removal
seems to be followed by prolonged progression-free survival, while adjuvant radiation
therapy and chemotherapy are of unproven benefit [706, 2111A].
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13.1 Ganglioglioma (Gangliocytoma)

Ganglioglioma is probably malformative in origin, often closely resembling a malfor-
mation. It is characterized by the presence of both neural and glial tumor cells. The fre-
quency of neural tumor cells is very variable, ranging from tumors in which neural cells
clearly prevail (gangliocytomas), to those in which they are very rare when compared
with the predominant glial elements. One of the fundamental problems, especially in the
latter case, is represented by the recognition of the neuronal elements. This is based,
apart from the nuclear and cytoplasmic morphology (vesicular nucleus with evident nu-
cleolus, presence of Nissl’s substance, neurofibrils on silver impregnation), on electron
microscopic observations (microtubules, dense or light core vesicles, synapses) and on
immunohistochemical staining (demonstration of neurofilaments). In the past, many
cases were mistakenly diagnosed as gangliogliomas because they contained cells with
ganglioid features, as may be found in glioblastoma and other tumors.

One must recognize not only the neurons but also their neoplastic nature. This is
possible when the appearance of the neurons is not so much modified by the tumor
transformation as to be still recognizable. It must be considered that neurons may be-
long to the preexisting tissue, as often occurs at the periphery of glial tumors. Practical-
ly speaking, the presence of neurons in areas where they are normally lacking, as in the
leptomeninges and white matter, or with a distribution different from that normally
found, for example, in groups rather than in layers, are useful elements for the diagno-
sis. The recognition of the neuronal nature of the cells will be progressively more diffi-
cult as their appearance shifts towards that of neuroblasts.

13.1.1 Frequency, Age, Site

Ganglioglioma is a rare tumor. In adults, its frequency varies from 0.2% [542] to 0.4%
[3138], but in children it has been reported to reach 1.7% [883], 4.5% [2769], or even
7.6% [1315]. The tumor, in fact, is more common in the infantile or juvenile age groups,
with the majority of cases occurring in patients under 30 years of age [53, 2420]. The
two sexes are almost equally affected.

There are different sites of origin. The tumor more frequently occurs in the region
of the tuber cinereum, in the temporal region, and in the third ventricle, but also in the
parietal and frontal lobes and in the cerebellum (Fig.13.1). Other sites are less common.
Cases in the pineal region have been reported [1225] (Fig.13.2). The tumor may remain
silent for a long time, revealing itself with epileptic fits or as an incidental finding dur-
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Fig.13.1. Gangliocytoma of the cerebellum

Fig.13.2. Ganglioglioma of the pineal region
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ing surgery for temporal epilepsy. An interesting case has been reported of an intramed-
ullary secretory gangliocytoma in a boy developing systemic arterial hypertension dur-
ing surgical manipulation of the tumor, probably due to catecholamine secretion [99A].

13.1.2 Macroscopic Appearance

The ganglioglioma is usually a small, hard, well circumscribed, grayish-pink tumor. It
is often cystic (Fig.13.1) and is sometimes calcified. More rarely, it may be diffuse.

13.1.3 Microscopic Appearance

The tumor is of varied, but generally medium, cell density. It is formed of ganglion cells
featuring various changes in both the cytoplasm and the processes. The cells have ab-
normal processes, are often bi- or multinucleated, and contain normal or irregular Nissl
substance (Fig.13.3). Smaller lymphocyte-like cells, at times interpreted as neuroblasts,
may also be present. While in pure gangliocytomas the glial component is of the reac-
tive type, in gangliogliomas the glial component is tumoral, astrocytomatous, and often
with gemistocytic features. A reticulin component subdividing the tumor into lobules
containing clustered ganglion cells may sometimes arise from the blood vessel stroma.
Perivascular lymphocytic cuffs may be present. Exceptional cases contain neurofibril-
lary tangles [1184, 2056] or melanin [1225]. Among the regressive events, the forma-
tion of cysts and calcifications are most important. The tumor may extend into the sub-
arachnoid space.

Electron microscopy can confirm the presence of neoplastic ganglion cells, with the
demonstration of granules, presynaptic vesicles, and synapses [2339, 2399]. Immuno-
histochemically, the glial component is GFAP-positive (Fig.13.4b), and the neuronal
one is variously positive for NF (Fig.13.4a) and NSE. In some cases, somatostatin, thy-
rosine hydroxylase, Met-enkephalin, Leu-enkephalin, serotonin, and substance P
[2792] have been demonstrated. Yet other studies have shown positivity for VIP [915].
A panel of well-characterized Mabs against neurofilament polypeptides, synaptophysin,
and chromogranin A has been proposed for the recognition of neoplastic neurons
[635A].

13.1.4 Malignant Transformation (Malignant Ganglioglioma)

A problem of notable interest is that presented by the malignant transformation of these
tumors. The cases reported up to now are few. The main difficulty in the recognition of
these cases is due to the fact that, if an anaplastic evolution of proliferating cells is ad-
mitted, their neuronal character would no longer be recognizable. Therefore, even if ma-
lignant forms did exist, they could not be diagnosed. In theory, it is possible to say that
malignant forms, related to the presence of neuroblasts, exist, but these are best grou-
ped with neuroblastomas having ganglion differentiation. In general, however, it is
thought that anaplastic evolution occurs only in the glial component and in the glioblas-
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Fig.13.3. Gangliocytoma: a deformed neurons and vessels, H&E, x200; b,c binucleated neurons
and Nissl grains, cresyl violet, x400 [2486]

tomatous sense [2420]. In one case, the malignant transformation of the glial compo-
nent led to a glioblastoma 25 years after biopsy [2416]. It must be emphasized that this
event is quite rare. In the series of Russell and Rubinstein [1989], it occurred in ten
cases. I have never observed an example.
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Fig.13.4. Gangliocytoma: a neurons evidenced by NF immunohistochemical staining, SM 31 an-
tibody, PAP-DAB, x300; b scanty reactive astrocytes, GFAP, PAP-DAB, x300
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13.1.5 Prognosis

As has already been stated, these lesions are akin to malformations and, in general, are
considered as hamartomas, even if the possibility of progressive neoplastic transforma-
tion exists. They may be multiple or associated with other malformations such as agen-
esis of the corpus callosum, various ectopias, etc. The good demarcation which charac-
terizes this tumor, especially when favorably located, permits surgical removal; thus,
even though there is no known correlation between its histological appearance and the
clinical course, the prognosis is, in general, good and the survival long [1315, 2639A].
Recurrences are frequent, while metastases in the CNS are rare.

13.2 Dysplastic Gangliocytoma of the Cerebellum

A particular type of gangliocytoma of the cerebellum in which the dysplastic character
and the affinity to a simple malformation are more evident is considered a separate le-
sion [1640]. It goes under different names such as dysplastic gangliocytoma, diffuse hy-
pertrophy of the cerebellar cortex or Purkinjoma [447].

Macroscopically, it presents as a circumscribed hypertrophy of the cerebellar folia.
Histological examination of the hypertrophic folia demonstrates the existence of an ex-
ternal layer with myelinated fibers and glial cells, a deeper layer with many small cells,
and large cells resembling Purkinje cells. The central white matter is reduced or absent.
According to Oppenheimer (1955) [2089], who reviewed ten published cases and re-
ported two of his own, the “tumor” results in hypertrophy of the granular layer neurons
which send fibers towards the pial surface. This finding has been confirmed by electron
microscopy [2243, 770, 2308]. The two cases he reported were associated with ipsila-
teral leontiasis ossea and foci of ectopic cerebellar tissue. Other cases have been re-
ported, each with its own peculiarities [379, 202]. The tumor is probably hamartoma-
tous in origin. In two cases featuring hypertrophy of the entire hemisphere or of circum-
scribed areas, the granular layer contained embryonal cells (from which neuroblasts and
immature ganglion cells arose) which sent axons into the thickened molecular layer.
The white matter practically disappeared.

Reviewing cases from the literature, Hallervorden (1959) [1048] thought that the
majority represented malformative lesions in which the hypertrophy of the internal
granular layer is secondary to the malformation of the external granular layer. In anoth-
er review, concerning 36 sporadic and two familial cases [51], associated lesions were
found, especially an increase in volume of the skull and/or brain. The genesis of the tu-
mor has also been attributed to a dysontogenetic multivalent leaflet of the median struc-
tures of the cerebellum [2882].

13.3 Infantile Desmoplastic Ganglioglioma

A particular variety is found almost exclusively in patients in the first year of life. It is
characterized by a marked desmoplastic component and a particularly favorable post-
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operative course, and has been called “infantile desmoplastic ganglioglioma.” Eleven
such cases have been described [2910].

The tumor is preferentially located in the frontoparietal regions. The desmoplasia is
due to the involvement of the leptomeninges, which feature an intense desmoplastic re-
action. In one case, the astrocytes were seen electronmicroscopically to be covered by
a basement membrane [2910]. Tumor cells are GFAP-positive and also contain 200 kDa
NF [2420]. The large production of fibrous tissue must be due to meningeal fibroblasts,
among which clusters of reactive glial cells can be found [2910]. An alternative inter-
pretation is that astrocytic cells synthesize extracellular matrix proteins. They could
produce markers typical of mesenchymal cells through a process of aberrant metapla-
sia. The formation of cartilage in gliomas has been explained by the same mechanism
[1399].

A superficial desmoplastic cerebral astrocytoma has been described in infancy
[2812]. It differs from the above mentioned tumor only in the absence of neuronal dif-
ferentiation. Mixed superficial tumors formed by astrocytes and fibroblasts have been
described and called “gliofibromas” [829].

The infantile desmoplastic ganglioglioma differs (other than cytologically) from the
xanthoastrocytoma [1395] in that the latter is located in the temporal lobes and arises in
older subjects.

13.4 Central Neurocytoma

Under this name are included some para- and intraventricular (lateral ventricles) tumors
arising in young subjects, which were previously classified as ependymomas of the fo-
ramen of Monro [3140] or as oligodendrogliomas. Several cases have been reported
[2159, 3051, 2860, 387A]. The tumor usually originates from the anterior wall of the
third ventricle and extends into the corpus callosum and foramen of Monro, at times fill-
ing the lateral ventricle.

The tumor is composed of sheets of small, isomorphous cells with a clear cytoplasm
and a perinuclear halo (Fig.13.5). They are separated from one another by stromal sep-
ta containing capillaries and calcifications [1078]. Homer—Wright rosettes are present
(Fig.13.5). In some cases, there is a remarkable resemblance to oligodendroglioma
[3051, 2036]; however, some features of neurocytomas, such as more varied nuclei, a
more delicate fibrillary background with anuclear zones, and an inconspicuous vascu-
lature permit distinction [1694]. Ultrastructurally, the cells appear to have a clear neu-
ronal differentiation and synapses [1080]. Immunohistochemically, staining for synap-
tophysin, NSE, Leu-7, and NF is generally positive, whereas that for chromogranin is
negative [1080]. In a series of 11 cases [2949], staining for NSE and synaptophysin was
positive and on electron microscopy axons, synapses, neurosecretory granules, and mi-
crotubules were found. Two cases were also GFAP-positive. It is interesting to observe
that, in two cases, there were signs of anaplasia with mitoses, necroses, and endothelial
proliferations.

It is undoubtedly difficult to draw a clear distinction between these tumors and cen-
tral neuroblastomas. Some cases described as central neuroblastomas with a marked
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Fig.13.5. Central neurocytoma: a typical architecture with “cell-free” islands, H&E, x200; b cell
halos, H&E, x400 (Courtesy of Dr. F. Giangaspero, University of Bologna)

tendency to neuronal differentiation or with mature synapses could, in reality, have been
central neurocytomas (see Sect. ). In general, a neuroblastoma possesses clear Ho-
mer—Wright rosettes and affects younger patients. Neurocytoma cells appear to be in-
termediate between the immature cells of neuroblastoma and the mature ones of gan-
gliocytoma.

These tumors derive from the subependymal plate of the lateral ventricles, i.e., from
residual cells destined to be neurons [2949, 1694], and from gray nuclei of the septum
pellucidum and the fornix [1080]. Also a spinal case has been reported [1694]. Neuro-
cytomas follow more benign courses than neuroblastomas and may, in some cases, be
cured by excision alone. Malignant courses have been reported [3096A].

13.5 Dysembryoplastic Neuroepithelial Tumors

These lesions are infrequent, often found at surgical exploration as the cause of tempo-
ral lobe epilepsy which was untreatable from the medical point of view. They are corti-
cal, multinodular tumors, located in the temporal lobes, occurring in young patients, and
diagnosable with CT and MRI. Thirty-nine surgically treated cases with long postoper-
ative survival times have been collected [570].
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Histologically, the tumors are formed by nodular foci composed of astrocytes, oli-
godendrocytes, and neurons. A specific “glioneuronal element” is recognized. It is for-
med by neurons within a mucoid matrix, accompanied by astrocytes and oligodendro-
cytes. In the nodular component, a pattern similar to true polar spongioblastoma may be
evident. Frank nuclear atypia and glomeruloid capillary proliferations are visible. The
lesions may be accompanied by cortical dysplasia [570].

The recent WHO classification [1443] has confirmed this tumor group as an onco-
type per se, which was already recognized as hamartomatous [395]. The hypothesis is
that these tumors derive from the subpial granular layer during the formation of the cor-
tex.
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14.1 The Pineal Gland

The pineal gland is attached to the posterior roof of the third ventricle between the posterior and
the habenular commissures, and between the pineal and suprapineal recesses. It develops at the be-
ginning of the second month of gestation as an evagination of the diencephalic roof. Concerning
function, it is active in the transmission of information regarding the length of daylight, the regu-
lation of reproduction in mammals, and the circadian rhythms. In fish and amphibians, the paren-
chymal cells (the pineocytes) have a photoreceptor function, transforming light into electrical sig-
nals.

In birds, the gland is a photoendocrine transducer transforming light into hormonal signals.
In mammals, it behaves as a neuroendocrine transducer, transforming electrical into hormonal sig-
nals [97].

The main product of the pineal gland is melatonin, or N-acetyl-5-methorytryptamine. Its syn-
thesis depends on lighting conditions and is stimulated by B-adrenergic sympathetic postganglion-
ic fibers, which in turn are stimulated by darkness. Light has an inhibitory function. Norepineph-
rine and serotonin are released at the sympathetic endings. The metabolic path begins from plas-
ma derived tryptophane and arrives at melatonin. The stimulation of the B-adrenergic receptors ac-
tivates adenylcyclase so that the cAMP and N-acetyltransferase levels increase.

The photic stimulus reaches the gland via a complex pathway which begins with the retino-
hypothalamic tract and then passes to the suprachiasmatic nucleus, but stimuli may also arrive di-
rectly from the geniculate body [1919]. The most efficacious wavelength is yellow-green [3079].
Through the lateral hypothalamus and the medial prosencephalic bundle, the stimuli descend in the
intermediolateral column of the spinal cord and from here via the preganglionic fibers reach the su-
perior cervical ganglia [381]. The postganglionic fibers reach the gland through the “nervi conari”
which pass through the tentorium.

Histologically, the gland, which is present in all vertebrates apart from alligators and arma-
dillos, has a capsule and is composed of lobules separated by connective tissue septa. It contains
parenchymal elements, the “pineocytes,” and interstitial cells. The former show features of para-
neurons [2883] and of elements of the amine precursor uptake and decarboxylation (APUD) sys-
tem [2160], being positive for NSE and containing secretory granules. They do not have axons but
argyrophilic processes which are directed towards the blood vessels, on which they end with club
shaped expansions. In the neonatal rat, some features of photoreceptor cells may be found [3121],
and this is consistent with the glandular expression of the retinal S antigen [652, 1484]. This is a
48 kDa protein which binds to rhodopsin. It has been found in human fetal and adult pineocytes
[2182]. The interstitial cells are GFAP positive astrocytes [1219].

