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Preface to the Second Edition 

Neurooncology has become a science of such great proportions and indefinite limits 
as to include branches which widely diverge from one another. Therefore, it is not an 
easy task to fit it all into the narrow framework of a book, though the collaboration 
among scientists compensates partly for the varying depths of knowledge and ex­
perience in the individual disciplines. The principal characteristic of this work, how­
ever, is in casting "pathology" as the common nosographic link. 

Though scientific progress has brought us well past the nosography of brain tu­
mors, pathology remains the point of departure, the area of mutual understanding to 
which all students of neurooncology refer when laying out diagnostic, therapeutic, 
and research schedules. Neurologists, neurosurgeons, and neuroradiologists orient 
themselves only by referring to tumor types. 

Neurooncology treatises require ever greater numbers of authors in order to cover 
the different subject areas with uniform authority. Excellent texts are available today 
for this purpose. The present book is not, and does not wish to be, a treatise but 
rather aims at presenting different aspects of neurooncology from the perspective of 
pathology and its biological and clinical correlates. It expresses the author's experi­
ence in the study of brain tumors and their pathology and clinical characteristics. 
The emphasis dedicated to the subjects relates to the clinicopathological and theore­
tical importance. 

The characteristics of the first edition as described above have been preserved; the 
clinical applications have been amplified and the biological and pathological pro­
blems updated. The unity of perspectives, as mentioned, has been favored over del­
ving into the details of particular areas. 

The book is the product of the clinical and pathological experience gained at a 
single institution, and in this endeavor it conforms to some great books on brain tu­
mors of the past. This may be anachronistic, but has the advantage of uniformity. 

As to the references, in comparison with the first edition, many items have been 
omitted and new items have, obviously, been inserted. At first glance, they appear to 
be too numerous but this is a wrong impression considering the number of scientific 
contributions which have appeared in the main scientific journals in the past years. 
Evenso, the list of references is not exhaustive, so that important contributions may 
not have been included. 

The book is addressed to pathologists, neuropathologists, neurosurgeons, neurol­
ogists and to all those working in the field of neurooncology who deal for one reason 
or another with pathology and its application in clinical practice. 

Many thanks to all those who directly or indirectly collaborated in this work, and, 
in particular, Dr. Antonio Migheli, Dr. Maria Claudia Vigliani, Dr. Paola Cavalla, and 
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Mrs. Annalisa Ferraiolo for histological preparations. The warmest thanks to Profes­
sor Anthony Raimondi for his support and constant encouragement. 

Turino, September 1996 Davide Schiffer 



Preface to the First Edition 

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 biological correlates - foremost among them immunohistochemistry - and, 
therefore, histological diagnosis and prognostic assessment continue to be the refer­
ence points for judging all new achievements in neuro-oncology. 

Years of experience of patients with brain tumors and collaboration with neuro­
surgeons, neuro-oncologists, neuro-radiologists, radiotherapists, and neurobiolo­
gists have taught us that the pathologist supplying the histological diagnosis may in 
fact sometimes fail to get across the biological message. Sometimes this failure arises 
because it is realy impossible for pathology to provide the expected nosographic de­
finition of a tumor. Sometimes, by contrast, it is due to real difficulties in under­
standing the language 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 histo­
logical description, 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 
pathology 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 var­
ious subjects in the light of their clinical and biological importance during this his­
toric period of development. Accordingly, the initial chapters on ontogenesis and im­
munohistochemistry must be considered of· valuable help. Today, as everybody 
knows, some diagnoses are overused or even abused and some conditions are fre­
quentlyovertreated. Such topics 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 
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preparations. I was helped with the English text by Dr. Marco L. Rossi, Charing Cross 
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. 

rurino, Januar 1993 Davide Schiffer 



Contents 

Cytogenesis of the Central Nervous System 

1.1 Neurogenesis and Gliogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
1.2 Gliogenesis in Adult Animals. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
1.3 Development of the Cerebellar Cortex. . . . . . . . . . . . . . . . . . . . .. 10 
1.4 Radial Glia and Ependyma ............................. 11 
1.5 Genes Controlling Nervous System Development . . . . . . . . . . . . . . 15 