The production of melatonin is regulated by light, and the pineal gland transduces periodic
photic stimuli intervening in the temporal organization of various metabolic, physiological, and be-
havioral processes. It has endocrine and nonendocrine functions [728]. Effects on reproduction and
on the thyroid and adrenal glands belong to the former [2296, 2297]. It has no antigonadotropic ef-
fects [2296] but influences, via the hypothalamus, prolactin, luteinizing hormone (LH) and follicle
stimulating hormone (FSH) production. It may also act directly on the pituitary [2298]. The non-
endocrine functions are those affecting locomotion, aggressiveness, analgesia, response to stress,
electrical cortical activity and sleep mechanism. They are involved in sleep disturbance, pathogen-
esis of epileptic fits, hibernation, and thermoregulation [728]. Melatonin acts mainly via the hypo-
thalamus, and it seems that its action is exerted on microtubules [3061]. It also has an influence on
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the growth of tumors in general, playing an inhibitory role by its action on mitotic activity and im-
munocompetence [2298].

Tumors of the pineal gland have to be separated from those of the pineal region, the lat-
ter being composed mainly of astrocytomas and germ cell tumors. The true tumors of
the pineal gland are rare and represented by pineocytomas and pinealoblastomas, which
vary in their degree of differentiation and arise from pineocytes; astrocytomas arise
from interstitial astrocytes. Pineocytomas and pinealoblastomas are formed by mature
(pinealocytomas) or immature (pinealoblastoma) elements; however, transitional forms
between the two exist, so the above-mentioned forms represent the two poles of a spec-
trum. Their true incidence is not easy to calculate, but it is low: 0.4% according to
[3134]. In other series it is 1% in adults and 8% in infants [1168]. Pinealoblastomas
have a peak incidence in the first decade of life and pineocytomas, in the third [1120].

14.2 Pineocytoma

14.2.1 Macroscopic Appearance

The tumor is situated at the site of the pineal gland, is well circumscribed, pushes to-
wards the third ventricle, and displaces the aqueduct (Fig.14.1). The pineal gland may
be completely destroyed or enlarged. The cut surface is grayish-pink, granular, gelati-
nous, and cystic or necrotic-hemorrhagic (Fig.14.2).

14.2.2 Microscopic Appearance

The description of the microscopic appearance is drawn from major series of 28 cases
and 13 cases [1120, 264]. The tumor cells resemble those of the normal pineal gland.
They show a medium density and are arranged in lobules, separated by a delicate stro-
ma and small blood vessels. The cytoplasm may be moderate in amount, with a polar
aspect as cells are generally arranged around blood vessels to which they send out del-
icate processes (Fig.14.3). Mitoses are not invariably present but may be found in vari-
able numbers. Homer—Wright rosettes may be present, and with silver impregnation
delicate club shaped processes may be identified.

According to some, the pineocytoma rosettes can be distinguished from the Ho-
mer—Wright rosettes of neuroblastomas by their larger and irregular central part and a
tendency to become confluent (Fig.14.4) [264]. Upon silver impregnation, tangles of ar-
gentophilic processes may be found in the center of the rosettes.

Neuronal, astrocytic, or neuronal and astrocytic differentiations have been de-
scribed [1120]. Neuronal differentiation may be indicated either by the presence of ro-
settes or by the presence of neoplastic ganglion cells with atypical processes, Nissl’s
granules, and so on. The astrocytic differentiation is confirmed by phosphotungstic ac-
id hematoxylin (PTAH) staining or by the demonstration of GFAP. Electron microsco-
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Fig.14.1. Pineocytoma

Fig.14.2. Pineocytoma
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Fig.14.3. Pineocytoma, cells arranged around a vessel, H&E, x400

Fig.14.4. Pineocytoma, rosettes, H&E, X200
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py confirms the existence of neuronal characteristics demonstrating, apart from the en-
doplasmic reticulum, ribosomes and dense core vesicles (Fig.14.5), and in particular mi-
crotubule and membranous whorls (Fig.14.6) [1079]. The features, however, are so
nonspecific that they may be thought to represent an undifferentiated primitive tumor
with some tendencies to differentiate [1770]. Therefore, gangliogliomatous [2403 ,
2029] or astrocytomatous [2330, 610, 261] pineocytomas have been described, even
with malignant characteristics [1120].

It should be noted that some features, such as the presence of dense-core vesicles,
cilia with a 9+0 complex axial filament, synaptic bands, bulb endings of microtubule
fascicles, and lightcore vesicles, are similar to those found in an experimental pineocy-
toma induced in hamsters by human JC papovavirus [2915]. In this tumor, the oncogen-
esis seems to have simulated the ontogenesis of the gland and have reproduced rudimen-
tary photoreceptor elements.

Pineocytomas must be differentiated from the rare pineal cysts, and this is not an
easy task, particularly when small specimens are submitted. Lobules of parenchymal
cells are associated with an intense gliosis in the cysts, which are to be considered as
nontumoral entities [1445A, 1820A].

14.2.3 Prognosis

The prognosis of pineocytomas is not easy to establish because there are so few in the
various series [2103, 695] and because of its difficult delimitation from pinealoblasto-
ma. Also, it is not easy to codify their response to radio- and chemotherapy. Generally,
the prognosis is poor and survival does not extend beyond a few years if there is no dif-
ferentiation, as in pinealoblastomas. If there is differentiation, survival may be pro-
longed for some years [1120]. Metastasis via the CSF which is easily recognisable, is
less probable than in pinealoblastoma. In the experience of the Philadelphia group, in-
fantile pineocytomas tend to be more aggressive than those of adults, the incidence of
leptomeningeal seeding is high, and recurrences generally arise within a short time.
They advocate, therefore, craniospinal irradiation [547]. However, in the experience of
the San Francisco group, leptomeningeal spread is less frequent (one in five), as is lo-
cal recurrence after surgery and radiotherapy. They advocate craniospinal irradiation
only in the presence of documented dissemination [639].

14.3 Pinealoblastoma

14.3.1 Macroscopic Appearance

Pinealoblastoma has ill-defined margins, infiltrates the surrounding tissue and abuts on
the third ventricle, and the gland appears to be destroyed (Figs.14.7, 14.8). It has a gray-
ish-pink appearance, is gelatinous, and is sometimes necrotic and hemorrhagic.
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Fig.14.5. Pineocytoma, dense core vesicles, x20,000

Fig.14.6. Pineocytoma, membranous whorls, x40,000
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Fig.14.7. Pinealoblastoma

14.3.2 Microscopic Appearance

Histologically, pinealoblastomas have a high cell density and are composed of cells
with small, dark nuclei, closely resembling medulloblastoma. Mitoses are frequent, but
they may also be absent. The cells may sometimes demonstrate a single, short process
with silver impregnation, but they do not have a particular arrangement and form only
ill-defined Homer—Wright rosettes (Fig.14.9). According to some, a mosaic effect has
sometimes been found, with the formation of lobules in which there are transitional el-
ements in the developmental sense [2420].

Pineocytomatous features may coexist, or transitions between the two tumor ap-
pearances may be found. Retinoblastic differentiation can also be present, with the for-
mation of “fleurettes” [2872] and of Flexner—Wintersteiner rosettes, typical of retino-
blastoma (Fig.14.10). The fleurettes represent an attempt at differentiation toward pho-
toreceptors [1120, 2720, 264]. Immunoreactivity for S retinal antigen, characteristic of



238 14 Pineal Gland Tumors

Fig.14.8. Pinealoblastoma

Fig.14.9. Pinealoblastoma, high cell density and ill defined Homer—Wright rosettes, H&E, x300
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Fig 14.10. Pinealoblastoma, architecture resembling fleurettes, H&E, x400

retinoblastoma [652], has also been demonstrated in cells of the pineal parenchyma as
well as in pineocytomas and pinealoblastomas [2182, 531].

Neuronal differentiation has also been described in some cases [1120, 2681, 2344,
2073], and in one case retinoblastic differentiation and ganglionic and glial elements
were seen [2681]. It is not yet clear whether the astrocytic elements are derived from the
astrocytes of the pineal gland or represent multipotential differentiation of pineocytes,
although the second hypothesis seems more probable [2420]. The same concept can be
applied to cells with neuronal features, which might derive from normal neurons of the
gland and not be a product of differentiation [1075].

Melanotic deposits have been described [191, 1120, 2533], which correspond to
normal findings in the gland during development. In another case, rhabdomyoblastic
features were also described, together with neuroblastic, ependymoblastic, and retino-
blastic elements, which can be explained by the close topographic relationships between
the neural crest and the neural tube at the level of the prosencephalon [2533]. Necrosis,
hemorrhage, and calcification in the tumor may be found, but there is never endothelial
hyperplasia.

Electron microscopic examination has been carried out in only a few cases. In one,
analogies with photoreceptor elements of the pineal gland of inferior vertebrates were
found [1456].

In the tumors of the human pineal gland, neither melatonin nor the enzyme which
synthesizes it (hydroxyindol-O-methyltransferase) have been immunohistochemically
found.
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14.3.3 Prognosis

Metastasis via the CSF into the ventricles and subarachnoid spaces is common in pine-
aloblastoma [1476, 2103], and the prognosis is dismal [1168], although long-term sur-
vivors have been reported [2885]. Because of the paucity of cases, it has not been pos-
sible to glean precise clinical statistics from surveys. Similarly, it is difficult to evaluate
the efficacy of treatment procedures such as radio-and chemotherapy [547].

14.3.4 Trilateral Retinoblastoma

Cases featuring an association between bilateral retinoblastoma and pinealoblastoma
have been described in children. This goes under the name of “trilateral retinoblastoma”
[100], and it is hereditary, while solitary pinealoblastoma is only exceptionally familial
[1621]. Retinoblastoma may unusually be unilateral in this syndrome. Up to date, 30
cases have been reported [2420]. The association has a special significance in the con-
text of pineal tumors, demonstrating the photoreceptor origin of the cells which under-
go neoplastic transformation.

In very rare cases, a variant of the trilateral retinoblastoma, a retinoblastoma-like tu-
mor in the supra-or parasellar region, has been described {100, 1426]. In one [2569], it
was undifferentiated and exhibited immunohistochemical positivity for the S retinal an-
tigen.
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15.1 Medulloepithelioma

Medulloepithelioma is an extremely rare tumor which, according to Bailey and Cush-
ing (1926) [112], is a primitive and multipotential tumor par excellence. It was fully de-
scribed later [2862], and up to now almost 30 cases have been reported. The tumor re-
counts the architecture of the primitive medullary epithelium and its capacity to differ-
entiate. In a personal collection, there is one such case.

It is a tumor of infancy, usually located in the hemispheres, but it has also been de-
scribed in the posterior fossa [190, 2455, 254] and in the cauda equina [1354].

Macroscopically, it appears as a circumscribed, grayish, hemorrhagic, necrotic or
cystic tumor.

Histologically, it features papillae and tubules formed by columnar or cuboidal cells
which simulate the neural tube (Fig.15.1). There is a PAS-positive limiting membrane,
of doubtful nature, on the luminal surface and an external limiting membrane, which is
strongly PAS-positive and rests on a delicate connective tissue. Mitoses are frequent
and found close to the lumina of the tubules.

The tumor is capable of differentiating toward neuroblastic, ependymal, astrocytic,
or oligodendrocytic lines and sometimes in all directions [2473, 254].

Four cases have been the object of an accurate immunohistochemical study with a
panel of antibodies and antisera [353]. It has been observed that, apart from the medul-
lary primitive epithelium, there are neuroblastic, ganglion, astrocytic, ependymoblastic
and ependymal areas; in one case, even an area of polar spongioblastoma was found.
The primitive medullary cells were found to stain positively for GFAP, vimentin, and
class III B-tubulin. It is important to note that vimentin marking was positive in epen-
dymoblastic areas and in ependymal rosettes. The stroma is of variable consistency and
contains blood vessels. It is susceptible to metaplasia, as in one case in which there was
formation of cartilage, bone, and striated muscle [88], to the point of suggesting a mixed
mesenchymal and neuroepithelial origin.

The differential diagnosis has to include ependymoma, malignant plexus-papillo-
ma, and teratoma. The diagnosis is difficult when differentiation signs are poor or lack-
ing. The biological behavior is that of a malignant tumor with spread to the subarach-
noid spaces [2216], and extraneural metastases [2907] have also been reported.

15.2 Medulloblastoma

Medulloblastoma was separated off as a distinct tumor entity by Bailey and Cushing and
given the name of “spongioblastoma cerebelli,” which was later modified by the same
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Fig.15.1. Medulloepithelioma: a general architecture with tubules and rosettes, H&E, x200; b co-
Iumnar and cuboidal cells of tubules, many mitoses, H&E, x400
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authors [1925] into “medulloblastoma cerebelli,” to avoid confusion with other known
tumors with the same label. It was later variously defined, for example as a neurospong-
ioma [2382], an isomorphous glioblastoma [1189], or a granuloblastoma [2738], re-
flecting the various opinions on its origin. The tumor is generally considered to be for-
med by immature and undifferentiated elements, which are capable of differentiating to-
ward glial and/or neuroblastic lines.

15.2.1 Frequency, Age

It arises frequently, representing about 4.2% of all CNS tumors [3138]. In infancy, it is
much more common, with values of around 20%-25%. In the posterior fossa, it is al-
most as frequent as cerebellar astrocytoma. There is a slight prevalence in men [2329,
3134, 2486]. The incidence peak is found between 7 and 12 [3138] or 5 and 10 years
[2486]. Medulloblastomas are rarely found over the age of 50 years [80, 442]. Patients
with laterally located medulloblastoma are older [2402].

Congenital cases have been described [1004, 160, 49, 1416]. The incidence is 1
/200,000 children per year. Environmental factors of etiological importance have been
sought but not found. It was noted that the increase in incidence of this tumor in the
years 1954—1958 was associated with the use of polio vaccine contaminated with SV40
virus [751].

Familial occurrence of medulloblastoma has been reported [2845].

15.2.2 Macroscopic Appearance

The tumor usually arises in the vermis and presents as a soft, gray-pink mass, sometimes
with evident necrosis. At times, it is so soft that it can be aspirated during surgical in-
tervention. In some cases, especially if the tumor arises in the cerebellar hemispheres,
it may be very hard and involve the meninges which appear thickened (Fig.15.2). Ex-
panding into the cerebellum, the tumor may invade the roof of the fourth ventricle and
grow, filling the ventricle (Fig.15.3). It may grow up to the aqueduct or block the fo-
ramina of Magendie and Lushka. Locally, it infiltrates the cerebellar cortex but may
fungate into the subarachnoid spaces and then re-enter the cerebellum, including wide
portions of the cerebellar lamellae.

15.2.3 Microscopic Appearance

The tumor is characterized by a very high cell density (Fig.15.4a). The cells are relative-
ly isomorphous or moderately polymorphous with a roundish or elongated shape, a
scanty, sometimes pear-shaped cytoplasm, and a small apical process or with a double
panache at the sides of the nucleus. The nuclei are hyperchromatic. Mitoses are very fre-
quent (Fig.15.4b) and very often atypical, more so than appear on superficial examina-
tion (Fig.15.4c—f). The more common pathological findings are given by pictures like
“laggard chromosomes,” “three group metaphase,” etc. [2496]. Quantitative data dem-
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Fig.15.2. Medulloblastoma of the cerebellar hemisphere

Fig.15.3. Medulloblastoma of the vermis filling the fourth ventricle
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Fig.15.4a~f. Medulloblastoma: a isomorphic cells with high density, H&E, x200; b frequent mit-
oses, H&E, x400 ; ¢,d C-mitoses; e laggard chromosomes; f three-group metaphases mitosis, car-
malum, x1000 [2486]

onstrate that 25% of mitoses are abnormal and that 30% of these are bizarre [2563]. The
nuclei in general are relatively isomorphous, but occasionally some polymorphism is
observed, and sometimes there are true monstrous nuclei [1109, 2881], located particu-
larly along the stromal septa which separate the tumor lobules (Fig.15.5a).
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Fig.15.5a—c. Medulloblastoma: a polymorphous nuclei, H&E, x400; b tumor lobules delimited by
reticulin fibres, Gomori, x200; ¢ cords of tumor cells in the desmoplastic variant, H&E, x200
[2486]

Cases with cells and nuclei of larger dimensions are not rare. The tumor tends to
have a lobular structure, and the lobules are separated by reticulin septa connected with
blood vessels (Fig.15.5b). The cells tend to form pseudorosettes, which are known as
Homer—Wright rosettes (Fig.15.6a). They are composed of cells arranged around a fi-
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brillary center similar to those of neuroblastoma. Necroses appear as small, circum-
scribed foci which at times exhibit hypercellularity at their border or even pseudo-pali-
sades. Small calcifications may be present. Lymphocyte-like nuclei, which correspond
to cell necrosis or to pathologically arrested mitoses, are found throughout the tu-
mor(Fig.15.6b,c). The DNA of these cells appears to be “denatured” [2496]. The vas-
cularization of the tumor is scanty when considered in the light of its speed of growth.
It consists mostly of blood vessels of small caliber. There are, at times, larger vessels,
but thrombosis is usually lacking and endothelial proliferation is moderate. However, at
times the stroma is particularly represented: Blood vessels show thickened walls con-
taining proliferating nonendothelial cells or even intraparietal proliferations of tumor
cells (Fig.15.7a).

15.2.3.1 Desmoplastic Variant

A variety of medulloblastoma is known as “desmoplastic.” It is characterized by growth
of the tumor in the meninges so that the tumor acquires a circumscribed appearance and
an increased consistency. The location is often lateral. Cords of tumor cells (Fig.15.5¢)
are formed which run in parallel with thick, abundant collagen and reticulin fibers
(Fig.15.7b,c). In another mode of subarachnoid growth comparable with the “cerebel-
lar arachnoid circumscribed sarcoma” [792], tumor cells are arranged as mosaics in
roundish areas devoid of reticulin but surrounded by rich reticulin strands to simulate
reactive follicles of lymph nodes (Fig.15.8). These go under the name of “pale areas” or
“pale islands” (Fig.15.9). Given the importance that the desmoplastic variety has in the
biology of the tumor, it is necessary to emphasize that a type of vascular desmoplasia
has been recognized [2353], when there is a particular richness in the stroma, even when
the meninges are not involved.

Cerebellar neuroblastoma, a variant characterized by lobules of cells immersed in a
thin Bodian-positive network and hence formed by neuritic prolongations, has been de-
scribed (Fig.15.10b) [2626, 2158, 3086]. The nuclei are vesicular and contain an evi-
dent nucleolus, a sign of neuronal differentiation (Fig.15.10a); sometimes even mature
neurons are present [1350, 2419], especially at the edges of the lobules. The distinction
between the so-called cerebellar neuroblastoma and the desmoplastic variant of medul-
loblastoma is not easy because there is not a clear cut separation between the areas de-
scribed above and “pale areas.”

15.2.3.2 Melanotic Medulloblastoma

Rarely, and only in children, a pigmented variety has been described [806, 2402, 2767,
191, 238, 665, 648], characterized by cells containing melanin pigment. In general, it is
thought that these tumors, usually with neuronal differentiation, derive from the neural
crest as the melanotic progonoma, but in contrast to this neoplasm they are malignant.

15.2.3.3 Medullomyoblastoma

Another variety, containing striated muscle tissue, is known as medullomyoblastoma.
Muscle fibers, sometimes abundant, are positive for desmin and myoglobin and under
polarized light show the characteristic striations (see Chap. 21). It is thought that the



248 15 Embryonal Tumors

Fig.15.6a—c. Medulloblastoma: a Homer—Wright rosettes, H&E, x400; b,c lymphocyte-like
nuclei, Carmalum, x1000 [2486]
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Fig.15.7a~c. Medulloblastoma: a hypertrophic stroma with proliferated vessel walls, H&E, x300:
b.c desmoplastic variant with abundant reticulin network, Gomori, x200 [2486]

rthabdomyoblastic component derives from the ectomesenchyme, i.e., from the neural
crest. The observation that rhabdomyoblastic differentiation occurs in transplants in
nude mice from a permanent cell line of a classic medulloblastoma would suggest a

neuroectodermal derivation [919], as has been observed in experimental cultures of gli-
omas [1615, 1272].
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Fig.15.8. Medulloblastoma, follicles in subarachnoidal growth, H&E, x200

Fig.15.9a,b. Medulloblastoma, pale islands a delimited by reticulin, Gomori, X300; b with Bodi-
an staining, X300
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Fig.15.10a,b. Medulloblastoma: a cells with short positive processes, in neuronal differentiation,
Bodian, x400; b general aspect of differentiated tumors, also called cerebellar neuroblastomas,
Bodian, x150

15.2.4 DNA Content and Pathology

On the basis of microfluorimetric and flow cytometry studies, medulloblastoma has
been found to be composed of diploid and, more rarely, of tetraploid cells [1201, 1606,
1938, 2856]. Desmoplastic tumors usually have a diploid DNA content. From chromo-
somal analyses, it has been found that diploid and, more rarely, almost tetraploid cell
lines prevail [1584, 212].

Cytogenetic data have been, up to now, limited to a few cases (see Chap. 4). The
most common change is the presence of isochromosome 17q [196 , 365]; other com-
mon changes involve chromosome 1, 6q, 11, 16q, 17p, or 22 [2891, 2254, 207]. Chro-
mosome 17p contains the gene for p53, which is another gene suggested to be a reces-
sive cancer gene [1833].

15.2.5 The Problem of Differentiation

This problem has been debated for half a century and regains strength with each new appli-
cation of techniques capable of unveiling the glial or neuronal nature of the cells. Basically, it has
to be established whether medulloblastoma is an undifferentiated tumor, i.e., formed by primitive,
undifferentiated, neuroepithelial cells, or if neuronal and/or glial differentiation takes place. Fifty
years of histology, electron microscopy, in vitro culture, histochemistry, and histoenzymology stu-
dies have demonstrated, on the one hand, the existence of neurons or neuroblasts and astrocytes
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and, on the other, that these were, respectively, included in the tumor proliferation, reactive to tu-
mor invasion, or the product of cell differentiation. The whole problem has been reviewed by us
up to 1975 [2486]. In the epoque of immunohistochemistry and molecular biology, the debate has
gone on with further data, obtained with sophisticated procedures. With immunohistochemical
methods, it is possible to demonstrate within the tumor GFAP-positive, and hence glial, cells [603,
619,712, 2903, 581, 2923, 1756, 2126, 926, 2509, 2526, 1116, 3411].

Depending on the evaluation expressed by various authors on the GFAP-positive cells as tu-
mor or reactive, the incidence of astrocytic differentiation in medulloblastoma has been found to
be minimal or absent [467, 2509, 2526], in 50% [2344] or in an even higher percentage of cases
[2126]. On the basis of shape, location, and distribution, criteria have been devised to identify
GFAP-positive cells as reactive astrocytes or as tumor cells, and hence the expression of glial dif-
ferentiation by the tumor [1756]. No clear-cut, absolute results have been achieved, the definition
of GFAP-positive cells as tumor (Fig.15.11b) or reactive (Fig.15.11a) remaining the result of in-
terpretation [530]. In more recent series, it seems that astrocytic differentiation does not occur in
more than 10% of cases [1523, 341].

The finding of GFAP-positive cells in the desmoplastic growth is in favor of glial differenti-
ation [1116]. However, opinions are divergent [467, 2526]. Of particular importance is the finding
of GFAP-positive astrocytes in the “pale islands” (Fig.15.12a) [1116, 1358], especially at the bor-
der of the reticulin rim, which should resolve the matter because the “pale islands” are only found
in the subarachnoid growth and also in the metastases [2402]. However, the doubt that these struc-
tures or at least part of them are related to inclusions of healthy cerebellar tissue has not been com-
pletely ruled out [2519]. The problem of glial differentiation in medulloblastoma has a theoretical
basis, because the external granular layer of the cerebellum does not seem to give rise to neurons
and glia, but only to neurons [531, 613], and there is no doubt that medulloblastomas arise from it
[1333, 2396]. However, other structures may give rise to medulloblastoma and are capable of dif-
ferentiating toward glia before neurons [1638], i.e., the internal granular layer in the roof of the
fourth ventricle, which forms the external granular layer, due to dorsal and lateral migration. Me-
dulloblastoma may, therefore, originate in different embryonal periods with different histological
features and at different ages of patients [2396]. Under this profile, cases of congenital medullo-
blastoma are very important (see above). In two recent cases, it has been possible by extrapolating
from the growth curves to date the beginning of the tumor to between the 15th and the 24th weeks
of i.u. life [1132], which is the period of the highest histogenetic activity of the cerebellum and in
which the cells of the external granular layer are not yet engaged in becoming neurons. The funda-
mental fact remains that up to now the best demonstration of glial differentiation of this tumor is
obtained in culture [1112]. An event that is difficult to ascertain must still be considered, i.e., that
glial progenitors are present in medulloblastoma, which still do not express GFAP. In cultures of
a medulloblastoma, it has been demonstrated that GFAP expression may be induced in GFAP neg-
ative cells by adding dibutyryl cyclic adenosine monophosphate (dBcAMP) [1766]. This demon-
stration is a good point in favor of the existence of glial differentiation in medulloblastoma but still
does not give sufficient guarantees as to the real existence of glial tumor cells not expressing
GFAP, but capable of doing so. Differentiation toward an oligodendroglia line has also been con-
sidered, given the presence of “honeycomb” cellular features (Fig.15.12b) as in oligodendroglio-
ma [2402]. These features may sometimes be found but could be the expression of degenerative
events. They have also been interpreted as foci of neuronal differentiation [341].

The demonstration of neuronal differentiation is better substantiated, if it can be excluded that
elements with neuronal characteristics are to be interpreted as normal, included elements, an event
which is not at all infrequent, given the mode of growth of medulloblastoma. Electron microscopy
data indicating neuronal differentiation are not any more reliable than those indicating glial differ-
entiation [369], even if in some cases electron microscopy has unequivocally demonstrated the
neuroblastic nature of the tumor, to the point that these cases were called “cerebellar neuroblasto-
mas” [729, 2626, 1136, 2158, 3086]. Recently, neurite-like processes containing longitudinally
oriented microtubules united by “adhesion plaques” have been observed. As in embryonal neurons,
they are rich in microtubules and poor in NF. This would explain the low reaction with the corre-
sponding antibodies. As differentiation proceeds, the NF increase, and the neurite-like processes
elongate, forming the “pale areas,” already described [1358]. From the immunohistochemical
point of view, mono- and polyclonal antibodies against NF have not always been used with con-
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Fig.15.11a,b. Medulloblastoma: a GFAP-positive cells of reactive nature, PAP-DAB, x400; b
GFAP-positive tumor cells, PAP-DAB, x400

cordant results [2344, 831, 2924, 341]. In general, the antibodies highlight mature neurons when
they are already visible by common histological methods, and therefore, one may be suspicious of
their being normal, included neurons. Depending on technical limitations, frequently only neuron-
al processes can be demonstrated. NSE has been demonstrated to be present sometimes, but it is
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Fig.15.12a,b. Medulloblastoma: a GFAP-positive cells in a pale island, PAP-DAB, x400; b oli-
godendroglial-like aspect, H&E, X300

not completely specific for neuronal neoplasias [1042, 2939]. The conclusion must be made very
cautiously; however, it is possible to highlight positive areas which correspond to areas with his-
tological signs of neuronal differentiation [926, 341]. The positivity for synaptophysin (Fig.15.13)
seems rather more reliable. It has been demonstrated in medulloblastoma [982, 2574], but more de-
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Fig.15.13. Medulloblastoma, synaptophysin positivity, PAP-DAB, %300 (Courtesy of Dr. F. Gi-
angaspero, University of Bologna)

tails are needed. Still more dependable seems to be the demonstration that the pale areas are the
site of positivity not only for NSE but also for tubulin [1358]. Recently, the presence of “synaptic
ribbon” type structures, which occur in photoreceptor cells and pineal neoplasms, has also been re-
ported [1112], in line with the immunohistochemical demonstration of photoreceptor molecules
[1485, 2181]. Some 35% of medulloblastomas contain the S retinal antigen (S.Ag), thus appearing
capable of a differentiation toward photoreceptors [2177].

Recently, reliable data on the immunohistochemical demonstration of differentiation antigen
toward neuronal, glial, or even neuroendocrine lines have become available [1914, 983, 1066]. In-
teresting studies were carried out on permanent cell lines, of which four are still continuing. Phen-
otypic analysis demonstrated that in two of the lines there is a glia-like phenotype [1832, 1273],
and in two it was neuron-like (831, 832, 1091]. In the latter, neurofilament subunits of high and
medium but not of low molecular weight are produced [2869, 832]. The possibility of rhabdomyo-
blastic differentiation has already been mentioned [919].

Medulloblastoma is therefore a truly heterogeneous tumor [913]. In every day experience, the
neuronal differentiation does not seem questionable, since cells with neuroblastic or neuronal fea-
tures are visible in many tumors with hematoxylin—eosin or Bodian staining, especially when in
greater number than normal for the cerebellum. Homer—Wright rosettes, which in reality are
pseudorosettes because they do not have a real central cavity, are usually accepted as a sign of neu-
ronal differentiation, because of the analogy with the structures in sympaticoblastomas. The prob-
lem of differentiation in medulloblastoma is, therefore, still under discussion, but the occurrence
of differentiation is today beyond doubt, especially that toward the neuronal line. It has been dem-
onstrated that there is a similarity between the cytogenetic stages of cells in neuronal differentia-
tion and medulloblastoma cells [2866]. Specific polypeptides such as microtubule associated pro-
tein (MAP) and NF subunits are similar. In a review of 330 cases, neuronal differentiation was im-
munohistochemically observed in 60% of cases compared with 13% of the glial one calculated by
GFAP-positive staining [1442].

As for the experimental induction of medulloblastoma, JC virus, a human DNA virus of the
genus Polyomavirus, has been shown to induce medulloblastoma in hamsters. The infected neona-
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tal cells in the external granular layer migrate towards the internal layer and carry the signal of JCV
large T mRNA. The origin of the tumor could thus be in the cells of the external granular layer
[1987].

15.2.6 Prognosis, Recurrence, Metastasis

Medulloblastoma grows by infiltration and frequently metastasizes in the nervous sys-
tem. Metastases normally occur via the CSF and are usually found in the arachnoid, in
the vertebral canal, between the spinal roots, in the cauda equina, and on the ependym-
al surface of the ventricles. Sometimes they may even occur against the flow of CSF.
For this reason, the cytological examination of the CSF has taken on a particular impor-
tance, especially in relationship to the prognostic evaluation and treatment. Medullo-
blastoma, together with glioblastoma, is also the neuroectodermal tumor which most
frequently metastasizes outside the CNS [371], probably because of the disruption of
the BBB [1936]. Preferred sites are bones (vertebrae, femur, pelvis), lymphnodes, liv-
er, and lungs [2392, 1448, 1839].The bony location is responsible for the possible pan-
cytopenia [2708]. The tumor may also infiltrate nearby structures by contiguity, with in-
tradural spread [1280].

The prognosis of medulloblastoma is poor, if not treated, as is that for local recur-
rence after surgical removal. More than 50 years ago, in the series of Cushing (1930)
[539], operative mortality was 32% with an average survival of 5.5 months. Today, 50%
of treated patients survive 5 years. Treatment consists in surgical removal, irradiation,
and chemotherapy, articulated in diverse protocols of multimodal therapy on the basis
of which maximum survival periods of notable duration are obtained [1482, 1578, 230,
738, 2790]. The radiotherapy scheme foresees a tumor dose and an adjunctive prophy-
lactic irradiation to the spinal cord and cerebrum. However, although this regimen may
result in a cure, given the clearly aggressive character of the therapy, deleterious effects
on intellectual and somatic development and on the endocrine and hematological func-
tions may appear [676, 1181, 938]. The problem of therapy of medulloblastoma is thus
more complex than that of malignant gliomas of adults.

The dissemination of the tumor via the CSF, even against the flow, has rendered
necessary irradiation not only of the tumor focus but also of the brain and spinal cord.
One must note, however, that while supratentorial irradiation is responsible for the en-
docrine and neuropsychological sequelae, the probability of supratentorial metastases is
only 8% [1578].