2 Factors of the Transformation Process ................... 18 

2.1 Genetics and Molecular Biology. . . . . . . . . . . . . . . . . . . . . . . . . . 18 
2.2 Familial Incidence of Tumors ........................... 29 
2.3 Congenital Tumors .................................. 29 

2.4 Risk Factors: Epidemiological Data ....................... 30 
2.4.1 Family Characteristics ................................ 31 
2.4.2 Individual Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 32 
2.4.3 Multiple Sclerosis ................................... 33 
2.4.4 Virus. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 33 
2.4.5 Head Injuries ...................................... 33 
2.4.6 Irradiation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
2.4.7 Nonprofessional Exogenous Exposures. . . . . . . . . . . . . . . . . . . .. 35 
2.4.8 Professional Exogenous Exposures . . . . . . . . . . . . . . . . . . . . . . . . 36 
2.4.9 Multiple Tumors .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 

3 Experimental Tumors ............................... 39 

3.1 Chemical Carcinogenesis .............................. 39 
3.1.1 Topically Acting Carcinogens .,......................... 39 
3.1.2 Resorptive Carcinogens ............................... 39 
3.1.2.1 Pathogenesis of Nitrosourea-Induced Tumors ................ 46 
3.1.2.2 Cellular Composition. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 48 
3.1.2.3 Vascularization ofENU-Induced Tumors. . . . . . . . . . . . . . . . . . .. 51 
3.1.2.4 Utilization ofMNU-ENU Models. . . . . . . . . . . . . . . . . . . . . . . . . 51 



x 

3.2 
3.3 
3.4 

4 

4.1 

4.2 
4.2.1 
4.2.1.1 
4.2.1.2 
4.2.1.3 
4.2.1.4 
4.2.1.5 
4.2.1.6 
4.2.2 
4.2.2.1 
4.2.2.2 
4.2.2.3 
4.2.3 
4.2.4 
4.2.5 
4.2.6 
4.2.7 

5 

5.1 
5.1.1 
5.1.2 
5.1.3 

5.2 

5.3 
5.3.1 
5.3.2 

5.4 
5.5 

6 

Contents 

Viral Carcinogenesis ................................ . 
Transplantable Animal Models ......................... . 
Gene Transfer Models of Neural Tumors ................... . 

Antigens of Phenotypic Expression and Differentiation Markers 

Brain Tumor-Associated Antigens ....................... . 

Antigens Employed in the Histological Diagnosis of Brain Tumors .. 
Glial Markers ..................................... . 
S-100 Protein ..................................... . 
Glial Fibrillary Acidic Protein .......................... . 
Glutamine Synthetase ................................ . 
Carbonic Anhydrase ................................ . 
Myelin Basic Protein ................................ . 
Myelin-Associated Glycoprotein ......................... . 
Neuronal Markers .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Neuronal-Specific Enolase ............................. . 
N eurofilaments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Synaptophysin and Chromo gran in ....................... . 
Markers Nonspecific for the Nervous System ................ . 
Vessel Markers .................................... . 
Other Intermediate Filaments .......................... . 
Epithelial Membrane Antigens .......................... . 
Markers for Cerebral Metastases ........................ . 

Pathology ofthe Host-Tumor Interaction ................ . 

Pt!ritumoral Changes ................................ . 
Glial Reaction ..................................... . 
Included Neurons .................................. . 
Ventricular Walls ................................... . 

Regressive Events in the Tumor . . . . . . . . . . . . . . . . . . . . . . . . . . 

Cerebral Edema .................................... . 
Definition and Pathogenesis ........................... . 
Morphological Changes and Sequelae ..................... . 

Calcifications ..................................... . 
Inlmune Response .................................. . 

Classification and Nosography of Neuroepithelial Tumors ..... 

52 
53 
54 

56 

56 

57 
58 
58 
60 
61 
61 
63 
63 
64 
64 
64 
65 
65 
66 
68 
71 
71 

74 

74 
74 
79 
79 

80 

83 
83 
86 

89 
92 

96 



Contents XI 

7 The Concept of Malignancy: Anaplasia, Cell Proliferation, 
Metastasis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 109 

7.1 General Considerations ............................... 109 
7.2 Cell Kinetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 115 
7.3 Metastasis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 122 

7.4 Expansion and Invasiveness ............................ 124 
7.4.1 Invasion Mechanisms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 130 

8 Descriptive Epidemiology of Primary Nervous, System Tumors .. 132 

8.1 General Data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 132 
8.1.1 Mortality. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 132 
8.l.2 Incidence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 132 

8.2 Epidemiology ofIntracranial Tumors . . . . . . . . . . . . . . . . . . . . .. 133 
8.2.1 Histological Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 134 
8.2.2 Age. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 134 
8.2.3 Sex. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 136 
8.2.4 Race. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 136 

8.3 Epidemiology ofIntraspinal Tumors. . . . . . . . . . . . . . . . . . . . . .. 136 

9 Astrocytic Tumors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 137 

9.1 

9.2 
9.2.1 
9.2.1.1 
9.2.1.2 
9.2.1.3 
9.2.l.4 
9.2.l.5 
9.2.l.6 
9.2.2 
9.2.2.1 
9.2.2.2 
9.2.2.3 
9.2.2.4 
9.2.2.5 
9.2.2.6 
9.2.2.7 
9.2.2.8 
9.2.2.9 

Nosological Problems. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 137 

Astrocytic Tumors of the Cerebral Hemispheres . . . . . . . . . . . . . .. 139 
Astrocytomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 139 
Frequency, Age, Site and Clinical Features . . . . . . . . . . . . . . . . . .. 139 
Macroscopic Appearance and Imaging . . . . . . . . . . . . . . . . . . . .. 139 
Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 139 
Pilocytic Astrocytoma .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 142 
Anaplastic Variant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 147 
Prognosis and Treatment of Hemispheric Astrocytomas ......... 150 
Glioblastoma Multiforme .............................. 155 
General Considerations ............................... 155 
Frequency, Age, Site and Clinical Features. . . . . . . . . . . . . . . . . .. 156 
Macroscopic Appearance and Imaging .. . . . . . . . . . . . . . . . . . .. 157 
Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 159 
Tumor Spreading. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 169 
Differential Diagnosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 171 
Giant Cell Variant ................................... 171 
Gliosarcoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 172 
Blood Vessel Architecture and Angiogenesis in Gliomas ......... 178 



XII Contents 

9.2.2.10 Cellular Kinetics 185 
9.2.2.11 Metabolism ....................................... 185 
9.2.2.12 Prognosis and Treatment .............................. 187 
9.2.3 Gliomatosis Cerebri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 189 
9.2.4 Pleomorphic Xanthoastrocytoma . . . . . . . . . . . . . . . . . . . . . . . .. 190 
9.2.4.1 Macroscopic Appearance .............................. 190 
9.2.4.2 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 191 
9.2.4.3 Prognosis......................................... 193 
9.2.5 Sub ependymal Giant Cell Astrocytoma (Tuberous Sclerosis) ...... 193 
9.2.6 Astroblastoma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 196 

9.3 
9.3.1 
9.3.2 
9.3.3 
9.3.4 
9.3.5 
9.3.5.1 
9.3.5.2 
9.3.5.3 
9.3.5.4 
9.3.5.5 
9.3.5.6 

9.4 
9.4.1 
9.4.2 

Astrocytic Tumors of the Midline. . . . . . . . . . . . . . . . . . . . . . . .. 197 
Astrocytoma of the Optic Nerve. . . . . . . . . . . . . . . . . . . . . . . . .. 198 
Astrocytoma of the Chiasm . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 199 
Brain Stem Astrocytomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 201 
Other Midline Astrocytomas . . . . . . . . . . . . . . . . . . . . . . . . . . .. 203 
Cerebellar Astrocytomas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 203 
Nosographic Considerations . . . . . . . . . . . . . . . . . . . . . . . . . . .. 203 
Frequency, Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 204 
Macroscopic Appearance .............................. 204 
Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 204 
Rosenthal's Fibers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 209 
Malignant Transformation, Prognosis. . . . . . . . . . . . . . . . . . . . .. 210 