On the basis of Collins’ law [479], according to which the period of risk of recur-
rence is equal to the age at the moment of appearance of the tumor plus 9 months, sur-
vival beyond this period is equivalent to cure. Actually, for medulloblastoma there are
recurrences well beyond this period. A large number of studies have been dedicated to
the identification of prognostic factors, which are essentially age, sex, extent of surgi-
cal resection, extension of the neoplasia, histological features, and radio- and chemo-
therapy. First of all, it appears, not without contradictory data, that an age over 3-5 years
and the female sex lead to a better prognosis: 60% against 40% survival at 5 years [183,
2133] or a longer disease-free interval [378]. The extent of the surgical removal is an
important factor, because total removal seems to lead to longer survival [2256, 2133,
2852, 1256], but not everyone agrees on this point [378].
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The radiation dose to the posterior fossa is also the subject of controversy: while for
many authors a dose of 50-55 Gy leads to better survival [183, 1482, 2133, 1607], for
others there are no differences vs a dose of 40-50 Gy. Given the frequency with which
tumor spread occurs in the subarachnoid spaces, the entire craniospinal axis is usually
irradiated. The trend today is to lower the dose to the cerebrum in order to reduce the
negative sequelae already mentioned [1046].

The prognostic importance of the histological factors is extremely controversial. In-
dividual histological signs do not seem to be important, but some associations are, for
example, necroses and numerous mitoses [ 1482]. The favorable prognostic significance
of the desmoplastic variant as compared with the classic one, on which many agree, is
the object of discussion [1847, 416, 2133]. In striking contrast are the results of studies
on the prognostic influence of histological signs of differentiation. For some [2104] they
did not have any importance, while for others, 72% of patients with such signs were still
disease-free after 5 years [378]. In recent series, tumors with neuronal differentiation do
not appear associated with a better prognosis [1442], whereas tumors with GFAP-posi-
tive tumor cells seem to lead to a longer survival [959].

The efficacy of chemotherapy is still under discussion [2102, 2111]. In general, it
retards but does not prevent recurrence.

The best results are obtained in association with radiotherapy and in recurrences. In
association witht the postoperative radiotherapy, polychemotherapy (CCNU, vincris-
tine, procarbazine and prednisone) appeared to be efficacious in poor-risk patients
(small children, large tumors invading nearby structures, incomplete resection, presence
of metastases), even though systematic toxic effects are significant (34 ; 738 ; 2790). In
recurrences, various chemotherapeutic agents have been shown to be effective, both sin-
gly (high dose methotrexate, cyclophosphamide, cisplatin, carboplatin) [34 ,2102] and
in combination. Among the latter are §-drugs-in-1-day [2167], CCNU, vincristine and
cisplatin [1604]. Studies are in progress concerning the possibility of reducing the radi-
ation dose to the neuraxis and delaying radiotherapy in small children by preirradiation
chemotherapy [1505 , 2102].

15.3 Neuroblastoma

Neuroblastoma is a rare, primitive, hemispheric tumor which arises in children under 5
years of age; 26% of sufferers are children under 2 years old [166]. Up to 1976, 12 defi-
nitive cases had been reported [1191]. Subsequently, single cases have periodicaily
been described, and now their number is over 80 [872].

15.3.1 Macroscopic Appearance
The tumor is rather large, well-circumscribed, hard, grayish-white, often cystic, and

sometimes necrotic or hemorrhagic. It is located (in decreasing order of frequency), in
the frontal, parietal-temporal, and occipital areas [1191].
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15.3.2 Microscopic Appearance

The tumor is formed by densely packed cells with a hyperchromatic nucleus and numer-
ous mitoses, so that it resembles medulloblastoma (Fig.15.14a). Three varieties have
been distinguished [1191]. In the classical one, the stroma is scarce and limited to blood
vessels. The tumor may have a clear-cut limit toward normal nervous tissue or infiltrate
diffusely. Homer—Wright rosettes are present, as are sometimes mature ganglion cells
(Figs.15.14b, 15.15) (ganglioneuroblastoma). In the transitional variety, the amount of
connective tissue is greater, and this is responsible for a lobulated appearance, while
Homer-Wright rosettes and mature neurons are less frequent. In the desmoplastic vari-
ant there is a compact network of connective tissue with marked lobulation, while Ho-
mer—Wright rosettes and mature neural forms are even less frequent. Numerous reac-
tive astrocytes are present around the tumor. The abundant stroma (Fig.15.16) derives
both from the meninges and blood vessels; calcifications are frequent.

The histological identification of this oncotype is not easy, unless it is possible to
demonstrate ganglion and neuroblastic cells and Homer—Wright rosettes, which may be
absent or present in variable numbers. If these signs are lacking, the differential diagno-
sis, especially vs. ependymoma, may be very difficult. In some cases, a palisade ar-
rangement similar to that of polar spongioblastoma has been described [1191, 158,
1566, 2070].

Under the electron microscope, the presence of NF, microtubules, dense core vesi-
cles, synaptic vesicles, junctions, etc. is diagnostic [99, 2309, 962, 2158, 2070]. It is
possible that some of the neuroblastomas, at least those in which neuronal differentia-
tion and the presence of mature synapses extend through most of the neoplasia, could
be better labelled as central neurocytoma.

Immunohistochemistry is not of great help, unless an evident neuronal differentia-
tion is present. Positivity for 68-kDa NF has been reported [2344, 1400]. An increased
amount of urinary and CSF catecholamines has also been noted [99], but the finding has
not been confirmed [166]. Cases with differentiation also toward glia have been de-
scribed [2161, 99, 2431, 564, 2344, 2859], which may support the hypothesis of an or-
igin from a multipotential cell also capable of differentiating toward glia.

15.3.3 Prognosis

The tumor often spreads via the CSF. Rare cases with extracranial metastasis have also
been seen. The prognosis of these tumors is not easy to assess both because they are rare
and because of the diverse treatment modalities applied. Prognosis is usually not good,
but survival data are distributed over a wide range of periods, i.e., 3 years in 60% of
cases and 5 years in 30% [166]. There does not seem to be a relationship between the
histological variety and survival [166], even if the cystic forms appear to have a better
prognosis [170]. Every so often, cases with a particularly long survival are reported
[2859]. Local recurrence, arising in 40% of cases [170, 2420], and metastases along the
CSF pathways are the causes of death. The influence of radio- and chemotherapy seems
doubtful.
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Fig.15.14a,b. Neuroblastoma: a densely packed cells with hyperchromatic nucleus, H&E, x200;
b Homer-Wright rosettes and a group of differentiated neurons, H&E, x400
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Fig.15.15. Ganglioneuroblastoma: a neuroblasts and differentiated neurons, H&E, x300; b diffe-
rentiated neurons, Bodian, X300
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Fig.15.16. Neuroblastoma, hypertrophied stroma, Gomori, x200

15.4 Polar Spongioblastoma

The term “polar spongioblastoma” has been used in the literature to indicate two types
of brain tumors. One is the spongioblastoma group of Ziilch (1956) [3134], which cor-
responds to pilocytic astrocytoma [2420], and the other is the so-called primitive polar
spongioblastoma described by Russell and Cairns (1947) [2414] and by Russell (1955)
[2413] as a malignant brain tumor arising in the neighbourhood of the ventricular sys-
temn mainly in childhood and adolescence. A few examples have been reported from dif-
ferent locations: the cerebellum [1910 , 2729], mesencephalon [2414], fourth ventricle
[2414], diencephalon [584], frontal lobe [1288], temporal lobe [2415] and spinal cord
[2665, 2548] (Fig.15.17).

Histologically, the tumor is composed of poorly differentiated cells with nuclei ar-
ranged in a parallel fashion forming typical palisades (Fig.15.18). Cellular layers and
groups are separated by a vascular-connective stroma. The cells have a polar shape and
delicate fibrils. The authors who originally described the tumor thought that the cells
were undifferentiated, but capable of differentiating toward glia or oligodendroglia. The
cells are GFAP-negative.

The controversy about this tumor revolves about whether it is a real entity or sim-
ply a particular form of glioma. In the cases so far published, besides the spongioblas-
tic aspect there was also an astrocytomatous aspect [576, 2548, 2729] or an oligoden-
drogliomatous one [2388]. Those who believe the tumor is an entity consider the latter
aspects as differentiations of an immature tumor. The nonbelievers think that, on the
contrary, the spongioblastic aspect is an epiphenomenon.
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Fig.15.17. Tumor in the temporal region, diagnosed as polar spongioblastoma

Fig.15.18. Polar spongioblastoma, typical palisades, H&E, x200
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In some neuroepithelial tumors, such as cerebellar astrocytomas, (Fig.15.19a),
ependymomas (Fig.15.19b), oligodendroglioma (Fig.15.20), and even medulloblasto-
mas, areas with palisadings or rthythms of nuclei can be found. Palisadings have also
been described in neuroblastomas [1566 , 158], but there they are separated by reticulin
bundles [1191]. In the personal series (2525B), two cases with a typical spongioblastic
aspect were found. Both tumors were located deep in the temporal lobe, of a 12-year-
old child and a 51-year-old woman. Delicate fibrils were evidenced by PTAH; GFAP
was negative and vimentin was positive, which might have some relevance to the im-
maturity of the tumor. Calcifications were present as well as mitoses and circumscribed
necroses. The tumor behaved malignantly and both patients died 3 years later. In one
case, the tumor showed (under the electron microscope) characteristics of a neuroblas-
toma with microtubules and dense core vesicles (Figs.15.21, 15.22); in the other, after
serial sections a typical ependymomatous aspect was found in a circumscribed area of
the tumor. A case with clear-cut neuroblastic characteristics was reported recently
[1288], and neuroendocrine aspects have been observed in another instance [584].

Palisadings are not uncommon in neuroepithelial tumors, where they represent the
secondary architecture. In a few instances, the polar spongioblastic aspects may repre-
sent the primary architecture and characterize the extension of the tumor. This happens
mostly with neuroblastomas and ependymomas to which the so-called polar spongio-
blastoma belong.

15.5 Appendix: Tumors of the Retina

Embryologically speaking, the retina originates from an extension of the primary cere-
bral vesicle. From the complicated anatomy of the invaginated optic cup, two important
features must be stressed which have a prominent relationship with tumors arising from
this structure. First of all, there are the pigmented elements of neuroepithelial origin, in-
terposed between the layer of cones and rods and that of the choroid; other pigmented
elements, of mesenchymal origin, are those of the choroid layer. The rod and cone lay-
er corresponds to the ventricular ependyma. It may react to pathological processes,
forming rosettes. Beside neurons, which are the photoreceptor cells, the retina contains
glia cells which are represented by Miiller’s cells and by stellate astrocytes.

15.5.1 Retinoblastoma

Retinoblastoma originates from immature retinal cells and is the most frequent malig-
nant ocular tumor in childhood. The average age of the patients at clinical diagnosis is
18 months [2384]. Very important to note is that the tumor is heritable in 40% of cases.
It is heritable in all cases where it is bilateral and in 10%—15% of unilateral cases. Con-
versely, all nonheritable cases are unilateral.

Molecular genetic studies have demonstrated that the tumor results from two muta-
tional events (see Chap. 2). In the heritable form, the first mutation on the RB gene is
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Fig.15.19. a Stepladder rhythms in pilocytic astrocytoma, H&E, x300. b Stepladder rhythms in
ependymoma, H&E, x300
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Fig.15.20. Cell rhythms in oligodendroglioma, H&E, x300

Fig.15.21. Polar spongioblastoma, interdigitating cell processes and microtubules, x40,000
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Fig.15.22. Polar spongioblastoma, dense core vesicles, x40,000

transmitted by the germinal cells, while the other occurs in the somatic cells; in the non-
heritable form, both mutations occur in the somatic cells, the first before birth and the
second after birth [1782].

Secondary malignancies may develop in the heritable group of patients, represented
mostly by osteogenic sarcoma, in 15%—-20% of patients after a mean interval of 11 years
[6]. A debate arose about the possibility that such malignancies could be due to the ra-
diation therapy.

Another association of bilateral retinoblastoma is that with pinealoblastoma, the so
called trilateral retinoblastoma.

Macroscopically, the tumor appears at an early stage as a white nodule in the pos-
terior part of the retina. It grows by detaching the retina or forming masses in the vitre-
ous chamber. Finally, the globe enlarges, and the tumor may extend through the sclera.

Microscopically, the tumor reveals a high cell density. The cells are round or oval
with scanty cytoplasm and large nuclei. Many mitoses are present. In most cases, ro-
settes are found (Fig.15.23): Cells, often in mitosis, are arranged about a lumen to which
stretch the cytoplasms covered by a membrane stained with PTAH. Fleurettes may de-
velop [2872] as a sign of photosensory differentiation, formed by long processes tra-
versing a membrane side by side. Occasionally, Homer—Wright rosettes can be found.

A matter of lasting debate is the occurrence in the tumor of a glia differentiation.
Some interpret the GFAP-positive glia cells occurring in the tumor as reactive gliosis
[2183], whereas others believe that they are an expression of a glial differentiation
[2827]. The real occurrence of such differentiation still remains controversial [2420].
Electron microscopy demonstrated photoreceptor differentiation, fleurettes, cilia with a
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Fig.5.23a,b. Retinoblastoma, typical rosettes, H&E, x200; x400

9+0 pattern, synaptic ribbons, and dense core vesicles but was unable to settle the con-
troversy about glia differentiation [23].

The same interpretation given to the GFAP-positivity, i.e., as due to reactive glia
cells, could be applied to the positive staining for S-100 protein observed by some
[1436] and anti-Leu 7 [2183]. The positive staining for NSE, found by many, must be
considered with reservation because of the poor specificity of this marker. Flexner’s ro-
settes were positive for 68- and 210-kDa subunits of NF [2457]. Also positive is the
staining for S-antigen in rosettes, fleurettes, and isolated cells [653, 2183], as well as for
rhodopsin [654].

Retinoblastoma cells have been grown in culture, and some established cell lines
are available. Data on the cell kinetics show high values for the LI

Retinoblastoma is a malignant tumor, but in most cases the treatment is highly ef-
fective: The cure rate is almost 90% [23]. Distant metastases are rather rare. Also rare,
but possible, is its spontaneous regression.



16 Glomus Tumors, Paraganglioma

Paraganglia have been divided [2991] into sympathogenic chromaffin and parasympa-
thogenic nonchromaffin. The former derive from the adrenal medulla, the so-called free
paraganglia, and some intraneural or intraganglionic chromaffin cells, from which chro-
maffin paragangliomas such as pheochromocytoma arise. The latter are represented by
collections of epithelioid cells situated on the blood vessel wall in relation to the vagus
and glossopharyngeal nerves. They go under the name of carotid, jugular, tympanic, va-
gal, aortic, and supracardiac paraganglia. Related tumors are glomus tumors or non-
chromaffin paragangliomas or ‘“chemodectomas” [1969]. An objection to the last no-
menclature is that there has been no definitive demonstration of chemoreceptor function
in these tumors [939]; thus the term paraganglioma which may be specified as function-
ing or nonfunctioning, is preferable.

It is possible to demonstrate biogenic amines using formaldehyde-induced fluores-
cence in all the paraganglia.

16.1 Site, Age

They are rare tumors. Some have been described as located in the head and neck [2558,
475, 1100} with 160 cases having been reported up to 1957 [1451], whereas spinal tu-
mors are very rare, only 11 cases having been described up to 1984 [1890, 1617, 1185,
2896, 2419, 1553, 228, 1677, 2542, 2818, 1243].

Another seven cases have been successively presented [245], of which three were
epidural and four intradural. Only five tumors have been described in the cauda equina,
and some in the orbit [2031, 2927, 2153]. In general, the sites along the cerebrospinal
axis at which the tumors have been reported include the pineal gland, the pituitary
gland, and the cauda equina. They often appear at multiple sites, and sometimes in other
members of the family. The age of predilection of these tumors varies between the
fourth and the sixth decades of life. Females are more often affected.

16.2 Microscopic Appearance

Histologically, they are characterized by tufts of roundish or elongated cells with abun-
dant eosinophilic cytoplasm, immersed in a connective stroma rich in blood vessels
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Fig.16.1. Paraganglioma, lobules and cords of roundish cells delimited by a connective stroma,
H&E, x300

(Fig.16.1). Three types have been described [1591]: a typical one with an “organoid” ar-
rangement in which the cells are enclosed between vascular and sinusoidal channels
[939]; an adenomatous type with features closer to epithelium; and the angiomatous
type with particular prominence given to the vascular network. On this histological ap-
pearance there is agreement among various authors [1451, 2841, 2206]. The main cells
of a juxtacarotid chemodectoma cultured in vitro are bipolar, one of the poles being nu-
clear and the other cytoplasmatic, as in histological preparations [S00]. The cells may
give off a process which grows in a way similar to an axon; they do not actively mi-
grate, but the body shows pulsatile contractions. Cells with cytoplasmic argyrophilic
granules situated at the periphery of the lobules have been observed in many tumors. In
culture, however, these cells are not easily recognized. Bundles of nerve fibres related
to the blood vessels are present in these tumors, but they are not observed in culture.

The argyrophilic cells of the tumor are thought to be similar to those of the gastro-
intestinal tract and may secrete serotonin. This would agree with the fact that the histo-
logical structure of the organ is that of a highly specialized neuronal photoreceptor. Un-
der the electron microscope, dense core vesicles and secretory granules are recognizable
[1243].

Rare cases containing melanin have been described, two in the uterus [2815] and
one in the orbit [2153]. Positive staining for GFAP and S-100 protein in sustentacular
cells was found in many cases of 65 adrenal and extra-adrenal paragangliomas and was
correlated with a good prognosis [7A].
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16.3 Prognosis

Paragangliomas grow slowly but may invade the surrounding structures, especially the
blood vessels. They may also show extracranial extension [2631] or compress the brain
stem and cerebellum. Rarely, extracranial metastases are observed [3058, 1586, 2367].

The elective treatment is surgery, even though a complete resection is rarely possi-
ble because of the invasiveness and location of the tumor. The tumor often recurs
[2286]. Radiotherapy as primary or p6stsurgical treatment leads to contrasting results
[81,2644, 1415, 1878]; it does not “sterilize” the tumor [2701]. In cauda equina tumors,
the prognosis is good in the case of total removal, unless lymph node involvement and
distant metastases appear [2300].
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17.1 Neurinoma (Schwannoma)

This tumor has been given various names, due to the various cells of origin proposed.
Some authors have postulated a fibroblastic origin for the tumor cells, while others have
proposed an origin from Schwann cells. The term “fibroblastoma perineurale” was coi-
ned by the former authors to indicate an origin from the fibroblasts of the perineurium
[1745, 2169], although later on the derivation was thought to be from the endoneurium
[2813]. The term “neurinoma” or “neurofibroma” was used by other authors [1190] to
underline its neuroectodermal nature. The term “neurilemmoma’ has been used to em-
phasize its origin from Schwann cells [2746]. Today, there are no doubts as to the ori-
gin of these tumors, and the most frequent label is neurinoma in Europe [3134] and
schwannoma in the USA [2420].

It should be noted that the two theories on the origin of the tumor are not mutually
exclusive: From the basic concept of “mesectoderm” it is possible that the primitive
neural crest gives rise to both Schwann cells and mesenchymal perineural cells [1026],
and observations on the mesenchymal origin of Schwann cells have been made [757].

The problem of the relationship between neurinomas and neurofibromas, especial-
ly when multiple as in von Recklinghausen’s disease, is somewhat complex. For the lat-
ter tumors, investigators have been divided between a mesodermal (fibroblasts originat-
ing from neural connective tissues) and an ectodermal (origin of the tumors from
Schwann cells) interpretation. Today the last one is generally accepted.

17.1.1 Frequency, Age, Sex

Neurinomas represent around 6.8% of all brain tumors, but at the spinal site they are
more frequent than meningiomas, representing 25% of all tumors [3138]. Neurinomas
of the peripheral nerves are very rare.

They more commonly occur in the fourth and fifth decades, and the average age is
slightly lower for spinal tumors. Neurinomas are truly rare in childhood.

There is a greater incidence in women.

17.1.2 Site

The most frequent site of origin is the cerebello-pontine angle, followed by the spinal
cord. In the former, the tumor arises from the eight nerve, more precisely from the ves-
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Fig.17.1. Neurinoma, tumor bed in the cerebello-pontine angle

tibular component, close to or in the ganglion of Scarpa. It then involves the acoustic
component, the facial nerve in the internal acoustic meatus [1107, 1108, 1058], and
spreads into the cerebello-pontine angle (Fig.17.1). The tumor may burrow into the me-
dulla, pons, or cerebellum (Fig.17.2). It may extend inferiorly to the foramen magnum,
and superiorly through the tentorium. It usually engulfs the fifth and sixth cranial ner-
ves. The tumor is usually unilateral but can occasionally be bilateral, normally in the
context of neurofibromatosis.

More rarely, neurinomas may arise from other cranial nerves. The most common
site is the trigeminal or the Gasserian ganglion, but most of these tumors occur in cases
of neurofibromatosis. Isolated neurinomas of the fifth nerve have been reported by var-
ious authors, and 61 cases, personal and from the literature, were reviewed in 1960
[2527]. Further cases have been described since [259]. Those arising from the ganglion,
the majority, are usually kept separate from those of the roots.

Neurinomas of the seventh nerve are next in order of frequency. They may arise
from the intracranial portion of the nerve [858, 165, 1595], but more often they devel-
op from the intratemporal part, and even extratemporally and extracranially. Forty cases
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Fig.17.2. Neurinoma, tumor burrows in the pons and cerebellum

had been published before 1959 [1452]. A case in the labyrinth has been reported
[1649].

Neurinomas of the twelfth nerve are even rarer [3046, 1927, 139], amounting to no
more than 34 cases up to the end of 1989 [2062]. Neurinomas of the ninth, tenth and ele-
venth cranial nerves are very rare [1045], and up to the end of 1989, 100 cases had been
reported, 23 of which were on the ninth nerve [2770]. Theoretically, the tumor may arise
at any intracranial site, for example, cases of the fourth cranial nerve have been reported
[242, 1148]. They may very rarely be found at sites distant from the cranial nerves, in
the sella [949, 3045], in the frontal region, extracerebrally [2919, 1823A], or within the
neural parenchyma [312, 2721, 528, 2420], as part of von Recklinghausen’s disease.
They may arise either from small nerves in the meninges or from ectopic Schwann cells.

The spinal tumors mostly arise from the sensory roots and are often situated dorsal-
ly or dorsolaterally to the cord. Sometimes, it is difficult to ascertain from which root
they arise. There is no particular predilection for a given spinal level. The thoracic or
lumbar roots are probably the ones most affected. The position of the tumor in relation
to the dura assumes a particular importance in the spinal canal. The majority of neuri-
nomas are intradural, but some are extradural or are both intra- and extradural. The lat-
ter are named “dumbbell” tumors because, after arising intradurally or at the transition
between the intradural root and the extradural nerve, they cross the intervertebral fora-
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Fig.17.3. Neurinoma, tumor is lobulated and cystic

men and assume their particular shape. In a series of 163 cases [2277], 67% were intra-
dural, 16.5% extradural and 16.5% both intra- and extradural. In another series of 266
cases [1404], 176 (66%) were intradural, 45 (17%) were extradural and 45 (17%)
“dumbbell” tumors. Conversely, 48% of spinal “dumbbell” tumors (34/73) turned out
to be neurinomas [2858]. The most frequent site of these tumors is cervical, followed
by thoracic.

There are also very rare reports of intramedullary neurinomas [2170, 2277, 3070,
2323, 2267, 2576, 1018, 2131, 2892, 2368, 1118]. The hypothesis is that they originate
from small nerve bundles penetrating the cord in association with a perforating blood
vessel [2323]. Neurinomatous proliferations have been found in different diseases of the
spinal cord, both degenerative and traumatic, even associated with reactive gliosis. It
has been hypothesized that, even though these proliferations have neoplastic features,
they may represent a reactive process [2208, 2388, 119, 2350] which can be found even
in the normal spinal cord [2085, 2459]. For schwannosis in von Recklinghausen’s dis-
ease, see Chap. 21. Neurinomas may affect the peripheral nerves at various locations.

17.1.3 Macroscopic Appearance

Neurinomas are usually solid, circumscribed, and encapsulated tumors, hard and elas-
tic in consistency. Sometimes they are polylobulated, and the lobules may be cystic
(Fig.17.3). Consistency is reduced in tumors with marked regressive phenomena. On
the cut surface they may be grayish-pink or whitish-yellow and translucent, or reddish,
depending on the presence of various regressive phenomena, for example, hemorrhage.
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17.1.4 Microscopic Appearance

Histologically, two main forms are distinguishable, A and B according to Antoni [64]
or Ist and 2nd according to Henschen [1107] and Jumentié [1329].

The A type is compact and fibrillary and is formed by elongated cells not easily dis-
tinguishable from each other. They are arranged in bundles with various orientations
and in whorls (Fig.17.4a). The nuclei are elongated and cigar-shaped and tend to align
themselves at the same level in the bundles, forming “palisades” (Fig.17.5). In trans-
verse section, they appear roundish. Sometimes nuclei are large and abnormal with in-
clusions, but this is not necessarily indicative of malignancy (Fig.17.5b). Fine argento-
philic fibers are arranged along the major axis of the cells (Fig.17.4b), corresponding to
basal membranes, and reticulin and collagen fibers radiate from the blood vessels or
from the capsule.

The vascularity is variable, and the vessels are often cavernous and lined only by
endothelium (Fig.17.6a) or with thickened and hyalinized walls (Fig.17.6b). Large la-
cunae without even an endothelial lining are sometimes found. Exceptional cases have
been described with intratumoral or subarachnoid hemotrrhage, related to the abundant
vascularity and to the weakness of the vessel walls [1594]. This appearance could be a
feature of larger tumors [1357].

In type B, the tissue is loose, vacuolated, and often cystic. The cells acquire an as-
trocyte-like appearance (Fig.17.7a). Often fatty degeneration is found (Fig.17.7b),
which gives the cells a honeycomb appearance. Frequently, accumulations of intra- and
extracellular pigment occur (Fig.17.8). This can be due to hemosiderin or may be com-
posed of lipopigments of ceroid type which could be produced by the Schwann cells
themselves, recalling the capacity of these cells to produce myelin [1962]. The lipid
constituents of neurinomas (phosphatides, cerebrosides, cholesterol, and cholesterol es-
ters) are identical to those of the myelin sheath [1096, 1963]. The “fatty degeneration,”
therefore, might not be a true degeneration but the result of a thesaurismotic activity
[466]. The pattern of associated esterase enzymatic activities is similar to that of the
white matter oligodendrocytes [1918, 2497]. Ganglion cells from the ganglion of Scar-
pa are not uncommonly found within the tumor.

Under the electron microscope, the variations in shape of the different cell types ap-
pear as a modulation of the same cell type [2996, 406, 510]. The constant features in-
clude the presence of a basement membrane surrounding the tumor cells and the inter-
digitation of cytoplasmic processes, with 200-A gaps (Fig.17.9). The fine argentophilic
fibrils, much discussed during light microscopy study, correspond to the basement
membrane seen with electron microscopy. The supporters of the neuroectodermal ori-
gin of the neoplasm emphasize that the presence of the basement membranes is a direct
demonstration of the Schwann cell nature of the tumor cells. According to others [2960,
510], the perineural fibroblasts also have a basement membrane. However, the absence
of a basement membrane could not exclude the derivation of the tumor from Schwann
cells, because the primitive and immature lemmoblasts do not possess one.

The origin of the collagen in the tumor has been a matter of debate. According to
some, it is the product of fibroblasts, but according to others its manufacture by
Schwann cells cannot be excluded. Long-spaced collagen fibrils with 120-150 nm
banding periodicity (“Luse bodies”) [1716] are found in direct contact with the base-
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Fig.17.4a,b. Neurinoma: a cells are arranged in bundles, H&E, x200; b densely packed reticulin
fibers, Gomori, X200
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Fig.17.5a,b. Neurinoma: a typical palisades of nuclei, H&E, x400; b polymorphic nuclei, H&E,
x400
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Fig.17.6a,b. Neurinoma: a vessels of cavernous type, H&E, x200; b hyaline degeneration of ves-
sels, H&E, X200
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Fig.17.7a,b. Neurinoma: a B area with typical loose aspect, H&E, x250; b fatty degeneration,
H&E, x200
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Fig.17.8. Accumulations of pigment, H&E, x400

Fig.17.9. Neurinoma, interdigitating processes of tumor cells surrounded by basement membrane,
x18,000 [2486]
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ment membranes [510]. Direct evidence of collagen production by Schwann cells is
lacking, but it is thought that there is a process of organization of the collagen in which
the GAGs of the basement membrane may play an important role [1912].
Immunohistochemically, two main antigens are in evidence, S-100 protein [3011]
and Leu-7 (HNK-1) [2178], even though they cannot be considered as specific. Con-
versely, GFAP may be positive, both in the majority of neurinomas and in many neuro-
fibromas [1865, 981, 2715, 1747]. This finding is, however, controversial: In some ex-
periments in which a monoclonal antibody was employed, no staining was observed
[2868]. It is possible that in the heterogenous group of GFAP polypeptides, those posi-
tive in Schwann cells are not identical to those positive in astrocytes [1312]. The lami-
nin of the basement membrane is easily demonstrable immunohistochemically [1837].

17.1.5 In Vitro Culture

The cells growing in culture are identical to those found in Antoni A and B aréas [1977, 1976,
1713]. The former are elongated and bipolar and arranged in a tandem fashion, while the latter have
an ameboid appearance, with processes arranged in a characteristic way. According to some inves-
tigators [1409, 1713], they may transform into “Gitterzellen,” demonstrating the capacity to phago-
cytose and to turn back into Schwann cells; however, this transformation has not been confirmed
by others [512]. The origin of macrophages from Schwann cells has subsequently been observed
[731]. The existence of a developed lysosomal apparatus in macrophages can be demonstrated by
adding a fluorescent cationic dye to the medium. This may also be noted, to a lesser extent, also in
elongated type A Schwann cells [801].

Neurinomas have also been maintained in organotypic culture, in which the production of an
abundant basement membrane in the extracellular spaces and long spacing collagen [483] have been
observed, as already reported [512].

17.1.6 Prognosis, Malignancy

Not infrequently, large, haphazardly distributed or clustered cells with large and hyper-
chromatic nuclei are found. Their significance is uncertain, but they are not related to
malignancy.

Neurinomas in general do not become malignant and do not metastasize. A malig-
nant variety has been described in peripheral nerves, mostly in von Recklinghausen’s
disease, and exceptionally in the cranial nerves, mostly in tumors arising from the Gas-
serian ganglion or from branches of the fifth nerve. With malignancy the cell density in-
creases, and mitotic figures appear (Fig.17.10) while the organization into fiber bundles
positive for reticulin staining is maintained (Fig.17.11). The tumor, which is encapsu-
lated at first, acquires an infiltrative growth pattern and recurs after removal. Subse-
quently, necroses, pleomorphism, and epithelioid features appear. The tumor becomes
anaplastic, and the origin from Schwann cells may only be recognized by NSE detec-
tion [1810] or at the electron microscopic level by demonstrating basement membranes
[1119]. Bony, adipose, cartilaginous, and muscle metaplasia may appear, and a rhabdo-
myoblastic component may be of importance [558, 670, 1479]. The final picture is what
was called “neurogenic sarcoma” or “neurofibrosarcoma” in the earlier literature. Neu-
rinomas usually have a good prognosis, and satisfactory results are essentially related to
total surgical removal. The operative mortality is low and is usually due to pontine in-
farction.
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Fig.17.10. Malignant neurinoma, mitotic figures, higher power magnification of Fig.17.11a, H&E,
x400

17.2 Neurofibroma

This is a rare lesion in the spinal canal where, even if solitary, it may. be indicative of
von Recklinghausen’s disease. It is more frequently found on the peripheral nerves.

The cutaneous neurofibroma arises from small nerves in the dermis and presents as
a small pedunculated mass, well delimited from the epidermis. Histologically, it is for-
med by elongated, twisted, and eel-shaped cells, admixed with a varying number of col-
lagen fibers. The collagen matrix imparts a fibroblastic appearance. Under the electron
microscope Schwann cells are recognized because of their basement membrane [1582].
This tumor is usually part of von Recklinghausen’s disease.