Astrocytic Tumors of the Spinal Cord. . . . . . . . . . . . . . . . . . . . .. 213 
Frequency, Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 213 
Macroscopic and Microscopic Appearance .................. 213 

10 Oligodendroglial Tumors . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 214 

10.1 Oligodendroglioma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 214 
10.1.1 Frequency, Age, Site and Clinical Features. . . . . . . . . . . . . . . . . .. 214 
10.1.2 Macroscopic Appearance and Imaging ... . . . . . . . . . . . . . . . . .. 214 
10.1.3 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 216 

10.2 Presence of Astrocytes and the Problem of Mixed Gliomas: 
O1igoastrocytoma ................................... 221 

10.3 Anaplastic Oligodendroglioma and Prognosis ................ 223 

11 Ependymal Tumors ................................. 228 

11.1 
11.1.1 
11.1.2 
11.1.3 
11.1.4 

Ependymoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 228 
Classification Problems ............................... 228 
Frequency, Age, Sex, Site and Clinical Features. . . . . . . . . . . . . . .. 230 
Macroscopic Appearance and Imaging .. . . . . . . . . . . . . . . . . . .. 231 
Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 233 



Contents 

11.1.5 
11.1.6 
11.1.7 
11.1.8 
11.1.9 
11.1.10 

Regressive Events .................................. . 
Immunohistochemistry .............................. . 
Electron Microscopy ................................ . 
Anaplastic Ependymoma ............................. . 
Spread Via the Cerebrospinal Fluid ...................... . 
Treatment and Prognosis ............................. . 

XIII 

237 
239 
242 
245 
248 
248 

11.2 Subependymoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 249 
11.3 Ependymoblastoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 252 

12 Choroid Plexus Tumors .............................. 254 

12.1 PleXUS-Papilloma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 254 
12.1.1 Frequency, Age, Site and Clinical Features. . . . . . . . . . . . . . . . . .. 254 
12.1.2 Macroscopic Appearance and Imaging .. . . . . . . . . . . . . . . . . . .. 255 
12.1.3 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 256 
12.1.4 Treatment and Prognosis .............................. 256 

12.2 Malignant Variant (Plexus Carcinoma) . . . . . . . . . . . . . . . . . . . .. 259 

13 Tumors Composed of Neural Cells ...................... 260 

13.1 Ganglioglioma (Gangliocytoma) ......................... 260 
13.1.1 Frequency, Age, Site and Clinical Features. . . . . . . . . . . . . . . . . .. 260 
13.1.2 Macroscopic Appearance and Imaging . . . . . . . . . . . . . . . . . . . .. 261 
13.1.3 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . • . . . . . . . .. 262 
13.1.4 Malignant Transformation (Malignant Ganglioglioma) .......... 264 
13.1.5 Prognosis.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 266 

13.2 Dysplastic Gangliocytoma of the Cerebellum . . . . . . . . . . . . . . . .. 266 
13.3 Infantile Desmoplastic Ganglioglioma -

Desmoplastic Infantile Astrocytoma . . . . . . . . . . . . . . . . . . . . . .. 267 
13.4 Central Neurocytoma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 268 
13.5 Dysembryoplastic Neuroepithelial Tumors .................. 270 
13.6 Olfactory Neuroblastoma ... . . . . . . . . . . . . . . . . . . . . . . . . . .. 272 

14 Pineal Gland Tumors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 275 

14.1 The Pineal Gland. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 275 

14.2 Pineal Gland Tumors .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 276 
14.2.1 Pineocytoma... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 277 
14.2.1.1 Macroscopic Appearance .............................. 277 
14.2.1.2 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 277 
14.2.1.3 Treatment and Prognosis .............................. 281 
14.2.2 Pinealoblastoma.................................... 281 