17.2.1 Plexiform Neurofibroma

Intraneural neurofibroma, also called “plexiform,” arises from large nerves anywhere
but particularly in the cervical, brachial, and lumbosacral plexuses. Macroscopically, it
presents as a variably enlarged stretch of nerve or as a moniliform swelling along the
nerve. It has a hard, elastic consistency and appears whitish and transiucent upon cut-
ting. Microscopically, proliferating Schwann cells are thin and elongated and are dis-
persed in a GAG and collagen matrix, traversed by axons. These are usually clustered
centrally. Peculiar structures, reminiscent of Meissner’s corpuscles, may be found.
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Fig.17.11a,b. Malignant neurinoma: a bundles of elongated cells with many mitoses, H&E, x200;
b preservation of reticulin fibers, Gomori, X200

Under the electron microscope, Schwann cells predominate, and long-spacing col-
lagen is found in the interstitial spaces [2960, 2212, 3006], while fibroblasts seem to
play a secondary role. However, recently, the importance of the perineurial cells has
been emphasized [726], and intermediate characteristics between the two cellular types
have been found [1143], favoring the unitary hypothesis of Schwann cells and perineu-
rial cells [483]. Melanotic neurofibromas have been described.
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Fig.17.12. Neurofibroma, elongated, twisted, and eel-shaped cells, H&E, x400

17.2.2 Malignant Variant

Malignant variants can be primary or arise from transformation in a plexiform neurofi-
broma. The most common sites are the neck, the extremities and the retroperitoneum.
In general, they are part of von Recklinghausen’s disease, but there are reports of such
tumors in the absence of neurofibromatosis. The tumor has no capsule and shows an in-
filtrative growth. Histologically, it is formed of elongated and closely packed cells, with
mitotic figures. Multinucleated cells may appear. The pleomorphism may reach ex-
treme degrees, to the point of “neurogenic “ sarcoma and “neurofibrosarcoma.” An ep-
ithelioid or whorled appearance may be present. Recently, reports of postirradiation
neurofibrosarcomas have appeared [669].
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18.1 Meningiomas

18.1.1 General Considerations and Nomenclature

The first accounts of meningeal tumors were those of Louis [1695] and Cruveilhier
[528], while the first distinction of “psammomas” from fibromas and dural sarcomas
was made by Virchow [2943]. However, it was with Bailey [107] and Cushing [538,
541] that the nosography of meningiomas was outlined, as for many other tumors of the
CNS. It is evident that both the terminology and the various classifications proposed re-
flected all the uncertainties regarding the tissue of origin of meningiomas [2469]. For
many years, for example, the opinion that these tumors originated from endothelial
“dural” cells prevailed, so that they were called “dural endotheliomas.” Cleland [457]
commented on their possible origin from arachnoid cells which had remained included
in the dura, an idea which was reaffirmed and sustained by Schmidt [2538] and by Cush-
ing and Weed [545]. Though the origin of endotheliomatous meningioma from arach-
noid residues in the zones of development of pacchionian granulations is today gener-
ally accepted, uncertainties still exist for the fibroblastic type [3068]. Many have at-
tempted to clarify the last point. Mallory [1745] and Penfield [2171], on the basis of
Ribbert’s concept [2310], tried to demonstrate that the fibroblast is the typical cell com-
posing a meningioma. They proposed the term “fibroblastoma.” On the other hand,
other authors [2058, 2381, 2379], and in general the French school, sustained the neuro-
ectodermal origin of the leptomeninges and of the neoplastic derivatives. Faced with
these contrasting opinions, grounded mainly on embryogenetic criteria, classifications
based on morphological and biological criteria became increasingly important.

The use of embryogenetic criteria appeared, however, to be very complicated [941].
The possible origin of the tumors from embryonal remains, which were responsible for
their growth, became the basis for interpreting the presence of various cellular forms
within the confines of the ontogenetic differentiation, such as fibroblasts, angioblasts,
osteoblasts, etc. It was somewhat more difficult to ascertain whether all the structural
elements of the tumor, such as the blood vessels and fibers, derived from the mening-
othelial cells of the arachnoid. However, in the light of phylogenetic and ontogenetic
considerations, it seemed reasonable to concede that one or more components of the
various layers of the meninges (and therefore of the diverse structures of meningeal tu-
mors) could originate from embryonal residues and then differentiate. The frequent
presence of remnants of poorly differentiated meningeal tissue in some cerebral malfor-
mations supported this interpretation.
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The term meningioma was coined by Cushing [538] who adopted it to avoid futile
discussions on histogenesis. According to the concept of Cushing and Eisenhardt [544],
in meningiomas there is a basic cell which could appear sometimes in a pure form and
sometimes in a variously modified form thereby justifying the variants.

Because of uncertainties regarding the classification and nomenclature (fibroblas-
toma or endothelioma), which reflected the histological composition of the meninges,
i.e., meningothelial cells and fibroblasts, the introduction of the term meningioma was
expedient to end the debate. Moreover, it corresponded to the anatomical situation.

The dura mater is formed by connective tissue with parallel and interwoven fibers, fibroblasts,

and large cells within the interstices. The arachnoid is formed by fibrils interwoven with fibro-
blasts, lymphocytes, and histiocytes. It has an external thin layer containing epithelial-like cells
with a covering function called meningothelial cells. Under the electron microscope, the mening-
othelial cells show an extreme interdigitation of the cell membranes [1383] which cannot be rec-
ognized by light microscopy and the cell membranes appear so fuzzy as to give rise to the syncy-
tial appearance. Meningothelial cells are not only in direct contact with the inner dural layer for-
med by the so-called cells of the dural border without any real interposed space, but the two layers
even merge, also forming serrate junctions with desmosomes [2462]. A thin basal lamina then sep-
arates the external arachnoid layer from the inner one [1389]. It has to be taken into account that
in culture, meningothelial cells form whorls {1410] and that in normal arachnoid villi, these under-
go calcification. There is, in general, agreement that meningiomas arise from the arachnoid, in par-
ticular from its external layer, but other cellular components of the arachnoid, for example fibro-
blasts, which are found in the inner layer, may contribute to their composition: This could explain
the frequent biphasic, meningothelial and fibroblastic, appearance [1389].
An unresolved problem which has influenced the classification of meningiomas is that
of the embryology of the meninges. Even if there is general agreement that the primi-
tive meninx derives from the condensation of the mesenchymal layer situated around
the neural tube, between this and the ectoderm, discussions regarding the participation
of the neural crest in its formation are still going on. One should not forget that all the
variants of meningioma (chondro-, fibro-, angioblastic, etc.) follow the lines of mesen-
chymal differentiation, while there is no aspect categorically supporting derivation from
the neural crest: There are no doubts that meningioma must be considered a mesoderm-
ic tumor [2391, 1389].

If an all-embracing classification, including clinical and neuro-imaging character-
istics, must be adopted, the 1979 WHO classification is not completely satisfying. Such
aneed does exist [1299], so the suggestion to renounce the desperate search for the cells
of origin and to follow that of identifying specific cell differentiations [2471] seems
most promising.

In this book the classification scheme recently proposed by the WHO is adopted.

18.1.2 Frequency

In the series of 2023 primitive intracranial tumors of Cushing [542], meningiomas rep-
resent 13.4%. In various North American neurosurgical series they vary from 13% to
19% [1389]. In pathological series, they represent 17%—18% [3134, 2486, 3138]. In our
present pathological and surgical collection of 8549 cases, they represent 18%.

It is to be noted that in neurosurgical series, meningiomas found casually at autop-
sy are not considered. On the other hand, asymptomatic meningiomas may be found ca-
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sually by CT scan; they do not necessarily grow further [779]. Therefore, the average
incidence of some series can be calculated to be about 20%.

The geographic distribution is fairly uniform throughout the world, with the excep-
tion of Africa, where meningiomas seem to be more frequent. This, however, may be a
relative factor, more expressive of a lower incidence of gliomas [837].

Regarding populations, the Rochester studies give an incidence of 6/100,000 in a
clinical and postmortem series [1539], while another clinical series gives 2.3/100,000
[2348], similar to that in the reports before CT came into use.

18.1.3 Age

Meningiomas are single or multiple tumors clearly more common in adults. In large se-
ries, the average age found varies from 46 [542] to 45 years [3134]. In a personal series,
there is a clear-cut preponderance in the 6th decade of life, with an average age of 51
years. It has to be underlined that the frequencies according to age differ between sur-
gical and autopsy series: Of 300 asymptomatic tumors found at autopsy, 100 were me-
ningiomas, and these occurred more frequently in the seventh and eighth decades. By
contrast, symptomatic cases were concentrated in the fifth decade [3075].

Meningiomas are rare in infancy: The percentage varies from 1.1% to 4% [2810,
544, 534, 525, 1123, 2447, 571, 660]. To date, 197 cases have been reported in the lit-
erature [769]. In the personal series of pediatric intracranial tumors, they represent
1.4%. In 15%-20% of cases, the tumors are intraventricular [658]. There are rare reports
of congenital meningiomas [1868, 325].

Some observations indicate a more malignant character of meningiomas in child-
hood [525], probably because of the prevalence of the hemangiopericytic and papillary
variants [2419], a higher incidence of intraventricular [2055] and spinal epidural menin-
giomas [366], and a male rather than a female preponderance [1953]. Exceptional cases
of giant tumors situated in the parieto-occipital region [1803] and in the foramen mag-
num [2653] have been reported.

Meningiomas tend to occur more frequently in patients over the age of 60 years:
35% in the series of Cooney and Solitare [487]. With advanced age, the higher percent-
age may be expressive of the high frequency of “incidental” meningiomas, i.e., which
do not cause death and are occasional autopsy findings.

18.1.4 Sex

The prevalence for the female sex is unanimously acknowledged [3134, 1389, 2420]. In
the personal series, the female to male ratio is 1.8:1. It has to be noted that the differ-
ence between the sexes disappears, as has in part been said, above and below a certain
age [1389]. The preponderance of the female sex in middle age is due to estrogen stim-
ulation, generally recognized as a growth factor for tumors. The same explanation is
given for the rapid growth of meningiomas in pregnancy, especially those close to the
sella turcica. Whether it is real growth or a reversible increase in volume caused by elec-
trolytic imbalance has yet to be established with certainty [1881]. Another factor sug-
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gesting the importance of female hormones in the growth of meningiomas is given by
the more than casual association between these tumors and breast carcinoma [2552].
This is one of the arguments for considering meningioma as a hormone-dependent tu-
mor. In fact, estrogen and progesterone receptors have been found in a certain number
of cases, both biochemically and histologically [651, 2213, 2544, 2847, 3107, 1131,
1789].

The evidence for the association between meningioma and breast carcinoma rests
on 36 reported cases in the literature [1462]. In 6 women, not only was the breast carci-
noma associated with meningioma of the sphenoid ridge, but a genital tumor was also
present [1269]. It has been proposed that a disturbance of the regulation of the onco-
genes, similar for the two tumors, is the basis of this association. The possibility that in
a breast cancer bearer neurological symptoms may be related to a meningioma and not
to metastases has been emphasized [1462]. It is surprising that the large series of me-
ningiomas reported by Cushing and Eisenhardt in 1938 and Ziilch in 1956 have not in-
cluded such observations.

18.1.5 Familial Tendency

Meningiomas in members of the same family are found in von Recklinghausen’s dis-
ease and also in the absence of this genetic affliction [864, 2962, 1326, 1012, 2581].

18.1.6 Association with Other Tumors

Even excluding von Recklinghausen’s disease, an association with other tumors is fre-
quent, mostly with gliomas, in particular glioblastomas. Several cases have been re-
ported [1760, 2486, 1389, 807]. It may be a fortuitous association, given the frequency
of these tumors, but there may also be a relationship dependent upon the effect of the
stimulus of one tumor on the other [1986], especially if the meningioma is malignant.
An association with pituitary adenomas, intestinal carcinoids, parathyroid adenomas,
and choroid plexus melanoma has also been reported [1389]. Among nontumoral le-
sions, aneurysms are those most frequently associated with meningiomas [807]. In ex-
ceptional instances, carcinomatous metastases in a meningioma have been described
[766, 189]. In this context, it should be remembered that carcinomatous metastases to
the meninges are not rare [176, 310, 566, 1765, 2714].

18.1.7 Site

Intracranial meningiomas are more frequent than spinal ones, with a 16:1 ratio [542].
Four main sites are usually considered: intracranial, spinal, ventricular, and extracrani-
al. At these sites meningiomas demonstrate elective locations which are statistically and
embryologically significant.

In the intracranial region, the following elective sites are distinguished in order of
frequency: parasagittal, convexity, sphenoid, Sylvian, olfactory groove, tuberculum
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sellae, parasellar, tentorium, Meckel’s cave, falx, pontocerebellar angle, ventricles, cli-
vus [541, 3134].

Parasagittal meningiomas are usually situated, in order of frequency, in the middle
third of the sagittal sinus, the posterior third, and then the anterior third [2078, 1164,
3134]. The high incidence of meningiomas at these sites has been related to the frequent
presence of pacchionian granulations, the importance of which has already been men-
tioned. Meningiomas often occupy the angle between the dura and the sinus, to which
they are strongly adherent. Their development is mostly extracerebral, but sometimes
they partially or totally penetrate the parenchyma, compressing and shifting it.

Convexity meningiomas are mostly located anteriorly; they do not show any rela-
tionship with the sinus but adhere to the dura mater, sometimes so tenaciously that it is
impossible to dissect them away from it. This is the most common site for multiple me-
ningiomas, which take on the appearance of multiple nodules of various sizes in the du-
ra mater.

Sphenoidal meningiomas and those of the Sylvian region very often show similar
modes of development. They are variable in shape, size, and direction of growth, and
they may reach and occupy the middle or anterior fossa, or both. Sphenoid meningio-
mas have been further subdivided into those of the clinoid and those of the middle part
of the sphenoidal angle. The global ones, involving the pterion, often have an “en pla-
que” appearance. A more recent categorization, more expressive of surgical consider-
ations, is the petroclival category, which may involve the cavernous sinus and extend to
the anterior clinoid process. Blood vessels and nerves of the base of the skull may be-
come enveloped in the neoplastic mass which also sends tumor prongs into the neural
parenchyma.

In the olfactory groove, the frontobasal structures, particularly the olfactory bulb,
the optic nerve and the anterior cerebral arteries are affected. The tumor extends most-
ly towards the chiasm and the frontal lobes, often on both sides of the falx. Tumors aris-
ing from the optic nerve sheath have occasionally been reported [456].

As above, meningiomas of the tuberculum sellaec and of the parasellar region
(Fig.18.1) particularly involve the chiasm, but also the optic and sometimes the olfac-
tory nerves. They are usually small tumors which find their growth space in the fronto-
basal regions.

Tentorial meningiomas which arise from and adhere to this structure may develop
in both the supra- and infratentorial regions. In the latter case, they take on the known
dumbbell shape.

In Meckel’s cave, they originate from the dural covering of the cavum itself and al-
ways develop in relation to the temporal lobe. Also, in this location they may present as
“en plaque” growths or extend neoplastic prongs into the surrounding neural tissue.
They are not common: Overall, 46 cases have been described up to and including 1983,
plus two personal ones [349].

Meningiomas of the falx are to be distinguished from parasagittal meningiomas be-
cause, unlike the latter, they do not show a direct relationship with the superior sagittal
sinus. Rather, they are adherent to the falx itself. They almost always develop towards
the cerebral tissue, sometimes on both sides of the falx.

In the pontocerebellar angle, they follow, in general, the same modes of growth and
involvement of the local structures of this region as other neoplasias.
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Fig.18.1. Multiple parasellar meningioma

The lateral ventricles are not infrequently involved [85, 888]. These tumors adhere
to the choroid plexuses, sometimes reaching sizable proportions, especially on the left
(Fig.18.2). Of 407 meningiomas reported in a series from 1958 [2876], 8 were intraven-
tricular. Seven of these were of the fibroblastic variety. The fourth ventricle is certain-
ly one of the rarest sites: up to 1950, only 2 cases had been described [2946] and 8 up
to 1963 [408]. To date, 10 cases have been reported, plus a recent one of the osteoblas-
tic type [1318]. They may originate from the choroid plexus, most probably from the in-
ferior tela choroidea [2466].