XIV Contents 

14.2.2.1 Macroscopic Appearance .............................. 281 
14.2.2.2 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 282 
14.2.2.3 Prognosis......................................... 285 
14.2.4 Trilateral Retinoblastoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 285 

14.3 Pineal Cysts ....................................... 285 

15 Embryonal Tumors ................................. 287 

15.1 Medulloepithelioma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 287 

15.2 Medulloblastoma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 289 
15.2.1 Frequency, Age and Clinical Features ...................... 289 
15.2.2 Macroscopic Appearance and Imaging . . . . . . . . . . . . . . . . . . . .. 289 
15.2.3 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 291 
15.2.3.1 Desmoplastic Variant. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 297 
15.2.3.2 Melanotic Medulloblastoma ............................ 298 
15.2.3.3 Medullomyoblastoma................................. 298 
15.2.4 DNA Content and Pathology . . . . . . . . . . . . . . . . . . . . . . . . . . .. 299 
15.2.5 Problem of Differentiation ............................. 299 
15.2.6 Prognosis, Recurrence, Metastasis ........................ 305 
15.2.7 Medulloblastoma of Adults . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 307 

15.3 Neuroblastoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 308 
15.3.1 Macroscopic Appearance .............................. 308 
15.3.2 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 308 
15.3.3 Prognosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 311 

15.4 Polar Spongioblastoma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 311 

15.5 Appendix: Tumors of the Retina. . . . . . . . . . . . . . . . . . . . . . . . .. 313 
15.5.1 Retinoblastoma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 315 

16 Glomus Tumors, Paragangliomas ........ . . . . . . . . . . . . . .. 319 

16.1 Site, Age, and Clinical Features .......................... 319 
16.2 Macroscopic Appearance and Imaging ... . . . . . . . . . . . . . . . . .. 320 
16.3 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 321 
16.4 Prognosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 321 

17 Tumors ofthe Cranial and Spinal Nerves. . . . . . . . . . . . . . . . .. 322 

17.1 
17.1.1 
17.1.2 
17.1.3 

Neurinoma (Schwannoma) . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 322 
Frequency, Age, Sex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 322 
Site . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 323 
Clinical Features ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 325 



Contents 

17.1.4 
17.1.5 
17.1.6 
17.1.7 

17.2 
17.2.1 

17.3 
17.4 
17.5 
17.6 

xv 

Macroscopic Appearance and Imaging ... . . . . . . . . . . . . . . . . .. 326 
Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 327 
Cellular Schwannoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 333 
In Vitro Culture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 333 

Neurofibromas ..................................... 334 
Plexiform Neurofibromas . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 335 

Granular Cell Tumors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 335 
Neurothekeoma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 336 
Perineurioma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 336 
Prognosis, Malignancy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 336 

18 Tumors of the Meninges. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 341 

18.1 Meningiomas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 341 
18.1.1 General Considerations and Nomenclature .................. 341 
18.1.2 Frequency........................................ 343 
18.1.3 Age............................................. 343 
18.1.4 Sex............................................. 344 
18.1.5 Familial Tendency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 344 
18.1.6 Trauma and Irradiation ............................... 344 
18.1.7 Association with Other Tumors . . . . . . . . . . . . . . . . . . . . . . . . .. 345 
18.1.8 Site. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 346 
18.1.9 Multiple Meningiomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 349 
18.1.10 Clinical Features and Imaging . . . . . . . . . . . . . . . . . . . . . . . . . .. 349 
18.1.11 Macroscopic Appearance .............................. 352 
18.1.12 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 353 
18.1.12.1 Angiomatous Meningiomas. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 356 
18.1.12.2 Malignant Meningioma ............................... 359 
18.1.13 Metaplasia in Meningiomas. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 362 
18.1.14 Regressive Changes .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 367 
18.1.15 Calcifications ...................................... 369 
18.1.16 Electron Microscopy ................................. 374 
18.1.17 Receptors for Steroid Hormones ......................... 375 
18.l.l8 In Vitro Culture. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 376 
18.1.19 Growth Modality. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 377 
18.1.20 Metastasis ........................................ 380 
18.1.21 Prognosis, Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 380 

18.2 
18.2.1 
18.2.2 
18.2.2.1 
18.2.2.2 
18.2.2.3 
18.2.2.4 

Other Mesenchymal Tumors of the Meninges ................ . 
Benign Neoplasms .................................. . 
Malignant Neoplasms ................................ . 
Hemangiopericytoma ................................ . 
Fibrosarcoma ..................................... . 
Malignant Fibrous Histiocytoma ........................ . 
Primary Meningeal Sarcomatosis ........................ . 

382 
382 
383 
383 
386 
386 
388 



XVI Contents 

18.2.2.5 Primitive Melanoblastosis of the Leptomeninges .............. 388 
18.2.2.6 Primary Melanotic Lesions . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 390 
18.2.2.7 Meningiomatosis or Meningoangiomatosis .. . . . . . . . . . . . . . . .. 391 
18.2.2.8 Miscellaneous...................................... 391 

19 Mesenchymal Tumors ............................... 392 

19.1 Chordomas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 392 
19.1.1 General Considerations ............................... 392 
19.1.2 Macroscopic Appearance .............................. 393 
19.1.3 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 395 
19.1.4 Electron Microscopy ................................. 396 
19.1.5 Differential Diagnosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 396 
19.1.6 Prognosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 397 

19.2 Chondroma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 397 
19.3 Chondrosarcomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 398 
19.4 Osteomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 400 
19.5 Osteosarcoma. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 401 

20 Vascular Tumors ................................... 402 

20.1 Capillary Hemangioblastoma ........................... 402 
20.1.1 Biological Data .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 402 
20.1.2 Macroscopic Appearance .............................. 403 
20.1.3 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 404 
20.1.4 Regressive Events ................................... 409 
20.1.5 Electron Microscopy Study. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 410 
20.1.6 Metastasis, Recurrences, Prognosis. . . . . . . . . . . . . . . . . . . . . . .. 410 
20.1.7 Associated Polycythemia .............................. 411 
20.1.8 Differential Diagnosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 411 

21 Tumors and Dysontogenetic Lesions. . . . . . . . . . . . . . . . . . . .. 412 

21.1 Germ Cell Tumors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 412 
21.1.1 
21.l.2 
21.1.3 
21.1.3.1 
21.1.3.2 
21.1.3.3 
21.1.4 
21.1.5 
21.1.6 

Frequency, Age, Sites, Clinical Features, Imaging ............. . 
Pathogenesis ...................................... . 
Germinoma ...................................... . 
Macroscopic Appearance ............................. . 
Microscopic Appearance .............................. . 
Prognosis, Treatment ................................ . 
Embryonal Carcinoma ............................... . 
Choriocarcinoma ................................... . 
Endodermal Sinus Tumor ............................. . 

412 
414 
414 
414 
414 
416 
417 
417 
417 



Contents 

21.1.7 
21.1.8 

21.2 
21.2.1 
21.2.2 
21.2.3 
21.2.4 

21.3 
21.3.1 
21.3.2 
21.3.3 
21.3.4 

21.4 
21.4.1 
21.4.2 
21.4.3 
21.4.4 
21.4.5 

21.5 
21.5.1 
21.5.2 
21.5.3 
21.5.3.1 
21.5.4 
21.5.5 
21.5.6 
21.5.6.1 
21.5.6.2 
21.5.6.3 
21.5.7 
21.5.8 
21.5.9 

21.6 
21.6.1 
21.6.1.1 
21.6.1.2 
21.6.1.3 
21.6.2 
21.6.3 

21.7 
21.7.1 
21.7.2 
21.7.3 
21.7.4 

Teratocarcinoma ................................... . 
Immunohistochemical and Chemical Characterization ......... . 