The clivus is one of the less frequent localizations. Because the tumors often devel-
op in the direction of the foramen magnum and can reach the spinal canal, they are cal-
led craniospinal meningiomas. Many authors distinguish these tumors from those aris-
ing from below, which are called spinocranial meningiomas [2727].

Tumors may rarely originate from the intracranial part of the jugular foramen and
extend extracranially or may, even more rarely, arise from the foramen itself [1250].

In general, meningiomas of the posterior fossa are not common. They represent 9%
of 1854 cases collected from the literature [S]; the percentage varies in different series:
13.4% [544], 8.4% [392], 4.2% in the present series, in respect to intracranial meningi-
omas.

In relation to dural attachment, meningiomas are divided into those of the cerebel-
lar convexity, tentorium, posterior surface of the temporal bone, clivus, and foramen
magnum. Meningiomas formed 12.6% of 455 operated tumors of the posterior fossa
[1593]. This percentage is not very far from that of meningiomas in general, with re-
spect to the total of intracranial tumors.
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Fig.18.2. Meningioma of the lateral ventricle

Spinal meningiomas are far less frequent than intracranial ones: the ratio has been
calculated to be 1:16 [542], but the relative percentage is quite variable, from 12.7%
[2691] to 8.4% (personal series). The thoracic location is the most frequent. The rela-
tive frequency of meningiomas among primary spinal tumors, evaluated in many series,
varies from 5.5% to 37.5% [2116].

Unusual extracranial and extraspinal sites are also found. This may be due to me-
ningiomas extending from the cranial cavity, losing their site of origin. They may also
be truly ectopic tumors, originating from arachnoid remnants, from arachnoid cells cov-
ering the craniospinal nerves at their point of exit, or they may even arise through meta-
plasia. Some have even hypothesized that they may arise without relationship to struc-
tures in the cranial and spinal cavities [1214].

The real frequency of extracranial meningiomas is not exactly known. Up to now,
504 cases have been reported with the same distribution for age and sex of intracranial
tumors [2632]. The most common sites are the orbit, nasal cavities, paranasal sinuses,
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scalp, calvarium, orbit, and the region of the basal foramina. The tumors of the orbit rep-
resent the majority. They arise mostly from the meningeal sheath of the intraorbital por-
tion of the optic nerve [3078]. Those of the calvarium may be intraosseous, calvarial,
extracalvarial, or subgaleal [218, 2071]. Other sites include the oral cavity, parotid
gland, ear, neck, mediastinum, and skin. Those in the skin have been distinguished in
tumors of the scalp and paravertebral areas (mostly benign and found in infancy), tu-
mors of the skin around the sensory organs (eye and ear), and tumors which grow in the
skin but originate in the craniospinal cavity [1690]. Histologically, extracranial menin-
giomas are similar to the intracranial ones; very few are malignant. Their origin is a
matter of debate. It seems possible that they derive from meningocytic cellular rests or
from Schwann cells [2632].

18.1.8 Multiple Meningiomas

Multiple meningiomas frequently occur in von Recklinghausen’s disease, but also inde-
pendently of this condition. This entity has poorly defined nosographic limits with re-
gard to meningiomatosis: If the meningiomas are numerous, the distinction from me-
ningiomatosis is very difficult [2117, 2747, 249]. Meningiomas are not only multiple
concurrently but also at different sites, and this must not be confused with recurrence.
The incidence of multiple meningiomas varies from 1% to 2%-4% [1992, 1389, 704,
2132]. If, however, not only histological but also CT data are considered, the percent-
age rises to 4.4% [1680], 5.4% or even 10.5% [1719, 1992, 752, 350]. In autopsy series,
the frequency may reach 16% [3075], because asymptomatic tumors and elderly pa-
tients are included. Critical, comparative, clinical evaluation seems to indicate a propor-
tion of 0.58% before and 4.5% after the introduction of CT scanning [649]. The occur-
rence of multiple meningiomas in the spinal canal is a rare event, but both supratento-
rial and spinal cases have been reported [497, 3118, 2028, 15, 1348].

18.1.9 Macroscopic Appearance

In general, from the surgical point of view, meningiomas are distinguished into three
types: the “iceberg” tumor (Fig.18.3), so called because it is attached to the dura but em-
bedded in the neural parenchyma; the “en plaque” type, which grows within the menin-
ges and is most frequently situated on the sphenoid wing; and the type accompanied by
bony hyperplasia, which is often located in the parasagittal region.

The tumor is usually well encapsulated and shiny with a smooth surface, reddish in
colour, and has a hard-elastic consistency. On the cut surface, it appears mostly com-
pact and fibrous. Many variations on these appearances, in part dependent on the histo-
logical type but often conditioned by regressive events, may be seen. For example,
when fatty degeneration is present, the appearance of part or all of the tumor may be
granular, yellowish, and of a soft, friable consistency. Calcification, which is rather fre-
quent, may modify the color and especially the consistency of the tumor in the opposite
way and may be felt on cutting. When meningiomas are multiple, especially over the
convexity, they present as nodules more or less tenaciously adherent to the dura. Some-
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Fig.18.3. Meningioma, hard and polylobulated mass

times, the neoplastic masses, dura, eroded and/or hyperplastic cranium are so com-
pacted that they need to be removed en masse. When they are single, meningiomas have
very variable dimensions, from the size of a pea to that of a large orange, or bigger. The
weight of the fresh tumor varies from a few to several grams. In two cases reported by
Ziilch (1956) [3134], it was 835 g and 1300 g, including the infiltrated bone in the lat-
ter. The largest specimen of the personal series reached 550 g. The shape also shows
marked variations, especially in relation to the location of the tumor. It may be round-
ish, elongated, “en plaque,” or dumbbell, etc.

In the majority of cases, meningiomas create a space by compressing the surround-
ing neural tissue, forming niches in the neural parenchyma or growing in preexisting
spaces such as the ventricles and the subarachnoid cisterns. The growth tends to follow
pathways of lesser resistance. The tumors demonstrate an altogether different behavior
with respect to mesodermal structures, such as the falx, tentorium, dura, and bone. In
fact, these are infiltrated by the neoplastic proliferation, even if they are certainly be-
nign, both histologically and biologically.

Meningiomas of the base of the skull, those of the sphenoid, and of the Sylvian fis-
sure take on an “en plaque” appearance more frequently than others, engulfing and con-
stricting nearby vascular and neural structures because of the way they grow along the
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meningeal planes. Both erosive and hyperplastic bony changes are often associated with
meningiomas, especially in the parasagittal, convexity, and sphenoidal locations. Sphe-
noid tumors cause changes in the sella, such as decalcification and erosion, more fre-
quently than those of the sellar region. Spinal meningiomas, as the intracranial ones, ad-
here densely to the dura. They are mostly situated in the subdural space, in a lateral po-
sition and in direct relationship with the spinal roots, and may take on different shapes
and sizes but are generally rounded or elongated. Even at this site, they may present as
multiple tumor nodules. The presence of intratumoral cysts is fairly rare.

18.1.10 Microscopic Appearance

Meningiomas usually show a high cell density and are composed of polygonal, rather
large, epithelial-like cells arranged in lobules, trellises, or islands, with a syncytial ap-
pearance (Fig.18.4a). Parenchymal cells in the common histological preparations dem-
onstrate ill-defined borders (Fig.18.4b). The discretely eosinophilic cytoplasm usually
appears homogeneous and is sometimes finely granular. The nuclei, of average size,
rounded or slightly elongated, have a discrete quantity of mostly uniformly stippled
chromatin, sometimes clustered on the nuclear membrane, and show the presence of
1-2 nucleoli. In some areas of the tumor, with marked variations from one case to the
other, the nuclei feature vacuolization (Fig.18.5a) with central vacuoles which appear
either to be optically empty or to contain eosinophilic inclusions. Mitoses are scarce or
absent. In some cases, there are circumscribed areas with a higher cell density, showing
the appearance of growth centers, sometimes with mitoses (Fig.18.5b).

An interstitial collagenous stroma of variable density subdivides the neoplastic
mass into the cell territories mentioned. Such stroma shows marked variability, not only
from one tumor to the other, but also from one region to the next of the same tumor. It
may be abundant, but especially in florid tumor areas, it is mostly sparse and limited. It
contains thin blood vessels and a delicate framework of connective tissue. Reticular fi-
bers are clearly confined to the stroma. Contrary to Mallory [1745] and Bailey [107],
Klose [1457] never found free elastic fibers in the parenchyma, but only in relation with
blood vessels.

Like nonneoplastic arachnoid cells, meningothelial cells can arrange themselves in
a spiral fashion and form whorls (Fig.18.6a). These may be occasional and isolated or
occupy the entire neoplasm. Whorls are formed around the meningothelial cells, blood
vessels, or other structures; collagenous fibers, which may stain for reticulin and colla-
gen, may be deposited. They may undergo hyalinization and other phenomena connect-
ed with calcification, becoming psammoma bodies. These tumors have been called en-
dotheliomatous, meningotheliomatous, or syncytial meningiomas.

A different histological appearance, characterized by fusiform and elongated cells,
arranged in interwoven bundles, morphologically similar to fibrocytes, may be present
in some tumors (Fig.18.6b). Whorls, although less common and less structured than in
the previous type, are often formed, but they sometimes have a clearly perivascular ar-
rangement. Psammoma bodies are observed less frequently and are, on the whole, less
numerous. The nuclei, usually ovoid or elongated along the major cell axis, are similar
to those of the previous type. Their occasional alignment should not-be confused with
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Fig.18.4a,b. Meningioma: a general aspect with many lobules, H&E, x150; b syncytial menin-
gioma, ill-defined cell borders, H&E, x300
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Fig.18.5a,b. Syncytial meningioma: a vacuolated nuclei, H&E, x300; b areas with high cell den-
sity, H&E, x200
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Fig.18.6a,b. Meningioma: a formation of whorls, H&E, x400; b fibroblastic meningioma, H&E,
X200
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the palisades of neurinoma. An important differential characteristic of these meningio-
mas is represented by the richness in collagenous and reticulin fibers. The latter are
particularly well developed and form a fine intercellular network; however, they
remain confined to the septa and blood vessels and do not belong to the parenchyma,
even if they may appear between the tumor cells. Tumors of this type are called fibro-
blastic meningiomas, even if extravascular reticulin usually does not appear. When the
fibroblastic and syncytial appearances coexist, one may speak of transitional meningi-
omas. In both these tumor types, the expression of laminin and intercellular type IV
collagen is controversial: Both positive [1837, 2065] and negative [162] results have
been reported.

In general, meningiomas have a clear-cut boundary with the neural tissue
(Fig.18.7a) and may be considered encapsulated tumors, although this capsule is vari-
able in thickness and may even be altogether lacking. It is formed by an arachnoid mem-
brane, the pia, and the tumor stroma. The limit between tumor and healthy tissue has
been classified as “smooth,” “fingerlike expansion,” “lobular”, and “invasive”. In the
last type, the demarcation is poor, and invasion occurs along the Virchow—Robin spa-
ces [2003].

18.1.10.1 Angiomatous Meningioma

These are less frequent. Their main histological characteristic is represented by a spon-
gy appearance, caused by a large number of blood vessel lacunae (Fig.18.7b). The lat-
ter appear delimited by endothelial cells arranged in a single layer. In some cases, as in
the angioblastic areas of the previous types, the angiomatous structure is very similar to
that of hemangioblastomas from which these meningiomas must be distinguished on the
basis of light and electron microscopy findings. In hemangioblastomas, the blood ves-
sel lacunae are mostly of irregular dimension and shape, from small capillary-type dila-
tations formed by one or two parietal cells to large, cavernous, irregular, and sinusoid-
al cavities. In angiomatous meningiomas, the rich vascularization, especially capillary,
is not in strict relationship with the neoplastic elements. Endothelial cells frequently ap-
pear swollen, so as to occlude partially or totally the lumen of the blood vessel. The nu-
clei are generally more irregular than in the previous types, both in shape and in chro-
matin content. The presence of vacuoles is common to hemangioblastomas. Mitoses are
occasionally observed.

The connective tissue stroma is formed by polygonal cellular elements, morpholog-
ically similar to the endothelium of the lacunae, and by an abundance of collagenous
and reticulin fibers, which form a well compacted network with a mesh often corre-
sponding to the blood vessel lacunae. In general, with respect to the previous tumor
types, there is a greater tendency to cellular atypia and architectural disorganization. It
should, however, be emphasized that in cases in which such characteristics are more ev-
ident, the biological behavior does not differ from that of other tumors of the same group
which remain benign. It seems reasonable to interpret these morphological features as
the consequence of regressive events rather than anaplastic ones.

Angiomatous meningiomas are common meningothelial meningiomas, rich in
blood vessels. Some tumors, however, have a different appearance: Small blood vessels
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Fig.18.7a,b. Meningioma: a definite borders toward normal nervous tissue, H&E, x200; b angio-
matous meningioma, H&E, x400
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are totally enveloped by tumor cells, and foamy cells are especially noticeable between
the blood vessels, so that they resemble cerebellar hemangioblastoma. Whether this tu-
mor is a hemangioblastoma or a hemangioblastic meningioma is still a matter open to
discussion. It has been underlined that cells wrapped around capillaries are not charac-
teristic of hemangioblastoma, but of meningioma. These tumors should not be consid-
ered as a hemangioblastic variety of meningioma, but rather as pure angiomatous me-
ningiomas [1389]. There are tumors which have a structure typical of cerebellar he-
mangioblastoma, hemangioblastomas of von Hippel-Lindau disease [1389]. According
to others, transitional forms between hemangioblastoma and angiomatous meningioma
occur [2420].

18.1.10.2 Malignant Meningioma

All types of meningiomas may be malignant. A high number of (atypical) mitoses [743],
circumscribed necroses, infiltration of neural tissue [520], and high cell density [2659]
are useful criteria of malignancy (Fig.18.8). All of these signs have an undoubted prog-
nostic value, even if they have to be evaluated with caution [1301].

The definition of tumor infiltration of the nervous tissue is not easy. While for some
the “fingerlike expansion” of the interface between tumor and healthy tissue (Fig.18.9a)
is an expression of invasiveness [520], for others [2003] this is a sheer peculiarity of tu-
mors without a definite border which infiltrate along the Virchow—Robin spaces. There
may be real infiltrative growth (Fig.18.9b).

The definition of malignant meningioma is easy when all the signs of anaplasia are
present at the same time. The WHO has established six parameters, on the basis of
which a diagnosis of malignant meningioma may be made, but there may be more
[2348]. However, it is difficult to identify the malignant variant when it has to be decid-
ed on a quantitative basis or when only some signs are present. There are, in fact, con-
tradictory observations when histological features are compared with survival data. Au-
tomatic image analyses have demonstrated that neither the nuclear nor the cell density
are prognostic elements. The histological type is also not predictive, while recurrences
are more frequent in young subjects, in males, and in parasagittal sites. Circumscribed
necroses and bony infiltration are more frequent in recurrent meningiomas, while corti-
cal invasion is not significant [446). According to others, anaplasia with typical and
atypical mitoses would be more indicative than necroses and invasion of healthy neural
tissue [2834]. The topic will be taken up again in the discussion on prognosis. It is, how-
ever, useful to recall that, using the six histological above-mentioned parameters of the
WHO, meningiomas have been classified into four grades with increasing malignancy:
benign, atypical, anaplastic, and sarcomatous. This classification has been found to cor-
relate well with the tumor doubling time [1266] and also with radiological features. In
particular, it has been observed that the recurrence was 3% for benign, 38% for atypi-
cal, and 78% for anaplastic tumors, with recurrence times of 7.5, 2.4, and 3.5 years, re-
spectively [1267]. Another suggestion is to identify malignant meningioma on the ba-
sis of high cell density and nuclear polymorphism, associated with one of the other neg-
ative prognostic signs such as mitoses, necroses, invasion of neural tissue, papillary fea-
tures, and hemangiopericytic variant [422].
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Fig.18.8a,b. Malignant meningioma: a very high cell density and many mitoses, H&E, x200; b
circumscribed necrosis, H&E, x200
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Fig.18.9a,b. Meningioma: a fingerlike expansion, H&E, x200; b infiltration of tumor cells in the
normal nervous tissue, H&E, x200
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Malignant transformation may also occur during the biological life of a meningio-
ma, as may be found with repeated operations [1612]. This probability of transforma-
tion has been estimated to be 14% [1267].