Teratomas ....................................... . 
Frequency, Age, Site ................................. . 
Macroscopic Appearance ............................. . 
Microscopic Appearance .............................. . 
Prognosis, Recurrence ............................... . 

Tumors with Muscle Cells ............................. . 
Medullomyoblastoma ................................ . 
Primitive CNS Rhabdomyosarcoma ...................... . 
Other Tumors ..................................... . 
Rhabdoid Tumors .................................. . 

Dermo-epidermoid Cysts ............................. . 
Nosography, Pathogenesis ............................. . 
Frequency, Age, Site and Clinical Features .................. . 
Macroscopic Appearance and Imaging .................... . 
Microscopic Appearance .............................. . 
Prognosis, Sequelae ................................. . 

Craniopharyngioma and Epithelial Cysts ................... . 
Embryogenetic Aspects .............................. . 
Incidence ........................................ . 
Site ............................................ . 
Intraventricular Tumors .............................. . 
Clinical Aspects .................................... . 
Macroscopic Appearance ............................. . 
Microscopic Appearance .............................. . 
Electron Microscopy and Immunohistochemistry ............. . 
Calcification ...................................... . 
Cystic Component .................................. . 
Adjacent Tissue .................................... . 
Relationships of Craniopharyngiomas with Rathke's Fissure Cysts .. 
Prognosis, Treatment ................................ . 

Neuroepithelial and Non-Neuroepithelial Cysts .............. . 
Colloid Cysts of the Third Ventricle ...................... . 
Frequency, Age, Site ................................. . 
Macroscopic Appearance ............................. . 
Microscopic Appearance .............................. . 
Spinal Enterogenous Cysts ............................ . 
Arachnoid Cysts ................................... . 

Lipomas ......................................... . 
Frequency, Age, Site ................................. . 
Macroscopic Appearance ............................. . 
Microscopic Appearance .............................. . 
Prognosis, Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

XVII 

419 
419 

419 
420 
420 
421 
421 

424 
424 
427 
429 
429 

430 
430 
430 
431 
433 
435 

435 
435 
437 
438 
439 
439 
440 
443 
447 
450 
451 
454 
454 
458 

459 
459 
460 
460 
460 
462 
462 

462 
463 
464 
464 
464 



XVIII 

21.8 
21.8.1 
21.8.2 
21.8.3 
21.8.4 

21.9 
21.9.1 
21.9.2 
21.9.3 
21.9.4 
21.9.4.1 
21.9.5 

Contents 

Hamartomas, Ectopias, and Ectopic Tumors ................ . 
Hamartoma of the Hypothalamus ....................... . 
Granule Cell Tumors ................................ . 
Meningeal Gliomas ................................. . 
Ectopic Gliomas and Neural Hamartomas .................. . 

Hamartomas or Vascular Malformations ................... . 
Clinical Features ................................... . 
Capillary Teleangectasias ............................. . 
Cavernous Angioma ................................. . 
Arteriovenous Malformation ........................... . 
Dural Arteriovenous Malformations ...................... . 
Venous Malformations ............................... . 

465 
465 
465 
467 
468 

468 
469 
469 
470 
472 
473 
473 

22 Phakomatosis and Dysgenetic Syndromes. . . . . . . . . . . . . . . .. 475 

22.1 Tuberous Sclerosis (Bourneville's Disease) . . . . . . . . . . . . . . . . . .. 475 
22.2 Neurofibromatosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 477 
22.2.1 Neurofibromatosis-lor von Recklinghausen's Disease .......... 479 
22.2.1.1 Clinical Course . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 480 
22.2.2 Neurofibromatosis-2................................. 480 
22.2.3 Associated Lesions of a Dysplastic Nature . . . . . . . . . . . . . . . . . .. 481 

22.3 Von Hippel-Lindau Syndrome. . . . . . . . . . . . . . . . . . . . . . . . . .. 481 
22.4 Sturge-Weber Syndrome . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 482 
22.5 Other Dysgenetic Syndromes. . . . . . . . . . . . . . . . . . . . . . . . . . .. 483 

23 Primary Central Nervous System Lymphomas . . . . . . . . . . . . .. 484 

23.1 Frequency, Age, Site, and Clinical Features .................. 486 
23.2 Macroscopic Aspect and Imaging. . . . . . . . . . . . . . . . . . . . . . . .. 486 
23.3 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 487 
23.4 Epidural Lymphomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 496 
23.5 Lymphomas in AIDS ................................. 496 
23.6 Prognosis, Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 496 

24 Metastases . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 498 

24.1 Frequency. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 498 
24.2 Sex. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 499 
24.3 Age . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 499 
24.4 Metastatic Pathways . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 499 
24.5 Macroscopic Appearance and Imaging ... . . . . . . . . . . . . . . . . .. 500 
24.6 Microscopic Appearance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 502 



Contents XIX 

24.7 Differential Diagnosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 503 
24.8 Prognosis and Therapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 503 
24.9 Carcinomatous Meningitis ............................. 505 
24.10 Spinal Metastases ................................... 505 

25 Biological Basis of Therapies .......................... 506 

25.1 Radiotherapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 506 
25.1.1 Cellular Response to Ionizing Radiation .................... 506 
25.1.2 Therapeutic Studies with Low Linear Energy Transfer Radiation 

on Experimental Brain Tumors .......................... 508 
25.1.3 Methods ofImproving the Therapeutic Ratio in Radiotherapy 

of Brain Tumors .................................... 509 
25.1.3.1 Altered Fractionation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 509 
25.1.3.2 Brachytherapy...................................... 509 
25.1.3.3 Association with Chemotherapeutic Agents. . . . . . . . . . . . . . . . .. 510 
25.1.3.4 Radiosensitizers .................................... 510 
25.1.3.5 Hyperthermia...................................... 511 
25.1.3.6 Photo radiation Therapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 512 
25.1.3.7 High Linear Energy Transfer Radiation. . . . . . . . . . . . . . . . . . . .. 512 
25.1.3.8 Radioprotectors .................................... 512 

25.2 Chemotherapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 513 
25.2.1 General Concepts ................................... 513 
25.2.2 Chemosensitivity and Chemoresistance in Brain Tumors. . . . . . . .. 513 
25.2.3 Drug Delivery to Brain Tumors .. . . . . . . . . . . . . . . . . . . . . . . .. 516 
25.2.3.1 Intra-Cerebrospinal Fluid and Interstitial Chemotherapy. . . . . . . .. 517 
25.2.3.2 Transient and Reversible Blood-Brain Barrier Modification. . . . . .. 518 
25.2.3.3 Carrier Systems and Liposomes . . . . . . . . . . . . . . . . . . . . . . . . .. 518 

25.3 Immunotherapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 519 
25.4 Biologic Therapies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 520 

26 Effects of Treatment on Brain Tumors 
and Normal Nervous Tissue . . . . . . . . . . . . . . . . . . . . . . . . . .. 522 

26.1 Effects of Radiotherapy and! or Chemotherapy 
on Human Brain Tumors .............................. 522 

26.2 Effects of External Radiotherapy on the Human Brain . . . . . . . . . .. 523 
26.3 Effects of Brachytherapy on the Human Brain ................ 531 
26.4 Effects of External Radiotherapy on the Human Spinal Cord 

and!or Nerve Roots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 531 
26.5 Pathogenesis of Adverse Effects of Radiotherapy 

on the Normal Nervous Tissue. . . . . . . . . . . . . . . . . . . . . . . . . .. 532 
26.6 Effects of Chemotherapy on the Human Brain and Spinal Cord. . . .. 534 



xx Contents 

26.7 Effects of Treatment on Normal Nervous Tissue 
in Acute Lymphocytic Leukemia of Childhood . . . . . . . . . . . . . . .. 534 

26.8 Second Malignancies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 535 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 536 

Subject Index ..................................... 689 