The papillary variant has to be considered with the malignant variant, because the
former is usually found in tumors which show an unfavorable biological behavior [285,
2139], tend to recur, and produce distant metastases [1707]. For others, instead, it is a
secondary phenomenon, without clinical and biological significance [2719]. The papil-
lary appearance is due to the arrangement of the cells in relation to blood vessels and to
the relaxation of the intervascular tissue. It may appear in any type of meningioma, al-
though it is more common in the hemangiopericytic variant and at younger ages [2420].
This variant gives serious problems in the differential diagnosis with regard to other tu-
mors, either neuroectodermal, mesodermal, or secondary. Immunohistochemistry test-
ing is, without a doubt, of great help.

18.1.11 Metaplasia in Meningiomas

An event occurring with variable frequency is lipoblastic metaplasia. Fat droplets accu-
mulate in the cytoplasm and, by confluence, transform the cytoplasm into a single drop-
let of fat with a peripherally situated nucleus, as in adipocytes (Fig.18.10a). It should
not be mistaken for fatty degeneration. Various authors disagree on the real existence
and on the frequency of this variety, which seems rather unusual and is not considered
in some series [1579]. Single cases have been reported [1618, 2440].

In xanthomatous metaplasia one observes foamy cells with a central nucleus and cy-
toplasm filled with fine vacuoles, in transition from normal tumor cells (Fig.18.10b).
These cells have to be distinguished from phagocytic or perihemorrhagic and perinecro-
tic cells.

Myxoid and chondroid transformation are not rare and are often associated
(Fig.18.11a). The former gives to the tumor a diffusely mucinous appearance, which re-
calls the “primitive mesenchyma”. There is diffuse positivity for GAG [1067]. This
variant is very close to the microcystic one, characterized by the presence of many vac-
uoles and microcysts filled with proteinaceous fluid.

A chondro-osteoblastic transformation is also considered. The presence of cartilage
in meningiomas is a very rare occurrence, so it would be unjustified to describe a sepa-
rate category of chondroblastic meningiomas [3135]. Even though the formation of
bone is a rare finding, an osteoblastic variant has been described [110, 544, 820, 1109,
583] and accepted by some, but denied by others [941]. Although bone formation is pos-
sible in all types of meningioma, sometimes in relation to calcified psammomatous bo-
dies, the justification for a distinct variety of osteoblastic meningioma is rather doubt-
ful [2420]. The formation of bony structures in meningeal tumors has at least two patho-
genetic possibilities [740]: through a process of metaplasia of the tumor, arachnoid
cells, or the stromal connective tissue or through ossification secondary to a process of
calcification. There is general agreement as to the first pathogenetic modality, because
the arachnoid tumor cells are relatively undifferentiated elements capable of producing,
under suitable circumstances, fibroblasts, osteoblasts, and osteoclasts. Phenomena of
metaplastic ossification from collagen are observed in various extraneural sites and in
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Fig.18.10. a Lipoblastic meningioma, H&E, x300; b xantomathous meningioma, H&E, X300
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Fig.18.11a,b. Meningioma: a myxochondroid metaplasia, H&E, x400; b pseudopsammoma bo-
dies, H&E, x400
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various pathological conditions. The formation of bone could represent the final stage
of the process of calcification. Pseudocalcium and hydroxyapatite production up to the
formation of bone are, in fact, related to the processes of “kalzifizierende Organization”
[232] and “knocherne Organization” [1510].

Sometimes, strongly eosinophilic PAS-positive inclusion bodies, called “pseudo-
psammoma bodies” (Fig.18.11b), are found in the parenchyma of meningotheliomatous
meningiomas [1384]. They have been described in a limited number of cases [979] and
found to be similar to hyaline globules of other tumors. They have been interpreted as
evidence of a possible secretory differentiation of meningiomas [1386]. From the im-
munohistochemical point of view, they have been observed to be positive for the human
secretory components IgA and IgM [320], cytokeratin, vimentin, EMA, and CEA in the
surrounding cells [2829, 1859, 979].

Melanin-containing tumors of the leptomeninges deserve to be mentioned. The
finding is not infrequent and usually occurs in tumors of the posterior fossa or the spi-
nal canal (Fig.18.12a). The problem is complicated by the fact that in some cases they
could be melanocytomas rather than meningiomas, arising from nevus cells of the lep-
tomeninges [1652, 3060]. However, there appears to be no doubt concerning the exis-
tence of classical meningiomas containing melanin [2877, 1389].

In meningiomas, it is not rare to find lymphocytic and plasmacytic infiltrates, both
diffuse and perivascular. The lymphocytes are of the T subset, an expression of immu-
nological defense mechanisms, and are found with greater frequency in the anaplastic
variant than in meningotheliomatous and fibroblastic meningiomas [156]. Independent
of these observations, there is a group of meningiomas which is characterized by a large
number of lymphocytes and plasma cells (Fig.18.12b) obscuring the meningiomatous
component [1193,2713, 1389, 1904, 2420]. Raised levels of IgG have been found in the
serum of these patients. In one, there was a high blood level of IgG and IgA, which
dropped after surgical removal of the tumor [912]. Tumor infiltrates are activated B
lymphocytes and plasma cells (of inflammatory and not of tumor origin), whose poly-
clonality has been demonstrated immunohistochemically [2713, 1904]. The nature of
the association is not clear [2420]. The possibility may be excluded that it is a plasma
cell granuloma with included meningeal elements {3020], because of the extent of the
meningothelial areas [1389]. Lymphoplasmacytic infiltrates have recently been found
in meningiomas, with a chordoid appearance in children and adolescents [1401].

18.1.12 Regressive Changes

Regressive changes in meningiomas are so frequent as to constitute one of the main fea-
tures of this oncotype. This frequency, together with the multiplicity of processes, has
been the main reason for the description of many varieties and subgroups. Also, the cel-
lular polymorphism, sometimes simulating the anaplastic features of malignant tumors,
is often due to regressive changes which typically present with features of great varia-
bility from tumor to tumor and from area to area of the same tumor. The changes are de-
generative in nature, corresponding to the various processes of metamorphosis of gen-
eral pathology (vacuolar, albuminoid, adipose, and mucosal) and to the typical vascular
necroses. They may also be due to various storage processes.
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Fig.18.12. a Melanin-containing meningioma, H&E, X200. b Lymphoplasmacellular infiltration,
H&E, x300
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Ischemic necrosis here does not differ in its appearance from that seen in other tis-
sues. In general, it presents with the picture of granular degeneration of the cytoplasm,
less frequently with that of tumor liquefaction. In parallel, the nuclei demonstrate re-
gressive changes with pyknosis, karyorrhexis or karyolysis. In some meningiomas, par-
ticularly the syncytial type, necrosis is found at the center of a lobule, decreasing cen-
trifugally (Fig.18.13a).

In all the basic types described, but especially in syncytial meningioma, vacuolar
degeneration may particularly involve the nucleus, where it presents as one or two large
central or eccentric vacuoles. In the cytoplasm, instead, it shows a granular pattern.
Sometimes, fluid accumulation goes beyond cellular swelling, causing hydropic swell-
ing of the tissue, with cyst formation. In these cases, the process of tissue liquefaction
is likely to be the result of a true accumulation of fluids (Fig.18.13b), as occurs in some
forms of edema in other tissues. The phenomenon may be extended to the whole tumor,
giving a variety of microcystic meningioma, the so-called “méningiome humide” of
Masson [1794, 444, 1920, 1447, 1879, 2422]. This, however, does not seem to be of par-
ticular biological significance [2420].

Hyaline degeneration certainly represents one of the most common and most typi-
cal occurrences in meningiomas. It can involve all the structures of the tumor, from the
parenchyma (Fig.18.14) to the stromal connective tissue, to blood vessels (Fig.18.15),
etc., but, in its most frequent form, it starts in the whorls and proceeds centripetally.

Fatty degeneration is a fairly frequent event and when it results from other regres-
sive cellular events, appears as colliquative foci rich in lipidized phagocytes in various
stages of degeneration. In the phagocytic cells, the cytoplasmic borders disappear, and
the nuclei undergo regressive changes. The phagocytosed lipids are formed by isotrop-
ic and sudanophilic material with the histochemical features of neutral fats and fatty ac-
ids.

Pseudoglandular structures, resembling adenocarcinoma, may form [1398], as the
result of the degeneration of the center of the cell nests.

18.1.13 Calcifications

Calcification is one of the most frequent regressive events. It leads to the formation of psammoma
bodies, a term coined by Virchow in 1900. From the earliest observations, a clear tendency of all
meningioma variants to develop these structures has been noted. In some tumors, it is so marked
as to justify the recognition of a “psammomatous” type. As first commented upon by Bailey and
Bucy in 1931, it has the same origin as the endotheliomatous type with which it was then grouped.
In the past, the possible origin of psammoma bodies from blood vessels or parenchyme was
debated. According to some [941], they were formed by vascular buds with a blind end. Others
[737] recognized six pathogenetic possibilities, in each of which the fundamental process was
represented by a mostly hyaline regressive alteration of the parenchyma and of the stroma. Still
others [1579] considered the majority of psammoma bodies to originate from the transformation
of a whorl.

Electron microscopy and in vitro cultures demonstrated that the fundamental process in the
genesis of psammoma bodies consists of two main factors: the tendency of the meningothelial cells
to form whorls and the production by the same cells of a proteinlike material [1383] which tends
to impregnate whorls, blood vessels, and collagenous stromal fibers. Histochemically, it has been
identified as a protein-GAG complex.
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Fig.18.13a,b. Meningioma: a ischemic necrosis at the centre of a lobule, H&E, x200; b fluidifi-
cation of the tissue, H&E, x200
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Fig.18.14a,b. Meningioma: a hyaline degeneration of whorls, H&E, x200; b hyaline degenerati-
on in fibroblastic meningioma, H&E, x400
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Fig.18.15. Meningioma, hyaline degeneration of vessels, H&E, x200

Some cellular whorls neither hyalinize nor calcify; others are impregnated with a hyalinelike
substance and organize into classical psammoma bodies [1384], on which mostly calcium salts
precipitate. The production and deposition of the hyaline substance may be found in intra- and ex-
tracellular accumulations on which, in the absence of concentric cellular structures, the so-called
pseudo-psammomatous bodies organize. Although the majority of psammoma bodies show a pa-
renchymal genesis, there certainly are structures of the same appearance which form and organize
in the stroma, in particular around blood vessels [1457]. This possibility has also been raised on
the basis of electron microscopic observations but is less frequent than the origin of the psammo-
ma bodies from cell whorls [971].

The appearance of calcifications in meningioma is a frequent event radiologically, and even
more so histologically. In surgical and autopsy series, the histological frequency of calcifications
is very high: According to Martin and Lemmen [1784] it reaches 18%, Schiffer et al.[2490] found
50%, and Huh [1223], 37.7%. The greater incidence obviously occurs in meningiomas of psam-
momatous type. For spinal locations, the frequency is higher.

Calcifications may occur as single concrements or foci of concrements which sometimes tend
to become confluent in larger, more or less regularly polycyclic and stratified formations [1548,
737]. The size of these conglomerates sometimes reaches enormous dimensions [1721]. In one per-
sonal case, the masses of calcified and conglomerated material formed the main part of the menin-
gioma, which was larger than a fist. In this case, calcification developed primarily in the whorls
and the fibrous connective tissue [741].

The morphology and site of the calcifications are variable and consist of four fundamental
precipitation patterns (Fig.18.16):

1. In the necrotic and prenecrotic zones as fine, dustlike, hematoxyphilic material, whose distribu-
tion is independent of the preexisting parenchymal structures

2. In the blood vessel walls, a rare eventuality which more frequently occurs in the media and/or
adventitia of arteries

3. In the whorls, particularly in meningiomas of the endotheliomatous type

4. In the fibrous bundles of fibroblastic meningiomas
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Fig.18.16a—f. Calcification in meningioma: a basophil pCa-Ca deposition in whorls, H&E, x400;
b pCA-Ca deposition in the whorls; further evolution of the process, cresyl violet, x200; ¢ psam-
momatous bodies with variable basophilia, toluidine blue, x200; d calcified and confluent whorls,
toluidine blue, x400; e microincineration of psammoma bodies at 550°C, x400; f Maltese cross of
polarization in calcified whorls, polarized light, X200 [2486]
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In the whorls, the dynamics of the calcification process follow two possibilities (see also
Chap. 5). A dilamination of the whorl separates its external layers, which acquire a fibroannular
appearance. The internal concentric layers are reduced to some cell elements with pyknotic nuclei
and irregular cytoplasm. Subsequently, small droplets of pseudocalcium appear which tend to be-
come confluent in irregular, intensely basophilic, PAS-positive masses. In this phase, calcium salts
are already present. The mass becomes progressively rounded and, whilst its external part reacts
more intensely with the methods mentioned above, the internal one shows a concentric stratifica-
tion because of the alternation of clear and dark rings. The pseudocalcium ends up occupying the
whole of the central part of the whorl by adhering to the fibroannular part. At this stage, calcium
salts predominate and the concentric stratification is very evident. As mineralization progresses,
there is a progressive impoverishment of the organic matrix, as revealed by the reduction in the ba-
sophilia. In the terminal stages, the concretion appears vitreous and may become fragmented
[2490].

The second mechanism of calcification of the whorls is the appearance of hyaline degenera-
tion, followed by the precipitation of pseudocalcium. The subsequent evolution of the process re-
peats the stages already described. The concretion is surrounded by a hyaline ring during the whole
process.

In general, the process of calcification in meningiomas does not demonstrate substantial dif-
ferences in respect to that of other calcifying events in the CNS [2492, 2494, 1648T. Calcium phos-
phate is deposited in a complex form as hydroxyapatite [2481]. It is possible that the GAG matrix
is provided by mast cells, which are important in many spontaneous and experimental calcifying
conditions, such as processes of calcergia and calciphylaxis [2593]. In the meninges, mast cells are
very common [1406]. They have frequently been observed in meningiomas and related to the mu-
coid degeneration [3134]. They may be scarce or abundant, often distributed at the periphery of the
tumor, along the interlobular septa, along blood vessels, or even deep in the parenchyma, irrespec-
tive of the structures of the tumor, or in the center of a whorl. In this particular site, they may show
a dispersion of the metachromatic granules and form the substrate for the precipitation of calcium
salts, being rich in sulfated GAGs [2498].

Under the electron microscope, there are corresponding observations. In the whorls, extracel-
lular spaces between the central and peripheral cells contain amorphous material, collagen fibers,
microfibrils, elastic fibers and reticular material resembling proteoglycans. In this material there
are calcified areas (Fig.18.17), foci or aggregates of apatite crystals oriented along the collagen fi-
bers. At the periphery of the psammoma bodies there are spherical bodies similar to the vesicles of
the matrix, typical of calcifying tissues with rare apatite crystals [54]. Such vesicles seem to orig-
inate from cell processes of the central cell in the whorl. The accumulation of these structures gives
rise to the psammoma bodies [1513, 1514, 1515]. The same process occurs for psammoma bodies
forming around blood vessels in which vesicles form from degenerated cells in perivascular spa-
ces [1516, 1518].

On plain X-rays, calcifications show an amorphous, cloudy aspect. They are less frequent
than in pathological series, > 10% [2816, 667]. On CT study, calcifications appear as nodular foci
and are more frequent in the posterior fossa [2022] and less common in malignant meningiomas
[1267]. On MRI scans, calcifications are seen as black areas [275].

18.1.14 Electron Microscopy Study

Numerous contributions from electron microscopy studies have been made in the past
30 years [1716, 1383 , 1028, 2258, 971, 2004, 2338, 391, 405, 2806, 1386, 2335, 493,
409]. The most important finding is the extreme interdigitation of the cell membranes,
similar to that of the normal arachnoid cells, which explains the syncyitial appearance
(Fig.18.18). Among the cells, desmosomes or other junctions and cisternlike spaces oc-
cur. This explains why the cell borders are not easily recognizable with the light micro-
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